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Alluvial Fan and Debris Flow

The New Mexico All Hazard Mitigation Plan (MHP) addresses major natural hazards identified
as presenting substantial risk to human life and private and public property. Alluvial fans are
recognized in the HMP as representing risks from “high velocity flow (as high as 15-30 feet per
second) producing significant hydrodynamic forces, erosion/scour to depths of several feet,
deposition of sediment and debris (to depths of several feet), deposition of sediment and
debris (depths of 15 — 20 feet have been observed), debris flows/impact forces, mudflows,
inundation, producing hydrostatic/buoyant forces (pressure against buildings caused by
standing water), flash flooding with little, if any, warning times (NMHMP 2013:95).”
Additionally, FEMA’s Alluvial Fans: Hazards and Management guidance document discusses the
tendency to underestimate the potential and severity of alluvial fan flood events due to
infrequent rainfall, gently-sloping terrain and often long time spans between successive flood
events. Structures on alluvial fans may be susceptible to damage caused by high velocity water;
lateral loading that forces structures off foundations or induces wall collapse; water inundation;
scour and undermining of buildings; impact of mud, debris, and boulders; sediment burial; and
landscape erosion (FEMA P-259 2012).

The identification and mapping of alluvial fans is an important first step in reducing risk to life
and property, especially as communities expand and development increases. In addition to the
mapping of alluvial fans, techniques and strategies for avoiding and minimizing losses need to
be implemented by communities that are located on or near alluvial fans. FEMA’s alluvial fan
guidance documents (FEMA 165 and FEMA P-259 Appendix D) outline strategies to manage
future development on alluvial fans as well as residential retrofitting measures that can be
utilized to reduce flood damage in existing structures.

The New Mexico Bureau of Geology and Mineral Resources has been working on an inventory
of alluvial fans for a number of years. However, that data is not available to the public and it has
not been incorporated into the New Mexico Hazard Mitigation Plan. The Earth Data Analysis
Center, FEMA Region VI CTP, as part of the CTP program has assembled a database of available
GIS data on alluvial fans in New Mexico.

Data Sources

The New Mexico Bureau of Geology and Mineral Resources (NMBGMR) is a research and
service division of the New Mexico Institute of Mining and Technology (NM Tech). It is a non-
regulatory agency that serves as the geological survey for the State of New Mexico. The
NMBGMR publishes detailed geologic surveys as they are completed at a scale of 1:24,000
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which is equal to the area a 7.5 minute topographic map. The majority of these maps are
available for download, only a portion of them have the associated geologic information in a
GIS format. Those maps with GIS data were examined for alluvial fan deposits and the data
extracted into a separate geodatabase.

The NMBGMR also has a statewide surficial geologic map at a scale of 1:500,000 that identifies
surficial alluvial fan deposits (Af). This map was created from geological information from a
variety of sources including the New Mexico State Highway Department, New Mexico State
Land Office, New Mexico Energy Minerals and Natural Resources Division and unpublished
geologic studies (Barker et al. 2006.)

The United States Geological Survey also published geologic reports for several areas of New
Mexico with the accompanying GIS data that identified alluvial fan deposits.

The last dataset is alluvial fan deposit information from a series of maps created in 1990
(Cardinali et al.) The landslide information was derived from aerial photograph interpretation
and field work. The alluvial fan information on these maps was digitized and added to a
geodatabase.

Table 2 shows the geologic map codes for alluvial fan deposits and Figure 1 shows an example
of an area of alluvial fan deposits from the Hillsboro 7.5 —Minute Quadrangle in Sierra County,
New Mexico with showing map units Qafy, Qayr and Qay.

Table 1 — Alluvial Fans Geologic Map Units.

AF Qfa Qfu Qfy Qfo
Qf1 Qf2 Qf3 Qf4 Qfé
Qafyh Qafyr Qafo Qfo Qfu
Q Qafhm  Qafh Qafy

_—

Figure 1 — Portion of Geologic Map Hillsboro 7.5-Minute Quadrangle, Sierra County, New Mexico (NMBGMR
OGM 242).
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Proximity Analysis

A limited proximity analysis of essential facilities was conducted utilizing the Community
Anchor Site Assessment (CASA) database of essential facilities available on the New Mexico
Resource Geographic Information System (RGIS) Clearinghouse (http://rgis.unm.edu/.) The

CASA database consists of essential facilities such as schools and universities, hospitals, health
centers, nursing homes, urgent care facilities, libraries, State Government buildings, Emergency
Operations Centers, Fire Stations, Law Enforcement offices and other government and non-
governmental facilities. 712 of the approximate 3,774 facilities in the CASA database are
located in an area that has been identified as an alluvial fan. Table 2 shows the numbers by
institution type. This proximity analysis reflects only a portion of the entire state of New
Mexico, there are large parts of the state where the alluvial fans have either not been mapped
or the maps are not yet available as digital data. As new geologic studies are released, a
proximity analysis needs to be done for the essential facilities in those regions. Figure 2 shows
the number of essential facilities on alluvial fans by HUC-8 watershed. Table 3 lists the essential
facilities by county.

