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REVIEW OF THE U.S. ARMY CORPS OF ENGINEZRS INVOLVEMENT 
WITH ALLUVIAL FAN FLOODING PROBLEMB 1 

The Hydrologic Engineering Center2 

INTRODUCTION 

The U.S. Army Corps of Engineers has shared responsibility for 
resolving flood problems in the U~ited States. Alluvial fans are 
areas of special interest that present some of the most complex 
analytical and manag~rial challenges to engineers and floodplain 
managers. successful analysis and management of alluvial fan 
flooding problems are often elusive and quite costly. There are 
many different analytical approaches used to assc~s flood hazards 
on alluvial fans. The present consensus among experienced 
engineers and geologists, however, is that there is no singlt:, 
clearly superior method for accurate assessment of flood hazards 
on alluvial fans. The choice of methods should be based on the 
goals and objectives of the particular study, the complexity of the 
hazard situation, the applicable regulatory policies, and the 
availability of field data. Experience and good engineering 
judgement are the most important factors in the successful 
se~ection and application of any technique. 

This paper presents a general overview of the Corps of 
Engineers past involvements, present practices, and the future 
roles in dealing with alluvial fan flooding problems. 

Mission and Historical Perspective 

The U.S. Army Corps of Engineers is the largest water 
resources dev elopment and management agency in the federal 
government. The Corps began its Civil Works program in 1824 when 
Congress first appropriated money for improving river navigation . 
Since then, the Corps' mission has been expanded to include 
activi ties for reducing flooding, controlling beach erosion, 
continuing to i mprove river navigation, developing hydropower, 
providing urban and industrial water supply, regulating development 
in navigable waterways and on floodplains, managing a nationwide 
recreation program and conserving fish and wildlife resources . 

June 1988, marked the 52nd anniversary of the Flood Control 
Act of 1936 that officially established flood control as a Federal 

1Presented a t the Associa tion of State Floodplain Managers 
Conference on " Arid West Issues," 19-21 October, 1988, in Las 
Vega s, NV . Authors: Robert C. MacArthur and Douglas L. Hamilton. 

2 Department of the Army, Water Resources Support Center, Corps 
of Engineers, The Hydrologic Engineering Center, 609 Second Street, 
Davis, CA 95616-4687 . 



responsibility. The purpose of flood control is to regulate flood 
flows and thereby reduce flooding damage. This is accomplished 
primarily through structural methods that are planned, designed and 
constructed by the Corps in conjunction '.Y ith state, county and 
local agencies. The Corps also addresses the Nation's flood 
problems by providing (upon request) flood hazard information, 
technical assistance and planning guidance to other Federal 
agencies, states, local governments and private individuals. The 
data and assistance are designed to reduce unwise use of 
floodplains, correct present flood problems, and to avoid future 
flood hazards. In fiscal year 1988 alone, the Corps provided some 
87,000 responses to inquiries relating to potential floodplain 
development valued at over $14 billion. 

The Corps 1s intent upon using up-to-date methods and 
technical procedures for solving complex flooding problems in the 
areas of planning, design, construction and management. Close ties 
with the private engineering community and universities ensure the 
availability and use of sophisticated state-of-the-art technology 
wherever and whenever possible. This is particularly true when 
dealing with complex flooding problems such as ~hose often found 
on alluvial fans in the arid West. 

THE CORPS OF ENGINEERS' APPROACH TO ALLUVIAL FAN FLOODING 

The degree of flood hazard at different locations on an 
alluvial fan is difficult ~u predict except in a simplified 
probabilistic or general way. Behavior of individual flood events 
on alluvial fans depends on the history of pasr events as well as 
the geological, topographic and hydrologic characteristics of the 
drainage basin and fan area during the present event. Non-~niforrn 
distribution of flow and of sediment and debris loads over the fan 
surface during an event may result in scour, deposition, blockage, 
avulsion and redistribution of flow over the fan. The size, 
direction and location of the main channels and distributaries can 
change rapidly during a severe event. The net result is that a 
flood moving across the upper portion of an alluvial fan may not 
f ollow the same flow pa.th, have the same velocity, depth, and 
distribution of flow, have the same sediment load, or cause the 
sa~e channel blockages as previous floods with the same peak flow 
characteristics. Cultivation, grading and urbanization activities 
often contribute to the erratic nature of the movement of water 
and debris during a flood. These inherent characteristics of 
alluvial fans make quantitative analysis of fan processes extremely 
difficult. 

Analytical Methods 

Although many flood assessment procedures for alluvial fans 
ha ve been developed during the past 10 to 15 years, no single 
procedure is clearly superior or complete ly appropriate for general 
application. Consequently, the Corps of Engineers may use several 
diffe rent procedures depending on the nature of the flooding 
problem and purpose of the particular study. Those procedures 
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include methods reported by Tatum (1963), Dawdy (1979), Magura and 
Wood (1980), Anderson-Nichols and Company, Inc. (1981), FEMA (1983, 
1985), Edwards and Thi~lmann (1984), Squires and Young (1984), DMA 
Consulting Engineers ( 1985) , the Hydrologic Engineering Center 
(1985), the L.A. County Flood Control District (Kumar and Pederson, 
1986), MacArthur and Hamilton (1986), Fr&nch (1987a), Hamilton, et 
al. ( 1987), MacArthur, et al. ( 1987), Los Angeles District Corps 
of Engineers (1987a, 1987b) Omaha District Corps of Engineers 
(1988), and the Hydrologic Engineering Center (1988). An excellent 
synopsis of the presently available management and technical 
practices for alluvial fan areas has just been completed by Ward 
(1988). This document should be available from the Arizona 
Department of Transportation or the Federal Highway Administration 
in a few months. 

