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Alluvial Fans Delineated by FEMA (1992)

Two Alluvial Fans

Phoenix Convention Center



Alluvial Fans Delineated by FEMA (1992)

Fan No.5

Fan No.6



Presentation Outline

• Alluvial Fan No. 5 and Fan No. 6 in 

Scottsdale and Phoenix

• Alluvial Fan Delineation Methodologies

• Application of FEMA’s Latest Methodology 

to Fan No. 5 and Fan No. 6 (Stage 1 and 

Stage 2)

• Application of FLO-2D to Fan No. 5 and 

Fan No. 6 (Stage 3)



• Stage 1 and Stage 2 (Li and Zhao, 2014)

Re-analysis of Alluvial Fans No. 5 and No. 6 in 

Scottsdale and Phoenix, Maricopa County, Arizona 

Based on 2003 FEMA Alluvial Fan Guidelines, Shimin 

Li and Bing Zhao, FCDMC, 2014.

• Stage 3 – FLO-2D modeling (JE Fuller, 2017)

Pinnacle Peak West Area Drainage Master Study: Fans 

5 and 6 Floodplain Redelineation Study, JE Fuller 

Hydrology & Geomorphology, Inc., October 2017



Presentation Outline

Alluvial Fan No. 5 and Fan No. 6 in 

Scottsdale and Phoenix

• Alluvial Fan Delineation Methodologies

• Application of FEMA’s Latest Methodology 

to Fan No. 5 and Fan No. 6 (Stage 1 and 

Stage 2)

• Application of FLO-2D to Fan No. 5 and 

Fan No. 6 (Stage 3)



1991 FEMA Methodology (FEMA 37)

Dawdy’s method



1996 National Research Council 

(NRC) Methodology for Alluvial Fan 

Flooding 



2003 FEMA Methodology 2016 FEMA Methodology



Application of The Latest FEMA 

Methodology to Fan 5 and Fan 6

3-stage Approach

• Stage 1 – Identify Alluvial Fan Landforms;

• Stage 2 – Active or Inactive?

• Stage 3 – 100-year Floodplain Delineation



Stage 1 – Recognizing and Characterizing 

Alluvial Fan Landforms

• Composition

• Morphology

• Location

• Toe and Lateral Boundaries  



Composition Requirement
Deposits of alluvial sediments or debris flow materials 

(accumulation of loose, unconsolidated to weakly consolidated 

sediments).

AZGS Geologic Map

Qy: Holocene Surficial Deposits (0-10 

ka). Unconsolidated deposits associated 

with modern fluvial systems. 

Qm:  Late and Middle Pleistocene 

Surficial Deposits (10 – 750 ka). 

Unconsolidated to weakly consolidated 

alluvial fan, terrace, and basin-floor 

deposits with moderate to strong soil 

development. 

Composition requirement is met.



1953 Aerial Photo

Fan 5 and Fan 6 do not have typical alluvial fan 

landform morphology.

Typical alluvial fan morphology

Morphology Requirement
Shape of a fan, either partly or fully extended. Flow paths may 

radiate outward to the perimeter of the fan.



Morphology Requirement 
Shape of a fan, either partly or fully extended. Flow paths may 

radiate outward to the perimeter of the fan.

Topographic Data with Floodplains at Fan 

No. 5 and Fan No. 6

Fan 5 and Fan 6 do not have typical alluvial fan 

landform morphology.

Typical alluvial fan morphology



There is no typical topographic apex for Fan 5 or Fan 6.

Location Requirement
Alluvial fan landforms are located at a topographic break 

where long-term channel migration and sediment 

accumulation become markedly less confined than upstream of 

the break. This locus of increased channel migration and 

sedimentation is referred to as the alluvial fan apex

Typical alluvial fan location



Hydrographic apexes are questionable.

Fan No. 5 and Fan No. 6 are not located at the typical 

alluvial fan locations.

Location Requirement
Hydrographic apex should be the highest point on the 

alluvial fan where there exists physical evidence of 

channel bifurcation.
Hydrographic apex on typical 

alluvial fan 



Fan 6
Fan 5

Alluvial Fan Toe and Lateral Boundaries

Requirement 
Alluvial fan toe is at a stream that intersects the fan, a playa lake, 

an alluvial plain, or gentler slopes of piedmont plain. For coalesced 

fans, boundaries marked by topography trough or ridge. 

No stream at the toe that intersects the fans

No obvious trough or ridge at the lateral limits of the fans

No contact of distinct differences between deposits



Fan No. 5 and Fan No. 6 do not really 

meet all requirements of a typical 

alluvial fan landform.

