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1  INTRODUCTION 

F l o o d  l o s s e s  a r e  a  s e r i o u s  p r o b l e m  i n  t h e  U n i t e d  S t a t e s .  

Some s e v e n  p e r c e n t  o f  t h e  n a t i o n ' s  l a n d  a r e a  i s  s u b j e c t  t o  

f l o o d i n g .  S u c h  a r e a s ,  l o c a t e d  m o s t l y  a l o n g  r i v e r s ,  

l a k e s h o r e s  a n d  s e a c o a s t s ,  c o n t a i n  a  d i s p r o p o r t i o n a l t e l y  

l a r g e  s h a r e  o f  t h e  n a t i o n ' s  p o p u l a t i o n  a n d  w e a l t h .  T h e s e  

f l o o d - p r o n e  l a n d s  a r e  f o u n d  i n  e v e r y  s t a t e ,  e v e n  i n  t h e  a r i d  

s o u t h w e s t  w h e r e  a r r o y o s ,  d r y  s t r e a m s  a n d  a l l u v i a l  f a n s  a r e  

s u b j e c t  t o  f l a s h  f l o o d s .  T h e  u n w i s e  u s e  o f  s u c h  l a n d s  m a k e s  

f l o o d s  - - o r  t h e  t h r e a t  o f  f l o o d s - - a  p e r e n n i a l  f a c t  o f  l i f e  

i n  t h o u s a n d s  o f  c o m m u n i t i e s .  T h e  d e v a s t a t i n g  e f f e c t s  o f  

f l o o d s  h a v e  a c c o u n t e d  f o r  a p p r o x i m a t e l y  7 5  p e r c e n t  o f  a l l  

p r e s i d e n t i a l  d i s a s t e r  d e c l a r a t i o n s  a n d  f o r  a p p r o x i m a t e l y  9 0  

p e r c e n t  o f  a l l  d a m a g e s  f r o m  n a t u r a l  d i s a s t e r s .  

.. 
F l o o d s  c a u s e  e n o r m o u s  e c o n o m i c  l o s s e s .  T h e  d i r e c t  d a m a g e s  

a v e r a g e  a l m o s t  $ 2 . 2  b i l l i o n  a n n u a l l y  a n d  a r e  i n c r e a s i n g .  

A d d i t i o n a l  b i l l i o n s  g o  y e a r l y  f o r  d i s a s t e r  r e l i e f ,  f l o o d  

p r o t e c t i o n  a n d  o t h e r  f l o o d  r e l a t e d  c o s t s .  F l o o d s  a l s o  c a u s e  

g r e a t  s u f f e r i n g  a n d  h a r d s h i p .  D u r i n g  t h e  p e r i o d  1 9 7 0 - 1 9 7 9 .  

f l o o d  r e l a t e d  d e a t h s  a v e r a g e d  2 0 0  a n n u a l l y  a n d  o n  t h e  

a v e r a g e ,  a b o u t  8 0 , 0 0 0  p e o p l e  a r e  f o r c e d  f r o m  t h e i r  h o m e s  o n  

t h e  f l o o d  p l a i n s  e a c h  y e a r .  

F l o o d p l a i n  N a n a q e m e n t  . 
T h e  p r e s e n t  c o n c e p t s  o f  f l o o d  p l a i n  m a n a g e m e n t  a r e  a  r e s u l t  

o f  t h e  c o n t i n u i n g  a d a p t a t i o n  o f  p u b l i c  p o l i c y  t o  c h a n g i n g  

n e e d s  a n d  c o n d i t i o n s .  T h e y  r e f l e c t  a  s h i f t  i n  a p p r o a c h  

b a s e d  o n  t h e  l e s s o n s  o f  e x p e r i e n c e .  

P r i o r  t o  t h e  1 9 6 0 ' s ,  t h e  n a t i o n a l  a p p r o a c h  t o  d e a l i n g  w i t h  
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f l o o d s  c o n s i s t e d  a l m o s t  e x c l u s i v e l y  o f  t h e  c o n s t r u c t i o n  o f  

d a m s ,  l e v e e s  a n d  o t h e r  s t r u c t u r e s  t o  i m p o u n d  o r  d i v e r t  f l o o d  

w a t e r s .  T h e  o v e r a l l  i m p a c t  o f  f l o o d  p l a i n  d e v e l o p m e n t s  o r  

t h e  f l o o d  c o n t r o l  p r o j e c t s  p r o t e c t i n g  t h e m  r e c e i v e d  l i t t l e  

a t t e n t i o n .  

I t  w a s  a p p a r e n t  b y  t h e  m i d - 6 0 ' s  t h a t ,  a l t h o u g h  f l o o d  c o n t r o l  

p r o j e c t s  p r e v e n t e d  l a r g e  a m o u n t s  o f  d a m a g e ,  t h i s  t r a d i t i o n a l  

a p p r o a c h  r e q u i r e d  r e v i s i o n  f o r  s e v e r a l  r e a s o n s :  

D e v e l o p m e n t s  were t a k i n g  p l a c e  o n  f l o o d  p l a i n s  

f a s t e r  t h a n  p r o j e c t s  c o u l d  b e  c o n s t r u c t e d  t o  

p r o t e c t  t h e m .  

T h e  a v a i l a b i l i t y  o f  f l o o d  p r o t e c t i o n  t h r o u g h  

p u b l i c l y  f u n d e d  p r o j e c t s  p r o v e d  a n  i n d u c e m e n t  

t o  f u r t h e r  d e v e l o p m e n t ,  f r u s t r a t i n g  a l l  h o p e  o f  

c a t c h i n g  u p  w i t h  t h e  g r o w i n g  f l o o d  p r o b l e m .  

T h e  c o s t  o f  t h e  l a r g e r  a n d  l a r g e r  f l o o d  c o n t r o l  

p r o j e c t s  r e q u i r e d  t o  p r o t e c t  t h e  a d d i t i o n a l  

d e v e l o p m e n t  w a s  b e c o m i n g  e x o r b i t a n t ,  p u t t i n g  a n  

u n f a i r  t a x  b u r d e n  o n  t h e  g e n e r a l  p u b l i c  t o  

s u b s i d i z e  t h o s e  who u s e d  t h e  f l o o d  p l a i n  

w i t h o u t  c o n c e r n  f o r  t h e  c o n s e q u e n c e s .  

U p s t r e a m  l a n d  d e v e l o p m e n t  a n d  c h a n n e l i z a t i o n  

w a s  i n c r e a s i n g  d o w n s t r e a m  f l o o d  h a z a r d s .  

C o s t s  f o r  d i s a s t e r  r e l i e f  p r o g r a m s  were r a p i d l y  

i n c r e a s i n g .  

E x i s t i n g  f l o o d  c o n t r o l  s t r u c t u r e s  were 

d e c r e a s i n g  i n  e f f e c t i v e n e s s  a s  f l o o d  p l a i n  

d e v e l o p m e n t  c o n t i n u e d .  
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T h e  n a t u r a l  a n d  b e n e f i c i a l  v a l u e s  o f  f l o o d  

p l a i n s  were b e i n g  r a p i d l y  d i m i n i s h e d  b y  b o t h  

d e v e l o p m e n t  a n d  f l o o d  p r o t e c t i o n  p r o j e c t s .  

T h i s  r e c o g n i t i o n  o f  t h e  n e e d  f o r  c h a n g e  l e d  t o  e m e r g e n c e  o f  

a b r o a d e r  a p p r o a c h .  T h i s  a p p r o a c h  w a s  d e s i g n e d  t o  c o m b a t  

f l o o d  p r o b l e m s  m o r e  e f f e c t i v e l y  a n d  t o  r e c o n c i l e  t h e  

o b j e c t i v e  o f  f l o o d  l o s s  r e d u c t i o n  w i t h  t h a t  o f  p r e s e r v i n g  

a n d  e n h a n c i n g  n a t u r a l  f l o o d  p l a i n  v a l u e s .  T h i s  new a p p r o a c h  

w a s  b a s e d  o n :  

C o n t r o l l i n g  d e v e l o p m e n t  o f  f l o o d  p l a i n s  t h r o u g h  

r e g u l a t o r y  m e a s u r e s  a n d  w i t h h o l d i n g  f i n a n c i a l  

a s s i s t a n c e  f r o m  g o v e r n m e n t  f o r  new d e v e l o p m e n t s  

a n d  i m p r o v e m e n t s  t o '  e x i s t i n g  d e v e l o p m e n t s  i n  

a r e a s  s u b j e c t  t o  f l o o d i n g .  

U s i n g  a  w i d e r  r a n g e  o f  t o o l s  t o  r e d u c e  f l o o d  

l o s s e s  t o  b o t h  e x i s t i n g  a n d  new s t r u c t u r e s  a n d  

e m p h a s i z i n g  u se  o f  t h o s e  t o o l s  c a u s i n g  l e s s  

seve re  e n v i r o n m e n t a l  i m p a c t s .  

A s s u m p t i o n  b y  s t a t e  a n d  l o c a l  g o v e r n m e n t s  a n d  

p r i v a t e  p r o p e r t y  o w n e r s  o f  a g r e a t e r  s h a r e  o f  

r e s p o n s i b i l i t y  f o r  t h e  c o n s e q u e n c e s  o f  f l o o d  

p l a i n  d e v e l o p m e n t .  

I n c o r p o r a t i n g  c o n c e r n  f o r  n a t u r a l  v a l u e s  i n t o  

d e c i s i o n s  a b o u t  f l o o d  p l a i n  d e v e l o p m e n t  a n d  

p r o j e c t s  f o r  f l o o d  l o s s  r e d u c t i o n .  

T h i s  new a p p r o a c h  w a s  i m p l e m e n t e d  o v e r  a  p e r i o d  o f  s e v e r a l  

y e a r s  b y  s e v e r a l  l e g i s l a t i v e  a c t s  a n d  p r e s i d e n t i a l  o r d e r s .  

T h e  m o s t  i m p o r t a n t  o f  t h e s e  w e r e  t h e  N a t i o n a l  f l o o d  

I n s u r a n c e  A c t  o f  1 9 6 8  ( a s  a m e n d e d ) ,  t h e  W a t e r  R e s o u r c e s  

D e v e l o p m e n t  A c t  o f  1 9 7 4 ,  t h e  D i s a s t e r  R e l i e f  A c t  o f  1 9 7 4 ,  
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Executive Orders 11988 and 11990. and the Principals. 

Standards and Procedures for Water and Related Land 

Resources Planning. 

National Flood Insurance Proqran \ 

The National Flood Insurance Act of 1968 (Title XI11 of 

Public Law 90-448, Public LaW 93-234, Public Law 95-128) is 

a key element in this new approach to flood loss reduction. 

I t  provides for identifying the more serious flood hazard 

areas in the nation and for a program whereby residents in 

those areas can purchase insurance against flood losses if 

the community participates in the program. Communities must 

regulate flood plain development to be eligible for 

participation. The federal government heavily subsidizes 

insurance costs to make premium rates affordable. Also. 

federal grants, loans and other financial assistance are 

denied in flood hazard areas of non-participating 

communities. In addition, the program provides assistance 

in hazard mitigation including relocation of severely or 

repetitively damaged structures. 

A program of this type has been disucssed since the mid-30's 

and enacted--although not funded--in the 50's. Its 

implementation in 1968 signalled a major step forward in the 

rational management of flood-prone lands. At present, about 

18,000 communities are participating in the program. 

Implementation of the National Flood Insurance Program has 

proceeded since 1968 so as to obtain the maximum effect in 

the least time with the resources available. Efforts were 

focused first on areas subject to riverine flooding because 

that case was the best understood from the techinical 

standpoint and because riverine flooding affected the 

greatest number of communities and people. The program has 

subsequently expanded toward its full authorized purview by 

incremental additions as necessary research was 
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accomplished, funding made available. or unusual 

opportunities presented. The principal thrusts have been 

toward dealing with more types of losses (i.e., coastal 

flooding, mud slides and flood caused erosion), special 

types of areas (i.e., alluvial fans, subsidence areas), and 

toward strengthening of mitigation efforts. 

Alluvial. Fans 
Extension of the National Flood Insurance Program to 

alluvial fans is important for several reasons including the 

large number of fans which exist, the rapid growth of 

development on fans, and the high risk of severe damage to 

those developments. Throughout much of the Western and 

Southwestern United States, alluvial fans are favored for 

development because of the availability of attractive 

building sites, access to water and other ammenities. 

Flood problems on alluvial fans are unusual in several 

respects. Flows tend to have a high velocity, undergo 

unpredictable changes in direction, and carry large amounts 

of debris and sediment. Moreover, the characteristics of 

flow may change drastically over relatively short distances 

between the upper and lower portions of a fan. Even soils 

are different from most other areas, tending to be easily 

eroded and highly porous. These and other differences have 

hampered applicaion of the flood insurance program to 

alluvial fans because they make it difficult to: 

Assess risk in terms of frequency. of flooding 

at any specific location on the' fan and, 

consequently, to determine which areas should 

fall under various sanctions of the'program. 

Identify what flood loss reduction measures are 

likely to prove appropriate and cost effective 

in various circumstances such as the existing 
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extent of development and particular location 

on a fan. 

Determine accurate stage-damage relationships 

as a basis for setting actuarial rates. 

Some work has been accomplished toward overcoming the 

problem of determining flood risk on alluvial fans. A 

methodology now exists for assigning a statistical measure 

of flood risk. This study is focused on the potential 

effectiveness of various flood loss reduction measures. 

1.2 studv Scope and Goals 

A study of the effectiveness of flood plain management tools 

for use of alluvial fans was accomplished under contract 

EMU-C-0 175 with the Federal Emergency Management Agency. 

The general goals of this study are: 

1. determination of the effectiveness o f 

nonstructural and structural flood plain 

management measures in reducing flood losses in 

different types of alluvial fans; 

2. recommendation of preferred management measures 

for specific alluvial fan conditions; 

3. development of a process for selecting 

management measures which considers all 

important aspects of flood behavior and fan 

conditions; 

4. provision of information necessary for FEMA to 

develop environmental and inflationary impact 

assessments for management tools which are 
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specified in future regulations; and 

5. the development' of damage information for 

structures on fans which will assist the Flood 

Insurance Administration in determining 

insurance risks where management tools are 

used. 

It became clear early in the study that additional, 

subordinate goals should be set to ensure that the selection 

of management tools is based on sound knowledge of flood 

processes on fans. These goals are: 

1. the completion of a survey of developed or 

developing alluvial fans to identify all key 

fan and watershed characteristics; 

2. the investigation o f hydraulic and 

sedimentation processes on fans using both a 

literature search and physical model tests of 

idealized alluvial fan conditions; and 

3. the development of a tentative and qualitative 

methodology for identifying the location and 

severity of flood conditions and flood hazards 

which must be managed. 

The scope of this study was restricted to analyses which 

were directly related to evaluation and application of 

management tools. Investigation of flood processes on fans 

was limited to developing data necessary to the selection 

and design of measures. Evaluation of the existing FIA 

alluvial fan methodology and alternative hazard 

quantification procedures -have not been pursued. The 

development of design principles and standards for 

management tools was also beyond the study scope. Future 
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e f f o r t s ,  i n c l u d i n g  t h e  d e v e l o p m e n t  o f  a m a n a g e m e n t  h a n d b o o k .  

may b e  n e e d e d  t o  p r o v i d e  a d e q u a t e  i n f o r m a t i o n  t o  c o m m u n i t i e s  

o n  a l l u v i a l  f a n s .  

1 .3  S t u d v  A p p r o a c h  

T h e  s t a t e  o f  t h e  a r t  f o r  f l o o d  p l a i n  m a n a g e m e n t  o n  f a n s  i s  

p o o r l y  d e v e l o p e d  a t  p r e s e n t .  A g o o d  d e a l  o f  u n c e r t a i n t y  

e x i s t s  r e g a r d i n g  t h e  n a t u r e  a n d  s e v e r i t y  o f  f l o w d  p r o c e s s e s  

a n d  f l o o d  h a z a r d s  on f a n s .  E n g i n e e r i n g  techniques u s e d  t o  

i d e n t i f y  a n d  q u a n t i f y  t h e s e  h a z a r d s  a r e  i n  a n  e a r l y  s t a g e  o f  

d e v e l o p m e n t  a n d ,  a s  a r e s u l t ,  t h e  d e s i g n  a n d  i m p l e m e n t a t i o n  

o f  f l o o d  p l a i n  m a n a g e m e n t  m e a s u r e s  f o r  f a n s  h a s  b e e n  

u n c o o r d i n a t e d  a n d  o f t e n  i n e f f e c t i v e .  

T h e  f l o o d i n g  p r o c e s s  o n  f a n s  i s  h i g h l y  c o m p l e x  a n d ,  a t  

p r e s e n t ,  p o o r l y  u n d e r s t o o d  b y  p l a n n e r s  a n d  e n g i n e e r s  a l i k e .  

Few d e t a i l e d  f i e l d  o b s e r v a t i o n s  o f  f a n  f l o o d i n g  a n d  

v i r t u a l l y  n o  q u a n t i t a t i v e  m e a s u r e m e n t s  o f  d e p t h s  a n d  

v e l o c i t i e s  h a v e  b e e n  m a d e .  E x i s t i n g  a n a l y t i c  a n d  n u m e r i c a l  

m o d e l s  f o r  f l o o d  h y d r a u l i c s  a n d  s e d i m e n t a t i o n  d o  n o t  

a d e q u a t e l y  r e p r e s e n t  t h e s e  p r o c e s s e s  o n  f a n s .  T h e  

i n t e r a t i o n s  b e t w e e n  f a n  a n d '  w a t e r s h e d  c o n d i t i o n s  a n d  

h y d r a u l i c  b e h a v i o r  a r e  p o o r l y  d o c u m e n t e d .  H e n c e ,  d e f e n s i b l e  

m e t h o d o l o g i e s  a v a i l a b l e  f o r  a c h i e v i n g  t h e  g o a l s  e s t a b l i s h e d  

i n  S e c t i o n  1 . 2  a r e  l i m i t e d .  

A r e s e a r c h  p r o g r a m  w h i c h  i n c o r p o r a t e d  a l i t e r a t u r e  s e a r c h ,  

f i e l d  s t u d i e s ,  a n d  p h y s i c a l  m o d e l  s t u d i e s  was s e l e c t e d  a s  

b e i n g  a b a l a n c e d ,  s t a t e - o f - t h e - a r t  a p p r o a c h  t o  t h e  p r o b l e m .  

T h e  l i t e r a t u r e  s e a r c h  w a s  d e s i g n e d  t o  s u r v e y  t h e  r e l a t e d  

f i e l d s  o f  a r i d - r e g i o n  h y d r o l o g y ,  r i v e r  m e s h a n i c s ,  s e d i m e n t  

t r a n s p o r t ,  a n d  f l o o d  p l a i n  m a n a g e m e n t  a n d  p r o v i d e  the b a s i s  

f o r  f i e l d  a n d  l a b o r a t o r y  e f f o r t s .  F i e l d  s t u d y  l o c a t i o n s  

w e r e  s e l e c t e d  t o  r e p r e s e n t  t h e  w i d e s t  p o s s i b l e  r a n g e  o f  f a n  
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and watershed charateristics and to provide case studies of 

flood plain management tool applications in existing 

communities. A program of physical model studies was 

developed to provide ( 1 )  quantitative data on flood 

behavior, including depth, velocity. and sediment transport 

rates; ( 2 )  qualitative and quantitative relationships 

between fan and watershed conditions and flood processes; 

( 3 )  models of flood plain management tool applications and 

operations; and (Q) analyses of the effectiveness of such 

tools. 

Physical model studies were selected as the only viable 

short-term means for investigating phenomena which have only 

been cursorily documented in the field. As discussed in 

Part 11, Section 2 of this report, such use is justified 

despite a recognized lack of data suitable for model 

verification. Physical models have, in the past, been used 

successfully to study complex hydraulics, fluid mechanics. 

and sedimentation problems where no analytic or field data 

was available. Many theories about erosion, sed iment 

transport and river mechanics have been developed based 

on physical model studies and such studies have proven 

to be essential to the improvement of our understanding 

of the responses of complex natural systems. Care has been 

taken to verify each model used in the present study, 

wherever possible, against observed flood behavior. One 

model was designed to be a scale replica of an actual fan 

and the results of prototype flood simulations were compared 

with field observations of a historical flood. 

Comparisons between model behavior and hydraulic 

principles were made to verify the reasonableness of the 

results. 