At the present time the Corps does not have any specific 
Nationwide guidelines or engineering manuals for conducting 
alluvial fan analyses. This is because of the simple fact that was 
mentioned previously - there is no method yet available that is 
va lid for generalized applications on alluvial fans. Consequently, 
each Corps district office uses methods and procedures they feel 
are the most appropriate for the specific problems they are 
addressing, according to the project's purpose and the specific 
characteristics of the fan area. As more project investigations 
are completed by the various district offices, more and more 
experience will develop. Eventually, if there is enough demand 
within the Corps to conduct these kinds of flood ing studies 
regula~ly, official engineering procedures manuals will be 
developed. However, a few special projects reports and draft 
guidelines for conducting specific kinds of analyses on alluvial 
fans have been recently completed. The Los Angeles District 
recently prepared two drQft documents entitled "Engineering 
Standards For Flood Protect~ on of Single Lot Developments On 
Alluvial Fans" (L.A. COE, l987a) and "Los Angeles District Method 
For Prediction of Debris Yield From Coastal Southern California 
Watersheds" (L.A. COE, l987b). The Omaha District just completed 
a draft project report entitl ed "11udflow Modelling, One- and Two­
Dimensional, Davis County, Utah" (Omaha COE, 1988a). The 
Hydrologic Engineering Center (HEC) has also completed a draft 
Special Projects Report entitled "Incorporating The Effects o 
Mudflows Into Flood Studies On Alluvial Fans," (HEC, 1988). The 
Corps will continue to work closely with Federal Emergency 
Management Agency (FEMA), the U.S. Geological Survey (USGS), 
Association of State Floodplain Managers (ASFPM), state and local 
agencies and the universities to develop better and more standard 
procedures for alluvial fan flooding problems. 

French (1987a) provides a thorough and up-to - date evaluation 
of the most commonly used . me thods and procedu:::-e s in his book 
entitled Hydraulic Processes On Alluvial Fans . P.e concludes that 
further basic and applied research is necessary in order to 
incorporate geomorphologic fan processes into present analytical 
procedures. Numerical models capable of estimat1ng the location des 

and size of channels formed by unsteady, high Froude number flows Jr 
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on alluvial fans should also be developed. The Hydrologic 
Engineering Center (1985 ami 1987) developed a pair of "first 
generation" models for simulating the dynamics of mud flow events 
in confining channels and on alluvial fans. These tools show good 
promise but need further refinement for general applications. Case 
study results from the application of these methods are presented 
later in this paper. 

Model verification is an essential, yet often difficult part 
of model development. Coordinateo physical and numerical model 
studies with field verification of the results must be designed and 
conducted. An example of this type of study was the laboratory and 
numerical verification of the one-dimer.sional mudflow model 
conducted by the Portland District Corps of Engineers (MacArthur, 
et al. , 1987). Computed results from their numerical mudflow model 
were compared to experimental data for laminar and turbulent dam 
break problems using various concentrations of bentonite slurries 
in an adjustable slope flume. 

Finally, in those areas where adequate stream gaging records 
are not available, new methods for estimating accurate hydrologic 
characteristics of single event storms must be developed. Present 
reg i onal methods and envelope curve methods are often inappropriate 
for some situations and drainage basins in t1 .2 arid west. At the 
present time, the Corps has not developed any new approaches for 
synthesizing the hydrology on alluv:al fans because there hasn't 
been the project support to cs so . However, recent work by the Los 
Angeles District Corps, with assistance from HEC (Brunner, 1988), 
evaluated the applicability and accuracy of the HEC-1 Kinematic 
Wave method for estimating "feasibility level" hydrology f'Jr the 
Las Vegas Drainage Basin for Clark County, Nevada (HEC, 1986 and 
Brunn,::r, 1988) . As further urbanization and development occurs on 
allu' ial fans and population centers in and around these kinds of 
gc:~J..ogical features grow, more need for improved methods will 
develop. 

CASE STUDIES 

Selected case studies conducted by the Corps of Engineers are 
presented here. They provide examples of the types of projects 
conducted by the Corps and the variety of analytical methods used 
by the Corps to evaluate different kinds of flooding problems. 

Alluvial Fan Flood Protection Studies In Coachella Valley, CA. 

The City of Rancho Mirage is located in the Coachella Valley, 
about 10 miles southeast of Palm Spr i ngs, California. Figure 1 
pre sents an aerial view of Rancho ?-1irag 8 after the July, 1979 
flood. Situated on the ~lluv i a ~ fan of Magnesia Spring Creek, the 
community of Rancho Mirage is subject to high velocity flood flows 
and assoc i ated sediment and debris deposition. Flooding events in 
1976 and 1979 caused widespread destruction that led to the design 
and construction of a flood control project by the Corps' Los 
Angeles District. The project consists of a debris retention basin 

4 
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Figu r e 1 

/\• ~ r i al View of Cit y of Rancho Mi r o ge in Coa c he l la Va ll ey , CA , 

Aft e r th e J ·.11y , 197 9 F l ood ( from L . A . CO E, 1 982 ) . 
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with a spillway and a concrete - lined flood channel with an energy 
dissipater at the downstream end where it enters the Whitewater 
River. Figure 2 shows the components of the preferred plan 
developed by the Los Angeles District. The project is designed to 
provide standard project flood (SPF) protection for the community. 