Table 2 — CASA Institutions on Alluvial Fans.

INSTITUTION TOTAL
SCHOOLS K-12 207
LIBRARY 32
HOSPITAL 15
NURSING HOME 25
URGENT CARE 15
HEALTH CENTER 57
FIRE STATION 93
LAW ENFORCEMENT 42
EOC 12
UNIVERSITY 22
COMMUNITY COLLEGE 10
OTHER POST-SECONDARY 9
STATE GOVERNMENT 90
OTHER GOVERNMENT 63
NON-GOVERNMENT 20
TOTAL 712
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Figure 2 — Essential Facilities on Alluvial Fan by HUC-8 Watershed.

The CASA database defines the Non-Government institutions as non-profit entities and other
non-governmental community resources such as Chambers of Commerce, non-profits and
community centers. Health Centers include Clinics, School Based Health Centers (SBHC) and
Federally Qualified Health Centers (FQHC). Government facilities comprise buildings or
properties that are owned or leased by state, federal, and local governments. Figure 3 shows
the distribution of the identified CASA facilities.
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Table 3 — Essential Facilities on Alluvial Fans by County (note: not all counties had alluvial fan data).

INSTITUTION
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SCHOOLS K-12 94 34 4 1 20 6 3 15 6 17 6 1 207
LIBRARY 9 5 1 3 2 4 3 1 2 1 1 32
HOSPITAL 8 2 2 1 1 15
NURSING HOME 15 3 2 1 2 1 1 25
URGENT CARE 9 2 2 2 15
HEALTH CENTER 31 7 1 2 1 3 4 2 5 57
FIRE STATION 15 17 1 2 16 5 2 15 3 2 10 3 1 93
LAW ENFORCEMENT 13 7 2 6 2 2 2 1 5 1 42
EOC 2 1 1 1 2 1 2 2 12
UNIVERSITY 9 4 1 2 2 2 1 1 22
COMMUNITY COLLEGE 4 4 2 10
OTHER POST- 7 1 1 9
SECONDARY
STATE GOVERNMENT 34 19 1 1 10 10 7 5 1 90
OTHER GOVERNMENT 18 10 2 15 3 1 8 1 4 1 63
NON-GOVERNMENT 2 3 4 8 1 1 1 20
TOTAL 270 119 1 1 6 90 23 14 68 7 18 56 17 5 712

8

The geodatabase with the alluvial fan geology and the results of the proximity analysis will be available
on both NM Flood and the RGIS Geospatial Data Clearinghouse websites. Local communities can utilize
this geospatial data for Risk Assessment.

Additional Alluvial Fan Identification

In a separate Cooperating Technical Partners project, FY16-PM-MAS008 Mapping Activity Statement
006: Automated Landslide Hazard Detection, EDAC utilized Lidar data and Remote Sensing techniques to
identify areas of landslide risk. Two areas in New Mexico were chosen for the study, the Santa Fe County
and the Rio Hondo HUCO8 Watershed study areas. In both cases, these areas have recently been
covered by USGS Quality Level 2 (QL2) LiDAR data with nominal pulse spacing of 0.7- m which was used
as the base data set from which the products were derived. While conducting the landslide analysis
EDAC attempted to identify alluvial fans in the two study areas. This exercise involved unsupervised and
object based classification techniques using slope and landscape related indices to attempt to generate
alluvial fan classes. However, this technique but was not successful in identifying alluvial fans with
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sufficient certainty for proper identification, it could serve as a method for initial identification of areas
of potential alluvial fans that then would require further geologic investigation.

Future Work

As the NMBGMR continues to conduct geologic mapping the alluvial fan information will need to be
added to this database. Periodically the proximity analysis will need to be repeated in newly mapped
areas of the state.

Identification of alluvial fans as well as essential facilities that are located on an alluvial fan will allow
local communities and institutions to better assess their risk and implement measures to reduce risk and
potential losses. These measures could include flood hazard delineation (beyond that of the NFIP) and
instituting local ordinances and regulations for alluvial fan development. At a state level, guidelines or
regulations for new construction could be instituted; Appendix D of FEMA’s Engineering Principles and
Practices of Retrofitting Floodprone Residential Structures outlines many of these actions.
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Figure 3 — CASA Facilities.
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Resources

NM Flood
www.nmflood.org

NM Flood is a one stop resource for flood risk information in the State of New Mexico. Any and
all FEMA Risk map deliverables will be posted here, as well as relevant articles and links.

RGIS
http://rgis.unm.edu/

The New Mexico Resource Geographic Information System (RGIS) Program and Clearinghouse is
the digital geospatial data clearinghouse for the state of New Mexico.

NMBGMR
https://geoinfo.nmt.edu/index.html

The New Mexico Bureau of Geology & Mineral Resources is a research and service division of
the New Mexico Institute of Mining and Technology (NM Tech). It is a non-regulatory agency
that serves as the geological survey for the State of New Mexico
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