However, Stage 2 is still performed.

Summary of Stage 1 Analysis 



Stage 2 – Defining Active and Inactive 

areas of Erosion and Deposition

Criteria for active alluvial fans:

Criterion No.1: Flow path uncertainty below the 

hydrographic apex (higher flow path uncertainty that 

cannot be set aside); 

Criterion No.2: Abrupt deposition and ensuing erosion of 

sediment as a stream or debris flow loses its ability to carry 

material eroded from a steeper, upstream source area; and 

Criterion No.3: An environment where the combination of 

sediment availability, slope, and topography creates an 

ultrahazardous condition for which elevation on fill will 

not reliably mitigate the risk. 



Stage 2 – Defining Active and Inactive 

areas of Erosion and Deposition

Step 1 Geomorphic Analyses

Step 2 Engineering Analyses



NRCS Soil Map Units for Fan Terraces and 

Stream Terraces

A fan terrace is a relict 

alluvial fan, no longer a 

site of active deposition, 

incised by younger and 

lower alluvial surfaces 

(Camp, 1986). It is a fan 

formed during the 

Pleistocene Epoch 

(>10,000 years) 

(Hjalmarson, 1994). 

NRCS soil map indicates that majority of Fan 5 and Fan 6 areas 

are fan terraces and is older than 10,000 years.



Geomorphic Analysis of Flood Hazards on 

the Northern McDowell Mountains 

Piedmont (Pearthree and Wellendorf, 1992)



Geomorphic Analysis of Flood Hazards on the Northern McDowell 

Mountains Piedmont (Pearthree and Wellendorf, 1992):

Segment 4

Y is for Holocene channels and 

terraces (less than 10,000 

years)

M2 is for late Pleistocene 

terraces and alluvial fans 

(10,000 to 150,000 years old) 

M1 is middle Pleistocene 

alluvial fan remnants (150,000 

to 800,000 years old). 

In Segment 4, most soil are M2 (older than 

10,000 years).



Conclusions (Pearthree and Wellendorf, 1992):

• Extent of surfaces less than 10,000 years old is very 

limited.

• Vast majority of the northern MMP is composed of 

Pleistocene units M2 (older than 10,000 years) and 

M1(older than 150,000 years).

• Distributive channel patterns associated with Fan 5 

and Fan 6 are quite stable; channels have not shifted 

positions for at least 10,000 years

Geomorphic Analysis of Flood Hazards on 

the Northern McDowell Mountains 

Piedmont (Pearthree and Wellendorf, 1992)



Flood Characteristics of FEMA Site 6A 

(Hjalmarson, June 3, 1994)

6A is about 89% of Fan No. 6



The flow paths on 6A are stable because of the 

following reasons (Hjalmarson, 1994): 

• There are abundant large Palo Verde and other trees 

along the banks of the distributary channels.

• No channel movement was observed on the distributary 

flow area from a comparison of aerial photographs taken 

in 1940, 1953 and 1991.

• The relations between channel width and discharge and 

mean depth and discharge for channel cross sections are 

typical of cross sections formed in cohesive bank 

material. 

Flood Characteristics of FEMA Site 6A 

(Hjalmarson, June 3, 1994)



• The channels are eroded into the cemented Pleistocene

sediments and are not perched above the adjacent land.

• The soils forming the banks are well developed with dark

reddish-brown sandy clay loam and clay loam textures a few 

inches below the surface and lime masses and may have 

cemented sediments. 

• The recent deposits along the distributary channels are 

horizontally stratified indicating the presence of hydraulic 

processes and not debris flows.

The flow paths on 6A are stable because of 

the following reasons (Hjalmarson, 1994): 

Flood Characteristics of FEMA Site 6A 

(Hjalmarson, June 3, 1994)



National Research Council 1996 Study 

of Carefree Fan (most of Fan 6)

Carefree Fan



National Research Council 1996 Study

on Carefree Fan :

• Most of Carefree fan is on fan terrace.

• The tree-lined distributary channels indicate that the flow 

paths are fixed and in a condition of relative stability. Many 

of the large Palo Verde and mesquite trees along the channels 

are visible on the aerial photographs taken on September 7, 

1941, March 8, 1953, and March 30, 1991 for Carefree fan. A 

comparison of these photos indicates that there has been no 

change in the location of flow paths.

• Rhoads (1986) found no major changes in the form of 

channel networks in the general region for a 30-year 

historical period.