The Corps used traditional procedures to develop the SPF 
hydrology. However, in order to size and design the sediment 
retention basin, the L.A. Di~trict engineers worked closely with 
geologists, soil scientists and Coachella Vall.?y Water Dist!:'ict 
personnel to evaluate soil erodibility and the basin sediment 
production volume for the SPF. Working togethe:t:", the multi­
disciplinary team modified the Tatum Method (1963) so it could be 
applied to the Magnesia Spring Canyon drainage basin. Based on the 
soil type, vegetative cover, slope angle and soil erodibility, the 
team estimated that a 10-year Tatum burn recurrence co!ldi tion would 
best represent the drainage bas~n sediment production 
characteristics. Comput~d sediment yield values compared favorably 
to obse rved yield values from a similar debri s basin located in 
Coache lla Val ley near Rancho Mirage. After verifying the sediment 
and debris production volume dS accurately as possible with 
meas~red field data, the sediment basin was sized to capture the 
SPF sediment load. The spillway and concrete channel sections were 
designed according to standard Corps of Engineers flood control 
structures design procedures found in EM-1110-2-1601 (USACE, 1970). 

Two similar projects ~c~c investigated by the L.A. District 
in Coachella Valley at the request of the Coachella Valley Water 
District. The com~unities of Palm Desert and La Quinta both had 
similar alluvial fan flooding problems. The Coachella Valley Water 
District constructed the Corps-designed flood control project for 
the community of Palm Desert. However, following reconnaissance 
and feasibility level studies conducted by the Corps, the costs 
associated with the La Quinta project were too high to justify 
construction of the proposed project. 

Mudfl ow Studies On The Alluvial Fans of Davis County, UT. 

In the spring of 1983, widespread flooding and mudflows caused 
an estimated $250 million in damages to communities located on the 
numerous alluvial fans along the base of the Wasatch Mountains in 
Utah. The destruction was so extensive that 22 of Utah's 28 
counties were declared national disaster areas. Flash flooding and 
mudflows resu lted from a rapidly melting snow pack that triggered 
over 1000 landslides in the steep canyons above the communities . 
De t ailed flood insurance studies had been completed for the 
communities in Davis County j ust prior to the events. Traditional 
steady state, clear water flood insurance study methods were used 
to delineate potential flood hazard zones for the commun ities of 
Farmington, Centerv ille and Bountiful . However, these studies did 
not account for mud and debris flows or the magnitude of the damage 
they cause . As a result, the predicted hazard regions within Davis 
Coun:y were considerably smaller than the actual damage areas that 
occurred. Therefore, the Corps' primary objectives for this case 

/ 
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study were to develop new flood hazard maps for FEMA considering 
the potential for the combined effects of mudflows as well as clear 
water flooding. The Hydrologic Engineering Center (HEC) was asked 
to develop practical methods for use in these studies, capable of 
simulating the dynamic behavior of the mudflow events that occurred 
in Davis County, Utah, in 1983. 

Many of the mudflows that occurred in the region can be 
described with reference tc Figure 3. A ~udflow is initiatEd by 
a landslide occurring in region A. The flow then proceeds down a 
steep confining canion along path A-B. At point B, the apex of 
the fan, the channel opens onto an unbounded plain (alluvial fan) 
that no lon~er confines the fluid. The mudflow then spreads out 
over the fan-shaped area depicted by region B-C-D. After 
determining that there were no methods available for handling these 
types of no~-Newtonian flow problems , the Corps, with the hel~ of 
the University of Utah, developed two first generation mud flow 
routing models for use in these studies. The one-dimensional 
mudflow simulation model (Schamber and MacArthur, 1985) is used to 
describe the mudflow behavio~ between points A and B. Results from 
the one-dimensional monel provide the mudflow hydrograph 
characteristics needed at the apex of the fan. The Corps' two­
dimensional mudflow model (MacArthur anct Schamber, 1986 and 
MacArthur, et al., 19 86) uses results from the one-dimensional 
model to describe the m.tdflow movement in the region B-C-D. At the 
end of a simulated mudfiuw event, the maximum depth and velocity 
at each computational grid rci11t in the hazard region is determined 
and displayed ::ts contour maps of depth and velocity . Figure 4 
shows computed results for a simulated mudflow event in Rudd Creek, 
Utah. Figure 5 shows a map outlining the a8tual damage area for 
the 1983 event and the simulated damage area from the modeling 
results. The agreement is quite good. 

A similar approach was used to evaluate the other canyons in 
Davi s County, Utah (Omaha District, Corps of Engineers, 1988b). 
Using these methods, flood insurance study mappings for 15 
dif f erent streams along the Wasatch Range were prepared. The new 
modeling procedures provide a practical method for simulating 
mudflow behavior on alluvial fans that can be used to address some 
special kinds of flood insurance study needs. The HEC, the Omaha 
District, and FEMA do not profess that these new methods have been 
finalized or are now the recommended methods to use. Additional 
refinement of the codes and generalization of the procedures are 
necessary. 

SIX IMPORTANT ISSUES FOR THE FUTURE 

The amount of scientific research necessary to develop a 
closed form approach to alluvial fan management is almost in­
timidating. The development of solutions and even the formulation 
of the problem statement cannot be conducted without regarQ to a 
wide range of issues. While conducting projects dealing with 
alluvial fan flooding, t he Corps has identified six important 
issues that need to be a part of an effective management approach. 

