PIEDMONT FLOOD HAZARD
ASSESSMENT FOR
FLOOD PLAIN MANAGEMENT

for Maricopa County,
Arizona

USER’S MANUAL
Version: April 2003

by H. W. Hjalmarson
Consulting Hydrologist

Appendix on Surficial geology
by Philip A. Pearthree
Arizona Geological Survey

Appendix on Flood hazard zones
and development standards

by Ted Lehman

JE Fuller/Hydrology &
Geomorphology, Inc.

Flood Control District

of Maricopa County

2801 West Durango Street
Phoenix, Arizona 85009
(602) 506-1501




Mona Merkevicius - FCDX

From: Thomas Loomis - FCDX

Sent: Wednesday, September 07, 2005 12:01 PM
To: Mona Merkevicius - FCDX

Subject: Piedmont Manual

Mona:

If you want to print the manual for the library or copy to CD, the file is in s:\TRL\Piedmont Assessment Manual April 2003
Draft. '

Tom Loomis

tri@mail.maricopa.gov
loomist@uneedspeed.net

(602) 506-4767 voice at FCDMC
(602) 506-4601 fax

(602) 320-2762 cell

My normal work schedule is:
7:00 am - 5:30 pm Monday, Tuesday, & Thursday at FCDMC
7:00 am - 6:00 pm Wednesday in Payson




PIEDMONT FLOOD HAZARD
ASSESSMENT FOR
FLOOD PLAIN MANAGEMENT

for Maricopa County,
Arizona

- USER’S MANUAL
Version: April 2003

by H. W. Hjalmarson
Consulting Hydrologist

Appendix on Surficial geology
by Philip A. Pearthree
Arizona Geological Survey

Appendix on Flood hazard zones
and development standards

by Ted Lehman

JE Fuller/Hydrology &
Geomorphology, Inc.

Flood Control District

of Maricopa County

2801 West Durango Street
Phoenix, Arizona 85009
(602) 506-1501




ACKNOWLEDGMENTS

H. W. Hjalmarson, PE, consulting hydrologist under the direction of Joe Tram, Dave
Johnson and Ted Lehman of the Flood Control District, originally prepared this user’s
manual. The manual was first released in draft format on December 8, 1997 for review
and comment by engineers, hydrologists, geologists and other interested parties
including FEMA.

“Many hydrologists, engineers, geologists, soil scientists and flood-plain managers at the
local, county, state and federal levels, in the consulting community and at universities
have made direct and indirect contributions to the development of methods used in this
manual. The original draft was reviewed by Stanley A. Schumm, Ph.D., P.G., Philip A.
Pearthree, Ph.D., John E. Fuller, P.E. and Bill Jenkins, P.E. Additional comments by
Mike Grimm of the Federal Emergency Management Agency have also been
incorporated in the manual.

The often under utilized soils information for flood hazard assessment presented in U.S.
Soil Conservation Service Reports Soil survey of Aguila-Carefree area, parts of
Maricopa and Pinal counties, Arizona (1986) and Soil survey of Maricopa County,
Arizona, central part (1977) contributed greatly to the methods in this manual. Soil
surveys are an important part of the method to consistently and reproducibly delineate
those areas subject to active flooding.

This first release of the Manual was reviewed by Philip A. Pearthree, Ph.D., John E.
Fuller, P.E., and personnel of the Flood Control District. Important additions to the initial
draft include Appendix L. Surficial geologic mapping and piedmont flood hazards in
Maricopa County by Philip A. Pearthree, Arizona Geological Survey, and Appendix R
Flood hazard zones and development standards by Ted Lehman, JE Fuller/Hydrology &
Geomorphology, Inc. Many maps of surficial geology for parts of Maricopa County have
been completed, that are very useful for piedmont flood hazard assessment, by the
Arizona Geological Survey since the first draft of this Manual was released. Also, New
FEMA Guidelines and Specifications have been released recently are incorporated in
this first release of the Manual.




|
® Table of Contents i
1 INTRODUCTION. 1
1.1 Objectives. 3
1.2 Piedmonts 5
1.3 Flow and flood terminology 7
1.4 Standards and limitations 7
1.5 Using evidence of past floods 8
1.6 Approach 9
1.7 Overview and tasks 10
2 PIEDMONT LANDFORMS OF MARICOPA COUNTY 12
2.1 Landforms 15
2.1.1 Relict fans 15
2.1.1.1 Transverse relief 16
2.1.1.2 Surface texture 17
' 2.1.2 Pediments 17
2.1.2.1 Surface texture and drainage pattern 20
2.1.2.2 Drainage texture 21
2.1.2.3 Relict fans and pediments 22
2.1.3 Alluvial Fans 22
2.1.3.1 Composition and extent 23
2.1.3.2 Shape 23
2.1.3.3 Topographic break 24
2.1.3.4 Surface texture 24
2.1.3.5 Drainage texture 25
2.1.3.6 Topographic, geologic, and soils maps 25
2.1.3.7 Inactive and relict alluvial fans 26
2.1.4 Alluvial plains 33
2.2 ldentification of piedmont landforms 34
2.2.1 Surface texture on aerial photographs and topo. maps --------—- 36
2.2.2 Surface color and relative color differences 36
2.2.3 Channel and small valley size on aerial photographs ------------ 36
2.2.4 Drainage texture on 7.5 minute topographic maps --------------- 37




Table of contents

2.2.5 Drainage pattern 37
2.2.6 Shape and appearance of contours on 7.5 min. topo. maps ---37
2.2.7 Location on piedmont 38
2.2.8 Topographic break . 38
2.2.9 Desert pavement 38
2.2.10 Desert varnish 38
2.2.11 Sufficial geology 39
2.2.12 Soils 39
2.2.13 Vegetation 40
2.2.14 Channel shape and capacity 40
2.2.15 Sediment 41
2.2.16 Additional information 44
2.3 Special landform boundary and drainage considerations ----------------- 45
2.3.1 Drainage basins 46
2.3.2 Boundaries along coalescing aliuvial fans 46
2.3.3 Boundaries along toes of alluvial fans 48
2.3.4 Drainage boundary on alluvial plains 49
2.3.5 Boundary between toe of some pediments and start of
inactive alluvial fans 49
2.3.6 Summary 49
2.4 Summary 50
3 IDENTIFICATION OF STABLE AND UNSTABLE AREAS ON
PIEDMONTS OF MARICOPA COUNTY 52
3.1 Identification of stable and unstable areas 55
3.1.1 Basis of indicator method 55
3.1.2 Indicators of stable and unstable areas 57
3.1.3 Words of caution 72
3.1.4 Discussion of flow paths and stream piracy 73
3.2 Relict fans 74
3.3 Pediments 74
3.4 Alluvial fans 76
3.5 Alluvial plains 77

3.6 Summary 79

—iv-



Table of contents

4 DEFINITION OF 100-YEAR FLOOD HAZARDS 81
4.1 Methods for defining 100-year hazards 83
4.1.1 Relict fans and pediments 83
4.1.2 Distributary channel networks on inactive alluvial fans
and pediments 83
4.1.2.1 Rating curve method for allocating split flow ---------- 87
4.1.2.2 Cross sections S 89
4.1.2.3 Channel conveyance-slope method 91
4.1.2.4 Soil and surface characteristics 93
4.1.2.5 Discussion 93
4.1.3 Active alluvial fans 95
4.1.3.1 Flood hazard management on active alluvial
fans in Maricopa County 95
4.1.3.2 Fans with random flow paths 97
4.1.3.3 Supercritical flow velocities and translatory wave
considerations 98
4.1.3.4 Published examples of geomorphic hazard
assessments 98
4.1.3.5 Published examples of modeled hazard
assessments 99
4.1.4 Alluvial plains 99
4.2 Summary 102
5 APPLYING THE ASSESSMENT TO EXAMPLE SITES 104
5.1 The South Mountain Park alluvial fan 104
5.1.1 Type of landform 107
5.1.1.1 Composition 108
5.1.1.2 Morphology 109
5.1.1.3 Location 109
5.1.2 Stable and unstable areas of the alluvial fan ------------—--——-- 109

5.1.2.1 Fan Building at the South Mountain Park site ------- 111

5.1.2.2 Selected observations along the potentially active
area 111

5.1.2.3 Summary of active and inactive areas ---------------- 113




. Table of contents

5.1.3 Estimated 100-year flood hazards 113 }
5.1.3.1 Characteristics of recent deposited sediment ------- 114 i
5.1.3.2 Shear strength along the channels 116 |
5.1.3.3 Infrequent fan building events 117 |
5.1.3.4 Summary of 100-year flood conditions---------------- 118 i

General map of 100-year flood conditions-------------- 119 1

Estimate of active and inactive areas for 100-year
flood conditions 121

Check of the estimated 100-year flood conditions ----123

5.2 The White Tank Park relict fan 124 |

5.2.1 Embayment area 124 ‘

5.2.2 Area below the mountain front 126 |
5.2.3 Type of landform 126
5.2.3.1 Composition 127
5.2.3.2 Morphology 127
5.2.3.3 Location 128
5.2.4 Active and inactive areas of the alluvial fan 128
. 5.2.4.1 Inactive area 128
5.2.4.2 Active areas along throughflow channel-------------- 130
5.2.5 Drainage basin 133
5.2.6 Characteristics of recent deposited sediment---------=-m-r--ex 133
5.2.7 The 100-year flood 134
5.2.8 Summary 134
5.3 The Skyline Wash alluvial fan 137
5.3.1 Introduction 137
5.3.1.1 Road log (September 2002) 137
5.3.1.2 Background and materials for field inspection ------- 138
5.3.2 Type of landform 140
5.3.2.1 Composition 140
5.3.2.2 Morphology 140
5.3.2.3 Location 141
5.3.3 Active and inactive areas of the alluvial fan 142
5.3.3.1 Source of sediment 143
5.3.3.2 Flow path movement 143
5.3.3.3 Vegetation 145
5.3.3.4 Channels 146

-vi-




. Table of contents

5.3.3.5 Gravel pit

5.3.3.6 Surface age indicators and soil development

5.3.3.7 Distribution of sediment along the fan ---------
5.3.3.8 Summary of active and inactive areas ---------

5.3.4 Estimated 100-year flood hazards

5.3.4.1 Peak discharge and channel conveyance

considerations

Peak discharge for 100-year flood
Channel conveyance below hydrographic apex

Flow paths and flow spreading

5.3.4.2 Infrequent fan building events

5.3.4.3 Summary of 100-year flood conditions---------

West side of fan

Shadow area

East side of fan
5.3.4.4 Rough check of the estimated 100-year flood

conditions
. 5.3.5 Brief comments on hazard assessment for adjacent

landforms

5.3.5.1 Prospect Wash
5.3.5.2 Coyote Wash

5.3.5.3 Rattler Wash

5.3.5.4 Skyline Wash above hydrographic apex -------

6 ACRONYMS.......

7 GLOSSARY .......

8 REFERENCES.....

- vii -

146
148
149
151
152

153
153
153
155
155
157
157
157
159

159
160
160
161
161
161
162
163

173



Table of contents

APPENDICES

NMIDOUVUOoOZEErXee~"IEMMUOUOW>P

General features of piedmont alluvial fans and streams and rivers
Perspectives of engineers and geomorphologists

Additional photographs of piedmont landforms in Maricopa County
Drainage texture

Surface texture and photographs and maps

Pediments

Alluvial plains

Skyline Wash site

South Mountain Park site

White Tank Park site

Reata Pass alluvial fan

Surficial geologic mapping and piedmont flood hazards in Maricopa County
U. S. Geological Survey Professional Paper 352C

U. S. Soil Conservation Service TR-25

USGS Water -Resources Investigations Report 91-4171

USGS Water -Resources Investigations Report 93-4169

Sediment grain size along an idealized fan

Flood hazard zones and development standards

Variables that affect fluvial hazards

- Viii -




2.1

3.1
3.2

3.3
4.1

4.2
5.1

Table of contents

Tables
Component landforms, common soil types, typical geologic map units,
and significant characteristics of piedmonts of Maricopa County ----------- 14
Selected indicators of stable and unstable areas 56
Selected characteristics of stable and unstable flood hazard areas
of piedmont landforms 75
Steps for defining and characterizing alluvial fans _ 78
Defining and characterizing 100-year floods on piedmont landforms
of Maricopa County 84
HEC-RAS output for sub critical flow split using rating method ------------- 89

Distribution of particle size at the upper, middle and lower sites
along the west side of the fan 149

Jix -




. Table of contents

Figures
1.1 Isometric sketch of piedmont 6
2.1 Typical flood hazards and landforms on piedmonts in Maricopa
County 13
2.2  Sketches of transverse cross sections of piedmont landforms -------------- 18
2.3  Color infrared aerial photograph of USGS site 30 showing surface
features of alluvial fans, pediments and relict fans 19 ‘
2.4  Aerial photograph and topographic map illustrating surface texture |
and appearance of relict fan 20
2.5  Aerial photograph of pediment near Carefree 21 3
2.6 Aerial photograph and topographic map illustrating surface texture 1
and appearance of alluvial fan 24 ‘
2.7  Oblique photograph looking west at White Tank Park alluvial fan ---------- 27

2.8  Photograph of throughflow channel on White Tanks Park alluvial fan-----28
. 2.9 Photograph of wade-flat interfluve of old alluvial fan covered with }

desert pavement with some desert varnish and scattered saguaro -----—- 28
2.10 Map of topography of White Tank Park alluvial fan 29
2.11 Aerial photograph pf White Tank Park alluvial fan 30
2.12 Oblique photograph looking east ay South Mountain Park

alluvial fan 31
2.13 Photograph of throughflow channel on inactive alluvial fan ------------------ 32
2.14 Photograph of throughflow flow path on active alluvial fan 32

2.15 Photograph looking east at flooding on June 23, 1972 in Scottsdale ----—-- 33
2.16 Photograph of varnished desert pavement that is a few thousand

years old 39
2.17 Cross sections of throughflow and tributary channels showing

deposited sediment 41
2.18 Cumulative graphs of material size versus frequency indicative of

landforms in Maricopa County 43
2.19 Maps showing special drainage basin and alluvial fan boundary

Considerations 47

2.20 Example map of soil, topography and landforms that represents

the completion of stage 1 of the method 51




. Table of contents

3.1 Sketch of typical calcium carbonate development and photograph

of typical conglomerate at White Tank Park site 58
3.2  Photograph of dark reddish-brown older soil 59
3.3  Photograph looking east at desert pavement on White Tanks Park site --62
3.4  Photograph looking west across throughflow distributary channel --------- 63
3.5 Photograph of relatively dark stippled texture of unstable area inset in

an inactive alluvial fan 64

- 3.6  Photograph of throughflow distributary channel with stable banks

Lined mostly with paloverde trees 67
3.7  Photograph looking upstream at throughflow channel with mobil

Bed and stable banks 68
3.8  Photograph of sampling of banks material for particle size analysis ------- 69
3.9 Photograph pf measurement of shear stress on channel bank-------------—- 71
3.10 Example map of landforms and stable (inactive) and unstable areas ----- 80
4.1  Example of flooding on relict fan 85

4.2  Example of flooding on an area with incised distributary channels near

. Carefree 86

4.3 Example of split flow at a channel fork 88
4.4  Distribution of flow at split using the rating method 90
4.5  Sketch of stable distributary flow paths showing distribution of

100-year flood peak discharge and estimated flood boundaries ------------ 94
4.6  Fan unlike those in Maricopa County 97
4.7  Example of major flooding on an alluvial plain 100
4.8 Example of floodflow on an alluvial plain in north Phoenix -----------—------ 101
4.9 Example of 100-year flood hazards 103
5.1  Aerial photograph of South Mountain Park site showing topographic

contours, soil types, piedmont landforms and other characteristics ---—-- 106
5.2 Mapped soils 107
5.3 Profile of stream channel through active part of alluvial fan ----------~----- 110
5.4  Orthophoto map of South Mountain Park site showing landforms

with active and inactive areas 112
5.5 Cumulative sediment size-frequency graphs for South Mountain Park

~alluvial fan 115

5.6  Cross section about 200 feet upstream of the hydrographic apex

showing the approximate level of the 100-year flood 116




5.7

5.8

5.9

5.10
5.11

5.12

5.13

5.14
5.15

5.16

5.17

5.18

5.19

5.20

5.21

5.22

5.23

5.24

5.25

Table of contents

Orthophoto map of South Mountain Park site showing landforms,

active and inactive areas and estimated 100-year flood areas ------------ 120
Cross-section at upper end of area DF at elevation contour 1190

showing the level of 100-year flood and distribution of channel

conveyance 122 _

Aerial photograph of White Tank Park site showing topographic
contours, soil types, piedmont landforms and other characteristics ----- 126

Soil types 128
Aerial photograph of White Tank Park site showing landforms with
active and inactive areas and location of photographs - 129
Photograph of right bank below roadway showing relict boulder
Conglomerate 130
Photograph of right bank where the active channel bends to the
left above the park restroom building shown in the background ---------- 131
Photograph looking upstream at nickpoint of entrenched channel ------ 131
View looking south at right bank a few hundred feet downstream of
the nickpoint where the channel is about 8 to 9 ft. deep 132
View looking downstream and east at the overflow area on right side
of the channel where there is recent aggradation 132
View looking downstream at main channel of aggrading area located
Several feet east of the park boundary 133
Aerial photograph of White Tank Park site showing landforms, active
~and inactive areas and estimated 100-year flood hazard areas-----—----- 136
Aerial photograph of Skyline Wash site showing topographic contours,
soil types, piedmont landforms and other characteristics 139
Photograph looking upstream along channel on right (west) side of
Skyline Wash alluvial fan 141
Elevation profile of stream channel at Skyline Wash landform ---------—-- 141
Profile of channel slope along center of the Skyline Wash alluvial fan --142
Orthophoto and topographic map of Skyline Wash site showing
corrected soil types and landforms with active and inactive areas ------ 144
Cross sections located below the hydrographic apex of the Skyline
Wash alluvial fan 147

Cross sections located at the 1362, 1350 and 1340 ft. topographic
Contours shown in Figure 5.24 below the hydrographic apex ------------ 148

- Xii -




. Table of contents

5.26 Views of desert pavement with some desert varnish on stable

parts of fan 149
5.27 Microbiotic crust in small first order channel on soil type 98 about

100 ft. north of McDowell Road on west side of fan 150
5.28 Cumulative graph of material size versus frequency along central axis

of the fan where there is little evidence of recent throughflow ~----------- 151
5.29 Distribution of channel conveyance at cross sections below the

hydrographic apex 154
5.30 Orthophoto map of Skyline Wash site showing landforms, active and

inactive areas and estimated 100-year flood areas 156

5.31 Photograph looking north at erosion from concentrated runoff along
subdivision road where local runoff has eroded channels into

soil type AGB along the sides of the road 168
5.32 Photograph looking south from below Watson Road at channel
of Prospect Wash 160

- Xiii -




INTRODUCTION

The objective of the Piedmont Flood Hazard Assessment for Flood Plain Management
User's Manual (manual) is to describe a methodology for identifying and mapping flood
hazards on piedmonts in Maricopa County. Portions of piedmonts in Maricopa County
may be subject to unstable flow patterns and changes in channel position during floods,
whereas flow paths in other areas are relatively stable. The manual considers
relationships between piedmont flood hazards and piedmont landforms, describes how
to identify areas with stable and potentially unstable channels, and presents examples
of flood hazard analyses for three different piedmont areas in Maricopa County. The
intended audience for the manual is a desert region flood specialist or a flood hazard
assessment team with complimentary expertise in engineering, hydrology and
geomorphology that is familiar with FEMA methods and the geomorphic framework of
desert regions like Maricopa County.

This Manual provides methods to determine realistic risks on alluvial fans and other
piedmont landforms to regulate development accordingly. The Manual exists because
management of flood hazards in Maricopa County is complex and there are areas on
piedmonts with uncertain flow path hazards. There are other piedmont areas where the
flow path is certain but the channel bed and banks are movable as a result of high flow
velocities and sediment movement. Some areas such as parts of active alluvial fans are
considered undevelopable without major flood control structures to manage both the
water and sediment. Other areas may be developed as safely as many riverine
floodplain areas. This manual explains how contractors in Maricopa County should
assess flood hazards on piedmonts, which include alluvial fans, to meet the Guidelines
and Specifications for Flood Hazard Mapping Partners (FEMA, 2002) and Maricopa
County requirements.

This introductory chapter provides an overview of the objectives of the manual and the
terminology that is used in the manual. Landforms that are considered stable and
unstable are briefly described followed by the use of flow and flood terminology that can
be confusing. A discussion of important limitations and differences of the geomorphic
and traditional engineering methods sets the stage for the approach. An overview and
organization of the manual follow the general approach of the manual. A detailed
glossary compliments the glossary of FEMA (February 2002). Tutorials for novice users
are provided in several appendices.




The tutorials for the manual provide background on several aspects of the method,
landforms, surface features and channel processes. The tutorials are placed in the
appendices because once learned, users may not need the tutorials, and experienced
users can ignore the tutorial appendices without interrupting their train of thought.
Novice users of this manual should become familiar with the information in Appendices
A to S before applying the methods in Chapters 2 to 5 of this Manual. Investigators
conducting a flood hazard assessment to FEMA requirements should follow the
Maricopa County guidelines in Appendix R before starting Chapter 5 of the Manual.

Some FEMA requirements under the community rating system for sites with uncertain
flow paths and movable bed streams follow:

Aggrading or degrading streams. A sediment transport model that includes the
availability of sediment to the stream, and that accounts for its movement through
the floodplain, is required. Modeling of these streams for CRS credit must look at
present conditions and projections of future conditions based upon changes in
the source of sediment and the floodplain. Mapping and management must be
based upon the worst case of aggradation or degradation.

Channel migration. The local history of migration must be reflected in the
mapping process. For full credit, mapping must be based upon floodplain soils

~and historic channel migration that indicates the probable extent of future

migration.

Movable bed streams. One of the uncertainties about moveable bed streams
concerns the changes in the stability of the channel over time. Throughout much
of the arid and semi-arid regions of the United States, there is evidence that
human activities over as short a time as a decade have drastically changed the
nature of some streams. It is important to understand the causes of aggradation,
degradation, and channel migration in order to project the future configuration of
the channel.

Alluvial fans. Follow guidelines in Appendix G Guidance for Alluvial Fan Flooding
analysis and Mapping, Guidelines and Specifications for Flood Hazard Mapping
Partners (FEMA 2001).




1.1 Objectives

The objectives of this manual are to identify

¢ How flood hazards on piedmonts (see glossary) in Maricopa County are related
to landforms,

¢ How to go about performing an examination of specific sites for the identification
of unstable (active) and stable (inactive) flood hazard zones and

e How to accurately and reproducibly delineate those areas subject to active
flooding,

o Piedmonts areas that are safe for development while preventing development in
high hazard areas.