As an adjunct to the study of fan flood processes and 

management tool effectiveness, analyses of management tool 

environmental, social, economic, and inflationary impacts 
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I 
I 

were m a d e .  T e n t a t i v e ,  g e n e r a l i z e d  c u r v e s  r e l a t i n g  f l o o d  

I d e p t h s  a n d  v e l o c i t i e s  t o  s t r u c t u r e  d a m a g e s  o n  f a n s  were a l s o  

c o n s t r u c t e d  t o  s e r v e  a s  p r e l i m i n a r y  g u l d e s  f o r  insurance 

I r a t e  e s t a b l i s h m e n t .  

I T h e  s t u d y  t a s k s  c o v e r e d  b y  t h i s  r e p o r t  a r e  a s  f o l l o w s :  

T 
1 .  d e s i g n ,  c o n s t r u c t ,  a n d  o p e r a t e  a p h y s i c a l  m o d e l  

o f  i d e a l i z e d  f a n  c o n d i t i o n s  a n d  c o l l e c t  d a t a  o n  

h y d r a u l i c  a n d  s e d i m e n t a t i o n  p r o c e s s e s  d u r i n g  

1 s i m u l a t e d  f l o o d  e v e n t s ;  

E 2 .  d e s i g n ,  c o n s t r u c t ,  a n d  o p e r a t e  a  p h y s i c a l  m o d e l  

o f  a p r o t o t y p e  f a n ,  s p e c r f i c a l l y  t h e  R a n c h o  

I M i r a g e  f a n ,  a n d  t e s t  w h o l e - f a n  m a n a g e m e n t  

m e a s u r e  p e r f o r m a n c e :  

4 3. d e s l g n ,  c o n s t r u c t ,  a n d  o p e r a t e  p h y s l c a l  m o d e l s  

o f  l o c a l  d e v e l o p e d  a r e a s ,  s u c h  a s  

I s u b d i v i s l o n s ,  a n d  t e s t  t h e  p e r f o r m a n c e  o f  l o c a l  

s t r u c t u r a l  m e a s u r e s  a n d  n o n s t r u c t u r a l  m e a s u r e s ;  

I 4. v e r i f y  t h e  q u a l i t a t i v e  a c c u r a c y  o f  t h e  m o d e l s  

I b y  c o m p a r i n g  a m o d e l  s i m u l a t i o n  o f  t h e  1 9 7 9  

f l o o d  e v e n t  a t  R a n c h o  M l r a g e  w l t h  a c t u a l  f l o o d  

I 
b e h a v i o r ;  

5 .  d e v e l o p  r e c o m m e n d a t i o n s  f o r  m a n a g e m e n t  t o o l  

I a p p l i c a t i o n s  b a s e d  o n  f i e l d  s t u d i e s  a n d  

p h y s i c a l  m o d e l  r e s u l t s ;  

I 
6 .  d e v e l o p  a  m e t h o d o l o g y  f o r  s e l e c t i n g  m a n a g e m e n t  

I t o o l s ;  

t 
7 .  i d e n t i f y  t h e  e n v i r o n m e n t a l  s o c i a l ,  economic, 

a n d  i n f l a t i o n a r y  i m p a c t s  o f  m a n a g e m e n t  t o o l s ;  
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a n d  

8 .  d e v e l o p  c u r v e s  w h i c h  r e l a t e  p e r c e n t  d a m a g e  

est imates f o r  r e s i d e n t i a l  s t r u c t u r e s  o n  f a n s  t o  

t h e  d e p t h  a n d  v e l o c i t y  o f  t h e  f l o w .  

1 . 4  R e p o r t  C o n t e n t  and O r u a n i z a t i o q  

T h i s  f i n a l  r e p o r t  d i s c u s s e s  a l l  a s p e c t s  o f  t h e  s t u d y ,  b u t  

f o c u s e s  s p e c i f i c a l l y  o n  t h e  p h y s i c a l  m o d e l  s t u d i e s  a n d  

a n a l y s i s  o f  m a n a g e m e n t  t o o l  e f f e c t i v e n e s s .  T h e  p r o j e c t  

S t u d y  P l a n ,  s u b m i t t e d  i n  O c t o b e r ,  1 9 8 0 .  p r e s e n t e d  a  d e t a i l e d  

d i s c u s s i o n  o f  t h e  t a s k s  w h i c h  w e r e  t o  b e  a c c o m p l i s h e d  a n d  

t h e  e x p e c t e d  e n d  p r o d u c t s .  T h e  S t a t e - o f - t h e - A r t  R e p o r t ,  

s u b m i t t e d  i n  D e c e m b e r ,  1 9 8 0 ,  p r o v i d e d  a  d e t a i l e d  r e v i e w  o f  

h i s t o r i c a l  f l o o d i n g  o n  f a n s ,  k e y  c h a r a c t e r i s t i c s  o f  f a n s .  

c a s e  s t u d i e s  o f  c o m m u n i t i e s  w h i c h  h a v e  e x p e r i e n c e d  f a n  

f l o o d i n g ,  a n d  e x i s t i n g  a p p l i c a t i o n s  o f  f l o o d  p l a i n  

m a n a g e m e n t  t o o l s .  .. 

P a r t  I o f  t h i s  r e p o r t  p r e s e n t s  t h e  s t u d y  f i n d i n g s  a n d  

c o n c l u s i o n s  a n d  i n c l u d e s  a n  e x e c u t i v e  s u m m a r y .  D i s c u s s i o n  

o f  a l l u v i a l  f a n  c h a r a c t e r i s t i c s ,  f l o o d  d y n a m i c s ,  f l o o d  

h a z a r d s .  m a n a g e m e n t  t o o l  e f f e c t i v e n e s s ,  f l o o d  p l a i n  

m a n a g e m e n t ,  d a m a g e  r i s k  o n  f a n s ,  a n d  m a n a g e m e n t  t o o l  i m p a c t s  

a r e  p r o v i d e d .  P a r t  I 1  p r o v i d e s  d o c u m e n t a t i o n  o f  p h y s i c a l  

m o d e l  d e s i g n ,  c o n t r u c t i o n ,  a n d  o p e r a t i o n ,  a s  we l l  a s  

d o c u m e n t a t i o n  o f  e x p e r i m e n t a l  r e s u l t s .  T h e  t e c h n i q u e s  u s e d  

t o  d e v e l o p  i m p a c t  m a t r i c e s  a n d  d a m a g e  c u r v e s  a r e  a l s o  

d i s c u s s e d .  
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2 .  EXECUTIWF SUMMARY - - 

The following discussions sumaa~ize the principal findings 

of this study. 

2.1 Alluvial  an Characteristfcs 

1. Three types of depositional landfusms, fans. washes, and 

aprons, are of ten confused. Each has $If ferent flooding 

characteristics. The focus of this study 6 s  on fans. 

2. AlluviaS fan mosphologic, kydralagnc, and hydr~ulic 

characteristics vary widely between fens.. Consequently, the 

extent, severity, and behavior of floods on fans depends 

heavily on individuai characterxs~ics. 

3. Key watershed and fan cheracteristizs which influence 

fan flood behavior are: 

watershed slope; 

watershed soil type and vegetation; 

forest fire frequency; 

rainfall intensity and duration; 

fan slope and topographic shape; 

existence of an entrenched channel; 

apex discharge (hydraulic) conditions; 

fan sediment type and vegetation; and 

the location, density, geometry of development 

on the fan. 

. Development pressures are substantial on many fans in 

the western and southwestern parts of the U.S. Fans 

adjacent to urban centers are already experiencing rapid 
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development. Hence, the potential for significant -future 

flood damages on fans is high. 

5. A recommended approach to identification of key fan 

characteristics is suggested: 

perform a field survey; 

develop detailed topographic mapping: 

obtain geologic and flood histories of the fan; 

and 

classify the fan according to the key 

characteristics. 

2.2 flood Dvnamics 

1 .  A l l  watercourses on fans are ephemeral, with severe 

flash floods occurring spor&dically. Channel patterns and 

inundation zones often change with each flood. Sediment 

erosion and deposition occur rapidly during floods and 

quickly alter channel geometries. 

2. Three hydraulic zones can be identified on many fans: 

channelized zone, near the apex, where a single 

definable channel exists; 

braided zone, a transition area where the 

channel becomes unstable and multiple sinuous 

flow paths form; and 

sheet flow zone, where the flow spreads 

laterally and is very shallow. 

3. Two time scales are of importance in fan flood dynamics: 

geologic time (millenis), during which the flow 

paths wander across a fan and the fan aggrades 
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uniformly; and 
I 

human time, which encompasses the typical 

planning horizon ( 1 0 0  years). 

Fan flood behavior will be unstable over geologic time, but 

may be consistent over human time due to channel 

entrenchments or other restrictions on flood pathways. 

Planners must, during the course of a flood investigation. 

determine whether existing flood channels are stable over 

human time. 

4. Flood dynamics are strongly influenced by fan and 

watershed characterics. Watershed characteristics affect 

the duration, intensity, and total volume of water and 

sediment that enters the fan at the apex. Fan 

characteristics influence the direction, hydraulic behavior, 

amount of sediment scour or deposition, depth, and velocity 

of the flow. 

5. Any analysis of flood behavior on fans must identify and 

consider fan and watershed characteristics. 

2.3 Flood Hazards m Fans 

1 .  The following types of flood hazards are common on fans: 

inundation; 

sediment deposition; 

scour and undermining; 

impact forces; 

hydrostatic and buoyant forces; 

high velocities; and 

unpredictable flow paths. 

2. T h e severity of each hazard varies with location on the 
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fan and with the flood dynamics of each fan. Generalities 

about the importance of each hazard for all fans are not 

possible. Identified characteristics must be used to 

estimate severity and location of each hazard. 

3. Relationships between fan and watershed characteristics 

and hazard severity are defined in this report. 

4 .  A simple, uniform approach to quantifying hazards (depth 

and velocity of flow) will not adequately represent the 

broad range of fan and watershed characteristics which 

exists. 

5. A recommmended approach to hazard identification and 

estimation is suggested: 

gather data on historical flooding: 

identify watershed and fan characteristics; 

estimate location and severity of hazards based 

on flood history and characteristics; 

delineate areas subject to flooding; and 

use empirical relationships to quantify flood 

depths and velocities within the flooded zone. 

2.4 The Flood Manaaement Process 

1. A flexible, comprehensive approach to flood plain 

management which is considerably different than that used in 

riverine situations is needed because: 

the hydraulics of fan flooding are more complex 

and erratic than that of riverine floods; 

any management action or new development is 

likely to substantially change down-fan flood 

conditions; and 
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m o r e  t y p e s  o f  h a z a r d s  a r e  p r e s e n t  i n  f a n  

f l o o d i n g  t h a n  i n  r i v e r i n e  f l o o d s  a n d  many  o f  

t h e  h a z a r d s  a r e  much  m o r e  s e v e r e .  

2 .  T h e  a p p l i c a t i o n  o f  f l o o d  m a n a g e m e n t  t o o l s  d e p e n d s ,  i n  

p a r t ,  o n  t h e  l o c a t i o n ,  d e n s i t y  a n d  t i m i n g  o f  d e v e l o p m e n t .  

When a mas te r  p l a n  f o r  d e v e l o p m e n t  is  c r e a t e d  b e f o r e  a  f a n  

b e c o m e s  u r b a n i z e d ,  c h o i c e s  b e t w e e n  t o o l s  c a n  b e  m a d e  t o  

m a x i m i z e d  b e n e f i t s .  I f  d e v e l o p m e n t  o c c u r s  w i t h o u t  a  m a s t e r  

p l a n ,  t h e  f l o o d  m a n a g e m e n t  c h o i c e s  a r e  d i c t a t e d  b y  e x i s t i n g  

s t r u c t u r e s  a n d  d e v e l o p m e n t  p a t t e r n s .  

3 .  T h r e e  d e v e l o p m e n t  s c e n a r i o s  h a v e  b e e n  h y p o t h e s i z e d ,  a s  

f o l l o w s :  . 
l o w  d e n s i t y ,  w h e r e  s t r u c t u r e s  a r e  e l e v a t e d  a n d  

min imum l o t  s i z e s  a r e  e n f o r c e d ;  

m o d e r a t e  d e n s i t y ,  w h e r e  e i t h e r  d e v e l o p m e n t s  a r e  

p r o t e c t e d  b y  l o c a l  m e a s u r e s  a n d  a l l o w e d  t o  

o c c u p y  much  o f  t h e  f a n  o r  a r e  p r o t e c t e d  b y  

r e s e r v e d  f l o o d w a y s  a n d  l e v e e s  a n d  z o n e d  t o  

p r o v i d e  f o r  t h e  o p e n  s p a c e  r e q u i r e d ;  a n d  

h i g h  d e n s i t y ,  w h e r e  w h o l e - f a n  t o o l s  s u c h  as  

c h a n n e l s  a r e  u s e d  t o  c o n f i n e  a n d  c o n v e y  t h e  

f l o o d  f r o m  a p e x  t o  t o e .  

T h e s e  s c e n a r i o s  c a n  b e  u s e d  t o  f o c u s  p l a n n i n g  d e c i s i o n s  o n  

t h e  e f f e c t  o f  d e n s i t y  o n  f l o o d  p l a i n  m a n a g e m e n t .  

2 . 5  S e l e c t i o n  af F l o o d  P l a i n  H a n a q e m e n t  T o o l s  

1 .  T h e  f o l l o w i n g  m a n a g e m e n t  t o o l s  h a v e  e i t h e r  b e e n  u s e d  o n  

f a n s  i n  t h e  p a s t  o r  h a v e  b e e n  s h o w n  i n  t h e  p h y s i c a l  m o d e l  

t e s t s  t o  b e  o f  s i g n i f i c a n t  v a l u e :  
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d e b r i s  b a s i n s  o r  d e t e n t i o n  d a m s ;  

l e v e e s  a n d  c h a n n e l s ;  

d r o p  s t r u c t u r e s ;  

d e b r i s  f e n c e s ;  

l o c a l  d i k e s ;  

s t r e e t  o r i e n t a t i o n  a n d  d e s i g n ;  

e l e v a t i o n  o f  s t r u c t u r e s ;  

w a t e r s h e d  m a n a g e m e n t ;  a n d  

f l o o d  p l a i n  z o n i n g .  

2 .  T h e  d e s i g n  o f  m a n a g e m e n t  t o o l s  m u s t  c o n s i d e r  t h e  

f o l l o w i n g  c r i t e r i a ;  

p e r f o r m a n c e  r e q u i r e m e n t s  s p e c i f y i n g  t h e  d e p t h ,  

v e l o c i t y ,  a n d  d i s c h a r g e  w h i c h  m u s t  b e  

c o n t r o l l e d ;  

i d e n t i f i e d  f l o o d  h a z a r d s  a n d  t h e  s u s c e p t i b i l i t y  

o f  t h e  t o o l  t o  t h o s e  h a z a r d s ;  

p h y s i c a l  c o n s t r a i n t s  s u c h  a s  a v a i l a b l e  l a n d ;  

p u b l i c  a c c e p t a n c e  p o t e n t i a l ;  a n d  

c o s t .  

3. A m a n a g e m e n t  t o o l  s e l e c t i o n  p r o c e s s  w h i c h  c o n s i d e r s  

t h e s e  c r i t e r i a  i s  r e c o m m e n d e d ,  a s  f o l l o w s :  

i d e n t i f y  t h e  t y p e  a n d  l o c a t i o n  o f  f l o o d  

h a z a r d s ;  

d e v e l o p  q u a n t i t a t i v e  e s t i m a t e s  o f  f l o o d  d e p t h ,  

v e l o c i t y ,  a n d  p a t h ;  

i d e n t i f y  e x i s t i n g  a n d  f u t u r e  d e v e l o p m e n t  

t h r o u g h  t h e  c r e a t i o n  o f  a  m a s t e r  p l a n ;  

d e v e l o p  a l t e r n a t i v e  f l o o d  m a n a g e m e n t  s c e n a r i o s  

u s i n g  d i f f e r e n t  t o o l s ;  

e l i m i n a t e  t o o l s  t h a t  a r e  i n e f f e c t i v e  o r  w i l l  b e  

s e v e r l y  d a m a g e d  b y  f l o o d  h a z a r d s ;  

e s t i m a t e  t h e  c o s t  o f  a l t e r n a t i v e  s c e n a r i o s ;  a n d  

F I N A L  REPORT 19 A N D E R S O N - N I C H O L S  



s e l e c t  t h e  m o s t  c o s t - e f f e c t i v e  t o o l s .  

4 .  A l t h o u g h  FENA r e g u l a t i o n s  d o  n o t  r e q u i r e  w h o l e - f a n  

t o o l s ,  s e v e r a l  c o m m u n i t i e s  h a v e  u s e d  c h a n n e l s ,  l e v e e s ,  a n d  

o r  d e b r i s  b a s i n  t o  c o n t r o l  f l o o d i n g .  T h e  r e a s o n s  f o r  s u c h  

d e o i s i o n s  i n c l u d e :  

p r o t e c t i o n  o f  e x i s t i n g  s t r u c t u r e s ;  

m a x i m i z a t i o n  o f  d e v e l o p a b l e  l a n d ;  

p r o t e c t i o n  o f  s t r e e t s ,  u t i l i t i e s  a n d  l a n d s c a p e ;  

l o w e r  o v e r a l l  c o s t ;  a n d  

a v a i l a b i l i t y  o f  f e d e r a l  o r  s t a t e  f u n d i n g  f o r  

s t r u c t u r a l  m e a s u r e s .  

5. L o c a l  t o o l s  s u c h  a s  l o c a l  l e v e e s ,  s t r e e t  o r i e n t a t i o n .  

a n d  e l e v a t i o n  o f  s t r u c t u r e s  a p p e a r  t o  b e  m o s t  a p p r o p r i a t e  

w h e n  e x i s t i n g  a n d  p r o j e c t e d  d e v e l o p m e n t  d e n s i t i e s  a r e  l o w  t o  

m o d e r a t e .  S u c h  m e a s u r e s  m a k e  i n c o r p o r a t i o n  o f  f l o o d  c o n t r o l  

c o s t s  i n t o  s u b d i v i s i o n  c o n s t r u c t i o n  c o s t s  p o s s i b l e .  

6 .  When i n d i v i d u a l  s t r u c t u r e s  o r  s m a l l  b l o c k s  o f  h o m e s  a r e  

p l a c e d  w i t h i n  e x i s t i n g  s u b d i v i s i o n s ,  f l o o d  p r o t e c t i o n  

s y s t e m s  f o r  t h e s e  h o m e s  m u s t  b e  c o o r d i n a t e d  w i t h  e x i s t i n g  

t o o l s .  I n  g e n e r a l ,  e l e v a t i o n  o n  p i l e s  s h o u l d  b e  u s e d  t o  

a v o i d  b l o c k a g e  o r  d i v e r s i o n  o f  f l o o d w a t e r s  a n d  i n c r e a s e d  

d o w n s t r e a m  d a m a g e .  

7 .  T h e  f o l l o w i n g  a p p l i c a t i o n s  o f  m a n a g e m e n t  t o o l s  a r e  

r e c o m m e n d e d  f o r  s u b d i v i s i o n s  i n  e a c h  h y d r a u l i c  z o n e  o n  t h e  

f a n  a n d  f o r  t h e  p l a c e m e n t  "of s i n g l e  s t r u c t u r e s .  

C h a n n e l i z e d  Zone 

D e v e l o p m e n t  p r o h i b i t e d  u n l e s s  w h o l e - f  a n  

m e a s u r e s  a r e  i m p l e m e n t e d .  
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B r a i d e d  Zone 

B a s e m e n t s  a n d  m o b i l e  h o m e s  p r o h i b i t e d .  

S t r e e t s  a l i g n e d  a n d  d e s i g n e d  t o  c o n v e y  e n t i r e  

f l o o d  f l o w .  

Use o f  l o c a l  d i k e s  t o  d i r e c t  - f l o w s  i n t o  

s t r e e t s .  

Use o f  d r o p  s t r u c t u r e s  b e t w e e n  h o m e s  b u i l t  o n  

h i g h  s l o p e s  t o  p r e v e n t  e x c e s s i v e  e r o s i o n .  

A l l  m a n a g e m e n t  t o o l s  m u s t  b e  c o o r d i n a t e d  w i t h  

t o o l s  i n  e x i s t i n g  d e v e l o p m e n t s .  

W h o l e - f a n  m a n a g e m e n t  t o o l s  c a n  b e  u s e d  i n s t e a d  

o f  t h e  a b o v e  p r o v i s i o n s .  