.. ,, 
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Issues of Historical Perspective 

It is well established that the degree of public reverence for 
natural hazards decays with time after an event. Immediate post­
event concern, however, has initiated some of the most significant 
contributions to our understanding of arid west processes. 
Consider the 1983 debris flows in Davis County, Utah, for example. 
The Hydrologic Engineering Center ( 1988) , Keaton and Mathewson 
(1988), MacArthur, et al. (1986), Wieczorek, et al . (1983), Jeppson 
and Rodriguez (1983), along with several other significant works 
came as a response to these events. Our challenge for the future 
on this issue takes place along two different time scales. The 
first is to incorporate the knowledge gained by geologic and 
paleohydrologic investigation. The second is to document the 
relevant data contained in our relatively short written and oral 
history. This can take place as hydrologists and hydraulic 
engineers have more contact with their colleagues from the 
geological sciences. 

Issues of Technical KnowledgA 

Issues dealing with technical knowledge focus on the 
collection of data, the conceptual and mathematical description of 
physical processr,s, and the formulation of structural and non­
structural approaches to flood problems. Unlike humid region 
flooding, there are two major fields of technical knowledge 
involved in understanding arid region processes. Alluvial fan 
management requires the confrontation of not only a hydrologic 
process but also a complex geologic process. Hydrologists tend to 
~ocus on develop i ng short-term solutions to allow safe development. 
Geologists tend to look at the classification of long-term 
erosional and depositional trends (French, 1987a). The challenge 
for the future on this issue is again to combine the experience and 
knowledge in the fields of hydrology, geology and geomorphology in 
orde r- to develop an "integrated approach" to alluvial fan flooding 
problems. 

Issues of Analytical Ability 

Issues dealing with analytical ability are similar to those 
of technical knowledge but revolve around the actual solution and 
implementation of techniques, guidelines, procedures and 
computations. One common test for the usefulness of a technique 
is its reproducibility. If two people perform independent studies 
using the same methods they should arrive at generally the same 
conclusions. This does not always occur for alluvial fan flooding 
studies because many of the methods employed by analysts are based 
on judgement and personal experience. Imposing humid region pro­
cedures on arid region studies can be as much of a barrier as it 
is a guide. There ~ay be site specific factors for each alluvial 
fan that cannot be generalized into a standard procedure without 
sacrificing the realism of the solution. As technical knowledge 
increases, the l evel of standardization and repr0ducibility for 
alluvial fan flooding procedures may increase. The P-resent lack of 



a generalized approach should not be viewed as a weakness but as 
an opportunity to set the direction for future work. 

Issues o! Institutional Leadership 

Public institutions, such as the Corps of Engineers, have 
historically been the leaders in the construction of flood control 
projects and the development of related practical knowledge. There 
is currently no organization clearly recognized as a source of 
information, guidance, and authority for arid region flood 
management. However, the Arid West Committee of the Assoc i ation 
of State Floodplain Managers has done significant work within the 
last 3 to 4 years in providing institutional leadership. The great 
needs for fundamental research, continuous technology transfer and 
a centralized data base will probably remain unfulfilled for some 
time until the roles of public agencies and their abili~y to fund 
such endeavors change. 

Issues of Public Behavior 

Recent increases in research efforts in arid region hydrology 
partially result from the tremendous acceleration in residential 
development occurring on alluvial fans and the increasing flood 
damage potential associated with that development. As more people 
move to these high hazard areas, increasing flood damage inspires 
greater understanding and more mitigation measures. Part of the 
reason for the damage is the ~~ansfer of flatland housing concepts 
to steep, high hazard areas. The most common types of developments 
are large, high density housing tracts with designs that attempt 
to divert water around their perimeter. Floodplain management 
often takes the form of a response to such development. Although 
it is doubtful that residential growth in alluvial fan areas will 
stop, guidelines for creative approaches to drainage can be set 
forth in advance in order to shape public behavior. "Complete 
basin master planning" for flood control and drainage along with 
tougher zoning and drainage ordinances are becoming essential in 
many rapidly growing desert communities. 

Issues of Legal Implication 

Public agencies, developers, consultants, and private 
landowners have become awRre in the past few years of the increase 
in 1 i tigation reL.1ting to "natural" hazards. Without comment on 
the litigation process, the response to this issue should be more 
care in planning and more awareness and application of state-of­
the-art methods. As professional skill, knowledge and specialized 
expertise continue to improve and be applied to arid region 
floodplain management, there will be a decrease in the number of 
issues that need to enter the legal arena. 

THE CORPS' FUTURE ACTIVITIES AND INVOLVEMENT 

At the present time there are no active research activities 
within the Corps for the development of improved methods for 
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analyzing alluvial fan flooding problems. Each district and 
division within the Corps is presently using methods and procedures 
their planning and engineering offices feel are the most 
appropriate for their specific problems. Wherever and whenever 
possible, the Corps utilizes the most up-to-date methods available 
from other state or federal agencies, or from universities or 
priv:.te individuals. Through the project reporting and review 
process, all project reports prepared by Corps district offices 
are thoroughly reviewed by experienced staff in each divis i on 
office and eventually by technical staff in the Headquarters 
offices in Washington, D.C. Often criticized for taking too long, 
this required review process ensures consistent, accurate and 
defensible results from the Corps' planning and design activities. 

As more projP.cts are completed by the district offices, more 
and more experience will develop. Eventually, if there is enough 
demand within the Corps or if there are special assistance requests 
from FEMA or other agencies to conduct these kinds of flooding 
studies regularly, official engineering procedures manuals may be 
developed. 

The Corps will continue to work closely with FEMA, thP. USGS 
and the Association of Floodplain Managers to eventually develop 
and document the best possible procedures for evaluating alluvial 
fan flooding problems. 