In Maricopa County, areas of active flooding are considered floodway districts in order
to maintain conveyance corridors for the transport of floodwaters and sediment down
the piedmonts past development (See special flood hazard zone AAFF in Appendix R).

Areas where any flow path uncertainty can be ignored for the assessment of flood
hazard are called stable areas in this manual. Detailed approaches to flood insurance
studies that result in determination of 100-year flood elevations (FEMA, 1995) typically
are for stable areas, where flood flows are confined by local topography that does not
change substantially during floods. Flow paths and flood boundaries for these stable
areas are considered predictable using traditional engineering methods and standard-
step hydraulic methods like HEC-RAS (COE, 1995).

Unstable areas are where the flow path uncertainty “s so great that this uncertainty
cannot be set aside in realistic assessments of flood risk or in the reliable mitigation of
the hazard” (National Research Council, 1996). Traditional engineering methods
generally are inappropriate for areas with changing flow paths and where abundant
sediment from upslope source areas is being deposited on the piedmont.

Areas where there is flow path uncertainty can be defined using geomorphologic
methods. Unstable areas typically are wholly or partly aggrading young geomorphic
surfaces and have undeveloped or weakly developed soil profiles and wide and shallow
sand channels. Approximate boundaries for these areas can be defined using
geomorphologic analysis (Chapter 2 of Manual).




This manual translates useful morphologic and other technical information into
engineering terms for appropriate use as follows:

e In conjunction with Drainage Design Manuals for Maricopa County, Volumes |
and I,

¢ To improve identification of actual flood hazards,

e For flood hazard identification that typically starts with determining the scope of
flood insurance studies outlined in Volume 1 Flood Studies and Mapping of the
Guidelines and Specifications of Flood Hazard Mapping Partners (FEMA,
February 2002), and .

e This manual also provides useful information specific to landforms and flood
hazards in Maricopa County to be used with FEMA Guidelines for Determining
Flood Hazards on Alluvial Fans (FEMA February 23, 2001).

The NRC (1996) report on alluvial fan flooding provides some valuable perspectives on
the definition of “active fans” and the flow instabilities that are typically encountered on
active fans. According to that report, "The term active means those locations where
flooding, erosion, and deposition have occurred on the fan in relatively recent time, and
probably will continue to occur on that part of the alluvial fan”. The NRC report further
states that "The term active refers to that portion of a fan where flooding, deposition,
and erosion are possible. If flooding and deposition have occurred on a part of a fan in
the past 100 years, clearly that part of the fan is active. If flooding and deposition have
occurred in the past 1,000 years, that part of the fan can be considered to be active.”

The usefulness of geomorphic information in assessing flow path stability and potential
for flooding was also considered in the NRC (1996) report: “The evolution of the fan
surface causes a difficult problem for the interpretation of field evidence concerning
alluvial fan flooding and for the prediction of future flood risk. For example, if a part of a
fan surface has not been disturbed by flooding or erosion for 15,000 years, its surface
will have become weathered and covered by a soil-profile and vegetation. The surface
of such a fan will be very different from the surface of a nearby channeled and actively
evolving area. An important geomorphologic and hydrologic question for flood risk
analysis is whether the older surface has evolved out of the flood zone or whether it
simply has not been flooded for 15,000 years because random channel migration
across the fan took the locus of flooding and sedimentation far from the site for that
length of time.”

Generally speaking, the decision of whether to use engineering and/or geomorphic
methods also depends on the level of accuracy required and the scale of the
assessment. Consult with the FCDMC about mapping requirements. See also the
first part of Appendix E for discussion of scale and accuracy.




1.2 Piedmonts

Most of Maricopa County is in the Basin and ‘Range Physiographic Province where
fault-block mountains are separated by intervening plains. The mountain ranges are
consolidated rock and stream deposits generally cover valleys. Axial streams that head
in adjacent mountains traverse the piedmont along the valley floor and drain the basins.
Piedmonts, the broad, gently sloping and low relief plains located between mountain
ranges and axial drainages, occupy much of Maricopa County.

The upper margins of piedmonts are located at the base of a mountain or mountain
range (Figure 1.1). A piedmont is a part of an erosion-depositional system where
sediment eroded from mountains is transported by a stream (wash) across the
piedmont to (1) a valley where it is deposited, or to (2) an axial stream where it is
transported out of the valley. Piedmont slopes range from less than 1 percent near the
valley floors to more than 10 percent near the mountains. Typical piedmonts consist of
pediments and relict fans on the upper slopes adjacent to the mountains and alluvial
plains on the lower slopes adjacent to the valley floors or base level streams. Active
alluvial fans (fans that are presently aggrading and eroding) can occur anywhere on the
piedmont as shown in Figure 1.1. Lower portions of many piedmonts consist of alluvial
plains, low-relief aprons of mostly fine-grained deposits with small, discontinuous
channel networks. Many piedmonts in Maricopa County were formed by the lateral
coalescence of separate alluvial fans into a landform called a bajada. The general
features of alluvial fans, piedmont streams and rivers are briefly described in Appendix
A.

Piedmonts in Maricopa County have areas of tributary stream channels (see the relict
alluvial fans and pediments of Figure 1.1) and distributary stream channels (see the
inactive alluvial fan of Figure 1.1). Floodwater enters the piedmont in channels from the
tributary mountain streams and as overland flow along the mountain front and in
embayments like the one shown in Figure 1.1. Floodwater may also originate from
rainfall directly on the piedmont. Much of the flood flow crosses the piedmont slopes in
defined channels of relict or inactive alluvial fans and pediments.

Active alluvial fans (the three small areas in Figure 1.1) function primarily as loci of
deposition for sediment and detention and infiltration of floodwater, whereas the
channels of pediments, relict fans and inactive alluvial fans function as transport
corridors for sediment. Much of the deposited sediment on active alluvial fans can be
remobilized by subsequent floodwater and redeposited down slope. A most significant
difference between flood hazards on active alluvial fans and pediments, relict fans, and
inactive alluvial fans is that paths of flow on active alluvial fans can change gradually or
suddenly (avulse) during flooding. The paths of flow on pediments, relict and inactive
alluvial fans typically can be considered fixed for purposes of flood hazard assessment.

Relict and inactive alluvial fans are remnants of old alluvial fans that are no longer
subject to flooding and sediment deposition. These remnants are called fan terraces in
NRCS soil survey reports (Camp. 1986), erosion fan remnants in a desert landform




report for soil surveys by Peterson (1981), older alluvial surfaces in a flood hazard
report of piedmonts by Field and Pearthree (1992), Pleistocene alluvial fans and
terraces on surficial geologic maps (for example, Skotnicki and others, 1997) and a
heterogeneous assortment of generally weakly consolidated slope-wash deposits by
Cooley (1977). For this manual, relict fans are simply deposits with well-developed
calcium carbonate in the soil profile and/or cemented conglomerate. Areas are
classified as inactive alluvial fans where a sufficient amount of the remnant remains to
be recognized as an alluvial fan landform as described in Chapter 2 of this Manual.

BASE LEVEL

Figure 1.1. Isometric sketch of piedmont

Flood flow that enters active alluvial fans and alluvial plains becomes unconfined and
can spread laterally at shallow depths. However, other characteristics of active alluvial
fans and alluvial plains are quite different. Active alluvial fans typically have steeper
slopes than alluvial plains. In addition, active alluvial fans are formed by material from
the upper piedmont and mountains while alluvial plains are also formed by deposits
along base level streams. Because the surfaces of active fans in Maricopa County

-5 -



commonly are composed of sand with gravel and scattered cobbles with only a few
scattered boulders and some low vegetation, the surface is hydraulically rather smooth
(Manning n <0.040) and flood flow velocities, based on observations of bed forms, are
near or above the critical state in channels where slopes exceed about 2 percent.

1.3 Flow and flood terminoloqy

The variety of terminology related to the flow of water over landforms to rivers and flow
that leaves defined river channels can be confusing. For example, Hogg (1982) gives a
good discussion of the numerous meanings of selected terms. Some of this confusion
has been cleared in Arizona State Standard 4-95 for Identification of and Development
within Sheet Flow Areas. With a few exceptions, this State Standard is used as a basis
for definitions and identifying characteristics of flow types in this manual. The reader is
encouraged to consult the glossary at the end of the manual for the meaning of terms
and discussion some minor differences in the use of terms, such as sheet flood,
between State Standard 4-95 and this manual.

1.4 Standards and Limitations

Flood studies must be accomplished in accordance with standards of FEMA, ADWR
and the FCDMC. Standards for flood-hazard zones and development on piedmonts in
Maricopa County are given in Appendix R of this Manual.

The frequency, magnitude and location of flood inundation and sediment deposition are
of considerable interest for the welfare and safety of those occupying piedmonts.
Precise definition of the occurrence and nature of these hazardous floods is
complicated by several factors including unstable channel boundaries, uncertain flood
flow-frequency relations and the threshold nature of basin sediment yield and transport.
While generally accepted standard-step methods such as HEC-2 (COE, 1990b); unit-
graph or hydrographic storm rainfall-runoff models such as TR-55 (NRCS, 1986) and
HEC-1 (COE, 1990a); and sediment yield models such as RUSLE (Soil and Water
Conservation Society, 1995) represent the engineer's current set of tools for
characterizing flood conditions, these tools may be limited for specific sites on
piedmonts. To overcome some of these limitations, geomorphologic tools are used to
supplement engineering tools to produce a more reliable definition of the flood hazard.

To compensate for potential errors or limitations of predictions the engineer typically
takes the conservative approach that uses an implicit or explicit factor of safety. Modern
engineering uses several generalizations to depict, for example, runoff, peak discharge,
channel behavior, sediment transport and sediment yield. These general relations may
not be precise for specific sites because of differences in basin factors at specific sites
and also because of the nonstationarity of climate and variability of storms. This
conservative approach is recommended providing the conclusions reached are
substantiated by field evidence. For example, the estimate of the 100-year flood peak
discharge is not very precise for streams in Maricopa County (Thomas, Hjalmarson and
Waltemeyer, 1997).




The realistic and rather simple engineering and geomorphologic tools presented in this
manual for the assessment of unstable and stable flood hazards have limitations that
will be discussed in the manual. This user's manual should be used with judgment
based on knowledge of and experience with engineering methods and geomorphic
processes of arid and semi-arid landforms.

1.5 Using evidence of past floods

Both engineers and geologists use information about past floods to estimate what future
conditions might be. For example, the use of geomorphic evidence of past floods to
estimate the future flood hazard is analogous to the use of gaged peak flow data to
estimate the 0.01 probability flood. The engineer typically fits a probability distribution to
past annual peak discharge data at a streamflow gage and the resulting flood frequency
relation is used to estimate the magnitude of the 100-year flood that is then used to
define the flood boundaries. In a like manner, the geomorphic evidence of past floods
such as sediment deposition, surface texture, channel bank erosion and particle
rounding and sorting is used to predict the nature and location of future floods. Thus,
both the engineering and geomorphologic approaches use past information in different
ways to make estimates of future conditions.

The difference in the engineering and geomorphologic approaches in the use of the
100-year peak discharge is significant but potentially useful. For example, the typical
engineer must have a value of the peak discharge for the 0.01 probability flood to run
the standard step model and produce flood boundaries in accordance with traditional
riverine hydraulic methods. On the other hand, the geomorphologist does not need a
value of the 0.01 probability flood to define flood limits of geologically recent floods. The
geomorphologist examines drainage network characteristics and the extent of recent
sediment deposits to define the cumulative area of geologically recent inundation
(Pearthree and others, 1992; Klawon and Pearthree, 2000). The geomorphic approach
does not rely on stable flow path geometry. Thus, the geomorphic approach becomes
more useful for unstable landforms such as active alluvial fans and moveable boundary
channels. The engineering and geomorphic approaches are complementary and more
effective when used together (See Appendix B for additional discussion).




1.6 Approach

Procedures including those developed for interpreting the earth (Schumm, 1991), for
characterizing incised channels (Schumm and others, 1988) and for identifying alluvial
fans and alluvial-fan areas subject to flood hazard (NRC, 1996) form the basis for
identifying flood hazards on piedmonts as outlines in this manual. The three stage
method that progressively focuses on the definition of the flood hazard follows:

Stage 1

Stage 2

Stage 3

Recognizing and characterizing the kind and extent of piedmont
landforms and showing these landforms on a map. The four main
landforms on piedmonts of Maricopa County are pediments, relict
fans, alluvial fans and alluvial plains. Procedures for identifying
piedmont landforms are described in Chapter 2 of the manual.

Defining the nature of the piedmont landform environment and
identifying unstable and stable components of the piedmont and
showing these areas subject to various flood hazards on a map. For
example, flood hazards of alluvial fan landforms in Maricopa County
consist of fans with stable paths of flow and fans with unstable paths
of flow. Procedures for identifying unstable and stable components
of the piedmont are described in Chapter 3 of the manual.

Identifying and applying methods for defining and characterizing
areas affected by the 100-year flood and showing these areas on a
map. Realistic methods for definition of 100-year flood hazards are
discussed in Chapter 4.



1.7 Overview and tasks

This Manual outlines a step-by-step procedure for characterizing piedmont landforms
and associated flood hazards, especially areas subject to flooding on active and inactive
alluvial fans. The method is modified from stages used by the National Research
Council (1996).

Chapter 1 is this introduction.

Chapter 2 (STAGE 1 OF METHOD) is a description of how to identify and
produce a map of the four major landforms - pediments, relict fans, alluvial fans
and alluvial plains - on piedmonts. On many piedmonts in Maricopa County,
existing surficial geologic maps and soil survey maps can be used to delineate
different types of landforms.

TASK Identify landform using procedures given in Chapter 2, characteristics
outlined in Table 2.1 and steps outlined in Table 2.2 using available
information such as surficial geologic maps or soil survey maps.
Produce a map showing the topography, soils, surficial geology and
significant features such as desert pavement and vegetation of the
pediment, relict fan, alluvial fan and/or alluvial plain.

Chapter 3 (STAGE 2 OF METHOD) is a procedure for identifying where the flood
hazards are on pediments, relict fans, alluvial fans and alluvial plains and how to
produce a map of these hazard areas.

TASK Building upon the information developed in Stage 1 of the method,
Identify stable and unstable areas using indicators given in
Chapter 3 and Table 3.1 and selected characteristics of stable and
unstable flood hazard areas given in Table 3.2. For alluvial fan
landforms identified in Stage 1 define stable and unstable areas
using steps given in Table 3.3. For active alluvial fans identify sources
of sediment in the drainage basin. Produce a map showing areas
subject to stable and unstable flood hazards with supporting field
observations of significant factors such as the location and amount
of sediment deposition, erosion, vegetation and flow path

Chapter 4 (STAGE 3 OF METHOD) is a discussion of realistic methods for
definition of 100-year flood hazards.

TASK Characterize the 100-year flood hazards of piedmont landforms as
outlined in Table 4.1 and described in Chapter 4. For stable areas
characterize the 100-year flood using guidelines in FEMA, (2002) and
appropriately supplemented with geomorphic methods (Appendix G of FEMA
2001 typically should not be used.) For unstable areas such as active alluvial
fans estimate the 100-year flood hazards using geomorphologic methods
possibly supplemented by traditional hydraulic methods. A map showing both
stable and unstable areas subject to the 100-year flood is produced.
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e Chapter 5 is the application of the procedure to three sites in Maricopa County.

TASK Report findings and assumptions for the three stages as shown for the example
sites in Chapter 5. An engineering report is produced that includes but is not
restricted to the following items: (1) a discussion of how the map of the
landforms, the map of the stable and unstable areas and a map of the 100-year
flood were produced, (2) a discussion of how soil classification maps were used,
(3) surveyed channel cross sections and stream profiles, (4) hydraulic
computations including conveyance-slope estimates and (5) substantiation of
conclusions reached with significant field evidence, assumptions and limitations.

Investigators conducting a flood hazard assessment to FEMA requirements
Should follow the Maricopa County guidelines in Appendix R before
starting Chapter 5.

e There are three sections at the end of the manual-- acronyms, glossary, and
references. The glossary is taken primarily from Alluvial Fan Flooding by the
National Research Council (1996).

e Tutorials and miscellaneous methods based on published geomorphologic and
engineering methods for assessing channel and landform stability are given in
Appendices A to S. The tutorials are placed in the Appendices because
experienced users may not need the tutorials. First-time users of the Manual
should become familiar with the information in the Appendices.

To make best use of this Manual, the investigator should examine the many
photographs and maps of landforms and surface features presented in the following
chapters and appendices. Some photographs show a variety of landform features within
a relatively small geographic area. The inclusion of a number of different but related
landforms on a single photo permits the viewer to make direct comparisons of their
shapes and relative sizes. Other photographs show detail of specific landforms or of
important features such as desert pavement.

The investigator is encouraged to visit the three example sites and kick dirt. The South
Mountain Park alluvial fan and the White Tank Park relict fan sites are in city and county
parks, respectively. The third example site, Skyline Wash alluvial fan, is private land that
may become developed. Comparison of landforms, examination of specific features and
field investigation of the three sites will help the investigator to more easily visualize the
various and interesting surface features of landforms in Maricopa County.
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PIEDMONT LANDFORMS OF
MARICOPA COUNTY

STAGE 1 OF METHOD

This chapter describes the major types of landforms that comprise piedmonts in
Maricopa County. Piedmonts of Maricopa County are the gently sloping plains that lie
between mountain ranges and axial drainages or playas of the Basin and Range
Province. The four major piedmont landforms are relict fans, pediments, alluvial fans
and alluvial plains. Flood hazards on piedmonts of Maricopa County are related to the
four landforms as shown in Figure 2-1. Each of these landforms has distinctive
topographic, surface, and soil characteristics, and the landforms can be reliably
identified using several combined criteria. The description of the four landforms is
followed by a discussion of several identifiers that are readily used to recognize the type
of landforms. An example map at the end of this chapter shows the kind and extent of
some piedmont landforms and represents the completion of Stage 1 of the Manual.

Several important distinguishing characteristics of relict fans, pediments, alluvial fans
and alluvial plains are described in this section. In general, distinctive characteristics of
pediments and relict fans are the products of erosion and distinctive characteristics of
alluvial plains and many alluvial fans are the products of sediment accumulation. A
summary of general characteristics of the four major landforms is listed in Table 2.1 and
characteristics of (1) relict fans, (2) pediments, (3) alluvial fans and (4) alluvial plains are
described in the remainder of this section.

In this manual, alluvial fans are subdivided into two categories that have distinctly
different surface characteristics. Alluvial fans are active where stream deposition is
common and stream systems are distributary or braided. Alluvial fans are inactive
where stream deposition is less common and many stream systems are tributary. Thus,
active fans are wholly or partly active depositional surfaces, and inactive fans are mostly
erosion surfaces. Flow paths may change during floods on active fans, but flow paths
on inactive fans typically are stable.
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Many photographs and maps of landforms are presented so the inexperienced reader
can become acquainted with the appearance of the landforms. The ability of evaluate
surface features and define the landforms clearly is gained by experience. The reader
should gain experience with landform identification by becoming familiar with the maps
and aerial photos of this Manual and also by making field observations of geomorphic
relationships and surface and soil characteristics especially at the three example sites.
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Figure 2-1. Typical flood hazards and landforms on piedmonts in Maricopa

County.
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. Table 2.1 Component landforms, common soil types, typical geologic map units,
and significant characteristics of piedmonts in Maricopa County.

(Gilman, Estrella®, Glenbar,
Momoli, Denure, Antho,
Contine, Mohall, Avondale)
(Qy, Qy2, Qy1, Qyf)

Landform Component Landform Significant characteristics?
(common soil types)’
(typical geologic units)*
Relict Fan Erosion Fan remnant Typically incised channels in cemented conglomerate of cobbles
(Mohall-Contine, Gunsight- and boulders. Drainage typically is tributary but small pockets
Chuckawalla- Rillito, Pinamt, of distributary channels may occur. Some relict fans have a
Tremant-Ebon- Momoli- ridge-valley morphology. Incised throughflow streams typically are
Carefree, Eba-Pinaleno, Laveen, more than 10 ft. deep and less than 20 ft. deep with steep banks.
Mohave-Continental) Desert pavement and rock varnish are common on flat interfluves.
(Qo, Qmo, Qm) General slope typically is 1-6 percent.
Inset Alluvial Fan Generally small and confined between relict fan remnants. Fluvial
(Carrizo, Gilman, Antho, deposit that can act like a floodplain with high potential for scour
Estrella, Glenbar) and fill. Much of the alluvial fan material may be from gulling of
(Qy, Qy2, Qy1) the relict fan and such material may be bouldery.
Pediment Bedrock remnant Incised channels generally formed in bedrock and old soils.
(Gran-Rock outcrop, Gran- Drainage typically is tributary but distributary channels may be
Wickenburg complex, present especially on lower slopes. There are many first order
Cherioni-Rock outcrop tributary channels. Parent rock typically is granite with large
association) granite boulders on the upper slopes near the mountains. The
(various bedrock units) crests of transverse slopes are small and shoulders are steep.
General slope typically 2-5 percent.
Inset Alluvial Fan Generally small alluvial fan confined between pediment. Fan
(Anthony-Arizo typically widens like a partially opened fan and lower part typically
complex, possibly Eba- narrows as distributary channels rejoin. Fluvial deposit that
Pinaleno and Carrizo) typically is actively aggrading and eroding with possible balance of
(Qy, Qy2, Qy1) sediment over past few hundred years.
Alluvial Fan Active Alluvial Fan Fluvial deposits with little, if any, calcium carbonate development.
(Carrizo, Gilman, Antho, Brios, Fan shaped in plan view with hydrographic apex at topographic
Estrella, Glenbar, Coolidge, break. Typically no desert varnish. Stream channels are wide with
Valencia, Torrifluvents, little incision or channels are very small. Active portions of alluvial
Maripo) fans in Maricopa County typically are a small part of an alluvial
(Qy, Qyc, Qy2, Qy1) fan that is mostly inactive. General slope 1-10 percent.
Inactive Alluvial Fan Fluvial deposits with much carbonate in K soil horizon. Fan shaped
(Laveen, Anthony, Antho, typically with distributary network of incised-throughflow
Momoli, Mohave, Pinamt, channels. Transverse slopes of interfluves are flat. Interfluves
and other soils of relict fans) typically drained by small channels that are tributary to
(Qm, Qm1, Qm2, Ql, Qly) throughflow streams. Interfluve slopes are stable and throughflow
streams typically are incised less than 3 ft.. General slope typically
1.5 - 4 percent.
Alluvial Plain Piedmont Toe Aggrading or rather stable fluvial deposit with little transverse

relief and small throughflow channels. Channels typically are less
than 1 ft. deep. Few tributary channels head on the surface.