. 
S h a l l o w  F l o o d i n p  Zone 

E l e v a t i o n  o f  s t r u c t u r e s  o n  p i l e s  o r  a r m o r e d  

f i l l .  

S t r e e t  o r i e n t a t i o n  t o  m a x i m i z e  f l o o d  

c o n v e y a n c e  

I f  u p - f a n  s u b d i v i s i o n s  u s e  d e p r e s s e d  s t r e e t s  o r  

c h a n n e l s  t o  c o n v e y  f l o o d s ,  t h e s e  t o o l s  m u s t  b e  

c o n t i n u e d  down t o  t h e  f a n  t o e .  

Use o f  d r o p  s t r u c t u r e s  b e t w e e n  h o m e s  b u i l t  o n  

h i g h  s l o p e s .  

W h o l e - f a n  m a n a g e m e n t  t o o l s  c a n  b e  u s e d  i n s t e a d  

o f  t h e  a b o v e  p r o v i s i o n s .  

P l a c e m e n t  fi S i n n q l e  S t r u c t u r e s  

I n  u n d e v e l o p e d  a r e a s ,  c a n  e l e v a t e  o n  a r m o r e d  

f i l l  o r  u s e  l o c a l  d i k e s  p r o v i d e d  t h a t  n o  a d d e d  

f l o o d  d a m a g e  t o  o t h e r  s t r u c t u r e s  r e s u l t s .  

I n  d e v e l o p e d  a r e a s ,  l o c a l  d i k e s ,  c h a n n e l s ,  a n d  

a r m o r e d  f i l l  m u s t  t i e  i n  w i t h  e x i s t i n g  f l o o d  

c o n t r o l  t o o l s .  

E l e v a t i o n  o n  p i l e s  s h o u l d  b e  u s e d  i f  a b o v e  

c r i t e r i a  c a n n o t  b e  me t .  

No s i n g l e  p l a c e m e n t  s h o u l d  ' b e  a l l o w e d  i n  t h e  

c h a n n e l i z e d  z o n e .  
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2 . 6  A s s e s s m e n t  of D a m a s e  R i s k  o n  F a n s  

1 .  C u r v e s  r e l a t i n g  f l o o d  d e p t h  a n d  v e l o c i t y  t o  a p p r o x i m a t e  

d a m a g e s  t o  s t r u c t u r e s  h a v e  b e e n  d e v e l o p e d .  T h e  FIA r i v e r i n e  

c u r v e s  were u s e d  a s  a b a s i s  a n d  m o d i f i e d  t o  i n c o r p o r a t e  t h e  

e f f e c t s  o f  v e l o c i t y  a n d  s e d i m e n t  t r a n s p o r t .  

2 .  T h e  d a m a g e  c u r v e s  c a n  b e  u s e d  w i t h  s t a g e /  v e l o c i t y /  

f r e q u e n c y  c u r v e s  t o  r o u g h l y  a s s e s s  t h e  e x p e c t e d  a n n u a l  f l o o d  

d a m a g e s  o n  a f a n ,  Due t o  t h e ,  a t  p r e s e n t ,  l i m i t e d  

u n d e r s t a n d i n g  o f  f a n  f l o o d  d y n a m i c s  a n d  t h e  h i g h  v a r i a b i l i t y  

o f  f l o o d  b e h a v i o r  o n  f a n s ,  f l o o d  d a m a g e s  o b t a i n e d  i n  t h i s  

w a y  s h o u l d  b e  u s e d  o n l y  a s  r o u g h  e s t i m a t e s  o f  r i s k .  

3 .  D a m a g e s  a t  g i v e n  d e p t h s  a r e  s u b s t a n t i a l l y  h i g h e r  o n  f a n s  

t h a n  i n  r i v e r i n e  f l o o d s ,  d u e  t o  s c o u r ,  s e d i m e n t  d e p o s i t i o n ,  

a n d  i m p a c t  f o r c e s  o n  s t r u c t u r e s .  

2 . 7  J s s e s s m e n t  of p a n a o e m e n t  Tool I m p a c t s  

1 .  M a t r i c e s  were c r e a t e d  t o  d e l i n e a t e  t h e  t y p e s  o f  

e n v i r o n m e n t a l ,  s o c i a l ,  e c o n o m i c ,  a n d  i n f l a t i o n a r y  i m p a c t s  

w h i c h  may r e s u l t  f r o m  t h e  a p p l i c a t i o n  o f  t h e  v a r i o u s  

m a n a g e m e n t  t o o l s .  T h e  d i r e c t i o n  a n d  s i g n i f i c a n c e  o f  e a c h  

i m p a c t  a r e  i n d i c a t e d  a l o n g  w i t h  w h e t h e r  t h e  i m p a c t  is  

t e m p o r a r y  o r  p e r m a n e n t .  

2 .  T h e  m a t r i c e s  a r e  g e n e r a l  i n  t h a t  t h e y  a p p l y  t o  a11 f a n s .  

H o w e v e r ,  s p e c i f i c  f a n  s i t u a t i o n s  may i n c u r  s i g n i f i c a n t l y  

d i f f e r e n t  i m p a c t s .  

3 .  W h o l e - f a n ,  s t r u c t u r a l  m e a s u r e s  h a v e  t h e  m o s t  s i g n i f i c a n t  

e c o n o m i c  a n d  e n v i r o n m e n t a l  i m p a c t s ,  b o t h  p o s i t i v e  a n d  
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megative 

. Local measures have minor environmental impacts except 

for aesthetics and have less significant economic impacts 

than whole-fan tools. 

5. Inflationary impacts are minor for all tools. 

6. Social impacts are generally minor, with the exception 

of t h e  major impacts of flood plain zoning on communities. 
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3. ALLUVIAL fRN DESCRIPTION 

Alluvial (depositional) formations have topographic, 

morphologic, and hydrologic characteristics which differ 

substantially from the characteristics of most river 

valleys. Since the hydraulic processes and the extent of 

flood hazards on fans depend on these characteristics, a 

summary of the geologic processes which form and reshape 

fans is included. 

3.1 Fan Formation and Modification 

Three types of alluvial landforms are often confused in 

flood studies; and yet have strikingly different flood 

behavior: alluvial fans, alluvial aprons, and washes. The 

differences between these landforms lie in how and when they 

develop. All three structures form at the base of steep, 

highly erodible mountain masses which are subjected to high 

intensity, short duration rainfall events. Such rainfall 

events dislodge large amounts of sediment and transport the 

sediment to the valley floor through ravines and channels. 

When the flood flows leave the confinement of the rock walls 

of the ravine, the water spreads out, becomes more shallow, 

and drops the majority of its suspended sediment load onto 

the valley floor. Over geologic time these deposits form a 

segment of a cone with its apex at the mountain front. 

Lines of maximum topographic slope radiate away from the 

apex and terminate at the valley floor, where original 

valley slopes again dominate. Characteristic slopes of fans 

depend on several factors, including size of sediment 

particles and concentration of sediment in the discharge 

from the watershed. 
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The term uash is commonly used to denote an alluvial valley 

floor. Such a valley can be thought of as an alluvial fan 

which is restricted in extent by the proximity of rock 

walls. Washes are found both in the section of ravine 

immediately above the apex of a fan and as separate 

formations where the channel draining the mountain watershed 

remains confined until it reaches a large river. Hence, 

washes are typically long, narrow formations. Contour lines 

on a wash are typically linear and perpendicular to the 

confining canyon walls. 

A series of fans often form along the front of steep 

mountain ranges where numerous small watersheds are drained 

by individual streams. As these fans expand out onto the 

valley floor, the edges, or toes, of the fans coalesce into 

an alluvial apron. This apron area is characterized by 

nearly linear contour lines and a series of parallel ravines 

or arroyos which drain the apron. Figure 3 . 1  shows two 

fans and an apron in the Wenatchee. Washington area and 

illustrates the major features of these landforms. Further 

discussions of alluvial landforms can be found in Ritter 

( 1 9 7 3 )  and Scott ( 1 9 7 3 ) .  

Flood flows on the three landforms behave quite differently, 

due to the obvious differences in morphology. Floods on 

washes are confined by the canyon walls and attain high 

velocities and depths of flow. The path of floods on a wash 

tends to be stable and predictable. so that the flood plain 

is often well defined. If a wash is very wide however, 

braiding and meandering of the channel may occur in a manner 

similar to that in river valleys. Sediment deposition tends 

to occur uniformly across the wash and permanent incision of 

one channel is rare. 

Flooding on alluvial aprons is generally limited to the 

arroyos which drain the apron. The characteristics of flow 
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I Figure 3.1 Topographic Characteristics of Typical Alluviol Fans and Alluvial Aprons 
(Wenatchee, Washington) 



i n  t h e  a r r o y o s  d e p e n d  b o t h  o n  l o c a l  d r a i n a g e  a n d  o n  

d i s c h a r g e s  f r o m  u p s t r e a m  a l l u v i a l  f a n s .  

On a l l u v i a l  f a n s ,  t h e  l o c a t i o n  o f  t h e  s t r e a m  c h a n n e l  i s  

, o f t e n  e r r a t i c ,  d u e  t o  t h e  r a p i d  e x p a n s i o n  o f  t h e  w i d t h  o f  

t h e  f a n  a n d  t h e  h i g h l y  v a r i a b l e  s e d i m e n t  l o a d  a n d  f l o w  r a t e  

o f  t h e  d i s c h a r g e s  l e a v i n g  t h e  m o u n t a i n  w a t e r s h e d .  C u t t i n g  

o f  a  c h a n n e l  n e a r  t h e  a p e x  may  o c c u r  d u r i n g  o n e  f l o o d  e v e n t .  

t o  b e  f o l l o w e d  b y  c h a n n e l  b a c k f i l l i n g  i n  s u b s e q u e n t  e v e n t s .  

C o n v e r s e l y ,  , a  f l o o d  p a t h w a y  may  r e m a i n  s t a b l e  o v e r  s e v e r a l  

e v e n t s ,  c a u s i n g  a g g r a d a t i o n  o f  t h a t  p a r t  o f  t h e  f a n .  

E v e n t u a l l y ,  t h e  e s t a b l i s h e d  c h a n n e l  w i l l  b e  f i l l e d  b y  

s e d i m e n t  a n d  t h e  f l o w  w i l l  m o v e  t o  a n e w ,  l o w e r  e l e v a t i o n  

a r e a  i n  a  p r o c e s s  c a l l e d  a n  a v u l s i o n .  T h r o u g h  m u l t i p l e  

a v u l s i o n s  o v e r  g e o l o g i c  t i m e ,  t h e  f a n  a g g r a d e s  u n i f o r m l y  s o  

t h a t  i t  t e n d s  t o  e x h i b i t  t h e  c o n c e n t r i c ,  s e m i - c i r c u l a r  

c o n t o u r  l i n e s  s h o w n  i n  F i g u r e  3 . 1 .  

I f  t h e  s e d i m e n t  s u p p l y  f r o m  t h e  u p s t r e a m  w a t e r s h e d  t o  a  f a n  

i s  r e d u c e d  d u e  t o  c h a n g e s  i n  r a i n f a l l  p a t t e r n s  o r  i n c r e a s e d  

v e g e t a t i o n ,  i n c i s i o n  o f  a  c h a n n e l  w i l l  b e g i n  a t  t h e  a p e x .  

I f  t h e  c h a n g e  i n  s e d i m e n t  s u p p l y  i s  p e r m a n e n t ,  a s t a b l e  

c h a n n e l  o r  e n t r e n c h m e n t  o f  t h e  f a n  s u r f a c e  r e s u l t s .  N o r m a l  

d e p o s i t i o n a l  p a t t e r n s  o n  t h e  f a n  a r e  a l t e r e d  b y  t h e  

e n t r e n c h m e n t  s u c h  t h a t  l i t t l e  d e p o s i t i o n  o c c u r s  n e a r  t h e  

a p e x  a n d  f a n  b u i l d i n g  c o m m e n c e s  a t  t h e  d o w n s l o p e  p o i n t  w h e r e  

t h e  e n t r e n c h m e n t  e n d s .  A n e w ,  s e c o n d a r y  f a n  i s  e s t a b l i s h e d  

w i t h  i t s  a p e x  a t  t h e  e n d  o f  t h e  e n t r e n c h m e n t  a n d  g r o w s  i n  

t h e  s a m e  p a t t e r n  a s  t h e  o r i g i n a l  f a n .  

E x t e n s i v e  v a r i a t i o n  i n  a l l u v i a l  f a n  m o r p h o l o g y  c a n  b e  

o b s e r v e d  b o t h  b e t w e e n  f a n s  i n  d i f f e r e n t  g e o g r a p h i c  a n d  

c l i m a t i c  a r e a s  a n d  b e t w e e n  a d j a c e n t  f a n s  i n  o n e  v a l l e y .  

T h e s e  v a r i a t i o n s  m a k e  g e n e r a l i z a t i o n s  a b o u t  f a n  s t r u c t u r e  a s  

wel l  a s  h y d r a u l i c  b e h a v i o r  d i f f i c u l t .  G e o m o r p h o l o g i s t s  

o f t e n  c o m p a r e  f a n  m o r p h o l o g i e s  b a s e d  o n  t h e  r e l a t i v e  a g e  o f  
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f a n s  . "Young"  f a n s  were f o r m e d .  b y  r e l a t i v e l y  r e c e n t  

t e c t o n i c  m o t i o n s  a n d  a r e  f e d  b y  s t e e p ,  s p a r s e l y  v e g e t a t e d  

w a t e r s h e d s  w i t h  h i g h  s e d i m e n t  p r o d u c t i o n  a n d  i n t e n s e  

f l o o d i n g  e v e n t s .  Young f a n s  e x h i b i t  s t e e p  s l o p e s ,  u n i f o r m  

c o n t o u r s ,  a n d  n o  i n c i s e d  c h a n n e l s .  A s  a f a n  a g e s  t h e  d e p t h  

o f  d e p o s i t i o n  a t  t h e  a p e x  i n c r e a s e s  a n d  d o w n c u t t i n g  o f  

f e e d e r  c h a n n e l s  i n  t h e  w a t e r s h e d  a b o v e  t h e  a p e x  c o n t i n u e s .  

A t  s o m e  p o i n t  i n  t ime, t h e  u p s t r e a m  c h a n n e l s  b e c o m e  l o w e r  i n  

e l e v a t i o n  t h a n  t h e  a p e x  a n d  i n c i s i o n  o f  a  c h a n n e l  o r  f a n h e a d  

t r e n c h  o c c u r s .  S u c h  a  c h a n n e l  i s  l i k e l y  t o  b e  p e r m a n e n t  a n d  

w i l l  b e  c u t  d e e p e r  w i t h  t ime a s  w a t e r s h e d  c h a n n e l s  c o n t i n u e  

t o  e r o d e .  

A f a n h e a d  t r e n c h  c a n  a l s o  b e  c r e a t e d  .when s e d i m e n t  

p r o d u c t i o n  i n  t h e  w a t e r s h e d  i s  r e d u c e d  d u e  t o  i n c r e a s e d  

v e g e t a t i o n ,  r e d u c t i o n  i n  r a i n f a l l  i n t e n s i t y ,  o r  p r o g r e s s i v e  

e x p o s u r e  o f  l e s s  e r o d i b l e  m a t e r i a l s .  S i n c e  t h e  s e d i m e n t  

t r a n s p o r t  c a p a c i t y  o r  c o m p e t e n c e  o f  t h e  f l o w  e x c e e d s  i t s  

s e d i m e n t  l o a d  a t  t h e  a p e x ,  i t  w i l l  s c o u r  t h e  f a n  s u r f a c e  a n d  

c r e a t e  a n  i n c i s e d  c h a n n e l .  A s  l o n g  a s  s t r e a m  c o m p e t e n c e  

e x c e e d s  s e d i m e n t  s u p p l y ,  t h e  c h a n n e l  d e e p e n i n g  a n d  w i d e n i n g  

w i l l  c o n t i n u e .  A r e t u r n  t o  h i g h e r  s e d i m e n t  p r o d u c t i v i t y  i n  

t h e  w a t e r s h e d ,  d u e  t o  f o r e s t  f i r e s  o r  i n c r e a s e d  r a i n f a l l ,  

w i l l  o f t e n  c a u s e  t h e  c h a n n e l  t o  b e  b a c k f i l l e d  a n d  e r r a t i c  

f l o o d  c h a n n e l s  a n d  m o r e  u n i f o r m  s e d i m e n t  d e p o s i t i o n  w i l l  

a g a i n  d o m i n a t e .  

F i g u r e  3 . 2  p r o v i d e s  a c o m p a r i s o n  b e t w e e n  y o u n g ,  u n e n t r e n c h e d  

f a n s  ( a )  a n d  e n t r e n c h e d  f a n s  ( b l .  W h i l e  t h e  u n e n t r e n c h e d  

f a n  f o r m s  a  s i n g l e  s m o o t h  c o n e ,  t h e  e n t r e n c h m e n t  c o n v e y s  

w a t e r  a n d  s e d i m e n t  down f a n  t o  a  new a p e x  a r e a  w h e r e  

d e p o s i t i o n  o n t o  t h e  new f a n  s u r f a c e  o c c u r s .  H e n c e  t h e  a r e a  

o f  f l o o d i n g  a n d  a c t i v e  s e d i m e n t  t r a n s p o r t  i s  s h i f t e d  b y  t h e  

e n t r e n c h m e n t  a w a y  f r o m  t h e  o r i g i n a l  f a n  a p e x .  S u c h  s h i f t s  

i n  a r e a s  o f  a c t i v e  f l o o d i n g  h a v e  i m p o r t a n t  i m p a c t s  o n  

d e v e l o p m e n t  p l a n s  a n d  f l o o d  r i s k  a n a l y s i s  o n  f a n s .  
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3 . 2  F a n  a n d  W a t e r s h e d  ~ h a r a c t e r i s t i c s  

A n u m b e r  o f  c h a r a c t e r i s t i c s  o f  u p s t r e a m  w a t e r s h e d s  a n d  f a n  

s u r f a c e s  c a n  b e  r e a d i l y  i d e n t i f i e d  i n  f i e l d  s u r v e y s  a n d  t h e n  . 
r e l a t e d  t o  f l o o d  d y n a m i c s  o n  f a n s .  T h e  f o l l o w i n g  

c h a r a c t e r i s t i c s  a r e  t h o u g h t  t o  b e  k e y  f a c t o r s  i n  a l l u v i a l  

f a n  f l o o d i n g .  T h e  e f f e c t  o f  t h e s e  c h a r a c t e r i s t i c s  o n  f l o o d  

d y n a m i c s  w i l l  b e  d i s c u s s e d  i n  S e c t i o n  4 .  F i g u r e  3 . 3  

s u m m a r i z e s  t h e s e  c h a r a c t e r i s t i c s .  

W a t e r s h e d  S l o p e  and V e s e t a t i o n  

T h e  w a t e r s h e d s  a s s o c i a t e d  w i t h  a l l u v i a l  f a n s  i n  t h e  semi- 

a r i d  w e s t  t e n d  t o  e x h i b i t  s t e e p  s l o p e s  a n d  r e l a t i v e l y  s p a r s e  

v e g e t a t i o n .  T h e  r a n g e  o f  s l o p e s  i n c l u d e s  v a l u e s  o f  1 0 %  o r  

l e s s  t y p i c a l  o f  B o i s e ,  I d a h o  a n d  v a l u e s  o f  5 0 %  a n d  g r e a t e r  

i n  t h e  s o u t h w e s t .  S p a r s e l y  v e g e t a t e d  w a t e r s h e d s  a r e  common 

i n  t h e  L o s  A n g e l e s  a r e a  w h e r e  f i r e s  r e p e a t e d l y  c l e a r  l a r g e  

a r e a s  o f  g r a s s  a n d  b r u s h .  W a t e r s h e d s  i n  B o i s e  t e n d  t o  h a v e  

s u b s t a n t i a l  g r a s s  c o v e r  w i t h  s o m e  t r e e s .  