ACKNOWLEDGMENTS 

Robert C. Ma cA r thur and Douglas L. Hamilton wrote this paper 
and presented it at the October 19-21, 1988 Conferenc · in Las 
Vegas, NV. Arlen Feldman and Vern Bonner supervised the 
preparation of the manuscript. Bill s. Eichert is the Director of 
the Hyd:-ologic Engineering Center. The opinions expressed are 
those of the authors and not necessarily those of the u.s. Army 
Corps of Engineers or the Association of State Floodplain Managers. 

REFERENCES 

Anderson-Nichols and Co., Inc., 1981, "Floodplain Management Tools 
for Alluvial Fans , " prepared for FEMA Contract EMW-C-0715, 
Washington, D.C. 

Brunner, Gary W., 1988, "Urban Watershed Modeling With HEC-1 
Kinematic Wave," in Proceedings of the Corps of Engineers Workshop 
on Calibyation and Application of Hydrologic Models, Gulf Shore, 
Alabama, 18-20 October, the Hydrologic Engineering Center, Davis, 
CA. 

Dawdy, David R., 1979, "Flood Frequency Estimates 
Fans," Journal of the Hydraulics Division, ASCE 105 
1407-1413 . 

on Alluvial 
(HYll) I pp. 



DMA Consulting Engineers, 1985, "Alluvial Fan Flooding Methodology, 
An Analysis," prepared for FEMA, Marina Del Rey, CA. 

Edwards, Kenneth L. and Jens Thielmann, 1984, "Flood Plain 
Management, Caba zon, California," Presented at ASCE Hydraulics 
Division Conference, April 26-30, 1982, Las Vegas, NV. 

Federal Emergency Management Agency, 1983, "Instructions to Flood 
Insurance Study Contractors," Hashington, D.C. 

French, Richard H. , 1987a, Hydraulic Processes on Alluvial Fans, 
Elsevier Publishing, Co., NY. 

:rrench, Richard H., 1987b, "Flood Hazard Assessment On Alluvial 
Fans : An Examination of the Methodology," in Application of 
Frequency and Risk in Hater Resources, edited by V.P. Singh, D. 
Reidel Publishing Company. 

Hamilton, Douglas L., David R. Schamber, and Robert C. MacArthur, 
1987, "Numerical Modeling of Arid Region Flood Hazards," in 
Computational Hydrology '87, Anahei~, CA. 

Hydrologic Engineering Center, 1985, "User's Manual for the One­
Dimensional Mudflow Model," Draft Report, Davis, CA. 

Hydrologic Engineering Center, 1986, "Review of the Las Vegas HEC-
1 Ki nema tic Wave Hydrology," c:: oecial Projects Memo No. 86 -9, the 
Hydro logic Engine ering Center, Davis, CA. 

Hydrologic I::1gi.ncering Center, 1987, "User's Manual for the Two­
Dimensional Mudflow Model," Draft Report, Davis, CA. 

Hydrologic Engineering Center, 1988, "Incorporating the Effects of 
Mudflows into Flood Studies on Alluvial Fans," Special Projects 
Report 86-4 , Davis, CA. 

Jeppson, Roland and S.A. Rodriguez, 1983, "Hydraulics of Solving 
Unsteady Debris Flows ," Uta: l Water Research Laboratory, Report No. 
UWRL/ H-83 /03 , Utah State University, Logan, UT. 

Keaton, Jeffrey R. and Christopher C. Mathewson, 1988, 
"Stratigraph y of Alluvial Fan Flood Deposits," in Hvdraulic 
Engineering, Proceedings of the August 8-12 National Conference of 
the Hydrauli cs Division, American Society of Civil Engineers, 
Colorado Springs, CO. 

Kumar, Sree and Garvin Pederson, 1986, "Engineering Methodology for 
Delineating Debris Flow Hazards in Los Angeles County," in Water 
Forum ' 86 , Proceedings of the National Conference of the Hydraulics 
Division, American Soc iety of Civil Engineers, August 4-8, Long 
Beach, CA. 



I~ 

Los Angeles District Corps of Engineers, 1987a, "Engineering 
Standards For Flood Proteci:ion of Single Lot Developments On 
Alluvial Fans," draft report prepared for FEMA, Region IX, Los 
Angeles, CA. 

Los Angeles District Corps of Engineers, 1987b, 
District Method For Prediction of Debris Yield 
Southern California Watersheds," draft report, 
District, Corps of Engineers, Los Angeles, CA. 

"Los 
From 
Los 

Angeles 
Coastal 
Angeles 

MacArthur, Robert c. and Douglas L. Hamil ton, 1986, "Labor a tcry and 
Numerical Modeling of Mudflows," Final Report, pr.~pared for 
Portland District, Corps of Engineers, Portland, OR. 

Mac/l.rthur, Robert c. and David R. Schamber, 1986, "Numerical 
Methods for Simulating Mudflows," published in the Proceedings of 
the Third International S~~posium on River Sedimentation, March 31 
- April 4, University, MS. 

MacArthur, Robert c., David R. Schamber, Douglas L. Hamilton, and 
?1ary H. West, 1986, "Generalized Methodology for Simulating 
Mudflows," in Water Forum '86, Proceedings of the National 
Conference of the Hydraulics Division, American Society of Civil 
Engineers, August 4-8, Long Beach, CA. 

MacArthur, Robert c., David R. Schamber, Douglas L. Hamilton, and 
Mary H. West, 1987, "Verification of a Generalized Mudflow Model," 
in Hydraulic Engineering, Proceedings of the National Conference 
of the Hydraulics Division, American Society of Civil Engineers, 
August 3-7, Williamsburg, VA. 

Magura, L.M. and D.E. Wood, 1980, "Flood Hazard Identification and 
Flood Plain Management on Alluvial Fans," Bulletin 16, American 
Water Resources Council, Washington, D.C. 