Little, if any, rock varnish but possibly some desert pavement. Can
be channel incision of a few feet where there has been general
head cutting of base- level stream. General slope is 0-3 percent.

" Soil complexes on NRCS maps include one or more of the soil types associated with the indicated landform.

% These characteristics may be observed on topographic maps, aerial photographs and by field inspection.

* Some of this soil is associated with alluvial fans by Camp (1986) and with alluvial plains in this manual. This soil is
associated with alluvial plains for this manual because Estrella loam (Soil type 50) typically is at the toe of piedmonts, the
slope is small and the landform does not meet the criteria for alluvial fans (NRC, 1996). This is an example of a few minor
inconsistencies between this manual and NRCS soil surveys that have no effect on the reliability of the method.

* Surficial geologic map units commonly used by AZGS geologists to describe deposits associated with the various landforms.
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. 2.1 Landforms

The four principal landforms are:

Relict fan

¢ Pediment

Alluvial fan

2.1.1 Relict fans

An erosion remnant of an old alluvial fan that was formed

in a past geologic epoch and hardened by cementation.

The original fan surface has been strongly modified by erosion,
and in some cases the original fan shape has not survived
disintegration or burial.

A broad, flat or gently sloping, rock-floored erosion surface
located at the base of an abrupt mountain front or plateau
escarpment. Pediments are underlain by bedrock
(occasionally by older alluvial deposits) that may be bare
but more often partly mantled with a thin and discontinuous
veneer of alluvium derived from the upland masses and in
transit across the surface.

Sedimentary deposit located at a topographic break, such
as the base of a mountain front, escarpment, or valley side,
that is composed of streamflow and/or debris flow
sediments and has the shape of a fan, either fully or
partially extended.

Alluvial plain A nearly level or gently sloping tract or a slightly undulating

land surface produced by extensive deposition of alluvium,
usually adjacent to a river that periodically overflows its

banks; it may be situated on a flood plain, a delta, or at the toe of
an alluvial fan.

A relict fan is a remnant of an old alluvial fan that was deposited in a past geologic
epoch and hardened by cementation and strongly modified by subsequent erosion.
Many relict fans in Maricopa County are a heterogeneous assortment of strongly
developed soils with abundant clay or calcium carbonate on ridge lines and weakly
consolidated slope-wash deposits. Relict fan areas are the remaining parts of larger
landforms that have eroded away or have been partially buried. The head of some relict
fans is at a mountain front (commonly the Ebon or Cipriano soil series (Camp, 1986))
and is easily identified because the general slope change is abrupt at the mountain
fronts. The typical lower slopes or toe of the relict fans is where the conglomerate is
. covered by recent fluvial material.
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An alluvial fan that has survived disintegration by retaining its fan shape is classed as
an alluvial fan. Conversely, a similar alluvial fan that has not survived disintegration and
has not retained its fan shape is classed as a relict fan in this Manual. Several examples
of alluvial fans and relict fans are shown later in this chapter and in Appendix C.

For informative descriptions of pedogenic soil development and calcic horizons. see
Christenson and Purcell (1985), Machette (1985), Compton (1977), Field and Pearthree
(1992) and Camp (1986). For informative descriptions of landforms in the Basin and
Range Physiographic Province see Peterson (1981).

2.1.1.1 Transverse relief

Many relict fans have distinct rounded transverse hillside shoulders with concave foot
slopes as shown in the first sketch of Figure 2.2. Relict fans with these ridges have a
distinct surface texture and abundant calcium carbonate that commonly gives them a
light appearance with boundaries that can be easily seen on color-infrared and other
aerial photographs (A relict fan, pediment and alluvial fans are shown in Figure 2.3).
The transverse relief, between 3 feet and 15 feet, usually can be seen on 7.5- minute
series USGS topographic maps (Figure 2.4). Peterson (1981) used the term “ballena”
for these broadly rounded ridges, describing them as follows:

“The typically broadly rounded shoulders meet from either side to form

a narrow crest and merge smoothly with the concave back slopes. In ideal
examples, the slightly concave foot slopes of adjacent ballenas merge to
form a smoothly rounded drainage way.”

Channel banks or hillsides on more recently dissected relict fans have an abrupt break
at the shoulder with steep back slopes along incised throughflow streams as shown at
the left bank of the large channel in the second sketch of Figure 2.2. In these situations,
more of the original fan surface is preserved in the relatively planar areas between
drainages.

The larger channels that head in the mountains commonly are separated by wide
interfluves that are cut by small tributary channels, which form on the relict fan. These
tributary channels are V-shaped with narrow beds composed of little fluvial material.
The larger throughflow channels that head in the mountains commonly have flat beds
with exposed conglomerate nick points and boulders and cobbles.

An example of and incised channel with steep banks is shown in Figure 5.15 of the
White Tank Park site in Chapter 5 of this Manual. Several examples of incised
channels with both sharp and rounded shoulders can be seen on the White Tank
alluvial fan along Olive about 1-/2 to 72 mile east of the entrance to the White Tanks
Park (Figures 2.10, 2.11, 5.11 and location map for photographs of Appendix J).
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2.1.1.2 Surface texture

Surface texture is the appearance of the land surface when viewed from an aircraft, on
a topographic map or on an aerial photo image. Much of the texture is the result of the
the permeability of the soil and mantle rock, local topographic relief, vegetation type and
density, and drainage patterns and density (see Appendix E). Typical surface textures
associated with relict fans are shown in Figures 2.3, 2.4 and several figures in
Appendix E.

2.1.2 Pediments

Pediments are developed on bedrock and are formed by weathering and erosion.
Pediments of Maricopa County may resemble inactive alluvial fans and relict fans
largely because the surface of pediments can be covered with sand and gravel a few
inches to a few feet thick. The form of the surface reflects the slope and shape of the
bedrock surface (Twidale, 1982, p. 190). Upper slopes of pediment surfaces commonly
are bouldery and more gentle lower slopes are mantled with gravel, sand and silt.

Many pediments in Maricopa County are formed on granite or granite-like igneous rocks
(Figure 2.5). For this user's manual, a pediment is where there are bedrock exposures,
even if the exposures are scarce along incised channels. The pediment head is easily
identified because the slope change at the toe of mountain fronts is abrupt. The toe of
the pediment is defined or where the bedrock is sufficiently covered by fluvial deposits
that is not visible along eroded channel banks and there are no large boulders on the
land surface.

Granite pediments can be mistaken for alluvial fans because the pediments are
weathered to large depths and have both tributary and distributary channel networks.
Detailed geologic maps are an invaluable resource because areas of exposed bedrock
are differentiated from surficial deposits. Exposed pediments are characterized by
extensive bedrock areas with low topographic relief (typically 10 to 20 ft between
channels and interfluve divides). Shallowly buried pediments are characterized by
exposures of bedrock along incised drainages (see Skotnicki et al, 1997, for example).
See Appendix F for a more detailed discussion of granite pediments in Maricopa
County.
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Incised channels where larger channels typically
head in mountains and have flat beds with fluvial
bed material. Bad material in larger channels can
be boulders and cobbles where incised in relict
fan of boulder canglomerate or where mountains
and pediment are metamorphic or volcanic rock.

INACTIVE ALLUVIAL FAN

Incised channels where large flat bed channels
typically head in the mountains and transport
sediment from the upslope areas. The drainage
network of the larger channels is distributary
and of the smaller channels is tributary. Larger
channels typically are lined with paloverde
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ACTIVE ALLUVIAL FAN

Wide channels with low banks. Bed and
Banks of active channnel can be higher than
bed and banks of nearby channels. Channel
beds typically are flat.
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Figure 2.2. Sketches of transverse cross sections of piedmont landforms.
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Figure 2.3. Color infrared aerial photograph of USGS site 30 showing
surface features of alluvial fans, pediments and relict fans.
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Scenes are about 1 mile’. Topographic map is 7-1/2 minute with 10 ft contour intervals.
Aerial photo is digitized from a black and white glossy.

Figure 2.4. Aerial photograph and topographic map illustrating surface texture
and appearance of relict fan.

2.1.2.1 Surface texture and drainage pattern

Near the mountains on upper slopes of pediments, the drainage pattern is tributary.
Floodwater typically is confined to well-defined channels in these areas (Table 2.1). On
the lower slopes, the drainage pattern can be a mixture of tributary, distributary and
anastomosing. The defined channels on the lower slopes are less incised. The 100-
year flood typically is confined to defined channels and adjacent small terraces of
pediments. On lower slopes where the channel depths are small, the 100-year
floodwater can spread over adjacent land.

For further discussion of the drainage pattern on pediments of Maricopa County, see
Moss (1977), Rhoads (1986) and Hjalmarson (1978).
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Figure 2.5. Pediment near Carefree

2.1.2.2 Drainage texture

Drainage texture is the relative spacing of drainage ways (rills, swales, washes, etc.).
Drainage texture, as depicted by upslope crenulation count on contour lines of USGS
7.5-minute topographic maps, commonly increases upslope on pediments. According
to Doehring (1970), the drainage texture of pediments is finer (more low-order drainage
channels) in the upslope direction (Appendix D). Pediments commonly have many
streams of various sizes from rills to streams with large incised channels, and many of
these streams head on the pediment.

The transition at the upper slopes of pediments generally is easy to identify because the
transition from the mountain to the alluvial plain is direct with a marked change in the
slope of the land surface at the mountain fronts. The transition of the lower pediment
slopes to alluvial plains and fans is more difficult to identify because the slope of the
land surface is nearly constant or is changing only gradually. Drainage texture,
however, typically changes at the transition as suggested by the regression relations in
Figure D1b discussed in Appendix D (Doehring, 1970 and Hjalmarson and Kemna,
1991).

)




2.1.2.3 Relict fans and pediments

Many relict fans and pediments have similar flood characteristics. For example, relict
fans and pediments typically have tributary drainage patterns and the 100-year flood is
confined to defined channels and adjacent land. A significant difference is the drainage
texture of relict fans typically decreases upslope and the drainage texture of pediments
typically increases upslope (Hjalmarson and Kemna, 1991). The drainage texture
(spacing of the low order drainage channels depicted by the crenulation count on
contours of USGS 7.5 minute topographic maps) of relict fans, pediments and inactive
alluvial fans is discussed later in this chapter and in Appendix D.

2.1.3 Alluvial Fans

Alluvial fans are common and extensive landforms on the piedmonts of Maricopa
County. The purpose of this section of the Manual is to consider the genesis of alluvial
fans and their morphologic features. The procedures outlined here supplement Stage 1
of Appendix G: Guidance for Alluvial Fan Flooding Analysis and Mapping of the FEMA
Guidelines and Specifications for Flood Mapping Partners (2001).

An alluvial fan is “a sedimentary deposit at a topographic break, such as the base of a
mountain front, escarpment, or valley side, that is composed of fluvial and/or debris flow
sediments and which has the shape of a fan either fully or partly extended.”(NRC,
1996). Alluvial fans on the piedmonts of Maricopa County have been deposited in
Quaternary time when global climate has varied considerably. It is likely that periods of
substantial alluvial fan deposition are tied to climatic variations that changed the amount
of sediment supplied to streams from hillslopes or the ability of streams to transport
sediment (Bull, 1991; Menges and Pearthree, 1989). In many upland areas in and
adjacent to mountain ranges, streams are incised well below the highest levels of
deposition that occurred in the early or middle Quaternary (Menges and Pearthree,
1989). Modern stream systems erode material from mountain and upper piedmont
areas and deposit the detritus farther downslope below a topographic break, forming a
rather evenly sloping cone called an alluvial fan. In Maricopa County, the apices of
most active alluvial fans are located well downslope from the topographic mountain
front.

The geologic history of a particular area is admittedly is beyond the scope of this
manual, but it can be important. For example, the geologic history can be very
important if landform and flood characteristics of alluvial fans and other landforms are
transferred to sites in Maricopa County and visa versa. Characteristics of alluvial fans
and other landforms described in technical literature may be different for sites in
Maricopa County that have different geologic pasts.

Many alluvial fans in Maricopa County have active areas of flooding and sediment
deposition inset in much older fans that are inactive and stable. Fans in Maricopa
County are somewhat similar to fans in Death Valley that are formed mostly by water
flood processes described by Hunt (1975) and Hunt and Mabey (1966). Fans in Death
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Valley, however, have a greater tectonic influence. Alluvial fans in Maricopa County
have fewer debris flows than fans along the western slopes of the Wasatch Mountains
in Utah. Alluvial fans of different regions have general differences and general
similarities. However, each alluvial fan has unique flood hazard characteristics.

Many alluvial fans in Maricopa County have evolved or matured to a general state of
inactivity where much of the fan is drained by incised channels (see third sketch of
Figure 2.2 and Figure 2.3). These channels may have tributary or distributary drainage
networks, but in either case the flow paths may be considered stable for regulatory
purposes. Other alluvial fans or parts of segmented alluvial fans are wholly or partly
aggrading landforms where sediment is deposited by spreading floodwater and are
subject to movement of flow paths (See fourth sketch of Figure 2.2). A procedure for
distinguishing inactive and active alluvial fans is described in Chapter 3 of this Manual.
The following procedures for recognizing and characterizing alluvial fans are derived
from the National Research Council (1996) report “Alluvial Fan Flooding”.

2.1.3.1 Composition and extent

An alluvial fan is a sedimentary deposit of loose, unconsolidated or weakly consolidated
sediments. Alluvial fans are typically composed of gravel and sand layers or lenses,
with minor silt and clay near their apices; farther downslope, fine-grained deposits are
dominant and sand and gravel typically are minor constituents. Geologic maps that
show the distribution of bedrock and surficial deposits are a primary data source for
evaluating the extent of alluvial fan deposits. @ Small-scale geologic mapping
(1:1,000,000 scale) covers all of Maricopa County (Cooley, 1967; Kamilli and Richard,
1998; Richard and others, 2000). Intermediate (1:100,000) and large (1:24,000) scale
geologic mapping completed by the Arizona Geological Survey in since the late 1980’s
covers most of the county (for example, Demsey, 1988; Huckleberry, 1994. Published
NRCS soil survey maps Camp (1986) and Hartman (1977) show soil types typically
associated with sedimentary deposits (Table 2.1). Field reconnaissance should be
done to verify that the landform is a sedimentary deposit.

2.1.3.2 Shape

Alluvial fans are landforms that have the shape of a fan either partly or fully extended.
Modern and old flow paths radiate outward from the fan apex to [the perimeter of] the
fan toe. Old flow paths can be eroded away or filled in by wind, rain and sheet flow.
Active alluvial fans typically are concave upward in longitudinal profile but are convex
upward in the transverse direction. The transverse convexity can be eroded away on
older alluvial fans or lost by coalescence with adjacent alluvial fans.

Coalesced alluvial fans present special considerations for flood hazard assessment

because floodwaters from different source areas commingle. A procedure for estimating
the drainage boundaries of coalesced fans is given in section 2.3 of the Manual.
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Scenes are about 1 mile?. Topographic map is 7-1/2 minute with 10 ft contour intervals.
Aerial photo is digitized from a black and white glossy.

Note: Inactive alluvial fans like that shown above typically have with many incised |
channels heading on the landform as shown above. Inactive alluvial fans also have broad |
smooth ridges with widely spaced small channels. These Pleistocene landforms may

have exposed cemented rock on the shoulders of channels. Shoulders of older washes

tend to be rounded and shoulders of channels of recently dissected areas are angular.

Figure 2.6. Aerial photograph and topographic map illustrating surface texture
and appearance of alluvial fan.

2.1.3.3 Topographic break

Heads of alluvial fans are located at a topographic break called the topographic apex
(Figure 2.7). The topographic apex is the uppermost apex of the alluvial fan and may
not be the present location where sediment deposition starts. The hydrographic apex
is the highest location of an active alluvial fan, where the modern stream widens and
corresponding flow depths decrease resulting in less power to transport sediment (See
for example Figure 2.12). Below the hydrographic apex there is markedly more channel
migration and sedimentation.

2.1.3.4 Surface texture

The surface texture of many inactive alluvial fans consists of undulating and parallel
ridges and valleys of small channels. A close examination of the rounded ridges reveals
a slight radiating pattern or spreading down slope. The rather smooth ridges are flat or
rounded and the shoulders of the channels typically are smooth and rounded (See
Figures 2.3, 2.6, 2.7. 2.9-2.11). Most of the texture is the result of the tributary channels
that have developed over time on the abandoned fan.
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The distinctive surface texture of active alluvial fans is much different than the texture of
inactive alluvial fans (Compare the active fan shown in Figure 2.12 with the inactive fan
in Figure 2.7. The texture of active alluvial fans typically is the result of the many
braided channels, the movement of sediment and the scattered growth of vegetation.
The active alluvial fans typically have a braided-stippled appearance. In other words,
the appearance of active alluvial fans is because they are wholly or partly aggrading
landforms where sediment is deposited by spreading floodwater and flow paths change.

For further discussion of surface texture as a tool for estimating the type of landform
and the type of drainage pattern the investigator should refer to Appendix E. For the
significance of the appearance of active and inactive alluvial fans for flood hazard
assessment, the investigator's patience is suggested. The type of flood hazard is
discussed in the next chapter of the Manual.

2.1.3.5 Drainage texture

Doehring (1970) observed that the drainage texture on alluvial fans with incised
channels generally was constant along the axis of fans. Studies by Hjalmarson and
Kemna (1991) also showed drainage texture of inactive alluvial fans was uniform in the
upslope direction on 7.5-minute topographic maps. Drainage texture is a quantitative
measure of surface texture and is described in Appendix D.

2.1.3.6 Topographic, geologic, and soils maps

Alluvial fans usually can be identified on standard 7.5-minute series of USGS
topographic maps, which provide useful information to delineate alluvial fan boundaries.
Information provided by surficial geologic maps and soils maps can also aid in
identifying and delineating alluvial fans. ldentifying characteristics of alluvial fans that
are found on topographic maps include :

e Bifurcating intermittent stream symbols on maps depict distributary
channels.

e Small wash or intermittent stream symbols that end abruptly in an area
with smooth contours also may depict distributary flow on the fan
surface.

e Broad areas of piedmont that are marked with the sand symbol (stippled
pattern) may depict aggrading areas and possibly bifurcating channels.

¢ Relative drainage texture domains depicted by contour-crenulation
counts (small rounded upslope projection of a contour line) provide
excellent clues to the type of landform and potential alluvial fans
(Hjalmarson and Kemna, 1991 and the Henderson Canyon example
(National Research Council, 1996)). The drainage texture of active
areas of distributary flow normally is uniform in the upslope direction.
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e Smooth contours that are parallel and either straight or convex pointing
downstream in plan view indicate mild transverse relief that may result
from bifurcating channels. Contours with relatively large and narrow
crenulations may reveal remnants of inactive fans.

It is important to note that concentric semicircular contours that bow down slope do not
necessarily depict an active alluvial fan. Many inactive alluvial fans that have developed
tributary channels and presently are eroding have concentric semicircular contours that
bow down slope. Eroding fluvial processes are active on these old surfaces and alluvial
fan processes (aggradation) no longer are active. It is common, however, for inactive
alluvial fans to host active alluvial fans. Thus, a portion of a semicircular contour that
bows down slope that is smooth and bounded by relatively large and narrow
crenulations may indicate bifurcating flow and the alluviation of an active alluvial fan.

Detailed surficial geologic maps and soil survey maps generally are presented at a
scale of 1:24,000 and provide data that facilitate the recognition and delineation of
active and inactive alluvial fans. Soils maps, for example, depict relatively strongly
developed soils associated with the older deposits that dominate inactive fans in
contrast to weakly developed soils associated with the young deposits of active washes
and fans. In either case, soil map units or complexes of map units that have a general
fan shape opening downslope are associated with alluvial fans. Surficial geologic maps
explicitly differentiate and map deposits of different ages (Appendix L). Laterally
extensive, fan-shaped surficial geologic map units depict the extent of alluvial fans of
different ages. In the case of inactive or relict fans, surficial geologic maps depict the
exposed extent of the deposits associated with the formerly active landforms.

2.1.3.7 Inactive and relict alluvial fans

Both inactive alluvial fans and relict fans may have similar surface textures (Compare
Figures 2.4 and 2.6 for example.). The texture of both landforms is the result of erosion
and the formation of tributary drainage patterns on the landforms. However, the
channels on inactive alluvial fans are smaller and further apart that the channels on
relict fans. Also, the channels of relict fans do not have the subtle radiating pattern
exhibited by the channels on inactive alluvial fans. Another important difference
between relict fans and alluvial fans is channels on alluvial fans may have a distributary
pattern white the drainage pattern on relict fans is tributary. Interesting differences
between inactive alluvial fan and the relict fan further down slope is shown in Figure
2.11.
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1T Location of Figures 2.8 and 2.9. See Figure 2.10 for topography and Figure 2.11 for aerial

photograph of this site. Aerial photo is digitized from a color glossy taken during August 2002.

Note: Inactive alluvial fans like that shown above typically have with many incised
channels heading on the landform as shown above. Inactive alluvial fans also have broad
smooth ridges with widely spaced small channels. These Pleistocene landforms may
have exposed cemented rock on the shoulders of channels. Shoulders of older washes
tend to be rounded and shoulders of channels of recently dissected areas are angular
(See for example Figure 2.8).

Figure 2.7 Oblique photograph looking west at White Tanks Park alluvial fan.
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Figure 2.8. Throughflow channel on White Tanks Park alluvial fan.

Figure 2.9. Wide-flat interfluve of old alluvial fan covered with desert

pavement with some desert varnish and scattered saguaro cacti. Dominant
plants are creosote and saltbush. Gravely surfaces of old alluvial fans and relict
fans with a shallow calcic soil horizon commonly are dominated by creosote and
saltbush shrubs like in the scene above.
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Figure 2.10 Topography of White Tank Park alluvial fan.
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E> Location of Figures 2.13 and 2.14. Digitized from color glossy taken during July 2002.

Note: The inactive alluvial fan on the left of the scene has smooth interfluves with widely
spaced small channels. The darkened part of the old alluvial fan is very old desert
varnish. The light colored active alluvial fan on the right of the scene has several
distributary channels with a mound of recent alluvium below the hydrographic apex. See
Appendix | for many additional photographs of this site.

Figure 2.12 Oblique photograph looking east at South Mountain Park alluvial fan.