S e d i m e n t  S i z e  a n d  T y p e  

T y p i c a l  s e d i m e n t  s i z e s  o n  f a n s  v a r y  f r o m  l e s s  t h a n  0 . 1  m m  

( v e r y  f i n e  s a n d s ,  s i l t s ,  a n d  c l a y s )  o n  mud f l o w  f a n s  s u c h  a s  

t h o s e  i n  t h e  L o s  A n g e l e s  a r e a  t o  4 m m  ( f i n e  g r a v e l )  a n d  

l a r g e r  o n  f a n s  w i t h  v e r y  r o c k y  w a t e r s h e d s .  Mud f l o w  f a n s  

a l s o  e x h i b i t  d i s c o n t i n u o u s  d e p o s i t s  o f  v e r y  c o a r s e  g r a v e l s  

a n d  e v e n  b o u l d e r s  w h i c h  a r e  t r a n s p o r t e d  b y  t h e  h i g h l y  

v i s c o u s  mud m i x t u r e .  A g r a d a t i o n  o f  s i z e s  o c c u r s  n a t u r a l l y  

o n  f a n s ,  w i t h  t h e  c o a r s e s t  s i z e s  b e i n g  d e p o s i t e d  n e a r  t h e  

a p e x  a n d  f i n e  s i z e s  b e i n g  t r a n s p o r t e d  t o  t h e  t o e .  A 

p r e d o m i n a n c e  o f  c o h e s i v e  s o i l s  ( h i g h  c l a y  c o n t e n t )  i n  t h e  

w a t e r s h e d  a n d  o n  t h e  f a n  s u r f a c e  i s  t y p i c a l  o f  mud f l o w  

f a n s .  
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Watershed Slope 
and Vegotation Fan Entrenchment, Bios 

/ 

I Figure 3.3 Definition of Watershed and Fan Charocterlstics 



R a i n f a l l  I n t e n s i t y  

I n t e n s e ,  s h o r t  d u r a t i o n  t h u n d e r s t o r m s  a r e  common o c c u r e n c e s  

i n  t h e  s e m i - a r i d  r e g i o n s  o f  t h e  w e s t  a n d  a r e  r e s p o n s i b l e  f o r  

t h e  f l a s h  f l o o d s  w h i c h  c a u s e  m o s t  o f  t h e  p r o p e r t y  d a m a g e  o n  

f a n s .  T h e  v a r i a t i o n  i n  d u r a t i o n  a n d  i n t e n s i t y  o f  r a i n f a l l  

b e t w e e n  f a n s  i s  s u b s t a n t i a l ,  a n d  c o n t r i b u t e s  t o  t h e  h i g h l y  

v a r i a b l e  b e h a v i o r  o f  f a n  f l o o d s .  

F a n  S l o p e  - 

S u r f a c e  s l o p e s  o n  f a n s  v a r y  f r o m  1-2% o n  f a n s  w h e r e  s e d i m e n t  

a n d  w a t e r  p r o d u c t i o n  i n  t h e  w a t e r s h e d  i s  r e l a t i v e l y  l o w  

( e . g .  B o i s e )  t o  20-30% o n  f a n s  b u i l t  b y  d e b r i s  f l o w s  ( e . g . ,  

G l e n w o o d  S p r i n g s ) .  F a n  s l o p e  i s  d e t e r m i n e d  b y  l o n g - t e r m  

w a t e r s h e d  c h a r a c t e r i s t i c s  a n d ,  i n  t u r n ,  h a s  a  p r o n o u n c e d  

e f f e c t  o n  f l o o d  d y n a m i c s .  

F a n  G e o m o r p h i c  m, E n t r e n c h m e n t .  and E n t r a n c e  A n s l e  - 

T h e  s h a p e  a n d  s t r u c t u r e  ( m o r p h o l o g y )  o f  a f a n  i n d i c a t e s  b o t h  

t h e  h i s t o r y  o f  t h e  f a n  ( p a s t  w a t e r s h e d  c o n d i t i o n s  a n d  

f l o o d s )  a n d  t h e  l i k e l y  b e h a v i o r  o f  f u t u r e  f l o o d  f l o w s .  I f  a  

f a n  e x h i b i t s  a  t o p o g r a p h i c  v a r i a t i o n  w h i c h  c o n f i n e s  t h e  f l o w  

t o  o n e  p a r t  o f  t h e  f a n ,  i t  c a n  b e  t h o u g h t  o f  a s  h a v i n g  a  

g e o m o r p h i c  b i a s .  F l o w  c a n  b e  s i m i l a r l y  c o n f i n e d  b y  a n  

i n c i s e d  c h a n n e l  o r  e n t r e n c h m e n t  w h i c h  c a r r i e s  t h e  e n t i r e  

f l o o d  f r o m  t h e  a p e x  t o  a  p o i n t  d o w n s l o p e .  S i n c e  w a t e r  

v e l o c i t i e s  a r e  t y p i c a l l y  v e r y  h i g h  a t  t h e  f a n  a p e x  d u r i n g  a 

f l o o d ,  t h e  d i r e c t i o n  o f  t h e  c h a n n e l  e n t e r i n g  t h e  f a n  

s t r o n g l y  i n f l u e n c e s  t h e  p a t h  o f  f l o o d i n g  down t h e  f a n .  

F i g u r e  3.2 i l l u s t r a t e s  t w o  t y p i c a l  f a n  m o r p h o l o g i e s .  

F a n  V e q e t a t i o n  - 

T h e  t y p e  a n d  d e n s i t y  o f  f a n  v e g e t a t i o n  a r e  l i k e l y  t o  b e  
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s i m i l a r  t o  t h a t  o f  t h e  a s s o c i a t e d  w a t e r s h e d  a n d  v a r y  f r o m  

v i r t u a l l y  n o  v e g e t a t i o n  o n  f a n s  i n  p a r t s  o f  t h e  s o u t h w e s t  t o  

g r a s s  a n d  t r e e s  o n  f a n s  i n  B o i s e .  

L o c a t i o n ,  D e n s i t y ,  and G e o m e t r y  % ~ e v e l o ~ m e n t s  

Many t y p e s  o f  d e v e l o p m e n t s  h a v e  b e e n  c o n s t r u c t e d  o n  f a n s ,  

r a n g i n g  f r o m  l o w  d e n s i t y  r a n c h l a n d s  t o  h i g h  d e n s i t y  

s u b d i v i s i o n s .  S t r e e t s  c o m m o n l y  r u n  a c r o s s  t h e  f a n  s l o p e  a n d  

h o m e s i t e s  a r e  c r e a t e d  b y  a  s e r i e s  o f  p r o g r e s s i v e l y  l o w e r  

t e r r a c e s  a s  o n e  m o v e s  d o w n s l o p e .  S t r e e t s  o r i e n t e d  a l o n g  t h e  

maximum s l o p e  a r e  n o t  common i n  m o s t  s u b d i v i s i o n s .  

D e v e l o p m e n t  u s u a l l y  b e g i n s  n e a r  t h e  t o e  o f  t h e  f a n  a n d  m o v e s  

p r o g r e s s i v e l y  u p s l o p e  i n  c o n c e n t r i c  r i n g s  o r  i n  s o m e w h a t  

d e t a c h e d  b l o c k s  o f  h o u s e s .  S u c h  d e v e l o p m e n t  h a s  i n  t h e  p a s t  

b e e n  l a r g e l y  u n c o n t r o l l e d .  F i g u r e  3.Q s h o w s  t h e  R a n c h o  

M i r a g e  f a n  i n  1 9 7 9  a n d  i l l u s t r a t e s  t h e  t y p i c a l  d e v e l o p m e n t  

p a t t e r n  l e a d i n g ,  u l t i m a t e l y ,  t o  c o m p l e t e  o c c u p a t i o n  o f  t h e  

f a n .  

3 . 3  T y p e s  a n d  D i s t r i b u t i o n  o f  F a n s  

T e x t b o o k  a n d  j o u r n a l  d i s c u s s i o n s  o f  a l l u v i a l  f a n  

c h a r a c t e r i s t i c s  i n d i c a t e  t h a t  f a n s  a r e  a  common g e o l o g i c a l  

f e a t u r e  i n  t h e  s e m i - a r i d  r e g i o n s  o f  t h e  w e s t e r n  U n i t e d  

S t a t e s  ( R i t t e r ,  1 9 7 3 ;  Schumm, 1 9 7 7 ;  B u l l ,  1 9 6 8 ) .  I n  many  

a r e a s  t h e  f a n  f o r m a t i o n  i s  c o n s i d e r e d  t o  o f f e r  t h e  m o s t  

d e s i r a b l e  b u i l d i n g  s i t e s ,  p a r t i c u l a r l y  f o r  r e s i d e n t i a l  

d e v e l o p m ' e n t .  T h e s e  t w o  f a c t s  s u g g e s t  t h a t  t h e  o v e r a l l  

p o t e n t i a l  f o r  f l o o d  d a m a g e s  o n  f a n  a r e a s  w i l l  i n c r e a s e  w i t h  

t ime  a s  d e v e l o p m e n t  p r e s s u r e  g r o w s  i n  t h e  w e s t e r n  U n i t e d  . 
S t a t e s .  T h e  p u r p o s e  o f  t h i s  s e c t i o n  i s  t o  a s s e s s  t h e  e x t e n t  

t o  w h i c h  f l o o d i n g  p r o b l e m s  o n  f a n s  a n d  r e l a t e d  a l l u v i a l  

f o r m a t i o n s  ( i . e ,  a p r o n s ,  w a s h e s )  a r e  l i k e l y  t o  i n c r e a s e .  
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Fig. 3 . 4  Development on t h e  Rancho Mirage Fan. 



Generally speaking, geologists and geomorphologists are 

reluctant to estimate the number of alluvial fans in areas 

which extend much farther than the relatively small areas 

with which they are personally familiar. Even localized 

information can only be approximate, because a good deal of 

judgment must be used in deciding which formations are. or 

are not, fans. Judgments related to aprons and washes tend 

to be even more complex. The most successful attempt at 

quantifying the number of fans in large areas of the western 

United States was performed by the U.S. Army Natick 

Laboratories and reported by R. L. Anstey (1965). A total 

of 3876 fans were identified in 19,516 square miles of semi- 

arid landscape. Anstey cautions that fans with s radial 

length of less than 1760 feet (one-third of a mile) could 

not be identified and that low-slope fans may have been 

overlooked due to the coarseness of available maps. It 

should be noted that the field surveys (see State-of-the-Art 

Report) indicate that small fans and low-slope fans can 

present flood hazards which are equally serious to those on 

larger and steeper fans. Anstey's article reports that 

approximately 30 percent of the American Southwest deserts 

(Basin and Range physiographic provinces) are occupied by 

alluvial fans and aprons. 

Because of their relatively gentle slopes, good drainage, 

and sorted composition material, alluvial fans are 

frequently used for roads, agriculture, and sites for urban 

development, especially in desert regions where the valley 

land is too soft and saline, and the mountains are too steep 

and composed of materials that are too hard for these 

purposes (Anstey, 1965). Although some alluvial fans are 

concentrated in areas where development is unlikely (over 70 

percent of Death Valley, California is covered by fans). 

many other fans occur in, and are adjacent to. cities which 

are currently experiencing rapid growth. 
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I t  a p p e a r s ,  b a s e d  o n  t h e  a b o v e  o b s e r v a t i o n s ,  t h a t  t h e  

p o t e n t i a l  f o r  m a j o r  f l o o d  d a m a g e s  o c c u r r i n g  i n  t h e  f u t u r e  o n  

a l l u v i a l  f a n s  i s  g r e a t .  T h e  v a l u e  o f  d e v e l o p m e n t s  " a t  r i s k "  

i s  l i k e l y  t o  r i s e  r a p i d l y  a s  p o p u l a t i o n s  i n c r e a s e  i n  t h e  

s o u t h w e s t e r n  s t a t e s .  W h i l e  a l l u v i a l  f a n  f l o o d i n g  w a s  o f  n o  

c o n s e q u e n c e  t w o  d e c a d e s  a g o ,  i t  i s  now r e c o g n i z e d  a s  a  

s e r i o u s  p r o b l e m .  U n l e s s  e f f e c t i v e  m e a s u r e s  a r e  t a k e n  t o  

p r e v e n t  d a m a g e s ,  t h e  l i a b i l i t y  o f  f e d e r a l  a n d  s t a t e  d i s a s t e r  

a g e n c i e s  w i l l  i n c r e a s e  r a p i d l y .  

3 . 4  Recommended  A p p r o a c h  t o  Fan, C l a s s i f i c a t i o n  

T h e  d i v e r s i t y  o f  f a n  a n d  w a t e r s h e d  c h a r a c t e r i s t i c s  a n d  t h e  

h i g h l y  v a r i a b l e  n a t u r e  o f  a l l u v i a l  f a n  f l o o d i n g  m a k e  a  c l e a r  

c a s e  f o r  c a r e f u l  a n a l y s i s  o f  e a c h  f a n  o n  a n  i n d i v i d u a l  

b a s i s .  B e c a u s e  f l o o d  b e h a v i o r  i s  i n e x t r i c a b l y  l i n k e d  t o  

t h e s e  c h a r a c t e r i s t i c s ,  t h e  f i r s t  s t e p  i n  f l o o d  a n a l y s i s  m u s t  

b e  d e t e r m i n a t i o n  o f  f a n  a n d  w a t e r s h e d  c o n d i t i o n s .  O n c e  t h e  

g e n e r a l  g e o l o g i c  h i s t o r y  a n d  p r e s e n t  c o n d i t i o n  o f  t11.e f a n  

a r e  k n o w n ,  t h e  s e v e r i t y  o f  f l o o d  h a z a r d s  c a n  b e  e s t i m a t e d .  

T h e  f o l l o w i n g  g e n e r a l  a p p r o a c h  t o  t h e  i d e n t i f i c a i o n  o f  

c h a r a c t e r i s t i c s  i s  s u g g e s t e d :  

1 .  p e r f o r m  a f i e l d  s u r v e y  o f  t h e  w a t e r s h e d  a n d  

f a n ,  i d e n t i f y i n g  s o i l  t y p e s ,  v e g e t a t i o n ,  

s l o p e s ,  t o p o g r a p h y ,  e x i s t i n g  s t r e a m  c h a n n e l s ,  

a n d  r e c e n t  f i r e s ;  

2 .  d e v e l o p  d e t a i l e d  t o p o g r a p h i c  m a p p i n g  o f  t h e  f a n  

t o  d e t e r m i n e  m o r p h o l o g y  a n d  c h a n n e l  p a t h s ;  . 
3 .  o b t a i n  t h e  f l o o d  h i s t o r y  o f  t h e  f a n ,  w h e n  

a v a i l a b l e ,  a n d  h a v e  a  g e o l o g i s t  e s t i m a t e  t h e  

g e o l o g i c  h i s t o r y  o f  t h e  f a n ;  



4. c l a s s i f y  t h e  fan according t o t 11 e 

c h a r a c t e r i s t i c s  listed in S e c t i o n  3.2 using t h e  

a b o v e  data. 

.Accomplishment of t h e s e  t a s k s  will r e q u i r e  k n o w l e d g e  o f  fan 

morphology, geology, and flood hydraulics. 
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4.  FLOOD DYNAMICS AND FLOOD HAZARDS 

4.  1 p r o c e s s e s  

T h e  b e h a v i o r  o f  f l o o d  f l o w s  o n  a l l u v i a l  f a n s  i s  t h e  p r o d u c t  

o f  a  n u m b e r  o f  p r o c e s s e s  w h i c h  a r e  o p e r a b l e  i n  e i t h e r  t h e  

u p s t r e a m  w a t e r s h e d  o r  o n  t h e  f a n  s u r f a c e .  P r o c e s s e s  i n  t h e  

w a t e r s h e d  i n c l u d e  o v e r l a n d  f l o w ,  t e m p o r a r y  w a t e r  s t o r a g e ,  

i n f i l t r a t i o n ,  e r o s i o n ,  s e d i m e n t  t r a n s p o r t ,  a n d  t e m p o r a r y  

s e d i m e n t  s t o r a g e .  P r o c e s s e s  o n  t h e  f a n  s u r f a c e  i n c l u d e  

c h a n n e l  f o r m a t i o n  t h r o u g h  e r o s i o n ,  d e p o s i t i o n  o f  s e d i m e n t  

c a u s i n g  c h a n n e l  b r a i d i n g ,  i n f i l t r a t i o n ,  a n d  l a t e r a l  c h a n n e l  

m i g r a t i o n .  W a t e r s h e d  p r o c e s s e s  t r a n s f o r m  s t o r m  r a i n f a l l  

i n t o  d i s c h a r g e s  o f  w a t e r  a n d  s e d i m e n t  a t  t h e  f a n  a p e x .  T h e  

v a r i a t i o n s  i n  w a t e r  a n d  s e d i m e n t  d i s c h a r g e  w i t h  t ime  ( p e a k  

d i s c h a r g e ,  h y d r o g r a p h  s h a p e ,  s e d i m e n t  c o n c e n t r a t i o n )  a r e  

d e p e n d e n t  o n  w a t e r s h e d  c h a r a c t e r i s t i c s  w h i c h  a f f e c t  t h e s e  

p r o c e s s e s .  L i k e w i s e ,  t h e  d e p t h ,  v e l o c i t y ,  s e d i m e n t  

c o n c e n t r a t i o n ,  a n d  l o c a t i o n  o f  f l o o d  f l o w s  o n  t h e  f a n  

s u r f a c e  d e p e n d  o n  t h e  w a t e r s h e d  d i s c h a r g e  a n d  t h e  m o r p h o l o g y  

o f  t h e  f a n  i t s e l f .  

A t y p i c a l  f l a s h  f l o o d  s c e n a r i o  o n  a  f a n  w i l l  b e  d e s c r i b e d  i n  

o r d e r  t o  i l l u s t r a t e  t h e  i n t e r a c t i o n s  w h i c h  i n f l u e n c e  f l o o d  

b e h a v i o r .  T h e n ,  i n  S e c t i o n  4 . 3 ,  t h e  i n f l u e n c e  o f  f a n  a n d  

w a t e r s h e d  c h a r a c t e r i s t i c s  -on f l o o d  d y n a m i c s  a n d  h a z a r d s  w i l l  

b e  a s s e s s e d .  R a i n f a l l  a s s o c i a t e d  w i t h  f l a s h  f l o o d s  i s  

u s u a l l y  o f  h i g h  i n t e n s i t y  a n d  s h o r t  d u r a t i o n .  R a i n d r o p s  

s t r i k i n g  e x p o s e d ,  n o n - v e g e t a t e d  g r o u n d  s u r f a c e s  d i s l o d g e  

s o i l  p a r t i c l e s .  A s  t h e  d r o p s  c o m b i n e ,  f l o w  down t h e  s l o p e  

b e g i n s  m o v i n g  s e d i m e n t  t o w a r d  t h e  r a v i n e s .  S t e e p  s l o p e s  

c a u s e  r a p i d  c o a l e s c e n c e  o f  t h e  r u n o f f  i n t o  s m a l l  c h a n n e l s  

w h e r e  h i g h  v e l o c i t i e s  c a u s e  f u r t h e r  e r o s i o n .  D e t e n t i o n  o f  

b o t h  w a t e r  a n d  s e d i m e n t  o c c u r s  w h e r e  v e g e t a t i o n  i s  t h i c k  o r  
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l o c a l  d e p r e s s i o n s  e x i s t  a n d  a l t e r n a t i n g  c o n s t r u c t i o n  a n d  

b r e a c h i n g  o f  s e d i m e n t  d a m s  c a u s e s  p u l s e s  o f  s e d i m e n t  a n d  

w a t e r  t o  m o v e  down t h e  w a t e r s h e d  c h a n n e l s .  S m a l l  l a n d s l i d e s  

may o c c u r  i n  t h e  s t e e p e s t  s l o p e s  o f  t h e  w a t e r s h e d ,  a d d i n g  t o  

t h e  s e d i m e n t  m o v i n g  d o w n s l o p e .  A s  t h e  f l o o d  w a v e  n e a r s  t h e  

f a n  a p e x ,  i t  b e c o m e s  c o n f i n e d  b y  a s i n g l e  c h a n n e l ,  . w h e r e  

v e l o c i t i e s  a n d  d e p t h s  o f  f l o w  b e c o m e  v e r y  l a r g e .  T h e  

s e d i m e n t  t r a n s p o r t  c a p a c i t y  o f  t h e  s t r e a m  e n a b l e s  i t  t o  

c a r r y  v e r y  l a r g e  v o l u m e s  o f  s e d i m e n t  o n t o  t h e  f a n ,  i n  s o m e  

c a s e s  f o r m i n g  mud f l o w s .  