Omaha District Corps of Engineers, 1988a, "Mudflow Modeling, One­
and Two-dimensional, Davis County, UT," (Draft Report), Omaha 

District Corps of Engineers, Omaha, NE. 

Omaha District Corps of Engineers, 1988b, "Flood Insurance Study 
for Bouni:iful, Centerville, and Farmington, U~ah," (Draft Report) 
Flood Plain Management Services, Omaha, NE. 

Tatum, Fred E . , 1963, "A new Method of Ec;timating Debris Storage 
Requirements for Debris Basins, 11 Los Angeles District, Corps of 
Engineers, Los Angeles, CA. 

U.S. Army Corps of Engineers, 1970, "Hydraulic Design of Flood 
Control Channels," Engineering Manual EM 1110-2-1601, Department 
of the Army, Corps of Engineers, Office of the Chief of Engineers, 
Washington, D.C. 



Ward, Robert L., 1988, "Present Status of Management and Technical 
Practices On Alluvial Fan Areas in Arizona," (presently in draft 
only), Report No. FHWA/ AZ 88-278, prepared for The Arizona 
Department o f Transportation, Phoenix, AZ. 

Wieczorek Gerald F., et al., 1983, "Potential for Debr i s Flow and 
Debris Flood Along the Wasatch Front Between Salt Lak e City and 
Willard, Utah , and Measures for Their Mitigation," U.S.G.S. Ope n 
File Report 83- 63 5, U.S . Geological Survey, Menlo Park, CA. 



UNCLASS [FlED 

Si:C URITY ( ~S) , ; I (~ fiON Of' ;- t..nS ,J .lGC 

REPORT DOCUMENTATIOrJ PAGE I Form ,lpproved 
CMB No. 0704-0188 

I a rtEPORT SECURITY CLASSif' I(A i iON l ib KE) TRI( TI VE MIIRK:NG5 

UNCL\S S I FlED 

2a . Si:CURI ; y CLASS1 FI CA iiON AU i HORI T 'r 3 DISiRISU fiON I AVAILAB ILITY Of' REPORT 

2b. DECLASSif'ir- · :oN I DOWNGRADING SCHEDULE 

4 PERFORM ING ORGANIZA TI ON REPORT NUM8Ert(S) 5. MONITORING ORGANIZA TION REPORT NUMSEil(S) 

Technical Pape r No . 124 

Oa . NAME OF PE RFORMING ORGANIZA TI ON 16b. OFFICE SY MBOL l a . NAME OF MONITORING ORGANIZA TION 

Hydro l o g i c Engineer i ng Cen ter (I f applicab le) 

US Ar mv Co rps of En g ine ers CE'~C- HEC 

6c. ADDRESS (Ci ty. Stare. and liP Coce) j 7b . :'\ ~::::;;;s (Ci ty, Sta re. and l iP Code) 

609 Sec o nd Sc r eet 
Dav is, CA 95616 

Sa . ,\JAME OF FUNDING I SPONSORING Sb. Of'f' iCE SYMBCL 9 . PROCUREMENT INSTRUMENT IDENTif'ICA TION NUMBER 
ORGANIZATION (If applicable) 

Water Resources Support Ctr. CEWRC 

Be. ADDRESS (C1ty, Stare, and liP Code ) TO. SOURCE Of' FUNDING NUMBERS 

Case y Building 11259 4 PROGRAM PROJEG TASK WORK UNIT 

Ft. Belvoir , VA 22060- 5586 ELEM EN T NO. NO. NO. ACCESSION NO. 

11 . TITLE (lnctuoe Secunry ClassificatiOn) 

Review of the u.s. Army Co r ps of Engineers Involvement With Alluvial Fan F looding Problems 
12 . PERSONAL AUTHOR(S) 

Mac Art hur, Robert c. and Hamil t on, Douglas L. 
1 ]a . TYPE Of' REPORT 113 b. TIM E COVERED I' ~s9.'fZJO F REPORT (Year, Month, Day) 115. PAGE COUNT 

FRCM TO 

16 . SUPPLEMENTARY NOTATION ... 

L 
17 . COSA Tl CODES A!lSUBJEST" T(RMS flonti0ue on .-eve'J~ t' necessa~ and l'a'nt'?'l by block nu_r;ber) 

f'IELD l GROUP SUS-GROUP 
uvla an ooalng , mu r ows, u stea y _ ow , arra ytlcal 

I 
methods, case studies, one - a n d two-dimensional modeling, 

I 
sp.,cial hazards analysis methods, geomorphology , hydrology 

19 . ABS7RACT (Continue on reve rse tf necess.uy and identi fy by block number) -
thi s t ecnnical paper p r esents a gene r a l overview of the Co rp s of Engineers' past involve-
ments, present practices, and the fu ture roles in de'aling '.-iith alluvial fan flooding 
prob l ems. The Corps' approach to alluvial fan fl ooding studies and the anal y tical methods 
the y use to assess po t ential flood hazards a r e summa r ized. Selected case stud ies are 
presented . Six important issues t ha t need t o be considered as part of an effective 
alluvial fan managemen t app r oach are presente -1. An extensive list of ref e rences is also 

~I 
includ ed . (R) 

... 