Figure 2.14 Throughflow flow path on active alluvial fan
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2.1.4 Alluvial plains

The lower portions of many alluvial fans coalesce into a smooth and nearly level surface
called an alluvial plain (Figures 1-1, 2-1, 2-3 and 2-10). An alluvial plain is either a relict
floodplain of a base level stream or a very low gradient (< 0.5 percent) fan built onto the
basin floor (Peterson, 1981). Alluvial plains may abut defined channels at the basin
floor or they may transition into floodplains (the basin floor) of base level streams. The
upper and lower boundaries of alluvial plains can be indistinct with intricately mixed
sediment from upslope areas of the piedmont and base level stream. Fortunately,
precise boundaries typically are not necessary for flood hazard definition because the
flood hazard of alluvial plains, adjacent alluvial fan toes and adjacent floodplains of base
level streams is typically from shallow sheetflooding except where there is channel
incision from lowering of the base level stream. Manual users are encouraged to use
NRCS soil maps (see Table 2.1 for soil types) and detailed surficial geologic maps to
define alluvial plains based on sediment composition and soil type.

An example of alluvial plain flooding is shown in the Figure 2.15 below. See Appendix G
for several photographs and maps of alluvial plains and flooding on alluvial plains.

Figure 2.15 View looking east at flooding on June 23, 1972 in Scottsdale.
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2.2 Identification of piedmont landforms

A procedure for identifying relict fans, pediments, alluvial fans and alluvial plains is
described in this section. The type of landform is identified using indicators such as
surface texture, rock varnish, desert pavement, soil development, cementation of
deposits, drainage pattern and channel shape. The steps and indicators of this method
of flood hazard assessment are based on several publications and sources including
those used by Christenson and Purcell (1985), Hjalmarson and Kemna (1991), Field
and Pearthree (1992), CH2M Hill (1992), Hjalmarson and Tram (1996) and the National

Research Council (1996).

The type of landform is defined, but not necessarily named, on most NRCS soil survey
maps and AZGS surficial geologic maps. NRCS soil survey maps and AZGS surficial
geologic maps are available for much of Maricopa County. The investigator will need
some knowledge and experience with the use of soil surveys and surficial geology maps
(See Appendix ). Soil and geology maps may not have the level of detail needed for a
detailed flood hazard assessment. Thus, the investigator may need to refine the
boundaries of landforms shown on available published maps.

To identify piedmont landforms the investigator should first obtain topographic maps,
geologic maps, soil maps, aerial photographs and any technical reports such as journal
articles on the geomorphology, geology, soils, vegetation, and flooding in the project
area in order to determine the general morphology and location of the landform(s) along
the piedmont and in the drainage area. The second step is to use topographic maps,
geologic maps, soil maps and aerial photographs to define/refine the morphology of the
drainage basin and the piedmont landforms in order to recognize the landform at the
level of detail needed for the flood hazard assessment. The third step, like the second
step, is a continuation or refinement of the identification of the landform(s) using a field
inspection of the channels and land surfaces in order to determine the composition,
morphology, boundaries and location of the landforms. These three general steps for
piedmont landform identification are shown in Table 2.2.

All landform identification should also include field inspection of the particular site,
because similar appearing landforms on aerial photographs may, in fact, be quite
different. A field examination involves walking (or driving) over the surface of the
landform and along stream channels and examining cut banks, road cuts and other
exposures; vegetation type and location; surface characteristics such as desert
pavement, rills, desert varnish; soil development; and topography. Maps of these
features are produced along with detailed field notes. A good starting point for landform
identification is the location of the particular site of interest on the typical desert profile
showing mountains and the piedmont (Figure 2.1).
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Table 2.2 Steps for identification of piedmont landforms for assessment of flood

hazards.

Recognizing landforms

1.

Define general setting (Geology, tectonics,
soils, surficial geology, relief)

Type of landform.

Define physical setting and type of landform.

Geomorphology of source area (relief, slopes,
feeder channel geometry, vegetation distribution,
size of source area, drainage pattern)

Geomorphology of piedmont (size, relief, slopes,
channel geometry, vegetation type and
distribution, surface color and soil)

Location of landform (Is there a topographic
break? Is it at a mountain front? Is it at an
isolated remnant or inselberg? Is it inset on
a larger landform?)

Verify and refine landform characteristics and
boundaries.

Composition and age (bedrock or a sedimentary
deposit, soil development, desert varnish,
desert pavement, surface color and caliche)

Morphology (plan view shape, drainage pattern
and spacing, channel incision and geometry,
ridges and valleys)

Location of landform (Is it at a topographic
break? Is it at a mountain front? Is it an isolated
remnant or inselberg? Is it inset on a larger
landform?)

Data information source

Geologic, topographic,
aerial photos, soil maps.
General reference.

Detailed surficial geology
maps, soil maps and geology
maps

Topographic maps, aerial
photographs.

Topographic maps, soll
maps, aerial photographs.

Topographic maps and aerial
photographs.

Field work using geologic
maps and soil survey maps.

Field work using topographic
maps and aerial photographs.

Fieldwork using topographic
maps and aerial photographs.
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Several indicators are especially helpful in determination of the type and extent of
landforms on the piedmont. Some of the indicators have been shown in previous
photographs of pediments, relict fans, alluvial fans and alluvial plains in section 2.1 of
this Manual. These "office" and "field" indicators are used to recognize pediments, relic
fans, alluvial fans and alluvial plains within sections 2.2.1 to 2.2.15.

2.2.1 Surface texture on aerial photographs and topographic maps

Pediments, relict fans, alluvial fans and alluvial plains have a distinctive appearance
when viewed from an aircraft, on a topographic map or on an aerial photo image.
Several examples of surface texture of the four landforms are shown in preceding
section 2.1. Surface texture of the three example sites that are part of this Manual is
also described in Chapter 5 of the Manual. Additional discussion of using surface
texture for landform identification and mapping in Maricopa County is given in Appendix
E. Surface texture is useful for landform identification as well as defining the boundaries
of landforms.

2.2.2 Surface color and relative color differences

= A light surface color seen on aerial photographs usually indicates a young surface
that has been recently eroded or subject to sediment deposition. Active alluvial fans,
alluvial plain areas and sand channels typically have a light or relatively light surface
appearance.

= A dark surface color results from weathering of the surface stones. A very dark
surface typically indicates an old surface of desert varnish, desert pavement or
oxidized soil common to relict fans, mountain slopes and some old alluvial fans.

= Many active alluvial fans have a light surface (or a relatively light surface) with a
radiating drainage pattern.

» Many relict fans and some old alluvial fans have a dark surface of desert varnish
with a dendritic drainage pattern.

2.2.3 Channel and small valley size on aerial photographs

Stereo pairs of aerial photographs used in conjunction with topographic maps and field
measurements of channel geometry are useful for defining the amount and extent of
channel incision and small valleys associated with incised drainages. Old-stable
landforms such as relict fans and pediments clearly have greater amounts of channel
incision than young-aggrading landforms such as active alluvial fans (See Table 2.1).
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2.2.4 Drainage texture on 7.5 minute topographic map

Relative drainage texture domains depicted by contour-crenulation counts (small
rounded upslope projection of a contour line) are used to quantitatively distinguish
between pediments, relict fans and old alluvial fans as described in Appendix D.

2.2.5 Drainage pattern

A tributary drainage pattern is characteristic of relict fans and pediments.

Some streams build an alluvial fan, a sloping radiating deposit, which focuses at the
point called the hydrographic apex where active fluvial sediment deposition starts. A
distributary drainage pattern is characteristic of alluvial fans.

Some streams build alluvial plains, a gently sloping rather smooth deposit, which
is formed as floodwater spreads over base-level plains as sheet flow.

Some throughflow streams serve as sediment and water transportation corridors
between the mountains and base-level streams. These transport channels
commonly form where there has been recent base-level lowering.

Some streams head (begin) on relict fans, pediments and inactive portions of
alluvial fans. These streams are tributary to throughflow and base-level streams.

2.2.6 Shape and appearance of contours on 7.5 minute topographic map

Fan shaped, concentric and semicircular contours that bow down slope may depict
an alluvial fan if there is little channel incision as indicated by small or widely spaced
contour crenulations.

Smooth contours that are straight and parallel (or slightly convex pointing
downstream in plan view) indicate mild relief and possibly active sediment deposition
in recent geologic time. Such contours indicate young (active) alluvial fans or
alluvial plains.

Concentric semicircular contours that bow down slope may also depict a relict fan if
the contour crenulations are large (indicating at least 3 ft. depth of dissection) and
the drainage pattern that has developed on the landform is dendritic or tributary
(typically observed on aerial photographs). Eroding fluvial processes are active on
most of these relict surfaces and alluvial fan processes (aggradation and erosion) no
longer are active except where an active fan has formed within an old fan. An
inactive alluvial fan may host an active alluvial fan (Table 2.1).

A portion of a semicircular contour that bows down slope that is smooth and
bounded by relatively large and narrow crenulations may indicate bifurcating flow
and alluviation of a young (active) alluvial fan.
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2.2.7 Location on piedmont

Throughflow streams typically pass from their steeply graded mountain canyons to
incised channels of pediments and relict fans and deposit sediment and spread
floodwater on alluvial fans and alluvial plains where they lose topographic confinement.
The typical position of the landforms is shown in Figure 2.1.

2.2.8 Topographic break

A topographic break is where confined flood flow becomes less confined and is able to
migrate more freely. Less confinement can lead to greater channel width, lesser flood
flow depths and more sediment deposition. Inset fans and pockets of braided channels
are common along throughflow streams where there is a topographic break. Old alluvial
fans that were partly or wholly aggrading also are common below topographic breaks. A
special kind of topographic break where a young alluvial fan has formed is called a
hydrographic apex.

2.2.9 Desert pavement

A concentration of pebbles and cobbles on the land surface is known as desert
pavement (Compton, 1977). Desert pavement is best seen in the field and is indicative
of old surfaces (relict fans and pediments) formed by the removal of fine grained
material by wind, soil creep and sheet flow. Desert pavement usually forms on inactive
surfaces where there are pebbles and cobbles in the deposits. Desert pavement can
also form on young coarse-grained alluvial fans (Christenson and Purcell, 1985). Thus,
desert pavement development is not always a reliable indicator of surface age and type
of landform. The mantled layer (commonly a single layer) of closely spaced pebbles
typically is found on relict fans, portions of alluvial fans that are not active and
occasionally on alluvial plains. Areas such as active alluvial fans and stream channels
that are prone to flooding typically do not have desert pavement. Desert pavement can
resemble stream channel armoring except the stones are not imbricated.

2.2.10 Desert varnish

Desert varnish is one of the best indicators of surface stability and the age of piedmont
landforms in Maricopa County because it is easily observed and reliable. Dark brown
and blackish layers of clays and manganese and iron oxides form on the surface of
stable rocks over thousands of years. Although the dark appearance of rock varnish is
not precisely related to age, the simple presence of rock varnish on piedmonts in
Maricopa County is indicative of old surfaces such as those of relict fans. For example,
a very dark varnished desert pavement may be present on very old-flat interfluves of
relict fans (Figure 2.16). Soluble surfaces of carbonates and friable rocks such as
granite that weather rapidly do not support varnish.

For additional information on rock varnish, see Liu and Dorn (1996), Dorn and
Oberlander (1982) and Dorn and others (1989).
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Figure 2.16. Varnished desert pavement that is a few thousand years old.

2.2.11 Surficial geology

Geologic maps and reports are an excellent source of information on the type of
landform as described in Appendix L. Surficial geologic maps differentiate deposits of
different ages on piedmonts and delineate their lateral extent. Thus, these maps provide
information on the distribution of pediments, relict fans, and inactive and active fans.
The criteria that are used to differentiate and map surficial deposits include many of the
indicators listed in this section, including relative topographic position, drainage patterns
and incision, vegetation assemblages, surface topography, desert pavement and rock
varnish development, surface color, and soil development. The surficial geology of most
of eastern Maricopa County has been mapped at 1:24,000-scale, and much of this map
information is available in digital format at the AZGS. Some of the landform boundaries
may need refinement to meet the required detail of the flood hazard assessment, so all
landform boundaries should be field checked using the techniques described in this
Manual.

2.2.12 Soils

Soil survey reports and maps of the NRCS are an excellent source of information on the
type of landform. Soil survey reports typically identify the landform associated with
mapped soil units (Camp, 1986 and Hartman, 1977). Common soil types corresponding
to piedmont landforms of Maricopa County and surrounding areas are noted in Table
2.1. A major advantage of published NRCS soil surveys is the mapping is consistently
accomplished in accordance with standards. A disadvantage for new users of the

-39 .-




published NRCS soil surveys is that the reports are written for a wide range of uses and
are not specifically for landform identification and flood hazard assessment. Users of
soil surveys are encouraged to get assistance from NRCS soil scientists. Many of the
soil boundaries need refinement to meet the required detail of flood hazard assessment.
All NRCS soil boundaries should be field checked using the techniques given in this
Manual.

2.2.13 Vegetation

Vegetation type and distribution, as seen on good quality aerial photographs, can also
be a reliable indicator of landform. For example, saguaro cacti, jumping cholla,
creosote bush and saltbush are seldom on very active alluvial fans and are typically on
old surfaces of relict fans and pediments. Isolated saguaro cacti and creosote bush do
however, occur on parts of unstable landforms and thus are not a stand-alone definitive
indicator. Creosote bush, for example, is on several alluvial plains subject to sheet flow.
Abundant mature saguaro cacti may be found on relict fans, pediments and inactive
alluvial fans adjacent to the unstable land of wholly or partly aggrading landforms where
sediment is removed or deposited by spreading floodwater on which there are very few
saguaros.

Many distributary channels of old (inactive) alluvial fans and pediments are lined with
abundant paloverde trees and bushes. The native riparian vegetation affords resistance
to bank erosion and channel migration but is present because the land is stable. Desert
trees and bushes tend to be scattered about on active alluvial fans suggesting the
absence of stable flow paths.

2.2.14 Channel shape and capacity

A field examination of the form and size of throughflow and tributary channels can
reveal important indicators of the type of piedmont landform (and also the flood hazard
discussed in the next chapter). Most throughflow streams are flat bottomed with a bed
of deposited sediment (Figure 2.17) that is remobilized during floods. Most tributary
streams that head on the piedmont are somewhat V-shaped with a narrow channel
bottom and little, if any, deposited sediment. Some throughflow streams are channels
that have cut to form gullies. According to investigators such as Graf (1982) and
Hedman and Ostercamp (1982), the active channels are in the bottom and the form and
size of these gullies is not related to discharge except in a very general sense. The
user should be aware that the gullied depth (Figure 2.17) for piedmont streams of
Maricopa County probably is related to factors such as changes of vegetation cover and
not necessarily flood discharge. However, general relations between channel capacity
and flood frequency are useful for identification of relict fans, pediments, alluvial fans
and alluvial plains.

There are general relations of bank full capacity and recurrence interval for piedmont

landforms in Maricopa County. For example, based on the author’s experience, the 100-
year flood nearly always is less than bank full capacity for relict fans with convex side-
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slopes shoulders and concave foot slopes. The bank full capacity of throughflow
streams traversing most pediments is more than the 50-year flood and the 100-year
flow is confined between defined ridges. The bank full capacity along distributary
channels of inactive alluvial fans typically in more than the 5-year flood and seldom is
more that the 25-year flood. Throughflow channel capacity of active alluvial fans and
inset alluvial fans typically are about the 2-year flood and seldom are more than about
the 10-year flood.

Throughflow channel Tributary
{ within gully ) channel
e Bank full level
"I Gullied \
Active channel +1 depth
s Little, if any.
deposited
sediment
Depositad sadiment

Figure 2.17. Cross sections of throughflow and tributary channels showing
deposited sediment.

The capacity of tributary streams that form on piedmont landforms is variable and may
be related to the drainage pattern on relict fans and pediments (Table 2.1). Where first
and second order streams of relict fans and pediments have a parallel appearance, the
bank full capacity typically is greater than the 50-year flood. For more radiating
dendritic patterns the bank full channel capacity is much less and typically is more than
the 10- year flood. On pediments the 100-year floodwater that over tops banks usually
is confined to adjacent overflow areas. On smooth-flat relict fans, the 100-year
floodwater can spread over wide areas as sheet flow and the sheet flow may become
concentrated down slope. Therefore, if the investigator knows the recurrence interval for
a particular peak discharge, he or she can roughly estimate the type of landform.

2.2.15 Sediment

The sediment in alluvial plains generally has a much finer distribution of grain size than
the surface material of alluvial fans, relict fan and pediments (Figure 2.18a). Although
the particle size of material on a landform is not necessarily used as an indicator to
predict the type of landform, landforms do exhibit some common sediment
characteristics that are used for this manual.
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A few useful relations of soil particle size follow:

Several relict fans have a grain size distribution like that shown for the Tremant
soil in Figure 2.18a).

Material of relict fans ranges from clay to boulders and characteristics vary possibly
because relict fans are formed by both debris flow and water flow deposits and these
deposits have different characteristics (Bull, 1964).

The grain size shape and distribution of weathered pediment material is related to
the parent material and is dependent on the underlying rock type.

Sediment in young (active) alluvial fan deposits ranges in size from clay to boulder
and tends to be somewhat sorted partly because recent deposits in Maricopa

County are typically from water floods.

There typically is a general increase in sorting down active fans and a shift in the
grain (clast) size, such as the median grain size (Dsp) as shown in Figure 2.18b.

It is important to note that alluvial fans that are wholly or partly aggrading can be
composed of a wide range of material size. Most young (active) fans in Maricopa
County have coarse sand with some gravel and scattered cobbles near the
hydrographic apex. The lower or outer parts of the fan may be composed of fine sand,
silt and clay with small tongues of coarser material such as Carrizo soil. These distal
fan areas (toes) coalesce and transition into alluvial plains with a similar material size
and heterogeneity as the active fan toes. A simple quantitative example of how
sediment might be distributed along an active alluvial fan is in Sediment grain size along
an idealized active alluvial fan in Appendix Q.
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Figure 2.18. Cumulative graphs of material size versus frequency indicative of
landforms in Maricopa County.




2.2.16 Additional information

There is a considerable amount of useful published information on the stratigraphy of
alluvial fan deposits that is also useful for landform identification. While much of this
literature is for specialists in fluvial deposits and sedimentary geology, some is useful for
the stability assessment of this Manual.

According to many geologists, alluvial fan deposits are recognized mostly by their
physical characteristics (Nilsen, 1987; Blair, and McPherson, 1994). Several physical
indicators are used because each indicator is not necessarily unique. Exposures of
unconsolidated sediments in active fan channels can be examined in the field and
samples of sediment can be collected and analyzed. Major physical indicators of active
alluvial fan deposits found in the stratigraphic record are as follows:

e The deposits are located relatively close to their source area with a limited radial

length.

e Deposition is dominantly by unidirectional, high-energy fluid flow, on steep
slopes.

e The deposits are typically very poorly sorted and may have a great range in grain
size.

e Clasts are poorly rounded, reflecting the short distance of transport. An
exception to the common angular clasts is where the alluvial fan material is
second or third generation sediments derived from relict fans.

e The deposits are compositionally immature and have a great range in
composition, depending upon the types of rocks present in the source area.

e The deposits are characterized by major changes in lateral and vertical facies,
particularly in the downfan direction.

e The deposits are characterized by rapid downfan decrease in both average and
maximum clast sizes.

e The deposits generally contain very small amounts of organic matter because of
the oxidizing conditions of sedimentation.

e Facies are predominantly planar-bedded associated with upper-regime water
flow.

e The depositional bodies have a lenticular or wedge-shaped geometry and
typically form clastic wedges.

e The deposits may be characterized by a radial sediment dispersal system.

For other useful information on the identification and dating of alluvial fan deposits from
the stratigraphic record, see Bull (1987), Blissenbach (1954), Massari (1996), Blair and
McPherson (1992), Blair, Clark and Wells (1990) and Hereford (1996). The map of
surficial geology that includes deposits of specific floods, along the Colorado River in
the Grand Canyon by Hereford shows the detail possible using geologic methods.
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2.3 Special landform boundary and drainage considerations

Traditional landform mapping is based mostly on manual (visual) interpretation of aerial
photographs, topographic maps and ground observation. Ground observations serve to
define the composition of landforms. The precision of landform boundaries depends on
both the requirements of the particular flood hazard assessment and the nature of the
boundary. Some boundaries of landforms are not distinct and may be a few tens of feet
wide and other boundaries are not unique and must be estimated. Boundaries of
landforms are shown on a base map approved by the FCDMC (See Appendices E and
R for additional information about maps).

To best define the boundaries of landforms the investigator should be familiar with
topographic maps, the 3-D aspects of topographic maps and stereo viewing of aerial
photographs. For example, the investigator should be familiar with the shape of contour
lines at ridges and how to draw a drainage divide on a topographic map. The
investigator should also be familiar with stereo viewing of landform features. Optical 3-D
viewing using pairs of aerial photos affords quick comparison of the shape and Arial
extent of landforms and rapid detection of subtle landform features and boundaries.

For areas of little topographic relief, 7.5-minute topographic maps may not show
important features such as distributary channels on piedmonts which leave the drainage
area. Detailed topography at a scale of 1 inch = 100 to 500 ft with contours at 1 or 2 ft.
intervals should be considered for areas of low relief. Also, high resolution aerial
photographs are a necessity to see important drainage features.

The boundaries of mountains, pediments and relict fans typically are easy to define.
However, the definition of boundaries for alluvial fans and alluvial plains that are
associated with a particular upslope drainage basin is not straightforward. Generally
speaking, if the investigator needs landform boundaries associated with a particular
drainage area and there is commingling of floodwater from two or more drainage
basins, the boundaries must be estimated using approximate methods. Also, indistinct
boundaries where deposited alluvium is blended or interfingered cannot be precisely
defined.

Boundaries that are difficult to precisely define include the following:

e Between coalesced alluvial fans where distributary channels are shared by fans.
e Between alluvial plains where sheet flow of adjacent drainages commingles.

e Between the toe of pediments and the start of some inactive alluvial fans.

e Between the toe of many alluvial fans and the start of alluvial plains.

e A few drainage basin boundaries.
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2.3.1 Drainage basins

Some drainage basins on piedmonts may have small-active streams that cross the
topographic divide well above the apex (Figure 2.19A). Although not common, small
distributary channels on piedmonts can enter or leave a drainage basin. Where these
channels convey a small portion of the total flood flow, the amount of discharge crossing
the topographic divide can be estimated and added to or subtracted from the peak
discharge at the apex.

A diffluence in a drainage basin with one channel in the basin and the other channel
crossing the drainage divide into an adjacent drainage basin (Figure 2.19A) may seem
illogical or impossible to some engineers and hydrologists. Many engineers and
hydrologists have not experienced these phenomena because it commonly is not
discernible on 7.5-minute topographic maps and is difficult to define on aerial
photographs. The drainage divide may appear to be improperly identified and the
question--How can a drainage divide have a channel crossing it?--may seem vexing.
The fact is that channels within drainage basins on piedmonts do fork and the channels
can become widely separated and drain into different intermountain basins.