National Research Council 1996 Study

on Carefree Fan:

• There is no evidence of debris flow.

• The flow paths are confined by stable interfluves 

and there is little alluviation, there currently is no 

active flooding on Carefree fan. 

• There are no areas on the Carefree fan where flow 

paths are expected to change.

• Flood flow typically is confined within and adjacent 

to the trench channels.



Stage 2 – Defining Active and Inactive 

areas of Erosion and Deposition

Step 1 Geomorphic Analyses

Step 2 Engineering Analyses



Flood Characteristics of FEMA Site 6A (Hjalmarson, 

June 3rd, 1994)

Soil Sample Sites Map



Flood Characteristics of FEMA Site 6A (Hjalmarson, June 3rd, 

1994)

Uniform distribution of particle size along the channels 

indicates that mobile bed material entering the distributary 

flow area is conveyed through the system of defined 

distributary channels (no deposition). 

The channels and flow paths of Fan 6A are 

found to be stable because:



Measurements of vane shear corresponding to computed tractive power at 

many cross sections show the channel banks are non-erosive or stable. The 

data consistently plotted in the non-erosive region of the relation of 

tractive power and unconfined compressive strength published in TR-25 

by the U.S. Soil Conservation Service.

The channels and flow paths of Fan 6A are 

found to be stable because:

Flood Characteristics of FEMA Site 6A (Hjalmarson, June 3rd, 1994)



Data from measurements of channel geometry and material 

samples at several cross sections were plotted on the relation 

between channel width-depth ratio and percent silt-clay along the 

wetted perimeter published in USGS Professional Paper 352C; and 

the data for site 6A plotted consistently in the stable region of the 

relation.

The channels and flow paths of Fan 6A are 

found to be stable because:

Flood Characteristics of FEMA Site 6A (Hjalmarson, June 3rd, 1994)



Data from measurements of vegetation size and 

channel geometry show the stream power at most 

cross sections is insufficient to lay over or remove 

larger trees along the channel banks.

The channels and flow paths of Fan 6A are 

found to be stable because:

Flood Characteristics of FEMA Site 6A (Hjalmarson, June 3rd, 1994)



Stage 2 – Defining Active and Inactive 

areas of Erosion and Deposition

Step 1 Geomorphic Analyses

Step 2 Engineering Analyses



Summary of Stage 2 Analysis 

Fan 5 and Fan 6 are inactive. 

Therefore, a 2-dimensional hydraulic 

model can be used to delineate the 

floodplains in Stage 3.



Application of the Latest FEMA 

Methodology to Fan 5 and Fan 6

3-stage Approach

• Stage 1 – Identify Alluvial Fan Landforms;

• Stage 2 – Active or Inactive?

• Stage 3 – 100-year Floodplain Delineation
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Alluvial Fan Delineation Methodologies

Application of FEMA’s Latest Methodology 

to Fan No. 5 and Fan No. 6 (Stage 1 and 

Stage 2)

• Application of FLO-2D to Fan No. 5 and 

Fan No. 6 (Stage 3)



100-year Floodplain Re-delineation of Fans 5 & 6

• Part of Pinnacle Peak 

ADMS

• FLO-2D study

• 7 connected models

• 5 used for the delineation 

study

• Revising the Alluvial Fan 

AO Zone



Modeling Approach

• FLO-2D Pro
• Hydrology & Hydraulics

• FEMA Approved for use in 

Maricopa County

• Followed the procedures in 

FLO-2D Verification Report

• Spatially Varied Point 

Rainfall (NOAA 14)

• Green-Ampt Infiltration

• Hydraulic Structures

• No walls

• Limiting Infiltration Depths

• Storm Event Verification



Mapping Approach

Identify Corridors

• Connection to 

upstream washes

• Consistent Flow 

Depth (>0.3 ft)



Mapping Approach

Lateral Boundaries

• Flow Direction Arrows

• WSEL contour lines 

compared to topographic 

contours

• Consistent Flow Depth 

(>0.3 ft)



Results

102 linear miles

73 washes

Zones:
• AE

• Shaded X

• A 

• No Floodways

BFE versus Depths

Profile Sheets

• 245 pages

Summary of Qs



Profiles



FLO-2D Web Application



FLO-2D Web Application



Next Steps

• FEMA Approved in early 2018

• Region IX going to prepare Preliminary Products

• 1000 scale panels will become 500 scale

• Hoping for Preliminary in early 2019?

• Effective in 2020?

• In Interim, Communities regulate to most conservative of both 

products
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Questions?