When t h e  f l o o d w a v e  e n t e r s  t h e  a p e x  o f  a n  a c t i v e  

( u n e n t r e n c h e d )  f a n ,  i t  h a s  a n  i m m e d i a t e  t e n d e n c y  t o  s p r e a d  

l a t e r a l l y ,  t h u s  l o s i n g  b o t h  d e p t h  a n d  v e l o c i t y  a n d  

i n f i l t r a t i n g  i n t o  t h e  p o r o u s  f a n  s u r f a c e .  T h e  r e s u l t i n g  

l o s s  o f  c o m p e t e n c e  c a u s e s  d e p o s i t i o n  o f  s e d i m e n t  i n  t h e  a p e x  

a r e a ;  c h a n n e l  m i g r a t i o n  a n d  b r a i d i n g  b e c o m e  s i g n i f i c a n t  a s  

f l o w  momentum i s  l o s t  a n d  s e d i m e n t  d e p o s i t i o n  c a u s e s  

a l t e r a t i o n  o f  t h e  c h a n n e l  g e o m e t r y .  I f  s e d i m e n t  d e p o s i t i o n  

i s  r a p i d ,  a s  i s  t h e  c a s e  f o r  l o w  s l o p e  f a n s  o r  h i g h l y  .. 
e r o d i b l e  w a t e r s h e d s ,  c h a n n e l  a v u l s i o n s  n e a r  t h e  a p e x  w i l l  

o c c u r .  C o n v e r s e l y ,  i f  i n i t i a l  s e d i m e n t  l o a d  a t  t h e  a p e x  i s  

l e ss  t h a n  t h e  t r a n s p o r t  c a p a c i t y ,  e r o s i o n  w i l l  o c c u r  a t  t h e  

a p e x  a n d  a n  i n c i s e d  c h a n n e l  w i l l  f o r m  a n d  p r o g r e s s i v e l y  

d e e p e n .  

A s  t h e  f l o o d  m o v e s  down t h e  f a n ,  a n  u n s t e a d y  p r o g r e s s i o n  o f  

h y d r a u l i c  c o n d i t i o n s  t a k e s  p l a c e .  T h e  f l o w  i n i t i a l l y  i s  i n  

a s i n g l e  c h a n n e l  a n d  f o l l o w s  t h e  d i r e c t i o n  o f  t h e  u p s t r e a m  

w a t e r s h e d  c h a n n e l .  B r a i d i n g  b e g i n s  a t  a p o i n t  d o w n s t r e a m  

w h e r e  d e p o s i t i o n  a n d  b e d  f o r m  c h a n g e s  c a u s e  f l o w  

i n s t a b i l i t y ;  t h e  w i d t h  o f  t h e  f l o o d e d  a r e a  i n c r e a s e s  r a p i d l y  

a n d  d e p t h s  o f  f l o w  d e c r e a s e  r a p i d l y  o n c e  b r a i d i n g  b e g i n s .  

I f  t h e  f a n  s u r f a c e  i s  s m o o t h  a n d  n o  t o p o g r a p h i c  c o n s t r a i n t s  

on t h e  w i d t h  o f  t h e  f l o o d e d  a r e a  e x i s t .  t h e  b r a i d i n g  p r o c e s s  

w i l l  c r e a t e  s h a l l o w ,  s h e e t  f l o o d i n g  c o n d i t i o n s  o v e r  much o f  
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LTOE 

Figure 4.1 Flood Pathways on Idea l i zed  Al luvla l  Fan Model. 



t o  t h i s  i s  when  a n  e x t r e m e l y  d e e p  t r e n c h  i s  f o r m e d  b y  m a j o r  

c h a n g e s  i n  t h e  w a t e r s h e d  s u c h  a s  c l i m a t e  c h a n g e s  o r  

d e p l e t i o n  o f  e r o d i b l e  m a t e r i a l s .  S u c h  a  . c h a n n e l  may b e  

s t a b l e  o v e r  g e o l o g i c  t ime.  

W i t h i n  t h e  human  time s c a l e ,  many  f a n s  a r e  n o t  u n i f o r m  a n d  

e x h i b i t  s t r o n g  g e o m o r p h i c  b i a s e s  w h i c h  c o n f i n e  a n d  d i r e c t  

t h e  f l o o d  f l o w  p a t h s .  T h e  k e y  q u e s t i o n  t h a t  m u s t  b e  a s k e d  

i n  t h e s e  c a s e s  i s  a s  f o l l o w s .  What  i s  t h e  l i k e l i h o o d  t h a t ,  

w i t h i n  o u r  p l a n n i n g  p e r i o d  ( t y p i c a l l y  1 0 0  y e a r s  f o r  

f l o o d i n g ) ,  t h e  p r e s e n t  o b s e r v e d  c h a n n e l  p a t t e r n  o n  a  f a n  

w i l l  b e  s u b s t a n t i a l l y  c h a n g e d ?  I f  t a h i s  p r o b a b i l i t y  i s  l a r g e  

( a s  w h e n  b i a s e s  a n d  e n t r e n c h m e n t s  a r e  m i n o r  o r  l a r g e  v o l u m e s  

o f  s e d i m e n t  a r e  p r o d u c e d  i n  t h e  w a t e r s h e d ) ,  t h e  f a n  c a n  b e  

c o n s i d e r e d  a s  u n i f o r m  a n d  t h e  e n t i r e  f a n  s u r f a c e  c a n  b e  

d e l i n e a t e d  a s  w i t h i n  t h e  f l o o d  p r o n e  a r e a .  I f  t h e  

p r o b a b i l i t y  i s  s m a l l ,  t h e n  d e l i n e a t i o n  o f  t h e  f l o o d  p r o n e  

a r e a  m u s t  t a k e  e x i s t i n g  f a n  t o p o g r a p h y  i n t o  a c c o u n t .  H i g h  

a r e a s  o r  a r e a s  f a r  a w a y  f r o m  a  s t a b l e  e n t r e n c h m e n t  w o u l d  

t h e n  b e  d e l i n e a t e d  a s  a r e a s  o f  l o w  f l o o d  h a z a r d ,  w h i l e  a r e a s  

d i r e c t l y  d o w n - f a n  f r o m  a  c h a n n e l  o r  w i t h i n  a n  e x i s t i n g  f l o w  

p a t h  w o u l d  b e  h i g h  f l o o d  h a z a r d  a r e a s .  

T h e  g e o m e t r y  o f  f l o o d  p a t h s  a n d  t h e  d y n a m i c s  o f  f l o o d  f l o w s  

h a v e  b e e n  o b s e r v e d ,  b o t h  i n  t h e  f i e l d  s t u d i e s  a n d  i n  t h e  

p h y s i c a l  m o d e l  r e s u l t s ,  t o  c h a n g e  s u b s t a n t i a l l y  w i t h  

d i s t a n c e  f r o m  t h e  f a n  a p e x .  T h e  f l o w  is  i n i t i a l l y  c o n f i n e d  

t o  a  s i n g l e  c h a n n e l ,  w h i c h  i n c r e a s e s  i n  w i d t h  a n d  d e c r e a s e s  

i n  d e p t h  a s  i t  m o v e s  a w a y  f r o m  t h e  f a n  a p e x .  T h e  f l o w  

c o n t i n u o u s l y  l o s e s  v e l o c i t y  d u e  t o  f r i c t i o n  e f f e c t s  a n d  

l o s e s  v o l u m e  t o  i n f i l t r a t i o n .  A t  s o m e  p o i n t ,  t h e  a b i l i t y  o f  

t h e  f l o w  t o  t r a n s p o r t  s e d i m e n t  f a l l s  b e l o w  t h a t  r e q u i r e d  t o  

c a r r y  t h e  s e d i m e n t  s u s p e n d e d  i n  t h e  f l o w  a n d  s u b s t a n t i a l  

d e p o s i t i o n  o c c u r s .  Down f a n  f r o m  t h i s  p o i n t  c h a n n e l  

b r a i d i n g  b e g i n s  a n d  r a p i d l y  i n c r e a s e s  f l o w  p a t h  w i d t h  w i t h  

d i s t a n c e  f r o m  t h e  a p e x .  T h i s  b r a i d i n g  a n d  s p r e a d i n g  p r o c e s s  
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c o n t i n u e s  u n t i l  n e a r l y  u n i f o r m  s h e e t  f l o w  c o n d i t i o n s  e x i s t  

a n d  t h e  f l o w  i s  v e r y  w i d e  a n d  q u i t e  s h a l l o w .  T h e  b r a i d i n g  

p r o c e s s  i s  o f t e n  c o n f i n e d  b y  l o c a l  t o p o g r a p h y  i n  t h e  m i d d l e  

s e c t i o n  o f  t h e  f a n .  I n  s o m e  c a s e s ,  l o c a l .  c o a l e s c e n c e  o f  

b r a i d e d  p a t h s  i n t o  d e e p e r  c h a n n e l s  may o c c u r  i f  t o p o g r a p h i c  

c o n s t r i c t i o n s  a r e  s u b s t a n t i a l .  T h r e e  h y d r a u l i c  r e g i o n s  c a n  

b e  i d e n t i f i e d  b a s e d  o n  t h i s  f l o o d  f l o w  b e h a v i o r ,  a s  s h o w n  i n  

F i g u r e  4 . 2 .  T h e  c h a n n e l i z e d  f l o w  z o n e  e x t e n d s  f r o m  t h e  a p e x  

d o w n - f a n  t o  t h e  p o i n t  w h e r e  b r a i d i n g  b e g i n s .  T h e  o n s e t  o f  

b r a i d i n g  i s  a s s o c i a t e d  w i t h  t h e  i n t e r s e c t i o n  o f  t h e  c h a n n e l  

b o t t o m  ( i n v e r t )  a n d  t h e  f a n  s u r f a c e .  B e l o w  t h i s  p o i n t  n o  

l a t e r a l  r e s t r i c t i o n  o n  c h a n n e l  g e o m e t r y  e x i s t s  a n d  t h e  f l o w  

p a t h  b e g i n s  t o  m e a n d e r .  A p a r t i a l l y  c o n f i n e d  b r a i d e d  z o n e  

may e x i s t  i n  t h e  m i d d l e  p o r t i o n  o f  t h e  f a n ;  t h e  l e n g t h  o f  

t h i s  z o n e  d e p e n d s  o n  t h e  t o p o g r a p h i c  v a r i a t i o n  a c r o s s  t h e  

f a n  a n d  may e x t e n d  n e a r l y  t o  t h e  t o e  o r  may b e  q u i t e  s h o r t .  

A s h e e t  f l o w  z o n e  u s u a l l y  e x i s t s  n e a r  t h e  t o e  o f  t h e  f a n ,  

w h e r e  l i t t l e  v a r i a t i o n  i n  t o p o g r a p h y  a c r o s s  t h e  f a n  i s  

p r e s e n t .  Due t o  t h e  m a j o r  d i f f e r e n c e s  i n  t h e  h y d r a u l i c  

b e h a v i o r  o f  t h e s e  t h r e e  r e g i o n s ,  f l o o d  h a z a r d s  w i l l  b e  

s u b s t a n t i a l l y  d i f f e r e n t  b e t w e e n  t h e m .  T h e  s e l e c t i o n  o f  

f l o o d  p l a i n  m a n a g e m e n t  t o o l s  m u s t  c o n s i d e r  t h i s  v a r i a t i o n .  

L a b o r a t o r y  e x p e r i m e n t s  u s i n g  i d e a l i z e d  p h y s i c a l  m o d e l s  o f  

t y p i c a l  f a n s  ( s e e  P a r t  1 1 ,  S e c t i o n  3 o f  t h i s  r e p o r t )  

r e v e a l e d  t h a t ,  w h i l e  t h e  a b o v e  t h r e e - z o n e  p a t t e r n  i s  common,  

t h e  e x i s t e n c e  a n d  l e n g t h  o f  t h e  c h a n n e l i z e d  z o n e  d e p e n d s  o n  

f a n  s l o p e .  w a t e r s h e d  s e d i m e n t  p r o d u c t i o n ,  a n d  o t h e r  

c h a r a c t e r i s t i c s .  M o d e l s  o f  l o w  s l o p e '  f a n s  e x h i b i t e d  a  

c o m p l e t e  l a c k  o f  e n t r e n c h m e n t ,  a s  d i d  m o d e i s  w i t h  v e r y  h i g h  

s e d i m e n t  p r o d u c t i o n .  E x p e r i m e n t s  u s i n g  t h e  p h y s i c a l  m o d e l  

o f  t h e  R a n c h o  M i r a g e  f a n  ( s e e  P a r t  1 1 ,  S e c t i o n  4 )  c l e a r l y  

i l l u s t r a t e  t h e  s t r o n g  e f f e c t s  o f  l o c a l  f a n  t o p o g r a p h y  o n  

f l o w  d i r e c t i o n  a n d  s p r e a d i n g  r a t e .  

T h e  r e s u l t s  o f  f i e l d  i n v e s t i g a t i o n s  a n d  l a b o r a t o r y  
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Figure 4.2 Hydraulic Zones on a Typical Fan (Idealized). 



e x p e r i m e n t s  c l e a r l y  i n d i c a t e  t h e  n e e d  t o  o b t a i n  d e t a i l e d  

k n o w l e d g e  o f  a  f a n  b e f o r e  f l o o d  r i s k  i s  a s s e s s e d .  T h e  

a p p l i c a t i o n  o f  s i m p l i f i e d  h y d r a u l i c  r e l a t i o n s h i p s  t o  a f a n  

w i t h o u t  c o n s i d e r a t i o n  o f  s l o p e ,  s e d i m e n t  s u p p l y ,  s o i l  t y p e .  

a n d  f a n  m o r p h o l o g y  w i l l  r e s u l t  i n  e r r o n e o u s  c o n c l u s i o n s  

a b o u t  f l o o d  r i s k .  A r e c o m m e n d e d  a p p r o a c h  t o  h a z a r d  

i d e n t i f i c a t i o n  i s  g i v e n  i n  S e c t i o n  Q . 5 .  

4 . 3  T v P e s  O f  F l o o d  H a z a r d s  

T h e  f l o o d  h a z a r d s  f o u n d  o n  a l l u v i a l  f a n s  a r e  a r e s u l t  o f  t h e  

h i g h  v e l o c i t y ,  s e d i m e n t - l a d e n  c h a r a c t e r  o f  t h e  f l o o d  f l o w .  

T h e  d a t a  g a t h e r e d  i n  t h e  f i e l d  a n d  f r o m  t h e  p h y s i c a l  m o d e l  

r u n s  h a v e  a l l o w e d  u s  t o  i d e n t i f y  s e v e n  t y p e s  o f  f l o o d  

h a z a r d s  o n  f a n s .  I n  t h e  s u b s e q u e n t  l i s t i n g ,  t h e  n a t u r e ,  

g e n e r a l  m a g n i t u d e ,  a n d  t y p i c a l  l o c a t i o n  o n  t h e  f a n  o f  e a c h  

h a z a r d  a r e  i n d i c a t e d .  

I n u n d a t i o n  

T h i s  h a z a r d  r e s u l t s  i n  d a m a g e  t o  a  s t r u c t u r e ' s  i n t e r i o r  a n d  

e x t e r i o r  t h r o u g h  s o a k i n g  a n d  m i n o r  s o i l i n g  b y  w a t e r .  I t  

o c c u r s  o n  a l l  p a r t s  o f  t h e  f a n  i m p a c t e d  b y  t h e  f l o o d  f l o w  

a n d  may c a u s e  t h e  g r e a t e s t  o v e r a l l  d a m a g e  i n  a f l o o d  e v e n t .  

T h e  i n u n d a t i o n  o f  c a r p e t i n g  i s  l i k e l y  a t  t h o s e  h o m e s  e x p o s e d  

t o  f l o o d  w a t e r s  t h a t  a r e  h i g h e r  t h a n  t h e  f i r s t  f l o o r  a n d  

t h i s  o c c u r r e n c e  a l o n e  c a n  r e s u l t  i n  m a j o r  f i n a n c i a l  l o s s .  

As t h e  f l o o d  p r o c e e d s  down t h e  f a n ,  f l o o d  c h a n n e l s  w i d e n  a n d  

i n u n d a t e  l a r g e r  a r e a s  o f  t h e  f a n ,  i n f l i c t i n g  m o r e  w i d e s p r e a d  

d a m a g e  a t  l o w e r  d e p t h s .  T h u s ,  i n u n d a t i o n  d a m a g e s  a r e  m o s t  

s e v e r e  a t  i n d i v i d u a l  h o m e s  h i g h e r  u p  o n  t h e  f a n ,  b u t  may  

c a u s e  t h e  g r e a t e s t  t o t a l  d a m a g e s  a t  l o w e r  d e p t h s  n e a r  t h e  

f a n  t o e .  
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S e d i m e n t  D e p o s i t i o n  

F l o o d  w a t e r s  o n  f a n s  g e n e r a l l y  c a r r y  l a r g e  q u a n t i t i e s  o f  

s ed imen t  e r o d e d  f r o m  b o t h  t h e  u p s t r e a m  w a t e r s h e d  a n d  f r o m  

. t h e  f a n  i t s e l f .  D e p o s i t i o n  r e s u l t s  f r o m  a r e d u c t i o n  i n  t h e  

m a g n i t u d e  o f  t h e  v e l o c i t y  o f  f l o w  a n d  c a n  b e  c a u s e d  b y  

t r e e s ,  h o u s e s ,  o r  o t h e r  o b s t r u c t i o n s  a n d  b y  a  l o w e r e d  f a n  

s l o p e .  D e p o s i t i o n  i s  l e a s t  l i k e l y  i n  e n t r e n c h e d  a r e a s  o f  

f a n s  a n d  m o s t  l i k e l y  u p s t r e a m  o f  o b s t r u c t i o n s  o r  w h e r e  

c h a n n e l  s l o p e s  d e c r e a s e .  T h e  c o s t s  r e s u l t i n g  f r o m  s e d i m e n t  

d e p o s t i o n  m a k e  u p  a  l a r g e  p o r t i o n  o f  t o t a l  d a m a g e  o n  m o s t  

f a n s  a n d  i n c l u d e  t h e  r e m o v a l  o f  s e d i m e n t  f r o m  s t r u c t u r e s  a n d  

t h e  h a u l i n g  a w a y  o f  s e d i m e n t  f r o m  s t r e e t s  a n d  y a r d s .  

F l o o d  f l o w s  t h a t  a r e  c a r r y i n g  l e s s  s e d i m e n t  t h a n  t h e i r  

t r a n s p o r t  c a p a c i t y  w i l l  t e n d  t o  e n t r a i n  a d d i t i o n a l  m a t e r i a l ,  

r e s u l t i n g  i n  s c o u r .  S c o u r  d a m a g e  c o n s i s t s  o f  t h e  u n d e r m i n i n g  

o f  s t r u c t u r a l  f o u n d a t i o n s  a n d  t h e  l o s s  o f  p a v e m e n t ,  s o d ,  a n d  

t o p s o i l  f r o m  s t r e e t s  a n d  l a w n s .  T h e  c o n s t r i c t i o n  o f  f l o o d  

f l o w  i n  l o c a l i z e d  a r e a s  o n  a n y  p o r t i o n  o f  t h e  f a n  c a n  r e s u l t  

i n  s c o u r .  T h e  m a g n i t u d e  o f  t h e  d a m a g e  f r o m  s c o u r  o v e r  t h e  

w h o l e  f a n  i s  n o t  u s u a l l y  v e r y  l a r g e ,  b u t  s c o u r  d a m a g e  c a n  b e  

a  m a j o r  p o r t i o n  o f  t h e  f i n a n c i a l  l o s s  a t  i n d i v i d u a l  s i t e s .  

ImDact D a m a s e s  

T h e  h a z a r d  f r o m  h i g h  v e l o c i t y  i m p a c t s  i s  g r e a t e s t  a t  t h e  f a n  

a p e x  a n d  l e a s t  a t  t h e  t o e  s i n c e  v e l o c i t y  d e c r e a s e s  a s  t h e  

f l o o d  f l o w  s p r e a d s  down t h e  f a n .  T h e  d a m a g e s  r e s u l t i n g  f r o m  

h i g h  v e l o c i t i e s  a r e  d u e  t o  t h e  momentum f o r c e s  a p p l i e d  t o  . 
s t r u c t u r a l  w a l l s  b l o c k i n g  t h e  p a t h  o f  t h e  f l o o d  c h a n n e l .  

Momentum f o r c e  h a z a r d s  w i l l  b e  m o s t  s e v e r e  a t  t h e  f i r s t  row 

o f  h o m e s  s t r u c k  b y  t h e  f l o o d  w a v e  a n d  d e c r e a s e  f o r  h o m e s  

s h i e l d e d  b e l o w .  T o t a l  l o s s  o f  a  s t r u c t u r e  c a n  r e s u l t  f r o m  
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i m p a c t  f o r c e s ,  b u t  t h i s  h a z a r d  d o e s  n o t  u s u a l l y  c o n s t i t u t e  a  

l a r g e  p a r t  o f  t h e  t o t a l  d a m a g e  o n  t h e  f a n  i n  a  m a j o r  f l o o d  

e v e n t .  