Conditions at small earthen dams or stock watering ponds on piedmont slopes also
should be considered. The area of the stock-water pond may only contribute to the
downstream channels when there is flow through the spillway. The affect of the stored
flood flow on the 100-year flood should be assessed. Also, flood flow at some stock
watering ponds can he diverted across the drainage divide as described above.

2.3.2 Boundaries along coalescing alluvial fans

There are two important kinds of alluvial fans with distributary channels that when
coalesced with similar alluvial fans types have uncertain boundaries. These are active
alluvial fans and some inactive alluvial fans with distributary channels.

Before the boundaries of alluvial fans with distributary channels are defined, the
hydrographic (active fan) apex is located (see section 2.1.3.3). All direct runoff from
precipitation within the topographic divide of the drainage basin will be drained by the
stream at the apex if the overall drainage system is tributary. If the drainage area above
any particular point of interest on the piedmont can be defined, the investigator should
check that no channels cross the defined ridge line (topographic divide) by using
orthophotoquad maps, aerial photographs, and possibly a field inspection.
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Figure 2.19. Special drainage basin and alluvial fan boundary considerations.
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After the apex is located, the boundaries of the alluvial fan can be defined. Starting at
the apex, the ridge lines are defined on each side of the apex. The ridge lines are on the
shoreward side of the outermost channels. Ridge lines, commonly are along ridges of
interfluves separating defined distributary channels, are the boundaries of many
degrading or relatively stable alluvial fans (Figure 2.19B). Trough lines form the
boundaries of some coalesced alluvial fans especially where fans are aggrading.

Deposited debris of a single alluvial fan commonly has a trough along the boundary of
the fan.

Where tributaries to the alluvial fan are severed the boundaries are continued on the
opposite bank of the tributary. The potential drainage divides may appear to cross over
into an adjacent alluvial fan (Figure 2.19B). Areas of coalesced alluvial fans with
overlapping channels are separated by a probable boundary that bisects the defined
ridge lines for the two areas. The potential divides tend to be perpendicular to the
topographic contours and split any X-shaped confluence-diffluences where the channels
from each fan join and then divide. The "probable" boundaries are estimated defined
from the apex to the toe of the alluvial fan.

In addition to using the topographic ridge and trough lines to define the boundaries of
the alluvial fans, the drainage texture, surface texture, soils, surficial geology,
vegetation, desert varnish and other indicators can be used as discussed previously.
The boundaries of many fans correspond to the boundaries of drainage-texture and
surface texture domains. Soil maps that delineate recent depositions of soil also may
assist in boundary definition. Changes in vegetation density and the amount of desert
varnish also are indices of the boundaries of alluvial fans.

2.3.3 Boundaries along toes of alluvial fans

The toes of alluvial fans with distributary channels (active and some inactive alluvial
fans) are defined using several factors. The toe cannot extend beyond the base-level
stream. The toe also cannot extend beyond where the stream patterns change from
distributary to tributary over the width of the alluvial fan. Also, the toe ends where the
flood flow is unconfined across the width of the alluvial fan and becomes sheet flow;
sheet flow marks the start of an alluvial plain. The presence or absence of confined flow
can be difficult to define especially where channels gradually become smaller and less
significant down slope. Like the lateral boundaries, it may not be feasible to define
precisely a narrow boundary at the toe. The toes of many alluvial fans are irregularly
shaped as the distributary channel system changes to tributary channels of sheet flow
at various distances below the apex. The washes and plains that form the base level
represent the downstream limit of the toe. Soil color and sediment character also may
change, indicating lower or upper limits of recent sediment deposition or a different
source of sediment such as the base level stream. Lastly, the profile of the piedmont
may show a rapid decrease in slope that corresponds to the approximate location of the
toe. The toe is located on the basis of the above considerations, and the boundary is
drawn approximately parallel to the contours connecting the potential divides.
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2.3.4 Drainage boundary on alluvial plains

Normally, only rough estimates of drainage boundaries can be made on alluvial plains
and such estimated boundaries may not be practical. Floodwater of adjacent drainages
commingles and relatively small obstructions can affect the flow paths of sheet flow and
sheet floods on alluvial plains. The nature of flooding on alluvial plains is shown in
Appendix G of the Manual where there are several examples of sheet flow that is
diverted by small obstructions and roads. The investigator should also consult the
Glossary for sheet flow and sheet flooding and Arizona State Standard 4-95 (1995) for a
description of sheet flooding.

2.3.5 Boundary between toe of some pediments and start of inactive alluvial fans

The transitional zone between some pediments and inactive alluvial fans with
distributary channels is wide and difficult to define. Drainage texture characteristics can
be used to estimate the boundary because the drainage texture of old alluvial fans is
different than pediments (Appendix D and Hjalmarson and Kemna (1991)). The
drainage texture of inactive alluvial fans with distributary channels is rather constant and
the drainage texture of pediment increases upslope. The drainage texture, as depicted
of USGS 7.5 minute topographic maps commonly changes in the transitional zone
between the inactive alluvial fan and the upslope pediment.

2.3.6 Summary

Some landform boundaries can only be estimated and the investigator should utilize the
many indicators described in this chapter for the definition. Several indicators that are
shown on topographic maps, aerial photographs and by field inspection should be used.
For example, landforms have distinct surface texture and relict fans commonly are
paved with dark desert varnish. These and other identifiers commonly change at the
boundaries of landforms and can be used to map the boundaries.
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2.4 Summary

Relict fans, pediments, alluvial fans and alluvial plains are the four major landforms of
piedmonts in Maricopa County. Each landform can be recognized using identifiers such
as desert pavement, surface color, vegetation type and location, desert varnish,
transverse relief, drainage texture, drainage pattern, composition, sediment particle size
and amount of soil development. The identification of landform type is reliable when
several identifiers point to a particular type of landform.

Soil survey reports by the Natural Resources Conservation Service provide valuable
information on the type of landform and fluvial processes. These often under utilized
reports show soils information on 7.5-minute orthophoto maps. Most soil types
correspond to morphology and landform types. Use of NRCS reports Soil survey of
Aguila-Carefree area, parts of Maricopa and Pinal counties, Arizona (1986) and Soil
survey of Maricopa County, Arizona, central part (1977) will contribute greatly to the
identification of landform type and the overall assessment of flood hazards on
piedmonts.

Published geologic maps of the Arizona Geological Survey (See Appendix L) are also a
valuable source of information with implications for piedmont flood hazard assessment.

An example map of a mountain and the down slope piedmont landforms is shown in
Figure 2.20. For this particular example the landforms were identified in the soil survey
report (Camp, 1986) and verified using procedures in this chapter of the manual. For
typical studies the aerial photographs, any surficial geology and all the indicators will
accompany the map of the landforms. The mapped landforms shown in Figure 2.20 are
the result of stage 1 of this method and provide the geomorphic basis for the flood
hazard identification (Section 1.7).

Some of the indicators of landform type such as rock varnish and desert pavement are
also indicators of landform age or surface stability discussed in the next chapter of this
manual.
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3

IDENTIFICATION OF STABLE
AND UNSTABLE AREAS

ON PIEDMONTS

OF MARICOPA COUNTY

STAGE 2 OF METHOD

This chapter describes a procedure for identifying the nature and location of flood
hazards on the four major piedmont landforms. These flood hazards are broadly
classed as areas with either stable or unstable flow paths. Stable and unstable flood
hazards are first defined. Indicators that should be used to define stable and unstable
areas are defined next. Flow path stability is closely related to various piedmont
landforms discussed in Chapter 2, so this chapter concludes by considering the nature
of flood hazards on relict fans, pediments, inactive and active alluvial fans, and alluvial
plains.

Areas where flow path uncertainty and any uncertainty in hydraulic factors such as
channel geometry and roughness can be ignored for the assessment of flood hazard
are called stable areas in this manual. Areas are considered unstable if the flow path
uncertainty “is so great that this uncertainty cannot be set aside in realistic assessments
of flood risk or in the reliable mitigation of the hazard” (National Research Council,
1996). Stable and unstable areas are defined as follows:

e Stable The relative state of the location, geometry and roughness of a
channel, network of channels or landform where any changes of
flow path, geometry and roughness during floods are likely to be
minor and can be set aside in realistic assessments of flood risk.

e Unstable The relative state of the location, geometry and roughness of a
channel, network of channels or landform where major changes of
flow path, geometry and roughness are possible during floods and
cannot be set aside in realistic assessments of flood risk.
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Application of traditional engineering methods and standard-step hydraulic methods like
HEC-RAS (COE, 1995) to determine 100-year flood elevations (FEMA, 1995) is
appropriate where the flow paths and flood boundaries are considered to be relatively
stable. Many movable bed streams have stable or certain flow paths during some finite
period. These streams commonly have relatively minor changes of geometry and
roughness during floods that are set aside in realistic assessments of flood risk.

Common stable areas are:

e Hillside

e Relict fan

e Pediment

e |nactive alluvial fan

e Throughflow channel with a movable bed

e Some sheet flow and split flow areas

In areas where substantial changes channel geometries and positions may occur during
floods such that the assumption of stable flow boundaries is not valid, traditional flow
modeling methods do not adequately describe flood hazards. Active alluvial fans are
classed as unstable because channel positions and flow paths may change
substantially during floods. Unstable areas may also include distributary channels below
active alluvial fans where the distribution of flow in the channels is uncertain. In these
situations, the overall distributary network may be relatively stable, but there is
substantial uncertainty regarding the detailed distribution of flow in any particular flood.
It is important to recognize that unstable areas (uncertain flow paths and uncertain
distribution of flow) have definable limits such as the valley edges or the limits of the
particular landform where the flow paths reside.

Some sheet flow and split flow areas may be considered to have an uncertain
distribution of flow where the hydraulic geometry, grade and roughness are relatively
stable but small obstructions or small amounts of scour or fill associated with the
generally shallow flow depths can significantly alter the distribution of flood flow. The
uncertainty of the flow distribution for these otherwise stable areas may or may not be
set aside depending on site conditions. Several examples of the effects of obstructions
on the flow distribution of sheet flooding on alluvial plains are shown in Appendix G.
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Common unstable areas are:

e Active alluvial fan

e Some multi-channel areas below active alluvial fans
e Alluvial plain with active sedimentation

e Multi-channel pocket along a throughflow channel

e Area of recent sediment deposition and erosion

e Split flow channel where flow is wide and shallow

e Areas of low relief where minor development such as roads can divert floodwater
and cause significant erosion in areas otherwise not susceptible to flood hazard.

As used in this Manual, the terms stable and unstable are relative states of hazard on
the landform. Obviously, all piedmonts of Maricopa County are undergoing change as a
result of long-term erosion and deposition. Where the change is slow and progressive
and effects such as channel movement are also slow, the landform is considered
relatively stable. Where the changes may be sudden and there is a reasonable
possibility that dramatic effects such as channel avulsions may occur during the 100-
year flood regulatory period, the landform is considered unstable. A landform can also
be considered potentially unstable if slow, progressive change results in a sudden event
such as the rapid evacuation of accumulated debris from a mountainous drainage basin
to the piedmont. For excellent discussions of natural processes and man’s activities
associated with perceptions of the relative state of landforms see Schumm (1994) and
Graf (1977).

The procedures described in this chapter use many of the readily observable indicators
described in Chapter 2 to assess landform stability. These indicators are used to
delineate areas of potential flooding on each of the landforms. Many of the stability
indicators are simple measures of relative surface age and weathering like desert
pavement and rock. As in Chapter 2, Manual users are encouraged to consult existing
data resources such as soils maps and surficial geologic maps.

More sophisticated dating techniques such as the radiocarbon and optical dating used
by White and others (1996) are beyond the scope of this manual. The digging of
observation/test trenches for studying surface geology and soils is also beyond the
scope of this manual.
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3.1 Identification of stable and unstable areas

The purpose of this section is to describe how to identify stable and unstable flood
hazard areas of piedmont landforms. The procedure described here is complementary
to the procedure used to identify landform types in Chapter 2 of the Manual because
most of the indicators used to identify the type of landform such as surface texture,
surface geology, rock varnish, desert pavement, cementation of deposits, drainage
pattern and channel shape are also used to identify stable and unstable areas. Several
additional indicators of flow path stability are introduced in this chapter.

A few indicators of stable and unstable areas of landforms along with landform age and
the approximate recurrence interval when channels are filled are shown in Table 3.1.
The information in Table 3.1 serves as both an introduction and summary to this chapter
of the Manual. These and other indicators of the nature and location of flood hazards on
piedmonts in Maricopa County will be discussed in detail in the remainder of this
chapter.

3.1.1 Basis of indicator method

The nature and extent of piedmont flooding is estimated using several indicators. All
flow path and hydraulic stability properties of a particular landform cannot be accurately
predicted, but a reliable assessment of stability can be made where several indicators
point to a particular stability condition. Pediments, relict fans, inactive and active fans,
and alluvial plains each have discrete sets of properties that relate to the character of
flooding on these landforms. Thus, these properties can be used to evaluate the stability
of flow patterns on the respective landforms. Much of the information essential to
defining stable and unstable areas of flooding is obtained by field examination of the
piedmont. Other important information is obtained from topographic maps, soil surveys,
aerial photographs, surficial geologic maps and reports of flooding. This is the scientific
basis of the determination of stable and unstable areas.
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Table 3.1 Selected indicators of stable and unstable areas

INDICATOR LANDFORM . FLOOD SIGNIFICANCE FORIDENTIFYING
AGE' STATE’ FREQ- LANDFORM AND STABILITY (TYPICAL)
UENCY?
ridge & valley O - - Ong reliet funs and pedinents.
Thivushilow Chasnels”
ictsnd = 1011 (&) -4 > Qun Ong reliet fan surloces where side-skepe shoulders are convex
and oot slopes are smooth and concave.
ictsaad = 3011 | 5 >y O aaselive Fans where transyerse ool slopes sse stoep and shoukders are
smooth awd conves and summits between cliamels are smooth ol Tat
isctand = 211 Y U Q: Oy unstable surfices where banks are stoep and chunnel width-deph
ritdae > 10l bank [ull stage.
ictand <1 i1 Y ? anly O alluvial plains with stooth surfsces and very Litle cross-
drainage relief
bty
parallel channels Q S > Qg Ong relset fans and pediments where ridges between fust and
seeoird order streass are parallel.
dendritic chanels I -1 > Ong relset fans and pediments and msctave areas of alluvisl s
dastrabutary LY * - O active and innetive alluvial ling and, iy places. en grantie o
sranite-like palinents
faint with wade arcas Y U uny Or alluvaal plaing where the slope 13 pot gread eocagh e override any
between Tow paths ulluence of ntinor Wwpegraphy: irregulantes.
; =
Creosate bush Q 5 > Qg Predeminant vegetation on stable calcium carbonate vich soil.
LY 4 any Not the predonumnt plant
Sapuro 8} 5 > Oy stable sirlaces
Deser troes [ 58) MRS = Aleng channel bunks
¥ 1 uny Scattered over anca.
Soil development
Reddish color L0 MS ? O pediments, relict Fans, isactive alluvial Vs and alluvisl
plains and may idicate the surface is stable
B lwsrizon Q S May tndicate the sanface 15 stahle
Weak 13 horseon I 5 Cant form in a fow thousand vears.
Calcie barizon Q 5 Crystals on gravel indicates surlace has been stable for hundseds of years.
Noixe ? ? ? May ndieate the sunface 15 unstable. Does not form on gimile
or lmestene ared where ground cover vegetation is dense
Sane .l MS. S Qe Varmshal recks muay be reworked from elder upslope surfisces
such as bedioek. Also. surface nsay be removed by crosion.
Much O 5 > Oon Varnsshald beakders amd larger cobbles with few varmished
sintller stones
Dhesert pavenenl 0 5 R Dense “pavensent” with saooth surlive

1 Y=youg (<300 yeurs i [ = mtenmediate (=300 and < 10000 vears ) O = old ¢ 1000 vaas) and 7 = inconsistent indicator of age.
28 = stable (low paths pot expectal 1o change over regulatory perod i, MS = moderately stable (Now paths may change in places
during regulstony persd of 1 yeurs). U = unstable (Tow paths expected o change in plsces duriag large eods) and ? = not a

consstent mdwator of state.
3 Approsingste recurrence interval at bank full level. May inclode small mdpeent overflow arcas
4 Values are for drainage basins less than § 0’
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3.1.2 Indicators of stable and unstable areas

The paths of flood flow on piedmont landforms in Maricopa County are considered
stable or unstable based on the indicators described below. Investigators should always
bear in mind that any one indicator, or even several indicators, may erroneously
suggest that an area is either stable or unstable. Therefore, investigators should employ
most or all of the following indicators to assess stability of piedmont fluvial systems.

1. Flow path movement

Stable areas. If there has been no channel movement, formation of new channels,
and/or fresh mudflow or debris flow deposits on the landform or portions of the landform
as depicted by comparison of old and recent aerial photographs and topographic maps
then the landform may be stable. A fundamental indicator of flow path movement,
especially when also applied to similar surrounding areas, is the movement of
throughflow channels over a period of a few tens of years (There is good photo
coverage of Maricopa Co. from the early to mid-1950’s.). Flow paths may be stable if
no throughflow channel movement is observed from comparison of good quality recent
and historical aerial photographs and if there are no documented eyewitness accounts
or geologic evidence of recent channel movement, formation of new channels, and/or
mudflow or debris flow deposits on the landform or portions of the landform. The length
of the historical record is fairly short, however, so it is very important that other
indicators also point to stable surface conditions before flow paths are considered
stable.

Unstable areas. An area obviously has unstable flow paths if there is documented
movement, abandonment or formation of new throughflow channels on aerial
photographs, by land surveys and topographic maps.

Several recent studies of active alluvial fans in Maricopa County have demonstrated
dramatic historical channel changes. Field (1994) and CH,M Hill (1992) found evidence
for significant channel movement in the upper part of the White Tank Fan, which is
located on the western slopes of the White Tank Mountains. Investigations of Tiger
Wash alluvial fan in westernmost Maricopa County documented the development of
several large new channels during a large flood in 1997 (Klawon and Pearthree, 2000).

2. Soils (carbonate zones)

Stable areas. Visible calcium carbonate development along the banks of stream
channels strongly suggests the channel is stable (See Figure 3.1). An obvious soil
carbonate zone like that shown in part A of Figure 3.1 is an excellent indicator of a
stable surface adjacent to the channel. A well developed soil with reddish-brown sandy
clay loam (Figure 3.2 and Table 3.1) or clay texture a few inches below the surface is
also a good indicator the surface of the landform is stable (see Appendix L).
Development of obvious carbonate and clay horizons in soils implies that the surficial
deposits have not been subject to substantial erosion or deposition for at 10,000 years
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A. Typical Calcium carbonate accumulation in gravely material indicated by black shading
(Thicknesses are typical and can vary)

Younger Older
(few hundred years) (few thousand years)
T Surface T
10 in. Brownish'" Reddish brown 10 in.
l ----Start of visible carbonate deposition----
T (K horizon)
. Glossy crystals Whitened layer .
12 n. can be seen on (cemented) 241n.
l rocks. Some
whitening if several
hundred years old.

(1) Recent surface deposits such as those along active stream channels and on active alluvial fans
‘ will be light colored--commonly light gray or tan--because the weathered coating has been
removed by erosion and residence time has been too short for new oxidation to be visible.

B. Photograph of conglomerate along incised channel of inactive alluvial fan

Brush and
grass Reddish brown matrix
over entire bank.
Lower boulders and
cobbles are light tan
and gray from
abrasion by
floodwater. Upper
rocks have a lot of
surface oxidation or
reddening.

Bank 10 ft.

Channel bed

Figure 3.1 Sketch of typical calcium carbonate development and photograph
of typical conglomerate at White Tank Park site.
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Figure 3.2 View of dark reddish-brown older soil.

(Gile and others, 1981; Bull, 1991; Pearthree, 1989). Soils on relict fans and many
inactive fans typically have a lot of calcium carbonate accumulation reflecting the
stabilility of these surfaces.

An example of a cemented channel bank that is slowly eroding because of a large
gravel pit that was constructed downstream is shown in Figure Skyline 12 of Appendix
H. Examples of stable soil are shown in Figures 27-30 for the South Mountain Park
alluvial fan of Appendix I. A good example of a nearby stable channel bank is shown in
Figure 26 for the South Mountain Park alluvial fan of Appendix I.

Unstable areas. The lack of developed soil as indicated by little clay accumulation,
oxidation or reddening in the upper few inches and little or no calcium carbonate
development suggests the surface is young and may be unstable. A surface that is
geologically very young has been subject to fluvial deposition in the past few thousand
years and may be unstable.

Examples of unstable soils are shown in Figures Skyline 20 to Skyline 23 of Appendix
H.




3. Surface geology

Surficial geologic maps and reports that are available for much of Maricopa County are
an excellent source of information on the nature of flooding (Appendix L). Surficial
geologic maps typically show several subdivisions of Holocene (less than 10,000 years
old) and Pleistocene (greater than 10,000 years old) piedmont deposits, and thus may
be used to delineate areas of relatively recent deposition on piedmont that may be
subject to inundation and unstable flow paths. Many surficial geologic maps have
accompanying reports that include an interpretation of potential flood hazards
associated with various surficial geologic map units. The boundaries of the map units
shown on surficial geologic maps may need refinement to meet the requirements of the
flood hazard assessment. All boundaries should be field-checked using the techniques
given in this Manual. Users of surficial geologic maps are encouraged to consult w/
AZGS or USGS geologists regarding there flood hazard implications.

Stable areas. Using geologic maps, relatively narrow corridors of young deposits
incised into Pleistocene deposits commonly are stable. The greater the topographic
relief between young and old deposits, the more confident the investigator can be
regarding stability of the drainage way. For example, if the 100-year flood would be
contained by topographic relief at the boundary between young and old deposits, the
drainage way may be considered to be stable. If unstable areas such as active alluvial
fans are bounded by Pleistocene deposits with substantial topographic relief, the
boundaries likely are stable. Flow paths in some areas covered by Holocene deposits
may be fairly stable. For example, alluvial plains typically are covered by Holocene
deposits, but channels are small and discontinuous and channel positions may be
relatively stable during floods.

Unstable areas. Piedmont areas covered with Holocene deposits may subject to
inundation and unstable flow paths during floods. Wide, fan-shaped areas of Holocene
deposits associated with distributary channel networks are associated with alluvial fans
that have been active in the past 10,000 years and may be active at the present. The
lower portions of active fans may gradually transition down slope into alluvial plains.
Both active fans and alluvial plains are covered by young deposits, but the potential for
flow path instability is much greater on active fans.

Any differences between NRCS soil survey maps and surface geology maps must be
resolved. Some differences between soil survey maps and the AZGS surficial geology
maps relate to the greater detail of the AZGS maps.