20 . OI STP19UTION I AVAILAB ILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION 
0 UNCLA SSIFIEDIUNUMioi:v 0 SAME AS RPT 0 OTIC USERS UNCLASSIFIED 

22a . NAME OF RESPONSIBLE INDIVIDUAL l2 b TELEPHONE (Include Area Code) 122c. OFF :CE SYMBOL 
~aci\ rt hu r, Robe rt c .; Ei c he rt, Bill s . (9i6) 551 - 17 48 CEWRC - HEC 

DO Form 1473, JUN 86 Pr~vious editiOns d r~ obsolete. SECURITY CLASSI FICATION OF THIS PAGE 
UNCLASSIFIED 



I 

TECHNICAL PAPER SERIES 
($2.00 per paper) 

TP - 1 Use of Interrelated Records to Simulate 
Streamflow 

TP-2 Optimization Techniques for Hydrologic 
Engineering 

TP-3 Methods of Determination of Safe "11eld and 
Compensation Water from Storage Reservoirs 

JP-4 Functional Evaluation of a Water Resources 
System 

TP -5 Streamflow Synthesis for Ungaged Rivers 
TP -6 Simulation of Daily St reamflow 
TP-7 Pilot Study for Storage Requirements for 

Low Flow Augmentation 
TP -8 Worth of Streamflow Data for Project 

Design- A Pilot Study 
TP -9 Econom ic Evaluat ion of Reservoir System 

AccO<r4Jl i shments 
TP-10 Hydrologic Simulation in Water-Yield 

Analysis 
TP-11 Survey of Programs for Water Surface 

Profiles 
TP 12 H~thct;cal Flocd C0<r4JUtation for a 

Stream System 
TP-13 Maximum Utilization of Scarce Data in 

nydrologic Design 
TP-14 

TP- 15 

TP- 16 

TP - 17 

TP-18 

TP-19 
TP-20 

TP-21 

TP-22 

TP-23 
TP-24 

TP-25 
TP-26 

TP-27 

TP-28 

TP-29 

TP-30 

TP-31 

TP-32 

TP -33 

TP-34 

Techniques for Evaluating Long-Term 
Reservoir Yields 
Hydrostatistics Principles of 
Application 
A Hydrologic Water Resource System 
Modeling Techniques 
Hydrologic Engineering :echniques for 
Regior~l Water Resources Planning 
Estimating Monthly Streamflows Within a 
Region 
Suspended Sediment Discharge in Streams 
Computer Determination of Flow Through 
Bridges 
An Approach to Reservoir Temperature 
Analys is 
A Finite Difference Method for Analyzing 
Liquid Flow in Variably Saturated Porous 
Media 
Uses of Simulation in River Basin Planning 
Hydroelectric Power Analysis in Reservoir 
Systems 
Status of Water Resource Systems Analy3is 
System Relation~hips for Panama Canal 
Water Supply 
System Analysis of the Panama Canal Wa:er 
Supply 
Digital Simulation of an Existing Water 
Resources System 
Coo-puter Applications in Contiming 
Educat ion 
Drought Severity and llat~' Supply 
Dependabi l; ty 
Development of System ~ration Rules for 
an Existing Sys~em by Simulation 
Alternative Approaches to llater Resource 
System Simulati~• 
System Simulation for Integrated Use of 
Hydroelectric and Thermal Power Gt1"\er~tion 

Op~imizing Flood C~trol Al loc ation for £ 

Multipurpose R~servoir 

TP-35 

TP -36 
TP-37 

TP-38 
TP-39 

TP -40 
TP-41 

TP-42 
TP-43 

TP-44 

TP-45 

TP-46 
TP-47 

TP-48 
TP-49 

TP-50 
TP-51 

TP-52 
TP-53 

TP-54 
TP-55 

TP -56 

TP-57 

11'-58 

TP-59 
TP-60 

TP-61 
TP-62 
TP-63 
TP-64 

TP-65 
TP-66 

TP-67 
TP-68 
TP-69 

TP-70 

TP-71 

TP-72 

TP-73 
TP-74 
TP-75 

Computer Models for Rainfall -Runoff and River 
Hydraulic Analysis 
Evaluati?n of Drought Effects at Lake At;tlan 
Downstream Effects of the Levee Overtopping at 
Wilkes-Barre, PA, During Tropical Storm Agnes 
llater Quality Evaluation of Aquatic Systems 
A Method for Analyzing Effects of Dam Failures in 
Design St ud ies 
Storm Drainage and Urban Region Flood Control Planning 
HEC-SC, A Simulation Model for System Formulation and 
Evaluation 
Opt1mal Sizing of Urban Flood Control Systems 
Hydrologic and Economic Simulation of Flood Control 
Aspects of Water Resources Systems 
Sizing Flood Control Reservoir Systems by Systems 
Analysis 
Techniques for Real-Time Operation of Flood Control 
Reservoirs in the ~er~i~~ck River Basin 
Spatial D£ta Analysis of Wonstructural Measures 
CO<r4Jrehensive Flood Plain Studies Using Spatial Data 
Management Te~~niques 
Direct Runoff Hydrograph Parameters Versus Urbanization 
Experience of HEC in Disseminating Information on 
Hyd;olog;cal Models 
Effects of Dam Removal: ~n Approach to Sedimentction 
Design of Flood Contro l Improvements by Systems Analysis: 
A Case Study 
Potentia l Use of Digital Computer Ground ~ater Models 
Devel~t of Generalized Free Surface Flow Models 
Using Finite Element Techniques 
Adjustment of Peak Discharge Rates for Urbanization 
The Development a~ Servicing of Spat;3l ~sta Management 
Techniques in the Corps ot Engineers 
Experiences of the Hydrologic Eng ineering Center 
in Maintaining Widely Used Hydrologic and Water Resource 
COOllfJter Models 
Flood Uamage Assessments Using Spatial Data Management 
T echn i q<les 