When d e b r i s  f l o w s  o c c u r  o n  f a n s ,  i m p a c t  f o r c e s  may b e  t h e  

d o m i n a n t  c a u s e  o f  d a m a g e s  t o  s t r u c t u r e s .  L a r g e  b o u l d e r s  a n d  

h i g h l y  v i s c o u s  mud a r e  c a r r i e d  d o w n - f a n  a t  h i g h  v e l o c i t i e s .  

T h e  momentum f o r c e s  o n  a  s t r u c t u r e  i m p a c t e d  b y  s u c h  a  f l o w  

g r e a t l y  e x c e e d  t h e  s t r e n g t h  o f  t h e  s t r u c t u r e  a n d  c a u s e  

b r e a c h i n g  o f  t h e  w a l l s  a n d ,  i n  s o m e  c a s e s ,  t o t a l  d e s t r u c t i o n  

o f  t h e  b u i l d i n g .  

D e b r i s  f l o w  e v e n t s  o n  t y p i c a l  f a n s  a r e  r a r e .  H o w e v e r ,  

c e r t a i n  f a n s ,  s u c h  a s  t h o s e  i n  G l e n w o o d  S p r i n g s ,  a r e  s u b j e c t  

t o  f r e q u e n t  d e b r i s  f l o w  e v e n t s .  D e b r i s  f l o w s  a r e  u s u a l l y  

c o n f i n e d  t o  t h e  u p p e r  p o r t i o n s  o f  t h e  f a n  b e c a u s e  h i g h  

v e l o c i t i e s  a n d  s t e e p  s l o p e s  a r e  n e e d e d  t o  s u s t a i n  t h e  

v i s c o u s  f l o w .  

H v d r o s t a t i c  and J 3 u o v a n t  F o r c e s  

Water,  s t a g n a n t  o r  i n  m o t i o n ,  e x e r t s  h y d r o s t a t i c  a n d  b u o y a n t  

f o r c e s  o n  b u i l d i n g s  i n  f l o o d  z o n e s .  B u o y a n t  f o r c e s  c a n  l i f t  

a h o m e  a n d  a l l o w  i t  t o  i l o a t  a w a y  i f  w a t e r  i n u n d a t e s  t h e  

g r o u n d  u n d e r  a n d  t h e  a r e a  s u r r o u n d i n g  t h e  b u i l d i n g  t o  

s u f f i c i e n t  d e p t h s .  H y d r o s t a t i c  f o r c e s  o n  t h e  w a l l s  o f  

s t r u c t u r e s  i n c r e a s e  l i n e a r l y  w i t h  d e p t h  a n d  c a n  r e s u l t  i n  

t o t a l  w a l l  f a i l u r e .  B u o y a n t  a n d  h y d r o s t a t i c  f o r c e  h a z a r d s  

a r e  m o s t  c a t a s t r o p h i c  i n  t h e  a r e a s  o f  d e e p e s t  i n u n d a t i o n  

( n e a r  t h e  a p e x )  b u t  c a n  c a u s e  d a m a g e s  i n  l o w e r  p o r t i o n s  o f  

t h e  f a n  i n  a r e a s  o f  p o n d i n g .  

V e l o c i t e s  

T h e  p r e s e n c e  o f  h i g h  v e l o c i t i e s  d u r i n g  a  f l o o d  e v e n t  

s i g n i f i c a n t l y  i n c r e a s e s  t h e  d a n g e r  t o  l i v e s t o c k ,  p e t s ,  a n d  
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h u m a n s .  P e o p l e  c o m m o n l y  u n d e r e s t i m a t e  t h e  d a n g e r s  

a s s o c i a t e d  w i t h  r a p i d  f l o w  a n d  may  n o t  t a k e  a p p r o p r i a t e  

p r o t e c t i v e  a c t i o n .  T h e r e  i s  o f t e n  i n s u f f i c i e n t  w a r n i n g  o f  

a n  i m p e n d i n g  f l a s h  f l o o d  t o  a l l o w  s u c h  m e a s u r e s  o n  f a n s .  

e v e n  i f  p e o p l e  u n d e r s t a n d  t h e  d a n g e r s .  

I n  g e n e r a l ,  v e l o c i t i e s  d e c r e a s e  w i t h  d i s t a n c e  f r o m  t h e  f a n  

a p e x ;  h o w e v e r ,  l o c a l  f l o w  r e s t r i c t i o n s ,  d r a i n a g e  c h a n n e l s ,  

a n d  e v e n  s t r e e t s  may  c a r r y  w a t e r  a t  v e l o c i t i e s  e x c e e d i n g  1 0  

f e e t  p e r  s e c o n d  a t  t h e  t o e  o f  t h e  f a n .  B e c a u s e  t h e  f l o o d  

p a t h w a y s  a r e  u n p r e d i c t a b l e  a n d  e r r a t i c  o n  m a n y  f a n s ,  t h e  

p r e s e n c e  o f  h i g h  v e l o c i t i e s  c a n n o t  b e  f o r e c a s t  e f f e c t i v e l y  

e x c e p t  w h e r e  i n c i s e d  c h a n n e l s  e x i s t .  

U n p r e d i c t a b l ~  F l o w  P a t h s  

I n  n o r m a l  r i v e r i n e  f l o o d s ,  t h e  c h a n n e l  a n d  o v e r b a n k  a r e a s  

a r e  c l e a r l y  d e f i n e d  a n d  a r e  r e l a t i v e l y  s t a b l e  f r o m  o n e  f l o o d  

e v e n t  t o  a n o t h e r .  T h e  p a t h  o f  f l o w  o n  a l l u v i a l  f a n s  i s  

c h a r a c t e r i z e d  b y  u n p r e d i c t a b l e  d i r e c t i o n s  f r o m  o n e  f l o o d  t o  

a n o t h e r  a n d  d u r i n g  a  s i n g l e  f l o o d ,  m a k i n g  t h e  d e s i g n  o f  

f l o o d  p r o t e c t i o n  e f f o r t s  d i f f i c u l t .  T h e  u n p r e d i c t a b l e  

n a t u r e  o f  f a n  f l o o d s  b e g i n s  a t  t h e  a p e x  a n d  e x t e n d s  t o  t h e  

t o e  f o r  f a n s  w i t h  s m o o t h  s u r f a c e s .  When e n t r e n c h e d  c h a n n e l s  

a n d / o r  t o p o g r a p h i c  c o n s t r i c t i o n s  o n  t h e  f l o w  e x i s t  o n  a  f a n .  

t h e  l o c a t i o n  o f  f l o o d  f l o w s  i n  t h e s e  a r e a s  w i l l  b e  

s t a b i l i z e d .  H e n c e ,  t h e  s e v e r i t y  o f  t h i s  h a z a r d  i s  d e p e n d e n t  

o n  f a n  m o r p h o l o g y .  

4 . 4  E f f e c t  o f  f a n  a n d  W a t e r s h e d  C h a r a c t e r i s t i c s  

T h e  f a n  a n d  w a t e r s h e d  c h a r a c t e r i s t i c s  d i s c u s s e d  i n  S e c t i o n  

3 . 2 ,  d u e  t o  t h e i r  i n f l u e n c e  -on f l o o d  d y n a m i c s ,  h a v e  a  m a j o r  

i m p a c t  o n  t h e  l o c a t i o n  a n d  s e v e r i t y  o f  f l o o d  h a z a r d s  o n  

a l l u v i a l  f a n s .  O n c e  t h e s e  c h a r a c t e r i s t i c s  a r e  i d e n t i f i e d  
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t h r o u g h  f i e l d  i n s p e c t i o n s  and c o l l e c t i o n  o f  d a t a  on pas t  

f l o o d s ,  a q u a l i t a t i v e  a n a l y s i s  o f  e x p e c t e d  f l o o d  h a z a r d s  c a n  

b e  made.  T h i s  s e c t i o n  i d e n t i f i e s  t h e  k e y  r e l a t i o n s h i p s  

b e t w e e n  c h a r a c t e r i s t i c s ,  f l o o d  b e h a v i o r ,  and h a z a r d s .  

F i g u r e  b . 3  p r o v i d e s  a summary o f  t h e  t y p i c a l  d i r e c t i o n  

( p o s i t i v e ,  n e g a t i v e ,  o r  s i t e  s p e c i f i c )  and a p p r o x i m a t e  

s t r e n g t h  ( h i g h ,  m o d e r a t e  o r  m i n i m a l )  o f  t h e  c o r r e l a t i o n  

b e t w e e n  c h a r a c t e r i s t i c s  and h a z a r d s .  For e x a m p l e ,  h i g h  f a n  

s l o p e  s t r o n g l y  c o r r e l a t e s  w i t h  a l a r g e  s c o u r  hazard  and w i t h  

a s m a l l  prob lem o v e r  u n p r e d i c t a b l e  f l o w  p a t h s .  T h i s  m a t r i x  

i s  i n t e n d e d  t o  b e  a  q u a l i t a t i v e  g u i d e  t o  t h e  i d e n t i f i c a t i o n  

o f  h a z a r d s  w h i c h  may o c c u r  on f a n s .  

W a t e r s h e d ,  u, V e q e t a t i o n  and F o r e s t  F i r e s  

S t e e p  w a t e r s h e d s  t e n d  t o  c o n c e n t r a t e  r u n o f f  more r a p i d l y  and 

produce  s h o r t  d u r a t i o n ,  h i g h  i n t e n s i t y  f l o o d s .  S e d i m e n t  

p r o d u c t i o n  i s  a l s o  enhanced b y  t h e  h i g h  v e l o c i t i e s  g e n e r a t e d  

on s t e e p  s l o p e s .  C o n v e r s e l y .  w a t e r s h e d  v e g e t a t i o n  d e l a y s  o r  .. 
s t o r e s  r u n o f f  and i n h i b i t s  e r o s i o n ,  c a u s i n g  s m a l l e r  

d i s c h a r g e s  o f  s e d i m e n t  and w a t e r .  F o r e s t  f i r e s  c a u s e  a b r u p t  

r e d u c t i o n s  i n  w a t e r s h e d  v e g e t a t i o n  a n d ,  c o n s e q u e n t l y ,  c a n  

c a u s e  l a r g e  i n c r e a s e s  i n  s e d i m e n t  p r o d u c t i o n  and peak 

d i s c h a r g e s  on f a n s .  T h e  s t a b i l i t y  o f  f l o w  c h a n n e l s  on t h e  

f a n  c a n  b e  s e r i o u s l y  degraded  by  i n c r e a s e s  i n  s e d i m e n t  

p r o d u c t i o n .  

T h e  s e v e r i t y  o f  a l l  t h e  h a z a r d s  i n c r e a s e s  w i t h  t h e  m a g n i t u d e  

o f  s e d i m e n t  and w a t e r  d i s c h a r g e s  f r o m  t h e  w a t e r s h e d  o n t o  t h e  

f a n .  Fans a s s o c i a t e d  w i t h  s t e e p  a n d / o r  p o o r l y  v e g e t a t e d  

w a t e r s h e d s  h a v e  h i s t o r i c a l l y  e x h i b i t e d  p a r t i c u l a r l y  l a r g e  

i n u n d a t i o n ,  s e d i m e n t  d e p o s i t i o n  and impac t  h a z a r d s .  Mud 

f l o w s  a r e  n e a r l y  a l w a y s  a s s o c i a t e d  w i t h  one  or  more o f  t h e s e  

c h a r a c t e r i s t i c s .  
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FIGURE 4.3 : CORRELATION BETWEEN CHARACTERISTICS AND FLOOD HAZARDS 
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S e d i m e n t  S i z e  a n d  T y p e  

S m a l l  s e d i m e n t  s i z e s  a r e  m o r e  e a s i l y  e r o d e d  a n d  t r a n s p o r t e d  

t h a n  l a r g e  s i z e s ,  p r o v i d e d  t h a t  t h e  s o i l s  a r e  n o n c o h e s i v e  

( a s  i s  t h e  c a s e  f o r  f a n s  n o t  s u b j e c t  t o  mud f l o w s ) .  H e n c e ,  

f a n s  w i t h  p r e d o m i n a n t l y  s m a l l  s e d i m e n t  s i z e s  may e x p e r i e n c e  

r a p i d  e r o s i o n  a n d  d e p o s i t i o n  p r o c e s s e s  w h i c h  c a u s e  u n s t a b l e  

f l o w  p a t h s  w i t h  f r e q u e n t  a v u l s i o n s .  S e d i m e n t  s i z e  a n d  t y p e  

c a n  a l s o  b e  a n  i n d i c a t o r  o f  p a s t  d e b r i s  f l o w s ,  s i n c e  s u c h  

f l o w s  d e p o s i t  p o o r l y  s o r t e d  l a y e r s  o f  s e d i m e n t  w i t h  l a r g e  

r o c k s  a n d  d e b r i s  m i x e d  w i t h  c l a y s  a n d  f i n e  s a n d s .  

R a i n f a l l  I n t e n s i t y  

T h e  d i s t r i b u t i o n ,  d u r a t i o n ,  a n d  i n t e n s i t y  o f  r a i n f a l l  i n  t h e  

w a t e r s h e d  a r e  t h e  d r i v i n g  f o r c e s  b e h i n d  t h e  f a n  f l o o d  

p r o c e s s .  H e n c e ,  h i g h  r a i n f a l l  i n t e n s i t i e s  a n d  l o n g e r  

r a i n f a l l  d u r a t i o n s  a r e  s t r o n g l y  c o r r e l a t e d  w i t h  a l l  f l o o d  

h a z a r d s  o n  f a n s .  

F a n  S l o p e  - 

P h y s i c a l  m o d e l  e x p e r i m e n t s  c o n f i r m  t h e  p r e d i c t i o n ,  b a s e d  o n  

t h e o r y ,  t h a t  h i g h  s l o p e  f a n s  t e n d  t o  e x h i b i t  s t a b l e  c h a n n e l s  

a n d ,  o f t e n ,  s u b s t a n t i a l  e n t r e n c h m e n t s .  F l o w  v e l o c i t i e s  a n d  

s e d i m e n t  t r a n s p o r t  c a p a c i t y  a r e  h i g h e r  t h a n  f o r  l o w  s l o p e  

f a n s .  H e n c e ,  h a z a r d s  d u e  t o  s e d i m e n t  d e p o s i t i o n ,  s c o u r ,  

h i g h  v e l o c i t i e s ,  a n d  i m p a c t  d a m a g e s  a r e  s t r o n g l y  c o r r e l a t e d  

w i t h  h i g h  s l o p e s .  T h e  u n p r e d i c t a b i l i t y  o f  f l o w  p a t h  i s  

r e l a t i v e l y  l o w  o n  a  h i g h  s l o p e  f a n .  r e s u l t i n g  i n  a  

c o n c e n t r a t i o n  o f  f l o o d  h a z a r d s  w i t h i n  t h e  e s t a b l i s h e d  p a t h .  

F a n  G e o m o r p h i c  m. E n t r a n c e  A n q l e .  & E n t r e n c h m e n t  - 

T h e s e  c h a r a c t e r i s t i c s  h a v e  i m p o r t a n t  i n f l u e n c e s  on t h e  

d i r e c t i o n ,  g e o m e t r y ,  a n d  s t a b i l i t y  o f  t h e  f l o w  p a t h .  T h e  
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e n t r a n c e  a n g l e  a n d  e x i s t e n c e  o f  a n  e n t r e n c h e d  c h a n n e l  a t  t h e  

a p e x  d e t e r m i n e  t h e  i n i t i a l  f l o w  p a t t e r n  o n  t h e  f a n .  

P r o n o u n c e d  g e o m o r p h i c  b i a s  ( t o p o g r a p h i c  v a r i a t i o n  w h i c h  

c o n f i n e s  t h e  f l o w  a r e a  t o  a  p a r t  o f  t h e  f a n )  f o r c e s  t h e  f l o w  

i n t o  a  c o n f i n e d  p a t h  a n d  r e d u c e s  t h e  i n s t a b i l i t y  o f  t h e  f l o w  

d i r e c t i o n .  A v u l s i o n s  a r e  l e s s  common o n  a f a n  w h i c h  i s  

b i a s e d  o r  e n t r e n c h e d ,  r e s u l t i n g  i n  m o r e  s t a b l e  f l o o d  

p a t  t e r n s .  

T h e  c o r r e l a t i o n s  b e t w e e n  t h e s e  c h a r a c t e r i s t i c s  a n d  a l l  

h a z a r d s  e x c e p t  u n p r e d i c t a b l e  f l o w  p a t h s  a r e  d e p e n d e n t  o n  t h e  

p o s i t i o n  o f  t h e  s t a b l e  f l o w  p a t h .  I f  a  s t r u c t u r e  i s  w i t h i n  

t h e  e s t a b l i s h e d  p a t h ,  t h e  l i k e l i h o o d  o f  d a m a g e  i s  v e r y  h i g h .  

C o n v e r s e l y ,  i f  t h e  s t r u c t u r e  i s  o u t s i d e  o f  t h e  e s t a b l i s h e d  

p a t h ,  i t  i s  u n l i k e l y  t h a t  i t  w i l l  b e  d a m a g e d  a t  a l l .  An 

e n t r e n c h e d  o r  t o p o g r a p h i c a l l y  c o n f i n e d  c h a n n e l  w i l l  a l s o  

c o n v e y  l a r g e  v o l u m e s  o f  s e d i m e n t  a n d  wa te r  t o  t h e  l o w e r  

p o r t i o n s  o f  t h e  f a n ,  c a u s i n g  h i g h  h a z a r d s  d o w n - f a n .  

F a n  V e s e t a t i o n  - 

I f  a f a n  i s  well v e g e t a t e d ,  e r o s i o n  p r o c e s s e s  a r e  

c o n s i d e r a b l y  s l o w e r  t h a n  o n  a  p o o r l y  v e g e t a t e d  f a n .  T h e  

a m o u n t  o f  s e d i m e n t  b e i n g  t r a n s p o r t e d  d o w n - f a n  i s  l e s s ,  w h i l e  

t h e  i n c r e a s e d  r o u g h n e s s  r e s u l t s  i n  l o w e r  v e l o c i t i e s .  F l o w  

p a t h s  a n d  c h a n n e l s  a r e  m u c h  m o r e  s t a b l e ,  s i n c e  b a n k  e r o s i o n  

p r o c e s s e s  a r e  s l o w e d  a n d  d e p o s i t i o n  o f  s e d i m e n t  i n  t h e  f l o w  

p a t h  i s  r e d u c e d .  C o n s e q u e n t l y ,  a  w e l l - v e g e t a t e d  f a n  w i l l  

e x p e r i e n c e  s u b s t a n t i a l l y  s m a l l e r  h a z a r d s  t h a n  a  p o o r l y  

v e g e t a t e d  f a n .  

L o c a t i o n ,  D e n s i t y  G e o m e t r y  % D e v e l o p m e n t s  

A d e v e l o p e d  a r e a  s u c h  a s  a s u b d i v i s i o n  g r e a t l y  a l t e r s  t h e  

l o c a l  g e o m e t r y  a n d  d y n a m i c s  o f  t h e  f l o w .  C o n c e n t r a t i o n  o f  

f l o w  b e t w e e n  s t r u c t u r e s ,  p o n d i n g  o f  w a t e r  a n d  s e d i m e n t  
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u p s t r e a m  o f  s t r u c t u r e s ,  a c c e l e r a t i o n  o f  f l o w  a r o u n d  

o b s t r u c t i o n s ,  a n d  d i v e r s i o n  o f  f l o w s  ( a v u l s i o n s )  a r e  common 

i n  t h e  v i c i n i t y  o f  d e v e l o p m e n t s .  H e n c e ,  f l o w  c o n d i t i o n s  a r e  

v e r y  d i f f e r e n t  w i t h i n  a n d  d o w n - f a n  f r o m  a d e v e l o p m e n t  t h a n  

t h e y  a r e  o n  a n  u n d e v e l o p e d  f a n .  