See soil development in Appendix L for further discussion of relative age of piedmont
alluvial surfaces.
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4. Soil survey reports

Soil survey reports and maps of the NRCS are an excellent source of information on
stable areas but some experience is needed to interpret the soil characteristics. Many of
the soil boundaries need refinement to meet the required detail of flood hazard
assessment. All NRCS soil boundaries should be field checked using the techniques
given in this Manual. Users of soil surveys are encouraged to get assistance from
NRCS soil scientists.

Any differences between NRCS soil survey maps and surface geology maps must be
resolved. Generally, any differences between soil survey maps and the AZGS surface
geology maps is related to the greater detail of the AZGS maps.

Stable areas. Soils on fan terraces and hills typically are old with a lot of calcium
carbonate and stable. Common soil types of stable areas include Eba-Pinaleno,
Laveen, Gran-Wickenburg complex, Anthony, and many others.

Unstable areas. Common soil types of unstable areas include Carrizo, Gilman, Brios,
Estrella, Torrifluvients and many others.

5. Desert pavement and rock varnish

Rock varnish is one of the most obvious indicators of surface stability and old age of
piedmont landforms in Maricopa County because it is easily observed and reliable. Dark
brown and blackish layers of clays and manganese and iron oxides form on the surface
of stable rocks over thousands of years. A varnished desert pavement of tightly packed
gravel and cobbles clearly suggests a stable landscape (See Appendix | for further
information).

Rock varnish is not an indicator of stability on granite or limestone gravel because
soluble surfaces of carbonates and friable rocks such as granite weather rapidly and do
not support varnish.

It is important to remember that stable areas covered with desert pavement and desert
varnish typically are subject to local sheet flow.

Stable areas. Desert pavement normally forms on stable areas that are rather old and
inactive where there are pebbles and cobbles in the deposits. Pavement development
is not always a reliable indicator of a stable surface, but when pavement is
accompanied by a developed darkly varnished surface gravel or a strong calcium
carbonate soil horizon and an upslope tributary drainage network, the surface probably
is stable (Figures 2.9 and 2.16).

The paved surface of the inactive alluvial fan of the White Tanks Park site (Figure 3.3) is
an example of a stable surface covered with desert pavement.

61



Unstable areas. The lack of desert pavement typically suggests a piedmont surface is
unstable. Exceptions are granite landforms where surface weathering may not produce
a desert pavement that can be easily seen.

Deposition of fresh sediment or evidence of erosional degradation of desert pavements
may be indicators of instability. An example of freshly deposited rock debris on desert
pavement is shown in Figure 3.4 where floodwater and rock debris overtopped the left
bank of a small distributary channel on an inactive alluvial fan on the west slopes of the
Saddleback Mountains in Maricopa County. The estimated recurrence interval of the
flood was between 50 and 100 years and the flow paths did not change. However, the
capacity of the distributary channel was less than the 50-year flood and deposited
mounds of rock debris in the throughflow channel appeared to be remobilized during
flood flow.

Figure 3.3. View looking east at desert pavement on White Tanks Park site.

The conveyance capacity of the channel may have been reduced as rock mound(s)
passed the overflow reach shown in Figure 3.4. It is possible the rock mounds move as
debris flows. Similar deposited mounds can be observed in the throughflow channel of
the White Tanks Park site (Appendix J).
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ial Wash tributary at Saddle Mountain near Arlington, Maricopa Co., AZ
aph of July 26, 1994 looking west from western slope,of Saddle Mtn.
is upslope of the Saddleback Floodwater Divers gutiure of the
ala Valley Watershed. Floodwater of Sept..24l8 %
cation and deposited rock debris on inacti

ered with desert pavement with some dg
i,

Figure 3.4. View looking west across a throughflow distributary channel. Rock
debris overtopped the left bank and was deposited on desert pavement about
100 ft. down slope of the channel. Floodwater spread over the paved area as
sheet flow.

6. Surface color

Stable surfaces. Surfaces of old fans may appear orange, gray, or white because of
development of desert pavements and rock varnish and the colors of the underlying soil.
Old surfaces with well-developed clay soil horizons typically are orange in color. Very
old surfaces with strong calcic horizons and poorly preserved or nonexistent argillic
horizons typically are gray or white in color.

Unstable surfaces. A light surface color seen on aerial photographs usually indicates
a young surface that has been recently eroded or subject to sediment deposition.
Active alluvial fans, alluvial plain areas and sand channels typically have a light or
relatively light surface appearance. Light tan or gray colored rock is indicative of recent
abrasion during sediment transport.
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7. Surface texture on aerial photographs and topographic maps

Stable areas. A rather dark ridge and valley surface texture with transverse relief of
about 5 to 20 feet and with rounded shoulders and troughs is indicative of a stable
surface. The relict fan shown in several photographs in Appendix K is an example of the
surface texture of a stable area.

Unstable areas. A rather light stippled surface texture commonly with a salt and
pepper appearance from scattered trees and bushes is indicative of an unstable
surface. A speckled- braided texture also is associated with an unstable surface (See
the active alluvial fan areas in Appendices E and K, the alluvial fan in Figure C1 and the
braided channels in Figure C4 for good examples). Some rather dark stippled
appearing surfaces are also associated with an unstable surface as shown in Figure 3.5
below.

Figure 3.5 Relatively dark stippled texture of unstable area inset in an inactive
alluvial fan.

64




8. Drainage pattern

Stable areas. Tributary drainage patterns commonly are indicative of piedmont areas
with stable surfaces. Some stable areas have distributary drainage patterns but these
patterns are not always a reliable unique indicator of stable areas.

Unstable areas. Unstable channels tend to have many forks and joins with a
distributary drainage pattern. Channels that form a braided pattern tend to be wide and
areas separating the channels tend to be low and easily inundated by large floods.
Unstable areas may also have a poorly defined drainage pattern.

9. Channel capacity

Stable areas. |If the investigator knows the recurrence interval for a particular peak
discharge, he or she can estimate the type of landform. In general, piedmont channels
that convey infrequent floods (>50-year flood) without overflow on adjacent interfluves
tend to be stable.

The use of the large channel capacity is conservatively cautious. Lesser discharges
may also be contained between stable ridges of stable areas. For example, the 25-year
flood may overflow developed soil with a surface armored with desert pavement. The
duration of overtopping may be only a few minutes, flow velocities may be less than 5
ft/s and overtopping may occur only a few times over a century. Such infrequent
overflow would not be a realistic cause of instability. Thus, sites with lesser channel
capacities may be stable but additional assessment is needed for the determination.

Unstable areas. The presence of throughflow channels and banks that are perched
above the adjacent land when viewed across the channel profile are an indication the
landform is unstable. Also, a landform may be unstable if the estimated 100-year flood
overtops the banks of throughflow channels and inundates much of the landform
including many of the ridges and interfluves separating the channels.

Transverse mounding (perching) of piedmont channels, when viewed across the
landform, tend to have unstable paths of flow. These areas commonly are young
(unweathered) and light colored surfaces that are aggrading.

Deposits are mounded across active alluvial fans unless there has been erosion and/or
co-mingling with adjacent active alluvial fans.
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10. Channel shape

Stable areas. V-shaped channels with a narrow channel bottom commonly are stable.
Throughflow channels with a small width-depth (about <30) tend to be stable.

Schumm (1961) developed a technique that can be used to distinguish between stable
and unstable ephemeral-channel cross sections (Appendix M of Manual). A channel is
considered stable is data from measurements of channel geometry and bed and bank
material samples at several cross sections consistently plot in the stable region of the
relation between channel width-depth ratio and percent silt-clay along the wetted
perimeter published in USGS Professional Paper 352C (Schumm, 1961).

Hjalmarson and Tram (1995) investigated the stability of a network of distributary
throughflow channels near Carefree using the hydraulic geometry relations by Schumm
(1961) and found the flow paths to be stable.

Unstable areas. Throughflow channels have large width-to-depth ratios, typically more
than 50, are characteristic of channels formed in noncohesive material that is unstable.
Unstable channels may be poorly defined with large width-to-depth ratios.

The depth generally represents the distance from the thalweg to the height of the active
channel within which the bed material is mobile. Channel width is the distance between
the top of the banks. The width-depth ratio is for the bank-full stage in the active
channel.

A channel is considered unstable if data from measurements of channel geometry and
bed and bank material samples at several cross sections consistently plot in the
unstable region of the relation between channel width-depth ratio and percent silt-clay
along the wetted perimeter published in U. S. Geological Survey Professional Paper
352C (Schumm, 1961) (Appendix M of Manual). See Hjalmarson and Tram (1995) for
an analysis of a network of distributary throughflow channels on an unstable landform.

Discussion of channel depth of incision. According to Field (1994) historical aerial
photographs, surficial features, and limited subsurface trenching on five fluvial
dominated alluvial fans in Arizona demonstrate that channel abandonment occurs along
bends and/or where bank heights are low. Several large floods on the fans during the
photographic record produced no significant channel changes and may have actually
inhibited future diversions along certain reaches by eroding channel beds and
increasing bank heights. One of the five fans studied by Field was the White Tank Fan
described above where the channels in the upper active fan are generally incised < 2 ft.
with a width-depth ratio >10 and the channel of the lower inactive fan are incised about
3 ft. with a width-depth ration <10. These channel and other fan characteristics are in
good agreement with the flood hazard indicators in Table 3.1 of this manual. The
channel and fan characteristics of Field's other sites are also in agreement with the
indicators of this manual.
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11. Vegetation

Stable areas. Characteristically stable landforms in Maricopa County are sparsely
covered with scattered large trees except along the banks of throughflow channels
where large paloverde, ironwood, and/or mesquite are abundant.

Piedmont channels lined with native trees such as paloverde tend to be stable. Stable
surfaces commonly, but not always, have creosote bush, saltbush and some saguaro
cacti. An example of a stable distributary throughflow channel lined mostly with
paloverde trees is shown in Figure 3.6. The bed is subject to scour and fill but the tree-
lined banks of the small channel are stable.

Stable areas commonly are dominated by creosote bush and saltbush because they
grow well on gravely high-calcium carbonate areas (See for example Figures 2.9, 5.26a
and L4). Creosote bush is not a stand alone indicator because it grows almost any
place on piedmonts of Maricopa County. Very unstable areas typically have little
creosote.
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Figure 3.6. Throughflow distributary channel with stable banks lined mostly with
paloverde trees.
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Unstable areas. The scattering of large trees such as paloverde over the landform with
the absence of distinctly abundant trees along the banks of throughflow channels
suggests unstable conditions. Trees that are scattered over much of an area suggest
some local flow path movement or the absence of defined flow paths during the life of
the trees or frequent enough overflows and sheet flooding to supply the water needs of
the trees. Thus, scattered trees do not always mean that flow paths are unstable.

12. Particle size of the bed material

Stable areas. Sediment particles presently transported in stable throughflow channels
typically do not decrease in size down the channels. Also, there is not much general
increase in sorting of bed material down stable channels.

Measurements of the particle size of the bed material at many sites along networks of
throughflow channels in Maricopa County show a uniform distribution of particle size
along the defined channels. The uniform particle size indicates the mobile bed material
passing the apex is conveyed through the network of defined distributary channels (See
Figure 3.7 for photograph of sampled cross section). The uniform bed material suggests
the system of distributary channels is not aggrading.

Figure 3.7. View looking upstream at throughflow channel with mobile bed and
stable banks.

Unstable areas. Studies of fluvial processes have shown that a lessening of soll
texture down slope is typical of aggrading alluvial fans (Blissenbach, 1954). Such a
relation is a useful index of flow path stability because aggrading landforms typically
have unstable paths of flow. Mapped NRCS soil units with index particle size
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distributions for component soils along piedmont slopes can be used to assess stability
(See Hjalmarson and Tram (1995)). Both the maximum and average clast size of the
sediment deposits decreases down the fan (See for example Blissenback (1954) and
Hjalmarson and Tram (1995)).

The investigator is invited to read more about bed material size along piedmont
channels in Hjalmarson and Tram (1995).

13. Donoring

Stable areas. Channel banks of more stable channels in sandy immobile material
typically are much finer material (Waite Osterkamp, oral communication, 1994). During
rising runoff water seeps into the sand banks which act as a filter on the inflowing water
and the suspended sediment particles of silt and clay plaster the sandy bank with a mud
cake (figure 3.8). This donoring process is clearly indicated by the uniform progression
with depth of the Dso to Dgg values toward the deeper "parent” material (45-90 cm depth)
as shown by the data for the sites shown in Figures 3.6, 3.7 and 3.8. The sand banks
have become plastered with silt and clay that is a stabilizing mechanism for paloverde
trees and other vegetation. The resulting mud-caked vegetation covered banks have
"aged" and become cohesive to create an overall stability of the channels. In other

words, the grain size distribution of the bank
material indicates plastering of the banks
with fine sediments as described by
Schumm (1961). This plastering of the
channel banks indicates a bank stability that
might not be expected in the normally dry

and sandy environment of a network of ’

distributary channels.

Measurements of the proportion of silt and
clay in the channel banks should be made in
straight reaches between any bends.
Samples of banks material are collected as
shown in the photograph on the right.

Unstable areas. Unstable channels of
aggrading areas exhibit little donoring of
suspended material along the wetted
perimeter of channels. The texture of bank
material of unstable channels grades little, if
any, with depth perpendicular to the bank
surface.
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sample was collected at 1/8 to 1/4 inch below-{h
surface and a second composed sample was cofl
at 1 to 4 inch beneath the surface. Analysis-of §
sizes of the two composited samples showed

banks were plastaréd mud deposited alond:the
perimeter by mﬁltfahng

Figure 3.8 Sampling bank material
for particle size
analysis.




14. Shear stress

Stable areas. A channel may be considered stable if measurements of vane shear
(Figure 3.9) corresponding to computed tractive power at many cross sections
consistently plot in the non-erosive region of Figure 52 of Natural Resources
Conservation Service TR-25 (Appendix N of the Manual). In other words, channel
banks that have a high unconfined compressive strength relative to the tractive power of
the flood water are considered non-erosive or stable according the a relation published
in TR-25 of the NRCS.

Microbiotic soil crust surfaces may increase surface stability based on a few measure-
ments of surface shear stress along channels in Maricopa County. The crusts are a
possible indication of surface stability in arid and semi-arid deserts. These darkened
surfaces are composed of cyanobacteria, lichens and mosses (Belnap, 1995) and may
require hundreds of years to establish a soil cover. According to Belnap, recovery after
surface disturbances is hampered by large amounts of moving sediment. Disturbed
crusts in Maricopa County may recover in a few years and new crusts may form in 10 to
20 years. The presence of large areas of microbiotic soil crusts suggests recent surface
stability for a few tens of years and possibly for a few hundred years.

Preliminary research along a few channels in Maricopa County suggests a small
increase in surface stability because of native grasses and microbiotic soil crusts.
Conversly, wetting of the surface material may decrease surface stability.

Unstable areas. A channel may be considered unstable if measurements of vane
shear (Figure 3.9) corresponding to computed tractive power at many cross sections
consistently plot in the erosive region of Figure 52 of Natural Resources Conservation
Service TR-25 (Appendix N of the Manual). In other words, channel banks that have a
low unconfined compressive strength relative to the tractive power of the flood water are
considered erosive or unstable according the a relation published in TR-25 of the
NRCS.
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Figure 3.9 Measuring shear stress on channel bank.

3.15 Drainage basin

Stable areas. The absence of an abundant supply of unconsolidated medium to coarse
granular sediment above the hydrographic apex suggests the alluvial fan is not active.
For example, the supply of fan building material may have decreased with time as
active channels incised into a relict fan. An alluvial fan may not be very active if (1) there
is not a supply of material along the steep slopes of the drainage basin and (2) the
profile of channels incised in relict fans to depths of more than 10 ft. is smooth. A
smooth channel profile suggests there is no significant head cutting and associated
limited supply of eroded material for fan building.

Unstable areas. The drainage basin of very active alluvial fans typically is bowl shaped
where first and second order streams drain quickly to the hydrographic apex (See for
example Blair and McPherson (1994) and McPherson and Blair (1993)). Active fans are
also associated with high relief drainage basins (See for example Hjalmarson and
Kemna (1991), Anstey (1965) and Blair and McPherson (1994). Loose debris
accumulates within the basin upstream of the hydrographic apex until large floods
transport the debris to the alluvial fan. A supply of material above the hydrographic
apex is needed for active fan building.

Two sources of fan building material are typical of active alluvial fans in Maricopa
County. The first is material derived from channel incision, or head cutting, into relict
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fans. This source is below the mountain front and commonly between the topographic
and hydrographic apices. The second source of material is from sediment production in
the mountainous drainage basin. Loose debris typically accumulates along the beds
and banks of stream channels until the debris is transported by large floods to the
alluvial fan. For most active alluvial fans in Maricopa County a supply of loose material
along the basin channels is visible on good quality aerial photographs.

16. Computed degree of flood hazard
This method is considered a good check of stability of alluvial fans.

Stable areas. A quantitative method of estimating the degree of flood hazard of alluvial
fans was developed by Hjalmarson and Kemna (1991). The higher the degree of hazard
the less the stability of the alluvial fan (Hjalmarson, 1994). An alluvial fan can be
considered stable for computed degrees of flood hazard of 1 to 8. See Appendices O
and P for the method.

Unstable areas. An alluvial fan can be considered unstable for computed degrees of
flood hazard of 9 and 10. See Appendices O and P for the method (Hjalmarson, 1994).

3.1.3 Words of caution

Prediction of the nature and location of flood flow based on the geomorphic
characteristics of various parts of a piedmont can be tenuous. Similar effects or
equifinality can be caused by different processes (Schumm, 1991). Large events such
as massive sediment laden floods can be obscured by subsequent erosion and burial.
Debris flow deposits can be remobilized by water floods and redeposited down slope.
The evolution of a landform surface, especially the surface of an alluvial fan, can cause
a difficult problem for the interpretation of field evidence concerning flooding and for the
prediction of future flood risk (NRC, 1996).

Assessments of flow path stability are reliable if most or all of the indicators discussed
above point to the same condition of stability. If a set of indicators is mixed certain
indicators may be given more weight. For example, soil characteristics and surficial
geology are very important indicators of surface stability. Also, any observations of
historical flow path movement indicate that the landform is unstable. Methods given in
Appendices M, N and O that are based on general relations and thus subject to chance
variation, so they may be given less weight if they conflict with other indicators. A mixed
set of indicators should be carefully examined for obvious errors and likely causes of the
mix, such as the absence of recent floods. Where indicators for a particular site are
mixed and it is not obvious if the landform is stable or unstable, more sophisticated
methods or detailed investigations than those described in this manual may be needed
to assess stability.

A particular mixed set of indicators might occur because of the variable nature of
summer thunderstorms that produce most of the large floods on piedmonts in Maricopa
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County. For example, all indicators except the observed flow path movement for a
particular site might suggest a landform is unstable. The absence of flow path
movement may simply be the result of random chance that the site did not experience
large floods for the period of photographic record. Measurements of flow path
movement using a larger sample of surrounding landforms with similar characteristics,
such as the same type of soil and drainage characteristics, might be a more reliable
indicator.  For this particular example, a general relation that showed flow path
movement may be a more reliable indicator than the observed lack of movement at the
particular site. This technique is reliable if the site in question and the sample has
similar characteristics.

3.1.4. Discussion of flow paths and stream piracy

New paths of flow where channels are incised are formed by the long known general
process of stream piracy (Shelton, 1966, p. 138 and fig. 134). There is simple stream
piracy (capture) on some alluvial fans such as site 30 of Hjalmarson (1994) (Also see
Figure 2.3 of Manual) and the Tiger Wash site studied by Field (1994) in western
Maricopa County and described in Appendix L. Field (1994) discusses how channels of
fans in Maricopa County bifurcate “...through a process of stream capture in which over
bank flow from the main channel accelerates and directs head ward erosion of a smaller
channel heading on the fan. According to Field (1994), the pulsing nature of sediment
transport and deposition by short-lived floods along piedmont streams is critical in the
migration process, because the greatest amount of over bank flow is generated where
bank heights are lowest.

The upslope overtopping of low channel banks and corresponding inflow and erosion of
the head of a nearby channel certainly is a convincing explanation for gradual/sudden
channel avulsion/bifurcation because the head of all channels ends before a divide is
reached (the progressively decreasing drainage area above the channel head in not
able to provide runoff to sustain head ward channel cutting). Stream piracy, the taking
of the drainage basin of one stream (prominent stream) by another stream (pirate
stream), can occur for several reasons including one or more of the following: (1) the
pirate stream has a steeper gradient near the point of capture, (2) the course of the
pirate stream is in more easily eroded rock, (3) the erosion potential, associated to the
sediment load, of the pirate stream is larger, and (4) the channel of the prominent
stream is aggrading. ltems (1) and (4) are characteristics of site 30 in a USGS study
(Hjalmarson, 1994).

It is important to be aware that sediment debris is deposited on alluvial fans in a
complex manner. Deposits from large floods can be remobilized, transported down fan
and redeposited (See the Rudd Creek, Utah site in National Research Council, 1996).
The flow velocities may be high and possibly unstable (Hjalmarson and Phillips, 1997).
Hooke and Rohrer (1979) found that higher discharge floods tend to flow down the axis
of the fan while lesser floods can be turned to the sides of the fan. Hooke and Rohrer
also found that for gentler slopes the floods are more easily diverted to the flanks. A




literature review of documented floods on alluvial fans shows a variety of fluvial
processes and areas of inundation during single large floods.

Although the processes of channel diversion are different on debris-flow fans, a
literature review of documented avulsions demonstrates that flow on debris-flow fans is
also commonly diverted into preexisting channels. These findings suggest that the
location of future channels on alluvial fans may be more predictable than previously
thought, although information on the frequency of diversions is still limited.

3. 2 Relict fans

Relict fans generally are stable landforms where inundation occurs as flow in and
adjacent to defined channels and as local overland sheet flow (Table 3.2). The
geometry and roughness of the channels, the network of channels, and the adjacent
land surfaces typically can be considered stable for assessments of flood risk.

Along incised throughflow streams the steep banks may have some instability, although
the banks of many incised channels are well cemented and are formed in coarse
gravelly material with moderate stability. The floors of the throughflow channels
typically are fairly flat and composed of only coarse sediment because of the high flow
competency. The well-developed soils, abundance of rock varnish and common desert
pavement are indicative of old and stable surfaces, implying that the floodwater from
upslope mountains has been conveyed past these stable surfaces in throughflow
streams for thousands of years.