A Model for Evaluating Runoff-Quality in Metropol;tan 
Master Planning 
Testing of Several Runoff Models on an Urban Watershed 
Operational Simulation of a Reservoir System with 
Purped Storage 
Technical Factors in Small Hydropower Planning 
Flood Hydrograph and Peak Flow Frequency Analysis 
HEC Contribution to Reservoir System Operation 
Determinir.g Peak-Dischcrge Frequencies in an Urbaniz i ng 
Watershed : A Case Study 
Feesibility Analysis in Small Hydropower Planning 
Reservoir Storage Determination by Ccq;u t<?l ' Simulatior. of 
Flood Control and Conservation Systems 
Hyerologic Land Us~ Class ification Using LANDSA; 
Interactive Wonstructtrral Flood-Control Planning 
Critical Water Surf~ce by Mini.._.., Specific Energy L's ing 
the Parabolic Method 
Corps of Engineers EAperience with Automatic Calibration of 
a ?recipitation-Runoff Model 
Determination of Land Use from Satellite Imagery for InpUt 
to Hydrologic Models 
Application of the Fin ite Element Method to Vertically 
Strat i fi~ Hydrodynamic Flow and ~ater Quality 
Flood M't igation Planning Usi~ HEC-SAM 
Hydrog r~ph ~ ~/Sing le Linear Reservoir Model 
HEC Activities in Keservoir Ar~lysis 



f 

• 

TF-76 Institutional Support of Wat~r R~sourc~ 
Models 

TP -77 Investigation of Soil Conservation S~rvice 
Urban Hydrology Techniques 

TP-78 Poten~ial for Increasing the Output of 
Existing Hydroel~tric Plants 

TP-79 Potential Energy and Capacity Gains from 
Flood Control S~orage Reallocation at 
Existing U. S. Hydropower Reservoi rs 

TP-80 Us~ of Non-Sequential Techniques in the 
Analysis of Power Potential at Storage 
Projects 

TP-81 Data Management Syst £ms for Water 
Resources Planning 

TP-8, The Hew HEC-1 Flood Hydrograph Package 
TP-83 ~iv~r and Reservo i r Systems Water Quality 

Modeling Capability 
TP-84 Generalized Real-Time Flood Control System 

Hodel 
TP-85 Operation Policy Analysis: Sam Rayburn 

Reservoir 
TP-86 Training the Pract itioner: The Hydrologic 

Engineering Center Program 
TP-87 Documentation Heeds fo r Water Resources 

Models 
TP-88 Reservoir System Regulation for ~ater 

Quality Control 
TP-89 A Sot ~ware System to Aid in Maki ng 

Real-Time Water Control Decisions 
TP-90 Calibration, Verificat ion and Application 

of a Two-Dimensional Flow Model 
TP -91 HEC Softwar~ Development and Support 
TP-92 Hydr ologic Engineering Center Planning 

Models 
TP-93 Flood Routing Through 3 Flat, Complex 

Flood Plain Using a One-Dimensional 
Ur.steady Flow COI"I"pUter Progran~ 

TP-94 Dredged-Material Disposal Management Model 
TV-95 Infiltration and Soil Moistur~ 

Redistribution in HEC-1 
TP- 96 The Hydrologic Eng inee ring Center 

Experience in Nonstructural Plaming 
TP-97 Prediction of the Effects of a Flood 

Control Pro ject on a Meandering Stream 
TP -98 Evolution in Computer Programs Causes 

Evolution in Training Needs: The 
Hydrolog ic Engineer ing Center Experi enc~ 

TP -99 Reservo i r System Ana lysi s for ~ater 
Quality 

TP-100 Probabl~ Maximum Flood Est ima t ion · Eastern United St ates 
TP-101 Us~ of COI"I"pUt~r Program HEC-5 for Wat~r Supply Analysis 
TP-102 Role of Cal i bration in th~ Appl ication of HEC-6 
TP-103 Engineering and Economic Cons ide rations in Forrulating 
TP-104 Modeling Water Resourc es Systems for Wat~r Qual i ty 
TP-105 Us~ of a Two-Dimensional Flow Model to Quantify Aquatic 

Habi tot 
TP-106 Flood-Runoff Forecast ing with HEC-1F 
TP-107 Dredged-Material Disposal System Capacity Expans ion 
TP-108 Role of Small Computers in Two-Dimensional Flow Modeling 
TP-109 One-Dimensional Model For Mud Flows 
TP-110 Subdiv is ion Froudc Number 
TP-111 HEC -5Q: System Water Quality Modeling 
TP- 112 New Devel~ts in HEC Programs for Flood Control 
TP-113 Modeling and H~naging Water Resourc~ Systems for Water 

Quality 
TP-114 Accuracy of Computed Water Surface Profiles- Executive 

Surmary 
TP-115 Application of Spatial-Data Management Techniques in 

Corps Planning 
TP -116 T h ~ HEC's Activities in watershed Modeling 
TP-117 HEC - 1 end HEC-2 Applications on the MicroComputer 
TP-118 Real-Time Snow Simul at ion Model for the Monongahela River 

Basin 
TP-119 Multi-Purpose, Multi-Reservoir Sirulation on a PC 
TP-120 Technology Transfer of Corps' Hydrologic Models 
TP -1 21 Deve~opment, Calibrat ion and Application of Runoff 

Forecasting Models for the Allegheny River Basin 
TP -1 22 The Estimation of Rainfall for Flood Forecasting Using 

Radar and Rain Gdge Data 
TP-123 Developing and Managing a Comprehensive Reservoir Analysis 

Model 
TP-124 Review of the U.S . Army Corps of Engineering Involvement 

With Alluvial Fan Flooding Problems 

2.. 

/ 



- · ·, 