T h e  l o c a t i o n  o f  t h e  d e v e l o p m e n t  is  a  m a j o r  f a c t o r ,  s i n c e  

s t r u c t u r e s  n e a r  t h e  a p e x  o r  w i t h i n  a n  e n t r e n c h m e n t  w i l l  b e  

s e v e r e l y  d a m a g e d  a n d  w i l l  s t r o n g l y  i n f l u e n c e  f l o w  p a t h s  a n d  

d a m a g e s  d o w n - f a n .  D e n s e  d e v e l o p m e n t s  w i l l  e x p e r i e n c e  

h a z a r d s  d u e  t o  t h e  h i g h  v e l o c i t y ,  s c o u r  a n d  i n u n d a t i o n  

e f f e c t s  o f  c o n s t r i c t i n g  t h e  f l o o d  f l o w s .  S t r u c t u r e  a n d  

s t r e e t  g e o m e t r y  c a n  e i t h e r  m i t i g a t e  o r  e x a c e r b a t e  f l o o d  

h a z a r d s  w i t h i n  a  d e v e l o p m e n t .  S t r e e t s  d e s i g n e d  t o  c a r r y  

f l o o d  f l o w s  w i t h o u t  d a m a g e  w i l l ,  a s  s h o w n  b y  t h e  l o c a l i z e d  

m o d e l  e x p e r i m e n t s  ( s e e  P a r t  I 1  S e c t i o n  5 1 ,  e f f e c t i v e l y  

p r o t e c t  s t r u c t u r e s  a n d  p r e v e n t  l a n d s c a p e  d a m a g e s .  

C o n v e r s e l y ,  a  s t r e e t  p a t t e r n  w h i c h  r u n s  a c r o s s  t h e  f a n  s l o p e  

may c a u s e  p o n d i n g ,  f l o w  c o n s t r i c t i o n ,  a n d  u n s t a b l e  f l o w  

p a t h s .  

4 . 5  Recommended  A ~ ~ r o a c h  to H a z a r d  I d e n t i f  i c a t i o ~  

I n  o r d e r  t o  i d e n t i f y  t h e  p r e s e n c e  a n d  m a g n i t u d e  o f  f l o o d  

h a z a r d s  o n  a n  a l l u v i a l  f a n ,  a  d e t a i l e d  t e c h n i c a l  s t u d y  o f  

t h e  f a n  s h o u l d  b e  u n d e r t a k e n .  T h i s  s e c t i o n  r e v i e w s  t h e  

e x i s t i n g  F I A  h a z a r d  p r e d i c t i o n  m e t h o d o l o g y  a n d  t h e n  p r o v i d e s  

a  b r i e f  o u t l i n e  o f  t h e  c o m p o n e n t s  t h a t  s h o u l d  c o n s t i t u t e  t h e  

i d e n t i f i c a t i o n  p r o c e s s .  T h e  d e v e l o p m e n t  o f  a  c o m p r e h e n s i v e ,  

d e t a i l e d  a p p r o a c h  t o  h a z a r d  i d e n t i f i c a t i o n  i s  b e y o n d  t h e  

s c o p e  o f  t h i s  r e p o r t .  

T h e  F e d e r a l  I n s u r a n c e  A d m i n i s t r a t i o n  i s  p r e s e n t l y  a p p l y i n g  a  

m e t h o d  o f  h a z a r d  a n a l y s i s  o n  a l l u v i a l  f a n s  ( D a w d y ,  u n d a t e d )  

t h a t  c a l c u l a t e s  d e p t h s  a n d  v e l o c i t i e s  w i t h  a o n e  p e r c e n t  
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1 . c h a n c e  o f  o c c u r r e n c e  i n  a n  a v e r a g e  y e a r .  T h e s e  d e p t h s  a n d  

v e l o c i t i e s  a r e  d e t e r m i n e d  t h r o u g h  a  s t a t i s t i c a l  a n a l y s i s  

t h a t  c o n s i d e r s  b o t h  t h e  p r o b a b i l i t y  d i s t r i b u t i o n  o f  f l o o d  

d i s c h a r g e s  a t  t h e  f a n  a p e x  a n d  t h e  p r o b a b i l i t y  t h a t  t h e  

f l o o d  c h a n n e l ( s 1  w i l l  i n u n d a t e  p a r t i c u l a r  l o c a t i o n s  down t h e  
T ,  

f a n .  F o r  e x a m p l e ,  i f  a g i v e n  c o n t o u r  o n  t h e  f a n  i s  1 0 0  f e e t  

w i d e  a n d  t h e  1 0 - y e a r  f l o o d  d i s c h a r g e  f l o w s  i n  a  c h a n n e l  t h a t  

i s  1 0  f e e t  w i d e ,  t h e  p r o b a b i l i t y  t h a t  a g i v e n  l o c a t i o n  o n  

t h i s  c o n t o u r  w i l l  b e  f l o o d e d  b y  t h e  1 0 - y e a r  d i s c h a r g e  e v e n t  

i s  a p p r o x i m a t e l y  1 % .  T h e  1% p r o b a b i l i t y  d e p t h  a n d  v e l o c i t y  

a t  t h i s  c o n t o u r  a r e  t h e  d e p t h  a n d  v e l o c i t y  i n  t h e  10 f o o t  

w i d e  c h a n n e l  c a r r y i n g  a  1 0 - y e a r  f l o o d  d i s c h a r g e .  D e p e n d i n g  

u p o n  . t h e  w i d t h  o f  t h e  f a n  c o n t o u r  a n d  t h e  w i d t h  o f  t h e  

c h a n n e l  t h e  1% p r o b a b i l i t y  d e p t h  a n d  v e l o c i t y  w i l l  

c o r r e s p o n d  t o  d i f f e r e n t  f l o o d  d i s c h a r g e s  a t  d i f f e r e n t  f a n  

l o c a t i o n s .  

I n  d e r i v i n g  a t e c h n i q u e  f o r  c a l c u l a t i n g  t h e s e  d e p t h s  a n d  

v e l o c i t i e s ,  c e r t a i n  k e y  a s s u m p t i o n s  r e g a r d i n g  f a n  f l o o d  

h y d r a u l i c s  were m a d e .  

1 )  A t  t h e  t i m e  o f  p a s s a g e  o f  t h e  p e a k  d i s c h a r g e  o f  

a f l o o d  e v e n t .  t h e  f l o w  i s  c o n f i n e d  i n  a  s i n g l e  

c h a n n e l  f r o m  t h e  f a n  a p e x  t o  t h e  t o e .  

2 )  F l o w s  a r e  a t  c r i t i c a l  d e p t h  a n d  v e l o c i t y  

( F r o u d e  n u m b e r  = 1 ) .  

3 )  B e l o w  t h e  a p e x ,  t h e  f l o o d  c h a n n e l  o c c u r s  a t  

r a n d o m  l o c a t i o n s  a t  a n y  p o i n t  o n  t h e  f a n .  

1 T h e  f l o w  e r o d e s  i t s  own c h a n n e l ,  s t a b i l i z i n g  

t h e  s h a p e  o f  t h e  c h a n n e l  w h e n  t h e  d e c r e a s e  i n  

c h a n n e l  d e p t h  p e r  u n i t  i n c r e a s e  i n  c h a n n e l  

w i d t h  a p p r o x i m a t e s  0 . 0 0 5 .  
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5 )  Permanent entrenchments, topographic biases, 

and other morphologic features which may modify 

flood hydraulics are either absent or have a 

minor influence. 

1 
The FIA methodology was developed, for application on 

unentrenched, smoothly sloped (active) alluvial fans with 

little or no man-made obstructions. As such, it represented 

a substantial improvement over the use of standard riverine 

approaches (HEC-2, etc.) or the reliance on "eyeball 

guestimates". It provided an easily applied, simple 

technique which, .given suitable fan conditions, predicted 

the approximate depths and velocities of flooding. 

The data and insights gained in the present study through 

field investigations and physical model experiments provide 

the basis for substantial improvements to the methodology. 

The most important attributes of a widely applicable 

alluvial fan methodology are as follows. 

1. The effect of fan characteristics such as 

slope, watershed conditions, and morphology 

should be incorporated into the method through 

the use of empirical equations (see Part 11, 

Section 3 )  for depth and velocity. 

2. The observed pattern of three hydraulic zones. 

channelized, braided, and sheet flow, should be 

considered in the predictions, since each zone 

has different flood hazard severity and flood 

behavior. 

3. The Froude number and channel geometry should 

vary with fan conditions such as slope and 

sediment size. 
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4. Since multiple flood channels, each with 

substantial flow, have been observed in both 

the models and field studies, the effect of 

flow splitting (in addition to avulsions) 

should be considered. 

5 .  The results of the hazard prediction 

methodology should be representative of actual 

depths and velocities at a structure during the 

base (100 year) flood event. This is because 

protective measures should be built to 

withstand the base flood, as is the case for 

riverine flood plains. 

An approach to hazard identification and estimation, as 

suggested by the results of the field and model 

investigations, is summarized below. 

1 .  Data on historical floods should be gathered, 

including depth, discharge, and velocity 

measurements, damage surveys. and personal 

accounts. Aerial photographs covering the fan 

over several years time would be helpful in 

establishing the history of fan formation and 

flood migration. 

2. Field visits, aerial photography. and 

topographic mapping should be used to identify 

watershed and fan characteristics, including 

hydrology, morphology, vegetation, forest fire 

frequency, and nature of fan development. 

3. Qualitative estimates of flood hazard types and 

severity should be made using available data 

and the relationships between characteristics 

and hazards presented in Figure 4.3. 
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. The areas subject to flooding should be 

delineated based on fan flood history, local 

topography, and other characteristics. 

5. Quantitative predictions of depths and 

velocities should be computed from empirical 

equations such a those presented in Part 11. 

Section 3. The application of such equations 

will depend on the fan conditions identified in 

step 2 and the potential hazards identified in 

step 3. . 
It is clear that a detailed study of the fan and watershed, 

including geologic and geomorphic analysis, is required to 

adequately define flooding behavior and hazards. 

This procedure will require considerably more effort than 

the application of the current F I A  methodology. However, 

the resulting flood delineation is likely to be 

substantially more accurate and representative of actual fan 

flooding. 
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5 .  THE FLOOD PLAIN MANAGEMENT PROCESS 

5.1 The Need for plaster Planninq 

The hydraulic behavior and associated hazards of fan 

flooding, as discussed in Section 4, are considerably more 

complex than typical riverine conditions. This increased 

complexity is due to: 

very high velocities and associated momentum 

forces, 

large sediment transport capacities, 

potential for extreme scour and sediment 

deposition in different parts of the same fan, 

erratic, unpredictable flow paths, and 

rapidly changing channel geometries as scour 

and deposition take place. 

As a result, approaches to alluvial fan flood protection and 

management must be more flexible as well as more careful 

than has been the norm on rivers. 

The results of field and model studies reveal that any 

management action or new development on a fan is likely to 

substantially change, and sometimes exacerbate, flood 

problems down-fan. Due to the unstable nature of most fan 

floods and the conical shape of fans, a small change in 

channel direction or geometry near the apex can radically 

shift flood impacts downstream from one area to another 

previously unaffected location. 

A whole-fan approach to flood management which considers the 

flood process from apex to toe will provide maximum 

information about the effects of development on flood 
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b e h a v i o r .  I n  a d d i t i o n ,  s u c h  a n  a p p r o a c h  a l l o w s  c o m p a r i s o n  

o f  a l l  a l t e r n a t i v e  f l o o d  m a n a g e m e n t  s c h e m e s  ( w h e t h e r  w h o l e -  

f a n .  s t r u c t u r a l  s o l u t i o n s  o r  l o c a l .  n o n s t r u c t u r a l  t o o l s )  a n d  

t h e  s e l e c t i o n  o f  t h e  m o s t  c o s t - e f f e c t i v e  a p p r o a c h .  A k e y  

s t e p  i n  t h i s  w h o l e - f a n  a p p r o a c h  i s  t h e  i m p l e m e n t a t i o n  o f  a 

m a s t e r  p l a n  w h i c h  r e g u l a t e s  d e v e l o p m e n t  a n d  s p e c i f i e s  

r e q u i r e d  m a n a g e m e n t  t o o l s .  

5 . 2  D e v e l o p m e n t  S c e n a r i o s  

T h e  t y p e s  o f  m a n a g e m e n t  t o o l s  w h i c h  a r e  l i k e l y  t o  b e  c o s t -  

e f f e c t i v e  o n  a f a n  d e p e n d ,  t o  a l a r g e  d e g r e e ,  o n  t h e  

l o c a t i o n ,  d e n s i t y ,  a n d  t i m i n g  o f  d e v e l o p m e n t .  T h r e e  

d e v e l o p m e n t  s c e n a r i o s  were s u g g e s t e d  b y  T e t t e m e r  ( u n d a t e d ) ,  

a s  f o l l o w s .  

1 .  Low d e n s i t v  d e v e l o p m e n t  c a n  b e  s u p p o r t e d  o n  t h e  

f a n  b y  a l l o w i n g  c o n s t r u c t i o n  a n y w h e r e  e x c e p t  o n  

e x i s t i n g  i n c i s e d  c h a n n e l s  a n d  i n  t h e  i m m e d i a t e  

v i c i n i t y  o f  t h e  a p e x .  T h i s  i s  i l l u s t r a t e d  i n  

F i g u r e  5 . 1 .  F l o o d p r o o f i n g  o f  a l l  s t r u c t u r e s ,  

p r e f e r a b l y  b y  e l e v a t i o n  a b o v e  t h e  f l o o d ,  w o u l d  

b e  r e q u i r e d .  Z o n i n g  r e s t r i c t i o n s  o n  min imum 

l o t  s i z e s  w o u l d  b e  n e c e s s a r y  t o  p r e v e n t  

c o n s t r i c t i o n  o f  f l o o d  p a t h w a y s  a n d  c o n c o m i t a n t  

i n c r e a s e s  i n  d e p t h .  v e l o c i t y ,  a n d  o t h e r  

h a z a r d s .  E x i s t i n g  s t r u c t u r e s  w o u l d  n o t  b e  

p r o t e c t e d  u n l e s s  r e t r o f i t t e d  w i t h  d i k e s  o r  

o t h e r  f l o o d p r o o f i n g  m e a s u r e s .  F l o o d  d a m a g e s  t o  

l a n d s c a p i n g ,  s t r e e t s ,  a n d  u t i l i t i e s  c o u l d  b e  

s e v e r e  s i n c e  t h e y  a r e  n o t  p r o t e c t e d  . 
2 .  M o d e r a t e  d e n s i t v  d e v e l o p m e n t  may b e  a c c o m o d a t e d  

i n  d i f f e r e n t  w a y s :  
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m o d e r a t e  d e n s i t y  h o u s i n g  a c r o s s  much  o f  t h e  

f a n  s u r f a c e  a n d  

m o d e r a t e  t o  h i g h  d e n s i t y  s u b d i v i s i o n s  

l o c a t e d  i n  a r e a s  p r o t e c t e d  f r o m  f l o o d i n g  

p l u s  o p e n  s p a c e  r e s e r v e d  f o r  f  l o o d w a y s .  

U n d e r  t h e  f o r m e r  s c e n a r i o ,  l o c a l  l e v e e s ,  

c h a n n e l s ,  a n d  e n l a r g e d  s t r e e t s  c o u l d  b e  u s e d  t o  

s a f e l y  c o n v e y  f l o o d  f l o w s .  T h e  u s e  o f  

s t r u c t u r e  f l o o d p r o o f i n g  i s  a l s o  p o s s i b l e ,  b u t  

t h e  c o s t  o f  f l o o d p r o o f i n g  many  s t r u c t u r e s ,  t h e  

a e s t h e t i c  p r o b l e m s  o f  s u c h  m e a s u r e s .  a n d  t h e  

f l o o d  d a m a g e s  t o  l a n d s c a p i n g  a n d  u t i l i t i e s  may 

b e  s u b s t a n t i a l .  U n d e r  t h e  r e s e r v e d  f l o o d w a y  

s c e n a r i o ,  a s  s h o w n  i n  F i g u r e  5 . 2 ,  l o c a l  l e v e e s  

a r e  u s e d  t o  d i r e c t  f l o o d  f l o w s  i n t o  o p e n  s p a c e  

a n d  t o  c o n f i n e  t h e  f l o o d  a s  i t  m o v e s  down t h e  

f a n .  No d e v e l o p m e n t  o f  t h e  f l o o d w a y  w o u l d  b e  

a l l o w e d ,  b u t  f u l l  d e v e l o p m e n t  c o u l d  o c c u r  i n  

t h e  p r o t e c t e d  a r e a s .  F l o o d  d a m a g e s  t o  

l a n d s c a p i n g ,  s t r e e t s ,  a n d  u t i l i t i e s  w o u l d  b e  

m i n i m a l .  B e c a u s e  much  o f  t h e  f  l o o d w a y  i s  

n a t u r a l ,  m a i n t e n a n c e  c o s t s  w o u l d  b e  l i m i t e d  t o  

l e v e e  r e p a i r s  a n d  l a n d s c a p e  w o r k .  

3.  Hiqh d e n s i t y  d e v e l o w m e n t  c a n  b e  s a f e l y  

a c c o m o d a t e d  o n  f a n s  t h r o u g h  t h e  u s e  o f  w h o l e  

f a n  m a n a g e m e n t  t o o l s ,  a s  i l l u s t r a t e d  i n  F i g u r e  

5 . 3 .  T h e  s t r u c t u r a l  t o o l s  c o u l d  b e  d e s i g n e d  t o  

r e d u c e  t h e  p e a k  w a t e r  a n d  s e d i m e n t  d i s c h a r g e s ,  

c o n t a i n  t h e  f l o o d  i n  a r m o r e d  c h a n n e l s ,  a n d  

c o n v e y  f l o w s  t o  t h e  f a n  t o e .  N e a r l y  a l l  o f  t h e  

f a n  s u r f a c e  i s  m a d e  a v a i l a b l e  f o r  d e v e l o p m e n t .  

S h o u l d  a n  e x t r e m e  f l - o o d  e v e n t  ( g r e a t e r  t h a n  t h e  

1 0 0  y e a r  f l o o d )  o c c u r ,  e x t e n s i v e  d a m a g e  c a n  b e  

e x p e c t e d  . L o c a l  m a n a g e m e n t  t o o l s  s u c h  a s  







conveying flows in depressed streets or 

structure elevation are theoretically possible. 

It is likely, however that application of such 

tools to an entire fan would be very costly. 

The scenarios discussed above are predicated on a planning 

process which is initiated when a fan is sparsely developed. 

Existing moderate or high density development will, of 

course, limit the options available to planners. Protection 

of existing . ,structures wi 11 require the 'use of management 

tools which divert flows away from such structures. Land 

available for floodways could be limited i f  significant 

development has dccurred. 

5.3 Recommended Master Planninq Approach 

The establishment of a master plan for development at the 

earliest stages of fan urbanization will maximize available 

flood management options and minimize the number of 

structures with high flood risks. A master plan should 

carefully consider the flooding problem and include: 

a flood management plan which specifies the 

type of management tools to be used, the 

location of these tools, and design standards 

for structural tools; 

a zoning plan which establishes a development 

scenario in coordination with the flood 

management plan and limits subdivision 

densities as appropriate; 

an open space plan which allows for flood flow 

conveyance, as appropriate, by reserving 

natural areas for either floodways or 
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s t r u c t u r a l  t o o l s  ( e . g . ,  d e b r i s  b a s i n s ,  

c h a n n e l s ,  o r  l e v e e s ) ;  

a d e v e l o p m e n t  p l a n  w h i c h  r e q u i r e s  t h a t  r o a d w a y s  

b e  o r i e n t e d ,  w h e r e  p o s s i b l e ,  p a r a l l e l  t o  t h e  

s l o p e  a n d  t h a t  f l o w  b l o c k a g e  b e  m i n i m i z e d ;  

b u i l d i n g  c o d e s  w h i c h  r e q u i r e  p r o p e r  e l e v a t i o n  

o f  new f l o o d - p r o n e  s t r u c t u r e s  a n d  p r o p e r  

c o n s t r u c t i o n  a n d  m a i n t e n a n c e  o f  d i k e s ,  a r m o r e d  

f i l l  a n d  o t h e r  l o c a l  m a n a g e m e n t  t o o l s ;  

. a r e q u i r e m e n t  t h a t  s u b d i v i s i o n  f l o o d  c o n t r o l  

p l a n s  c o n f o r m  t o  t h e  mas te r  p l a n  a n d  d o  n o t  

c a u s e  i n c r e a s e d  d o w n - f a n  f l o o d  h a z a r d s ;  

. a m a i n t e n a n c e  p r o g r a m  w h i c h  e n s u r e s  t i m e l y ,  

e f f e c t i v e  m a i n t e n a n c e  o f  i n s t a l l e d  m a n a g e m e n t  

t o o l s ;  a n d  

. a n  i n s p e c t i o n  p r o g r a m  t h a t  e n s u r e s  p r o p e r  

c o n s t r u c t i o n  a n d  m a i n t e n a n c e  o f  m a n a g e m e n t  

t o o l s .  