Relict fans characteristically have well-developed tributary drainage networks incised in
Pleistocene sediments separating throughflow channels, but in some places relict fans
are also traversed by incised, stable distributary channel networks. Both tributary and
stable distributary throughflow channels are not perched above the adjacent land and
typically are incised more than 3 ft. below adjacent Pleistocene fan surface.

The 100-year flood typically is confined to defined channels and low terraces adjacent
to channels of throughflow streams and floodwater seldom looses energy and deposits
much sediment. On some relict fans, 100-year floodwater also is confined within
tributary streams that head on the fan. On other relict fans that are dissected by incised
throughflow streams the 100-year floodwater from rainfall directly on the fan may be
unconfined and spread over wide-flat interfluves as sheets before becoming tributary
flow.

3.3 Pediments

Pediments are stable landforms where inundation occurs as local overland sheet flow
and flow in and adjacent to defined channels (Table 3.2). The geometry and roughness
of the channels, the network of channels, and the adjacent land surface typically can be
considered stable for assessments of flood risk.
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Table. 3.2 Selected characteristics of stable and unstable flood hazards of

piedmont landforms.

(State)

Landform Component Landform Significant stability and flood characteristics

Relict Fan

Pediment

Alluvial Fan

Alluvial Plain

Erosional Fan remnant
(Stable)

Inset Alluvial Fan
(Unstable)

Bedrock remnant
(Stable)

Inset Alluvial Fan
(Unstable)

Active Alluvial Fan
(Unstable)

Inactive Alluvial Fan
(Stable)

Piedmont Toe
(Generally stable but
some areas may be
unstable.)

Remnants of broad coalescent plains or bajadas that have been incised
by streams for thousands of years.

The presence of large areas of varnished desert pavement and soils
with substantial clay or carbonate suggests the surface of this landform
is very stable in many places and flood flow has been conveyed past
these stable areas for thousands of years.

The 100-year flood is confined to throughflow channels and small

over bank areas adjacent to the defined channels.

These typically bouldery fluvial deposits can have a great aggradation
and erosion potential and are unstable.
The 100-year flood can spread over much of these areas.

Nearly all of these landforms are eroding and stable.

Relatively small areas along larger channels subject to scour and fill.
The 100-year flood typically is confined to defined channels of
throughflow streams and streams that head on the pediment.

These fluvial deposits resemble flood plains except the inset fan may
be subject to more erosion and deposition than typical flood plains.
Inset deposits of sediment can be the “apex” of distributary channels.

Fluvial deposit with little or no calcium carbonate soil development, no
insitu rock varnish development, and seldom any desert pavement.

The surface typically is a light tan or grey color that is indicative of
recent abrasion of the weathered surface during sediment transport.
Some areas not recently eroded or that have received sediment may
be darkened by weathering.

Typical channels are poorly defined with large width-to-depth ratios

and may have a braided pattern in addition to a general radiating
pattern below the hydrographic apex.

Typical clasts are angular, sorted and unweathered. Both the maximum
and average clast size of the sediment deposits decreases rapidly down
fan.

Deposits are mounded across the fan unless there has been erosion
and/or co-mingling with adjacent alluvial fans.

Fluvial deposit with much carbonate in K soil horizon, reddish upper
soil horizon, desert pavement, rock varnish, incised throughflow
channels, trees along the throughflow channels and developed
tributary drainage systems that head on the fan surface. Very old
inactive alluvial fans that have lost their shape are relict fans.

Rather stable or possibly aggrading fluvial deposit with little transverse
relief except where channels are incised as the result of lowering of
base-level stream.

Floodwater of the 100-year flood may spread over large areas like
that shown in Appendix G.

Areas with low slopes, lack of flow confinement, little aggradation and
developed caliche soil that resists erosion are stable. Areas may be
unstable where there is much aggradation.

Where channels are incised the gully walls may be unstable and

head cutting may progress upslope.
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Channel banks typically are stable and hill slopes are relatively stable. The banks of
throughflow streams may be locally steep and unstable when undercut. Only relatively
small areas along larger channels are subject to active scour and fill. Most pediment
areas are undergoing slow long-term erosion, but may be considered stable for
purposes of flood hazard assessment. The 100-year flood typically is confined to
defined channels of throughflow streams and streams that head on the pediment but
some sheet flow is typical on lower slopes.

Several examples of exposed bedrock on pediments in Maricopa County are shown in
Appendix F.

3.4 Alluvial fans

Alluvial fans in Maricopa County consist of active areas with potentially unstable flow
paths and inactive areas with stable flow paths. The indicators of flow path stability
described earlier in this chapter allow the investigator to distinguish stable (inactive) and
unstable (active) flow areas on alluvial fans in Maricopa County. The procedures
outlined here are consistent with Stage 2 of Appendix G in Guidance for Alluvial Fan
Flooding Analysis and Mapping of the FEMA Guidelines and Specifications for Flood
Mapping Partners (2001). By systematically following the FEMA guidelines, criteria and
definitions given in Alluvial Fan Flooding (NRC, 1996), and the guidelines in the Manual,
reliable estimates of the spatial extent of active areas of alluvial fans in Maricopa
County can be made.

There are many active and inactive alluvial fans in Maricopa County. Many of the
inactive alluvial fans are old with a tributary drainage network over much of the fan.
Many of the active alluvial fans are part of older fan complexes that have both active
and inactive parts. There are only a few young alluvial fans that are active over their
entire surface. Many active parts of fans are lighter colored than older parts because of
less weathering, soil development, desert pavement, and rock varnish, although some
active parts of fans may appear dark because of greater vegetation density. Active
parts of alluvial fans in Maricopa County typically have distributary channel networks
surrounded by extensive young deposits, which indicate that these areas are subject to
active sediment deposition and erosion. Inactive parts of alluvial fans may be subject to
flooding but flow paths are not changing and there is no significant active sediment
deposition. Indicators of stable and unstable alluvial fans are given in Table 3.2 and the
steps for defining the type of alluvial fan and active and inactive areas are given in
Table 3.3.




Active fans in Maricopa County typically are relatively small (larger than a few tens of
acres) fluvial deposits that have the characteristics of unstable flow areas as follows:

e Little or no clay or calcium carbonate soil development.
e No in situ rock varnish development, and seldom any desert pavement.

e Some areas not recently eroded or that have received sediment may be
darkened by weathering.

o Distributary or braided channel pattern.
e Typical channels are poorly defined with large width-to-depth ratios

e Angular to sub angular, sorted and unweathered light tan or gray gravel (See
for example Hereford and others (1996)). The poorly rounded clasts reflect
the short distance of transport.

e Both the maximum and average clast size of the sediment deposits
decreases down the fan (See for example Blissenback (1954) and
Hjalmarson and Tram (1995)).

e Deposits are mounded across the fan unless there has been erosion and/or
co-mingling with adjacent active alluvial fans.

In order to feel confident about a determination of fan activity or inactivity, most or all
indicators should point toward a particular type of stability class. Discrepancies among
the indicators should be resolved as part of the assessment. An outline for defining and
characterizing the alluvial fan environment is given in Table 3.3.

3.5 Alluvial plains

These landforms can generally be considered stable because of low slopes (usually
less than 1 % but always less than 3%), low rates of aggradation, and fairly stable flow
paths. Most alluvial plains are drained by small, shallow stream channels spaced at
100-500 ft. intervals that head on upslope piedmont and mountain areas. Channels may
be continuous, but it is also common for channels to fade out downstream in expansion
reaches. Channels typically are at or close to the level of the surrounding plain, so there
is little transverse relief. Most alluvial plains are subject to laterally extensive, shallow
sheet flooding from rainfall directly on the area or from runoff that is conveyed to the
upslope edge of the plain in throughflow channels. Major floods spread over the large-
smooth areas between channels at depths of 1 ft. or more (Rhoads, 1986; Klawon and
Pearthree, 2000; see Appendix G).
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Table 3.3. Steps for defining and characterizing alluvial fans.

CHARACTERISTIC DATA SOURCE FUNCTION (Define on topographic map)
Type of fan?

Alluvial, debris flow,  Field work Examine morphology, facies assemblages and
or composite? other evidence of sedimentary processes
Ideal, composite, or  Topographic maps Make profiles along fan.

segmented? & field work

Incised/not incised?

Drainage patterns

same as above

Topographic maps
& aerial photos

Throughflow and local channels.

Tributary, Distributary and/or Anastomizing?

What parts of fan are active(< 10,000 years) and/or inactive? If practicable, use time scales less

than 10,000 years.

Depth of incision

Flow path movement

Fan surface morph-
ology

Desert pavement &
desert varnish

Soil characteristics

Topographic maps
& fieldwork

Aerial photographs

Topographic maps
& field work

Aerial photos &
field work

Soil maps and

(Depth of incision <2ft, about 3ft, 3 ft-10 ft, >10 ft)

Rate of movement and proportion of channels.

(Bar & channel, smooth, deeply dissected)

(None, weak, moderate, strong development)

(B-horizon development and CaCOj3)

field work (trenching)

Is the drainage basin typical of those found above active alluvial fans?

Sediment supply Soils maps, aerial (Abundant, moderate or little medium to coarse

Basin shape

Drainage pattern

photos and field
work

Topographic map

Topographic map
and aerial photos

grained sediment on steep basin slopes or along
channel incised in relict fan)

(Rounded or elongated)

(Uniform or non-uniform length of first
and second order channel segments)




Most of the large floods on alluvial plains are sheet floods or simply a sheet of
unconfined floodwater moving down slope. Most of the flood flow is not concentrated
into well-defined channels and flood waters from different piedmont throughflow
channels coalesce. Except for aggrading areas and areas of base level lowering and
head cutting along throughflow channels, flow paths are rather certain for alluvial plain.
Because there is little topographic relief on alluvial plains, however, relatively small
obstructions can affect the flow paths of sheet flow and sheet floods. There are several
examples in Appendix G of sheet flow that was diverted by small obstructions and
roads. The investigator is encouraged to also consult the Glossary for sheet flow and
sheet flooding and Arizona State Standard 4-95 (1995) for a description of sheet
flooding.

3.6 Summary

This chapter describes a number of indicators of flow path stability in various piedmont
landforms. Many of these indicators should be observed and documented in the field,
whereas others may be evaluated using existing soils maps, surficial geologic maps,
topographic maps, and recent and historical aerial photographs. These indicators
should be used together to assess the stability of piedmont landforms. There is a strong
correlation between the landform type and the stability of flow paths on the landform.
For example, relict fans and pediments are old landforms dominated by erosional
processes, and flow paths are quite stable. Active fans are young landforms dominated
by depositional processes, and flow paths have the potential to change dramatically
during floods. Stability is the relative state of hazard on the landform.

The indicators used in this Manual produce reliable assessments of landform type and
flood hazards for most cases.

A simple example map of stable and unstable flood hazards is shown in Figure 3.11.
Figure 3.11 is the result of stage 2 of the method.
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Figure 3.10 Example map of landforms and stable (inactive) and unstable areas.
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4

DEFINITION OF 100-YEAR
FLOOD HAZARDS

STAGE 3 OF METHOD

This chapter is a discussion of flood hazards in Maricopa County and realistic methods
for defining these hazards for flood plain management. Clearly, before the 100-year
flood hazard is assessed, it is important to properly identify the type of landform(s) as
described in Chapter 2 of this Manual and to define the nature and location of flood
hazards (stable and unstable areas) of the particular landform as described in Chapter 3
of this Manual. Traditional engineering methods are preferred for the definition of 100-
year flood hazards at stable areas as defined in Chapter 3. Geomorphic methods are
preferred for the definition of the flood hazard at unstable areas.

There are distinct differences in areas subject to flooding on relict fans, pediments,
active alluvial fans, inactive alluvial fans and alluvial plains. Where flow paths are stable
and flow is reasonably confined, standard hydraulic engineering methods such as
backwater computations are used to define the elevation (or depth), velocity and extent
of the 100-year flood. These backwater computations use a specific peak discharge
estimated for the 100-year flood. This 100-year peak discharge and the accounting of
energy losses from surface friction and hydraulic expansion form the foundation of the
engineering methods. An accounting of flow energy is performed along the flow path.
Where there are changing channel conditions and other unstable conditions, the
accounting of flow energy is uncertain and geomorphic methods are used mostly to
supplement the traditional engineering methods. For active alluvial fans and alluvial
plains where the flow is unconfined and/or there is substantial sediment accumulation,
or channel positions may change during floods, normal backwater profile computations
for flood definition may be inappropriate. Geomorphic methods are used to assess
flood hazards on active alluvial fans.

Geomorphic methods generally are superior to traditional engineering methods for
hazard definition on unstable areas such as active alluvial fans because of the
complexity of flood flows in these systems. The problem is that the geometry of the
active-fan surface changes during flooding because of scour, fill and flow path
movement below the hydrographic apex. Floodwater and sediment spread over wide
areas at shallow depths and at high velocities. The state of flow may be supercritical or
sub critical or changing in time and space during flooding. There is evidence that flood
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flow tends to follow the preflood channels but there is also geologic evidence that flow
paths change over long periods. Thus, because during many floods the flow paths
change, flow depths are shallow, flow is somewhat unconfined and expanding and
sediment is deposited, remobilized and transported further down slope, the precise
amount of the flood peak discharge at the hydrographic apex or the precise channel
geometry within the bounds of the fan are less important than in stable areas. It is more
important to delineate the active alluvial fan area using geomorphic techniques because
the hazard within these bounds is severe.

Traditional engineering methods are applicable to the defined channels of relict fans,
inactive alluvial fans and pediments. Hydraulic methods given in Volume Il of the
Drainage Design Manual for Maricopa County (1996) and Guidelines and Specifications
for Flood Hazard Mapping Partners (FEMA 2002) are appropriate for most reaches
although some attention to sediment, scour and bank erosion is needed.

Traditional hydraulic methods may also be used for stable (inactive) alluvial fans and
weathered granite pediments where there are many channel forks and joins. The
proportion of flow that splits at the channel forks may change some from one flood to
the next or during a flood (the distribution of discharge may be dependent on the
frequency of the particular flood peak discharge). For most of these forks there is some
bed scour during high flow. A solution for flow splitting on these landforms is the use of
traditional hydraulic methods like those described in the Arizona State Standards of
Practice Report for Lateral Migration and Channel Degradation (June 7, 1995) to
estimate the amount of bed scour at channel forks. A site that exhibits the stable
characteristics outlined in Chapter 3 is a candidate for channel conveyance-slope
methods to estimate the level and extent of the 100-year flood. In general, physically
based methods that consider site processes and hydraulics, in particular channel
geometry, grade and roughness and channel bed and bank material are preferred.

The precise definition of flood characteristics on alluvial plains is difficult mostly because
of the spreading of floodwater over large areas at shallow depths. Unlike the flow on
many alluvial fans, flow entering alluvial plains typically is lower regime. In the rapid
expansion of tranquil flow, a major hydraulic issue is the uncertain loss of head to
surface roughness and eddies. Flood depths can be estimated using methods given in
the Arizona State Standard for Identification of and Development within Sheet Flow
Areas (SSA 4-95).

Traditional engineering methods are least applicable for definition of flood levels (or
depths), velocities and boundaries on active alluvial fans of Maricopa County because
the paths of flow may change as a result of sediment deposition and erosion as
previously discussed. Also, the rapid expansion of both tranquil and rapid flow is a
major issue where there are no known practical hydraulic solutions to the precise
definition of flood depths, velocities and boundaries. The most severe hazard on many
active alluvial fans is from avulsions and sediment deposition and to a lesser degree
from inundation. For additional discussion of engineering and geomorphologic methods
see Pearthree (1991).




4.1 Methods for defining 100-year hazards

For active alluvial fans the most severe hazard is from sediment deposition, high
velocities, flow path movement and erosion (NRC, 1996). Floodplain maps should
attempt to show both the flood hazard involving inundation and the hazards associated
with sediment deposition, bank erosion and avulsions. Because the definition of 100-
year flood characteristics must be legally and politically defensible, the engineering and
geomorphologic methods should also be documented and defensible.

The general approach is to use standard hydraulic methods where applicable and to
supplement the computed flood profiles, velocities and boundaries with a geomorphic
assessment (See Table 4.1). For unstable areas, the flood hazard assessment is
accomplished using geomorphic methods and possibly supplemented with appropriate
hydraulic methods.

4.1.1 Relict fans and pediments

On relict fans and many pediments (including the portions upslope of the weathered
granite discussed in Appendix F of this Manual) the floodwater typically is confined to
narrow channels (See for example Figure 4.1). There is also shallow overland flow on
the slopes of pediments and relict fans (see Overland Flow in State of Arizona Standard
4-95) and sheet flooding on flat interfluves of some relict fans (see Natural and Urban
Sheet Flow in State of Arizona Standard 4-95).

Normal backwater profile computations using the standard step method for flood
definition are appropriate for these areas. In addition to the traditional hydraulic
conditions, the fieldwork should focus on identification of any distributary channels, inset
alluvial fans and potential stream piracy (See section 3.1.4 for discussion of stream
piracy). In general, stream piracy should be considered only where floodwater of large
floods could presently enter the pirate channel because piracy may not progress at an
engineering time scale.

The 100-year flood hazard on weathered granite pediments with distributary flow paths
that are described in Appendix F of this Manual is assessed using methods for inactive
alluvial fans as described below.

4.1.2 Distributary channel networks on inactive alluvial fans and pediments

On inactive alluvial fans and those weathered granite pediment areas described in
Appendix F of this Manual, floodwater typically is along incised channels and adjacent
stable land (See for example Figure 4.2). There typically are smooth-flat and/or stable
ridges that separate the incised channels and these ridges are above the level of major
floods from rainfall in the mountains and upper piedmont.
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. Table 4.1 Defining and characterizing 100-year floods on piedmont landforms of
Maricopa County.

CHARACTERISTIC DATA SOURCE
1. Drainage basin (water and sediment Topographic maps, aerial photos
source area) area and field inspection
Flood frequency relations Drainage Design Manual, Vol. |,
(topographic apex) Hydrology
Channel capacity at basin mouth Field work and surveying
Debris flow potential/frequency Field inspection
Sediment supply and grain size characteristics Field work/soil survey reports/

aerial photos

2. Define the type of landform as given in Chapter 2 of this Manual.

3. Define stable and unstable areas of flood hazard as given in Chapter 3.

Where has historic flooding occurred? Historic aerial photos/ soil maps/
(Examine photos, vegetation, soils, vegetation/ geologic mapping/
. pavement and varnish) flood reports
Examine geometry and composition of channels Field work/ surveying/use
(width, depth, gradient, deposits in banks) methods of this Manual

4. Define areas of confined and unconfined flow on the particular landform

Characterize flow during historic events Aerial mapping/ field mapping
Characterize prehistoric flows--map deposits Aerial photos/ field mapping
Determine the type of processes suggested by Fieldwork

deposits (Give reasons why deposits suggest
water flood or debris-flow processes.)

5. For any stable channels define 100-year profiles Traditional hydraulic methods

6. Estimate debris flow potential and areas of hazard = Geomorphic mapping/soil maps/
aerial photos/field work

7. Estimate areas of erosion hazard same as item 6 above

8. Estimate areas of sedimentation hazard same as item 6 above
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Station Stream and location Drainage area Peak discharge Unit Q
(sq. mi.) (cfs) (csm)
1 Shea Wash, SE 1/4 sec. 23, T.3 N.,,R. 5 E. 1.79 945 528
2 Shea Wash trib No 3, SE %, sec. 23, T.3 N,,R. 5 E. .09 86 956
3 Shea Wash trib No 2, SW %, sec. 23, T.3N.,,R. 5 E. A4 103 736
4 Shea Wash trib No 1, SW %, sec. 23, T.3N,,R. 5 E. A2 80 667

Floodwater for storm of June 22, 1972 was confined to defined channels.
Indirect measurements of peak discharge made by USGS. According to the
NRCS (Camp, 1986) the Ebon soil is on fan terraces. Channels are incised
between 3 and 15 ft.

Figure 4.1 Example of flooding on relict fan.
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‘ For FEMA requirements see Appendix G in Guidance for Alluvial Fan Flooding analysis
and Mapping, Guidelines and Specifications for Flood Hazard Mapping Partners (FEMA
2002).

The approximate extent of the 100-year flood along the throughflow
channels is depicted by the dark areas. Shallow flooding is likely
over much of the lower slopes of the landform. Some

overbank flow less than 1/2 ft. deep along throughflow

channels is not shown.

LONE MOUNTAIN ROAD

Hydrographic apex

Floodwater from storm of October 6, 1993 partially
filled the distributary channels shown below.
Many small Tributary channels that head on
the landform also were partially filled
with water and most of these channels
are not shown below.

Sheet flow in low
lying areas

SCOTTSDALE ROAD

Distributary
(throughflow)
channel

The flood characteristics of this landform
| JOMAX 2040 are very similar to those of inactive
; alluvial fans and weathered pediments.

Base map from unpublished report on file at the
FCDMC and from Figure 4-9 of Alluvial Fan
Flooding by the National Research Council (1996).

TATUM BLVD

8] 2000m

Figure 4.2. Example of flooding on an area with incised distributary channels
near Carefree.

|

: Normal backwater profile computations using a model such as HEC-RAS (COE, 1995)

| that computes profiles through stream junctions (channel forks and joins) are

| appropriate for many throughflow channels. These precise profile computations may

| require a great number of cross sections because 100-year floodwater in the many

| distributary flow paths traverses long piedmont slopes at shallow depths. Where precise
computations of water surface profiles using energy or momentum based methods are
unwarranted, the use of channel conveyance and slope estimates for definition of flood
boundaries may be satisfactory and cost effective. Thus, flood boundary definition
using ratings based on channel conveyance may be appropriate for some networks of

‘ distributary channels.
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Both the rating curve and normal profile methods have a built in safety factor because
the peak discharge is apportioned through the network of channel reaches by assuming
that the flood peaks coincide at all forks and joins. The natural attenuation of flood
peaks that results from channel storage and the unequal timing of peaks in the
separated channels below splits and above joins is ignored in this method. This
accounting of peak flow is based on the simple assumption that the joining of separated
flood peaks is at the peak discharge. This method reduces the impact of
underestimating the magnitude of flow in separated distributary channels. The impact
reduction can be significant below joins because of the flashy nature of piedmont floods
and the associated attenuation of peaks as floodwater spreads into a network of
channels. The risk to homes along these stable networks of distributary channels may
be significantly reduced by use of this conservative accounting method.

Development of inactive alluvial fans should recognize that throughflow channels
convey both flood flow and sediment. Development that is set back from these
channels and does not interfere with the water and sediment transport can have long
term environmental benefits.

Delineation of major tributary streams that head on the inactive fans or weathered
pediments is important to maintain an open flow path to the throughflow streams.
Tributary streams typically drain areas much less than 1 mi® and flow depths are
typically less than 1 or 2 ft. Streams draining such small areas may not be identified as
subject to FEMA flood hazard delineation but may fall under state and county
regulations. For example, the State of Arizona Standard for watercourse bank
stabilization (SSA 7-98) includes all watercourses with drainage areas more than 1/4
mi? or a 100-year discharge estimate of more than 500 ft*/s (See Arizona Revised
Statute 48-3605(a)).

In addition to the definition of traditional hydraulic conditions, the fieldwork should focus
on identification of any areas of sediment deposition and impending stream piracy.
Flood flow on some inactive fans becomes unconfined on lower slopes like that for the
Carefree alluvial fan (NRC, 1996). For unconfined sheet flow see Natural and Urban
Sheet Flow in State of Arizona Standard 4-95.

4.1.2.1 Rating curve method for allocating split flow

For distributary channel networks where the channel in which water-surface profiles are
being computed splits into 2 or more separate channels, each channel must be
considered a separate reach. This is demonstrated using the fork in Figure 4.3 where
the total discharge is split into unknown components in the right and left channels. It is
desired to determine the stream profile and the distribution of flow in the left and right
channels.
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* ‘ Total discharge

Station 1050 M Station 950

Station 950 Station 850

Left
channel

RT~ ../ station 0 Station 0

Modified from Figure 4.4 (COE, 1995)

Figure 4.3. Example of split flow at a channel fork.

The problem is that the division of the flow into the right and left channels is not known
and the HEC-RAS (COE, 1995) model assumes the user has determined the correct
flow in each channel. To use HEC-RAS to compute water-surface profiles the division
for sub critical flow is accomplished as follows.

The right and left channels are calibrated by establishing a stage-discharge relation for
section M (Figure 4.3). For example, beginning at section R1 and working up the right
channel, the water surface profiles for various discharges are computed up to M. A
minimum of three discharges is needed that span the correct discharge for the right
channel. For this example four discharges were used for each channel as shown in
Table 4.2. The rating, computed water-surface elevation at M versus discharge (See
computations in Table 4.2), is plotted as in Figure 4.4, with a solid line. A similar rating
is established at section M for the left channel, and plotted with a dashed line in Figure
4.4. The crossing of the two curves determines the proper subdivision of the total
discharge into the right and left distributary channels. For further information on the use
of this technique see Computation of Water-Surface Profiles in Open Channels
(Davidian, 1984).




4.1.2.2 Cross-sections

Cross sections used for normal backwater profile computations should be
representative of the channel reach between them and should span the width of
landform that includes the channels which might convey the 100-year flood. If there is
any doubt about which channels may convey floodwater, the cross sections should
span the channels across the entire width of the landform between the boundaries
defined in Chapter 3. Cross sections are placed at intervals along the network of
channels that will subdivide the distributary channels into a series of sub reaches of
relatively uniform geometry and roughness. Cross sections may be located at contour
lines of a detailed topographic map because the shallow flow is approximately
perpendicular to contours and the section shape may be estimated from the map
information. Cross sections should be located above and below all forks and joins of the
network of channels such that the fork or join is in the middle of the sub reach (see
Figure 4.3). In general, cross sections should be established in accordance with
procedures in water-surface profiles user's manuals such as HEC-2 (U.S. Army Corps
of Engineers, 1990) and WSPRO (Shearman, 1990) and the Guidelines and
Specifications for Study Contractors (FEMA, 1995).

Table 4.2. HEC-RAS output for sub critical flow split using rating method.

RAS Plan: Rating.split 6/4/96
Reach River Q Total Min Ch W.S. Crit E.G. E.G. Vel Chnl Flow Top Froude
Sta. Elev. Elev W.S. Elev Slope Area width No.
(cfs) (ft) (ft) (ft) (ft) (ft/£ft) (£ft/s) (sq £t) (ft)

Right 1050 200 92.00 93.78 94.36 0.0157 6.12 32.68 18.71 0.82
Right 1050 200 92.00 93.70 94.34 0.0182 6.42 31.14 18.68 0.88
Right 1050 200 92.00 93.63 94.33 0.0205 6.68 29.96 18.65 0.93
Right 1050 200 92.00 93.73* 94.35 0.0173 6.32 31.65 18.69 0.86
Right 950 160 90.00 91.90 92.62 0.0198 6.80 23.53 12.76 0.88
Right 950 145 90.00 91.79 92.46 0.0198 6.57 22.07 12.71 0.88
Right 950 130 90.00 91.67 92.29 0.0197 6.32 20.58 12.67 0.87
Right 950 150%* 90.00 91.82 92.51 0.0198 6.65 22.56 12.73 0.88
Right 0 160 71.00 72.90 72.74 73.62 0.0200 6.82 23.46 12.76 0.89
Right 0 145 71.00 72.78 72.63 73.45 0.0200 6.60 21.98 12.71 0.88
Right 0 130 71.00 72.66 72.52 73.29 0.0200 6.35 20.46 12.66 0.88
Right 0 150 71.00 72.82 72.67 73.51 0.0200 6.67 22.48 12.73 0.88
Left 950 200 92.00 93.62 94.33 0.0211 6.73 29.71 18.65 0.94
Left 950 200 92.00 93.77 94.36 0.0158 6.14 32.57 18.71 0.82
Left 950 200 92.00 93.96 94.44 0.0115 5.54 36.10 18.79 0.70
Left 950 200 92.00 93.72* 94.34 0.0174 6.33 31.60 18.69 0.86
Left 850 40 90.00 91.75 92.18 0.0199 5.26 7.60 4.70 0.73
Left 850 55 90.00 92.16 92.67 0.0200 5.73 9.60 4.87 0.72
Left 850 70 90.00 92.55 93.13 0.0199 6.08 11.51 5.02 0.71
Left 850 50*%* 90.00 92.03 92.52 0.0200 5.59 8.94 4.81 0.72
Left 0 40 73.00 74.75 74.42 75.18 0.0200 5.27 7.59 4.70 0.73
Left 0 55 73.00 75.16 74.75 75.67 0.0200 5.74 9.59 4.87 0.72
Left 0 70 73.00 75.55 75.04 76.12 0.0200 6.09 11.49 5.02 0.71
Left 0 50 73.00 75.03 74.64 75.51 0.0200 5.60 8.94 4.81 0.72
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The subdivision of cross sections should be accomplished based on channel geometry.
Each of the channels that potentially may convey flood flow should be subdivided to
facilitate the analysis of the amount and distribution of flood flow in the network of
channels. The computer program should be capable of tabulating hydraulic
characteristics for the subsections at many elevations for each cross section (see for
example WSPRO (Shearman, 1990)). Across some channel networks the roughness of
defined channels is markedly less than the roughness of adjacent land and the
subdivision should define the roughness differences. Well-defined channels with low
roughness may have critical-flow conditions and the adjacent rougher land with
shallower flood flow may have sub critical-flow conditions. Thus, the computer program
should be capable of managing values of Q at both critical and normal depths for the
sub areas at several water-surface elevations. Where defined throughflow channels are
relatively small and meander there may be additional roughness from the meanders as
floodwater rises above the defined banks of the small channels and “short circuits” or
passes over the meanders.

A0 \
B 7| common elevation = 93.725 ft \ .
B8 7| at cross section M \_~ Right
Elev $B7 A
inft. B6 _| Corresponding discharges , Left
PB5 7| Right = 150 cfs :
B4 7| Left = 50cfs '
B3 7 :
B2 7 i
B17] ;
BO ™ T . T
0 100 200
Discharge for right channel, in cfs
200 100 0
Discharge for left channel, in cfs

Figure 4.4 Distribution of flow at split using the rating method.

Such "short circuits" are likely on granite pediments in Maricopa County. Thomsen and
Hjalmarson (1991) discuss subdivision of cross sections and the estimation of
roughness coefficients for streams in Arizona.
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4.1.2.3 Channel conveyance-slope method

Some networks of distributary channels convey flood flow in many small channels that
have many forks and joins (see for example the distributary channels is Figure 4.2). In
order to define the extent of flooding, each of the channel segments must be defined as
a separate reach with a unique peak discharge. Many computations of flow
apportionment at the forks and joins and many standard step-backwater or step-
forewater computations for the many individual reaches are needed. The problem is
these computations are time consuming, expensive because of the data requirements
and possibly unnecessary especially where flow depths and velocities are not very
hazardous. The channel conveyance-slope method greatly simplifies the data and
computation requirements and should be considered for these areas.

Flow apportionment based on channel conveyance and slope may be used for these
less hazardous networks (networks composed mostly of small channels) of stable
distributary channels. The peak discharge is apportioned through the network of
channel links (reaches) by assuming the flood peaks coincide at all divides and joins. A
single cross section for each of the distributary channels below each fork (See for
example sections R2 and L2 in Figure 4.3) is used. By assuming lower regime flow
velocities and a uniform water level at the head of the distributary channels, flow is
easily apportioned using channel conveyance and slope. The estimates are further
simplified where the slope difference along the channels is small and can be ignored.
The resulting estimated peak discharge and corresponding channel conveyance (or
even channel area where channel roughness is uniform) are used to estimate flood
boundaries for each reach. This technique can produce reliable and low-cost
delineation of the location and extent of flooding on distributary networks of channels
especially if the throughflow channels are kept free of obstructions.

This approximate technique may be used for distributary channel networks on inactive
alluvial fans and those granite pediment areas described in Appendix F of this Manual,
where the hazard is not very great. The major steps for apportioning 100-year flood
peak discharge and estimating the flood boundaries using the conveyance-slope
method follow:

1.-- Define the 100-year peak discharge above the hydrographic apex (see Figure 4.2
for an illustration of an hydrographic apex above a complex network of
distributary channels. The hydrographic apex and boundaries of the landform
were defined in Chapter 3. The 100-year peak discharge is estimated using the
drainage basin area and flood-frequency relation using sources given in
Table 4.1.

2.-- Define the throughflow and major tributary watercourses throughout the landform

on a detailed topographic map. The flow paths and should lie within the bounds
of the landform defined using methods in Chapter 2.
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. 3.--Estimate limits of flooding along each distributary channel. High ridge lines
separating the channels can be defined on detailed topographic maps. The width
of flooding should be within the flood limits defined in Chapter 3 of this Manual.

4 .-- |dentify each distributary channel reach that has a channel fork or join at the
upstream end and a channel fork, join or outlet at the downstream end.

5.--Select a cross section near the middle of each reach that represents the
hydraulic conditions of the reach. The cross section must represent channel
conveyance below any fork at the upper end as discussed in the previous
paragraph and in USGS report Computation of Water-Surface Profiles in Open
Channels (Davidian, 1984). Although not the rule, several sub reaches may be
needed for some reaches if hydraulic conditions change significantly along the
reach.

6.-- Define areas and sub areas of cross sections.
7.-- Select Manning's n for the areas and sub areas.

8.-- Compute and tabulate conveyance and discharge for the area and/or sub areas
of the cross sections and define the stage-discharge relation above and below all
channel forks. The distribution of wide-shallow flow approaching a channel fork
can be used in conjunction with the channel capacities below the fork to

. apportion peak discharge at the fork. Engineering judgment is needed for the
apportionment of flow at forks because the splitting of peak discharge is related
to both the distribution of the wide-shallow flow approaching a fork as well as the
channel capacities below the fork.

9.-- Apportion or route the peak discharge at the channel forks using the rating
curves for each reach of distributary channel and the assumption the water
surface is horizontal across head of each channel fork and the slope of the
channels is the same as discussed above. The distribution of peak flow for this
simple technique is based on the assumption that the joining of separated flood
peaks is at the peak discharge. The peak discharge is apportioned through the
network of channel reaches by assuming that the flood peaks coincide at all
forks and joins (Figure 4.5.a). Any reduction of peak discharge below the apex
from channel storage and transmission losses to infiltration into the channel beds
is assumed to offset tributary inflow for this simple example. Allowance should
be made for inflow from any large tributaries.

10.--Estimate the flood boundaries on the detailed topographic map using
conventional engineering techniques (Figure 4.5.b).

92




4.1.2.4 Soil and surface characteristics

The apportionment of flow at all forks has some uncertainty as previously discussed.
Because of this uncertainty, the verification of the computed flood limits by briefly
examining the soils and surface characteristics along each of the individual reaches is
recommended for all sites in Maricopa County. Present soil and surface characteristics
are related to past and future flooding, so the use of this information can be a low-cost,
physically based means of supplementing the hydraulic computations. Physically based
methods like soil and surface age may be more reliable in dealing with uncertainty than
methods based on assumptions of the nature of uncertainty (See for example Figure 3-
10 of NRC, 1996).

Soil development and surface characteristics should be used to supplement the
delineation of flood boundaries using the hydraulic methods (See Table 4.1). These
soil and surface characteristics are the same as those used in the stability assessment
outlined in Chapter 3 of this Manual, but more detailed analyses and soil descriptions by
a soil scientist or arid region geomorphologist may be required. There is a correlation
between the age of soil and the areas flooded along the channels (NRC, 1996, p. 111;
Cain and Beatty, 1968; Klawon and Pearthree, 2000). Sediment deposited within the
general bounds of the 100-year flood should be young and unweathered.

4.1.2.5 Discussion

The precise and approximate techniques for allocating peak discharge and defining
flood boundaries may be modified to account for infiltration, attenuation and tributary
inflow effects. Large networks of distributary channels with small drainage basins may
have a relatively large component of tributary peak discharge from within the channel
network that should be included in the hydrology. For example, a significant portion of
the total storm runoff on October 6, 1993 at the Carefree, Arizona site (Figure 4.2) was
from within the bounds of the network of distributary and tributary channels (NRC, 1996)
and below where flow was last confined. For some networks of distributary channels, it
may suffice to assume the runoff directly from the inactive alluvial fans and granite
pediment areas offsets the loss of incoming peak discharge at the hydrographic apex to
infiltration. For example, in the simple example given in section 4.1.2.3 (step 9) the
tributary inflow was assumed to offset losses to infiltration along the throughflow
channels.

The numerous distributary channels function to convey water and sediment through and
from the inactive alluvial fans and weathered pediments. Those areas along
throughflow channels subject to inundation by floods up to the 100-year flood might be
set aside as floodway districts in order to maintain conveyance corridors for the
transport of the floodwater and sediment down the piedmonts past development.
Development that is set back from these throughflow paths may help maintain the
natural sediment and runoff balance and prevent unwanted channel scour and
sedimentation within and downstream from these areas.
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b. Estimated flood boundaries on detailed topographic map

Figure 4.5. Sketch of stable distributary flow paths showing distribution of
100-year flood peak discharge and estimated flood boundaries.
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4.1.3 Active alluvial fans

The major hazard on active fans in Maricopa County is potential changes in flow paths
due to either sudden or long-term sedimentation and erosion where a site may become
buried or become part of a new active channel. The temporary inundation by floodwater
traditionally associated with riverine hazards may be a lesser hazard on active alluvial
fans.

The 100-year peak discharge at the hydrographic apex is only a partial measure of the
flood hazard. Traditional step backwater methods of defining profiles and flood
boundaries for the 100-year flood have little meaning because the floodwater typically
becomes unconfined and spreads in various flow paths at uneven levels. The paths of
flow may change during flooding as a result of sedimentation and erosion. Deposited
sediment is remobilized and redeposited down fan by subsequent floods. On some
fans large floods may transport and deposit large amounts of debris that eventually are
translocated by smaller, less sediment-laden floods. The resulting morphology may
appear deceptively simple and invite an overly simplified probabilistic depiction of the
hazard (as that developed by Dawdy, 1979).

The natural path of floodwater over alluvial fans in Maricopa County is not random
during a time span of a few hundred years (CH,M Hill, 1992 and Pearthree, 1991). For
active fans like those in the County, the preflood topography influences the location of
major flooding (NRC, 1996). Nonetheless, alluvial fans or portions of alluvial fans in
Maricopa County that are active are subject to infrequent flashy sediment laden
torrents.

4.1.3.1 Flood hazard management on active alluvial fans in Maricopa County

The active alluvial fan is an area of great potential risk and danger to development and
life. In the absence of major engineering measures to mitigate the fluvial hazard, this
entire area is reserved in order to receive sediment and floodwater without altering and
thereby increasing the distribution of hazard across the fan to inactive areas and to
areas down slope.

The high hazard area should be regulated similar to the
floodway district in the typical riverine floodplain.

An important requirement in the final definition of flood hazard involves a review of the
distinction between active and inactive areas on the fan. The topography of the fan, in
particular the relation between the stream channel and the fan surface, is re-examined
using the best available maps. Using the best estimate of the 100-year peak discharge,
the capacity of the channel at and below the hydrographic apex is next examined. If the
channel(s) is so incised that the 100-year flood cannot break out of its channel(s), the
fan must be further evaluated before it is considered active. A fan surface that is above
the level of the 100-year flood may not be active.
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In the identification of stable and unstable areas, Chapter 3 of this Manual, an alluvial
fan is considered active if there is recent evidence of flow path movement and other
disturbance by flooding during the Holocene geologic epoch. In the absence of a finer
time scale, the past 10,000 years is a convenient and practical period to use as
discussed in Chapter 3 of Manual. Use of this period is expected to result in a
satisfactory and conservative assessment of the flood hazard for most alluvial fans.

Fans with a nonstationary flood hazard typically evidenced by recent movement of the
hydrographic apex may need further assessment of activity. Many stream channels in
Arizona are incised as a result of geologically recent climate change or anthropogenic
impacts (Cooke and Reeves, 1976; Hereford and Webb, 1992; Waters, 1985; and NRC,
1996). Fans with recent channel incision that make portions of the fan less active may
require a precise dating and field assessment of the fan surface by a qualified soil
scientist or geologist in order to define the flood hazard. The 100-year flood test
described above should be applied to these less active areas. A more detailed
examination of the fan stratigraphy as discussed in section 3.4.3 of Manual may be
needed. These less active fans or less active portions of fans are a special case and
require supportive documentation of site conditions and interpretations by qualified soil
scientists, geologists and engineers.

The evaluation should also include a detailed field examination of the drainage basin
and supply of fan building material. Very active fans have an abundant supply of
unconsolidated medium to coarse granular material along the steep slopes and
channels of the drainage basin. Active fans may also have a material supply along
incised channels of relict fans. A fan may become less active as the rate of channel
incision in the relict fan has lessened over time. Such decreased fan activity may be
difficult to demonstrate but the lack of an abundant supply of fan building material
suggests a low activity. The channel beds above the hydrographic apex of active
alluvial fans typically are composed of unconsolidated sand, gravel, cobbles and
scattered boulders.

Alluvial fan surfaces that: (1) are classed as active using indicators of Chapter 3, (2) are
generally above the level of the 100-year flood, and (3) do not have an abundant supply
of sediment above the hydrographic apex are not considered very active. The user
should be aware that an "abundant sediment supply" is related to the size of the alluvial
fan that is located below the sediment supply. For example, a sediment supply may be
considered abundant for a small alluvial fan and less than abundant for a large alluvial
fan. In this regard, Hjalmarson and Kemna (1991) found that fans with large drainage
basins relative to fan areas are more active than fans with relatively small drainage
basins. These areas of low activity may be defined using methods given in this Manual
and possibly supplemented using methods by Hjalmarson and Kemna (1991) (Appendix
0).

Mitigation of hazards on active alluvial fans is beyond the scope of this Manual but in
general, hazards on fans with a low level of activity might be mitigated using less than
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‘ major engineering measures. Any engineering measures should not increase the flood
hazard at other locations on or below the active fan.

4.1.3.2 Fans with random flow paths

For the very few alluvial fans in Maricopa County that may not exhibit obvious preferred
flow paths, the assumption of absolute uncertainty where the floods might occur on the
fan surface may be made. This special case where there are no channels on the fan
meets the requirements in Appendix G in Guidance for Alluvial Fan Flooding analysis
and Mapping, Guidelines and Specifications for Flood Hazard Mapping Partners (FEMA
2002) but should be used only as a last resort. Random flow paths, as suggested for
fans like that shown in Figure 4.6 are considered unlikely in Maricopa County.

A highly active conical fan i
unlike alluvial fans in Maricopa County

The active alluvial fan shown above may closely meet the assumption of random
flow paths associated with the FAN computer program (Section G.2.3.2 of FEMA,
2001). However, few, if any, alluvial fans in Maricopa County are like the alluvial
fan shown above.

Figure 4.6. Fan unlike those in Maricopa County
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4.1.3.3 Supercritical flow velocities and translatory wave considerations

Flow velocities at the hydrographic apex may be supercritical and flow may expand as
unconfined flow over the fan surface (McPherson and Blair, 1993). Flow velocities may
remain supercritical and possibly unstable along the upper fan as evidenced by an
observed sheet flood with migrating waves in the active deposition lobe of a fan (Blair
and McPherson, 1994). Oblique expansion waves (Chow, 1959) may form where the
channel banks widen and the waves may continue down the fan. Where the channel
width-depth ratio is large and Froude numbers are greater than 1.6, the flow may be
unstable causing large-wide translatory waves (Hjalmarson and Phillips, 1997). High
flow velocities, sheet flood and translatory waves are common documented
characteristics of alluvial fan flooding (NRC, 1996).

There is no known practical step forward method to precisely define the water-surface
profile or a method to define the single-event fan profile for the hazardous conditions
described above. With active sediment transport deposition where slopes are both
steep and mild, many assumptions of channel and sediment conditions are needed. An
example of such assumptions for channel slope and width is given by French (1995) in
his estimate of the channel profile where the slope changed from steep to mild.
Quantitative estimates like the hypothesized approach used by French should consider
accounts of actual floods like those of Blair and McPherson (1994).

4.1.3.4 Published examples of geomorphic hazard assessments

Examples of a few geomorphic assessments of flood hazard that reflect to some degree
the probability of the design or regulatory flood have been published. The major
advantage of geomorphic assessments is they are physically and process based. A
major disadvantage of geomorphic methods may be that traditional expressions of flood
event probability are limited. A major advantage of traditional hydraulic engineering
methods in the United States is that the flood event probability is estimated and then
converted to computed elevations and mapped boundaries. A major disadvantage of
this traditional method is that assumptions of channel stability, friction and eddy losses
and flow-path location may be severely limited on active alluvial fans.

Useful examples of fluvial hazard assessments with maps of hazard zones for are found
in CH,M Hill (1992), Kellerhals and Church (1990), Thurber Engineering Ltd. (1983),

Whitehouse and McSaveny (1990) and Field and Pearthree (1992).

Examples of illustrated accounts of flow path stability and/or severity of flood hazard are
provided in Hjalmarson (1994) (See section 8.4 of this Manual), Hjalmarson (1978),
Hjalmarson and Tram (1995), Hjalmarson and Kemna (1991) (See section 8.3 of this
Manual), Klawon and Pearthree (2000), Pearthree (1991), and Rhoads (1986).
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