S u c h  a  master  p l a n  m u s t ,  o f  n e c e s s i t y ,  b e  b a s e d  o n  a n  

a n a l y s i s  o f  f l o o d  h a z a r d s  o n  f a n s ,  a s  d e s c r i b e d  i n  S e c t i o n  

4 . 5 .  O n c e  t h e  l o c a t i o n  a n d  s e v e r i t y  o f  h a z a r d s  i s  

e s t a b l i s h e d ,  f l o o d  m a n a g e m e n t  t o o l s  c a n  b e  s e l e c t e d  ( a s  

d i s c u s s e d  i n  S e c t i o n  6) a n d  a m a n a g e m e n t  p l a n  c a n  b e  

d e s i g n e d .  T h i s  p l a n  is t h e n  t h e  b a s i s  f o r  t h e  z o n i n g ,  o p e n  

s p a c e ,  a n d  d e v e l o p m e n t  p l a n s .  B u i l d i n g  c o d e s  a n d  

s u b d i v i s i o n  r e q u i r e m e n t s  c a n  b e  f o r m u l a t e d  t o  e n f o r c e  t h e  

l o c a l  a s p e c t s  o f  t h e  f l o o d  m a n a g e m e n t  p l a n .  M a i n t e n a n c e  a n d  

i n s p e c t i o n  p r o g r a m s  w i l l  b e  n e e d e d  t o  e n f o r c e  t h e  p l a n  a n d  

a s s u r e  r e l i a b l e  f l o o d  p r o t e c t i o n .  
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6. SELECTION OF FLOOD MANAGEMENT TOOLS 

6.1 Manaaement Tools Considered 

Field investigations, a literature search, and meetings with 

local community officials have identified a number of 

management tools which have been used, with varying degrees 

of success, by communities on alluvial fans. One of the 

major objectives of this study was to assess the 

applicability and effectiveness of such tools and to make 

recommendations as to the use of management measures. In 

the following discussion each tool is described and typical 

applications are cited. Later sections discuss measure 

effectiveness and recommended usage. 

Debris Basins a Detention - 

These measures can be placed on fans at the apex or across 

stable channels and typically consist of a natural or 

excavated basin confined by an earthen dam equipped with 

outlet works and spillway. The purpose of most such 

installations is to reduce the peak flood discharge of water 

and sediment. Debris basins are designed to trap most 

incoming sediment permanently, while detention dams trap 

sediment and water during the flood peak and then release 

both as the flood subsides. Both types of structures have 

been used on several fans and aprons in the United States. - . 
Levees and C m s  

Levees can be used to confine or channelize flow anywhere on 

a fan, but are typically used to convey flow all the way 

from fan apex to toe. Design of levees and channels varies 

widely, from the unarmored, uncompacted berms constructed on 
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t h e  R a n c h o  M i r a g e  a n d  P a l m  Deser t  f a n s  t o  t h e  c o n c r e t e  l i n e d  

c a n a l s  b u i l t  o n  t h e  a p r o n s  n e a r  A l b u q u e r q u e .  T y p i c a l  

c h a n n e l s  h a v e  t r a p e z o i d a l  c r o s s - s e c t i o n s  a n d  i n v e r t  s l o p e s  

e q u a l  t o  t h e  f a n  s u r f a c e  s l o p e .  H e n c e ,  v e l o c i t i e s  i n  t h e  

c h a n n e l  d u r i n g  f l o o d s  c a n  b e  e x t r e m e l y  h i g h  ( 2 0  f e e t  p e r  

s e c o n d  o r  m o r e ) .  C h a n n e l i z a t i o n  p l a n s  i n c l u d e  d e e p e n i n g  a n d  

s t r a i g h t e n i n g  o f  n a t u r a l  w a t e r c o u r s e s ,  l i n i n g  o f  n a t u r a l  

c h a n n e l s  w i t h  g r a s s ,  r i p r a p  o r  c o n c r e t e ,  a n d  c o n s t r u c t i o n  o f  

new c a n a l s .  C h a n n e l s  a r e  s o m e t i m e s  c o m b i n e d  w i t h  a n  

u p s t r e a m  d e b r i s  b a s i n  o r  d e t e n t i o n  d a m .  T h e  u p s t r e a m  

f a c i l i t y  r e d u c e s  p e a k  water a n d  s e d i m e n t  d i s c h a r g e ,  

p r e v e n t i n g  e x c e s s i v e  s c o u r  a n d / o r  s e d i m e n t  d e p o s i t i o n  a n d  

a l l o w i n g  a smal le r  c h a n n e l .  

R e i n f o r c e d  w a l l s  o r  a r m o r e d ,  s t e e p  s l o p e s  c a n  b e  u s e d  t o  

d i s s i p a t e  f l o w  e n e r g y  i n  e i t h e r  c h a n n e l s  o r  l a n d s c a p e  a r e a s .  

T h e s e  d r o p  s t r u c t u r e s  c a n  b e  c o n s t r u c t e d  a c r o s s  t h e  s l o p e  o f  

t h e  f a n  b e t w e e n  b u i l d i n g s  t o  p r e v e n t  c u t t i n g  o f  l o c a l i z e d  

g u l l e y s  a n d  t o  s t a b i l i z e  g r o u n d  s l o p e s  i n  r e s i d e n t i a l  a r e a s .  

C o n c r e t e  d r o p  s t r u c t u r e s  p l a c e d  i n  c h a n n e l s  h e l p  p r e v e n t  t h e  

v e r y  h i g h  v e l o c i t i e s  a n d  i n t e n s e  s c o u r  f o u n d  n o r m a l l y  i n  

s t e e p l y  s l o p e d  c h a n n e l s .  

p e b r i s  F e n c e s  

T h e s e  s t r u c t u r e s  a r e  u s e d  o n l y  w h e r e  d e b r i s  f l o w s  a r e  common 

a n d  a r e  d e s i g n e d  s u c h  t h a t  w a t e r  a n d  s e d i m e n t  f l o w  t h r o u g h  

t h e  f e n c e ,  w h i l e  l a r g e  r o c k s  a n d  d e b r i s  a r e  t r a p p e d .  T h e y  

t y p i c a l l y  c o n s i s t  o f  v e r t i c a l  s t e e l  I - b e a m s  m o u n t e d  i n  a  

m a s s i v e  c o n c r e t e  f o u n d a t i o n  a n d  p r o j e c t i n g  6-8 f e e t  a b o v e  

g r o u n d  l e v e l .  T h e  v e r t i c a l  b e a m s  may b e  1 - 2  f e e t  a p a r t ,  s o  

t h a t  o n l y  t h e  l a r g e r  ( m o s t  & e s t r u c t i v e )  b o u l d e r s  a n d  d e b r i s  

a r e  s t o p p e d .  

FINAL REPORT 66 A N D E R S O N - N I C H O L S  



L o c a l  D i k e s  

D i k e s  h a v e  b e e n  u s e d  t o  p r o t e c t  i n d i v i d u a l  s t r u c t u r e s  o r  

s m a l l  s u b d i v i s i o n s .  b u t  c a n  a l s o  b e  u s e d  t o  d i r e c t  f l o o d  

waters i n t o  s t r e e t s  o r  c h a n n e l s  f o r  s a f e  c o n v e y a n c e  down-  

f a n .  I n  a d e v e l o p e d  a r e a ,  l o c a l  d i k e s  s h o u l d  b e  c o o r d i n a t e d  

w i t h  s t r ee t  l a y o u t  a n d  o r i e n t a t i o n .  Use o f  d i k e s  b y  

i n d i v i d u a l  h o m e o w n e r s  w i t h o u t  s u c h  c o o r d i n a t i o n  c o u l d  r e s u l t  

i n  s e v e r e  d a m a g e s  t o  a d j a c e n t  s t r u c t u r e s .  T h e  d e s i g n  o f  

d i k e s  v a r i e s  w i d e l y ,  f r o m  s i m p l e  m a s o n r y  w a l l s  w i t h  n o  

s t r u c t u r a l  r e i n f o r c i n g  t o  m a s s i v e  e a r t h e n  b e r m s .  A r m o r i n g  

. o f  d i k e s  h a s  b e e n  n e g l e c t e d  o n  many  f a n s .  

S t r e e t  O r i e n t a t i o n .  

S t r e e t s  i n  d e v e l o p e d  a r e a s  c a n  b e  a l i g n e d  a l o n g  t h e  maximum 

s l o p e  t o  p r o v i d e  f l o w  c a r r y i n g  c a p a c i t y .  When c o m b i n e d  w i t h  

l o c a l  d i k e s  a n d  d r o p  s t r u c t u r e s  b e t w e e n  h o m e s ,  s t r e e t s  c a n  

c a r r y  a l l  o f  t h e  f l o o d  f l o w  t h r o u g h  a s u b d i v i s i o n .  F i g u r e  

6 . 1  s h o w s  o n e  way  t h e s e  t o o l s  m i g h t  b e  u s e d .  S u c h  u s e  

r e q u i r e s  h e a v y  a r m o r i n g  o f  s t r e e t  s i d e s  a n d  l a r g e  f l o w  

d e p t h s ;  c o n d i t i o n s  w h i c h  r e q u i r e  d e p r e s s i o n  o f  t h e  s t r e e t s  

a n d  s p e c i a l  t r e a t m e n t  o f  s i d e  s t r e e t s  a n d  d r i v e w a y  

e n t r a n c e s .  T r a n s i t i o n s  b e t w e e n  s u b d i v i s i o n s  o r  b e t w e e n  

s t r e e t s  a n d  o p e n  s p a c e  m u s t  b e  s m o o t h  t o  a v o i d  e x c e s s i v e  

s c o u r  o r  s e d i m e n t  d e p o s i t i o n .  

E l e v a t i o ~  & S t r u c t u r e s  

p i l e s  o r  f i l l  may b e  u s e d  t o  e l e v a t e  s t r u c t u r e s  a b o v e  t h e  

b a s e  f l o o d  e l e v a t i o n  a n d  e f f e c t i v e l y  r e m o v e  t h e m  f r o m  t h e  

f l o o d  h a z a r d s .  E l e v a t i o n  o n  p i l e s  a l l o w s  f l o w  u n d e r  t h e  

b u i l d i n g  a n d  m i n i m i z e s  o b s t r u c t i o n s  i n  t h e  f l o w  p a t h ,  w h i l e  

e l e v a t i o n  o n  f i l l  s u b s t a n t i a l l y  o b s t r u c t s  f l o w .  A 

s u b d i v i s i o n  b u i l t  o n  f i l l  r e q u i r e s  a n  a l t e r n a t i v e  f l o w  

c o n v e y a n c e  s y s t e m  s u c h  a s  a r m o r e d  s t r e e t s .  E l e v a t i o n  o n  
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f i l l  h a s  b e e n  i m p l e m e n t e d  b y  s e v e r a l  c o m m u n i t i e s ,  b u t  

w i t h o u t  p r o p e r  a r m o r i n g  o r  p r o v i s i o n  o f  f l o o d  c o n v e y e n c e  

c a p a c i t y .  E l e v a t i o n  o n  p i l e s  h a s ,  t o  d a t e ,  b e e n  u s e d  o n  

i n d i v i d u a l  s t r u c t u r e s ,  b u t  h a s  n o t  b e e n  a p p l i e d  t o  e n t i r e  

s u b d i v i s i o n s .  

W a t e r s h e d  M a n a o e m e n t  

T h i s  m e a s u r e  i n c l u d e s  t h e  u s e  o f  r e f o r e s t a t i o n  t e c h n i q u e s  

a n d  f o r e s t  f i r e  c o n t r o l s  a s  w e l l  a s  t e r r a c i n g ,  w h e r e  

f e a s i b l e ,  t o  m i n i m i z e  r u n o f f  a n d  s e d i m e n t  p r o d u c t i o n  f r o m  a  

- w a t e r s h e d  f e e d i n g  a f a n .  S u c h  t e c h n i q u e s  c a n  b e  u s e d  ' i n  

c o m b i n a t i o n  w i t h  a l l  o t h e r  m e a s u r e s  t o  r e d u c e  t h e i r  r e q u i r e d  

c a p a c i t y .  Use o f  w a t e r s h e d  m a n a g e m e n t  i s  h i g h l y  d e p e n d e n t  

o n  t h e  w a t e r s h e d  s l o p e ,  s o i l  c h a r a c t e r i s t i c s ,  a n d  c l i m a t e .  

F l o o d  P l a i n  Z o n i n q  

Z o n i n g  i s  u s e d  t o  r e s e r v e  f a n  a r e a s  f o r  f l o w  c o n v e y a n c e .  

d e t e n t i o n ,  o r  d i v e r s i o n  a n d  t o  p r o h i b i t  o r  l i m i t  d e v e l o p m e n t  

i n  h i g h  f l o o d  h a z a r d  a r e a s .  T h e  u n p r e d i c t a b l e  n a t u r e  o f  

f l o o d i n g  o n  f a n s  m a k e s  s u c h  z o n i n g  d i f f i c u l t  a n d  u n c e r t a i n  

u n l e s s  e i t h e r  ( 1 )  much  o f  t h e  f a n  i s  z o n e d  a s  a f l o o d w a y  o r  

( 2 )  c o n t r o l s  o n  t h e  f l o w  p a t h ,  s u c h  a s  a r m o r e d  l e v e e s ,  a r e  

i n s t a l l e d  t o  d i r e c t  t h e  f l o w  a s  n e e d e d .  T h e  a m o u n t  o f  l a n d  

w h i c h  m u s t  b e  r e m o v e d  f r o m  d e v e l o p m e n t  c a n  b e  s u b s t a n t i a l l y  

r e d u c e d  t h r o u g h  t h e  u s e  o f  c o n t r o l  m e a s u r e s .  Z o n i n g  h a s  n o t  

b e e n  w i d e l y  u s e d  t o  d a t e ,  d u e  t o  t h e  s u b s t a n t i a l  d e v e l o p m e n t  

p r e s s u r e s  w h i c h  e x i s t  o n  m a n y  f a n s  i n  t h e  S o u t h w e s t .  

6 . 2  E v a l u a t i o n  a n d  S e l e c t i o n  H e t h o d o l o q y  

T h e  s e l e c t i o n  o f  m a n a g e m e n - t  t o o l s  s h o u l d  b e  b a s e d  o n  a 

t h o r o u g h  u n d e r s t a n d i n g  o f  t h e  f l o o d  h a z a r d s  o n  t h e  f a n .  

e x i s t i n g  d e v e l o p m e n t ,  p r o p o s e d  d e v e l o p m e n t  d e n s i t y  a n d  
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orientation, and the economic and polltical realities of the 

subject community. Available management options include a 

variety of measures which, either singly or in combination. 

should provide adequate flood protect~on. This section 

defines the key issues which must be considered and suggests 

a methodology for selecting flood plain management tools. 

The design of management tools depends on: 

1. performance requirements, 

2. susceptibility of the tool to anticipated 

forces (hazards) during floods, 

3. physical constraints on size and orientation, 

. public acceptance, and 

5 .  cost. 

Of these considerations, physical constraints and 

performance requirements are site and application specific. 

while cost, susceptibility, and public acceptance are 

related to the measure itself. 

Performance requirements specify the discharge, velocity, 

sediment load, and/or depth of flow which must be contained 

or controlled by the measure. They are determined from 

hydrologic and hydraulic analyses of the watershed and fan, 

and, in turn, determine the scour, deposition and momentum 

forces affecting the measure. Physical constraints include 

such restrictions as available land, exlsting channel 

patterns, existing development density, and previously 
1 

installed measures. 

Susceptibility a tool to hazards on fans will be assessed 

in Section 6.3 based on tool performance in the physlcal 

models, reported performance of tools on prototype fans, and 

guidelines for flood management tool design (e.g., "Levee 

Design Hanual," U.S. Army C.O.E.). Susceptibility is severe 
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w h e n  d e s t r u c t i o n  o r  n e u t r a l i z a t i o n  o f  t h e  m e a s u r e  d u e  t o  t h e  

h a z a r d  i s  l i k e l y .  P r o p e r  d e s i g n  o f  t h e  m e a s u r e  a n d / o r  

d i l i g e n t  m a i n t e n a n c e  m a y  p r e v e n t  d e g r a d a t i o n  o f  m e a s u r e  

p e r f o r m a n c e .  H e n c e ,  d i s c u s s i o n s  o f  s u s c e p t i b i l i t y  s e r v e  a s  

. i n d i c a t o r s  o f  t h e  k i n d s  o f  h a z a r d s  w h i c h  d e s e r v e  s p e c i a l  

a t t e n t i o n  f o r  e a c h  m a n a g e m e n t  t o o l .  

P u b l i c  a c c e p t a n c e  o f  a m a n a g e m e n t  m e a s u r e  t y p i c a l l y  d e p e n d s  

o n  t h e  f o l l o w i n g  f a c t o r s :  a e s t h e t i c s ,  d i s r u p t i o n  o f  t h e  

c o m m u n i t y ,  p e r c e i v e d  s a f e t y  e f f e c t s ,  a n d  c o s t  t o  t h e  

i n d i v i d u a l ,  e i t h e r  d i r e c t l y  o r  t h r o u g h  t a x e s .  B e c a u s e  f a n s  

a r e  t y p i c a l l y  c o m p l e t e l y  d r y  e x c e p t  when  a c t u a l  f l o o d  e v e n t s  

o c c u r ,  f e w  c i t i z e n s  r e c o g n i z e  t h e  m a g n i t u d e  o f  f l o o d  

h a z a r d s .  N a t u r a l  f l o o d  c h a n n e l s  o n  many  f a n s  a r e  p o o r l y  

d e f i n e d  a n d  h i g h l y  i r r e g u l a r .  m a k i n g  i t  d i f f i c u l t  f o r  

c i t i z e n s  t o  r e c o g n i z e  p a r t s  o f  t h e  f a n  w h i c h  a r e  s u s c e p t i b l e  

t o  f l o o d i n g .  F i n a l l y ,  t h e  u n s t a b l e  n a t u r e  o f  f l o o d  p a t h s  o n  

f a n s  m a k e s  d e f i n i t i o n  o f  a f l o o d  z o n e  d i f f i c u l t  a n d  i n  many  

c a s e s  r e s u l t s  i n  much  o f  t h e  f a n  b e i n g  c l a s s i f i e d  a s  f l o o d  

p l a i n .  A l l  o f  t h e s e  f a c t o r s  c o n t r i b u t e  t o  a g e n e r a l l y  v e r y  

l o w  l e v e l  o f  a c c e p t a n c e  f o r  m a n a g e m e n t  t o o l s  o n  f a n s .  " 

P l a n n i n g  s t u d i e s  may l o o k  a t  m a n a a e m e n t  t o o l  c o s t s  a t  

t h r e e  l e v e l s :  i n d i v i d u a l  h o m e o w n e r .  g o v e r n m e n t ,  a n d  m i n i m u m  

l o n g - t e r m  c o s t  f o r  t h e  e n t i r e  c o m m u n i t y .  S i n c e  c e r t a i n  

m e a s u r e s  e m p h a s i z e  g o v e r n m e n t  c o s t s  ( d e b r i s  b a s i n s  a n d  

c h a n n e l s ) .  w h i l e  o t h e r s  p l a c e  m o s t  o f  t h e  b u r d e n  o n  

h o m e o w n e r s  o r  d e v e l o p e r s  ( e l e v a t i o n  o f  s t r u c t u r e s ) ,  m e a s u r e s  

c a n  s o m e t i m e s  b e  s e l e c t e d  t o  p l a c e  t h e  c o s t  b u r d e n  

a p p r o p r i a t e l y .  - 
M a n a g e m e n t  t o o l s  s h o u l d  b e  s e l e c t e d  t h r o u g h  a  p r o c e s s  w h i c h  

c o n s i k r s :  

f a n  a n d  w a t e r s h e d  c h a r a c t e r i s t i c s ,  

t h e  l o c a t i o n  a n d  s e v e r i t y  o f  h a z a r d s ,  
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t h e  f l o o d i n g  p a t t e r n  o n  t h e  f a n ,  

p r e d i c t i o n  o f  f u t u r e  f l o o d  b e h a v i o r ,  

e x i s t i n g  a n d  p r o j e c t e d  d e v e l o p m e n t ,  a n d  

t h e  e f f e c t i v e n e s s  o f  t h e  v a r i o u s  m a n a g e m e n t  

t o o l s  a v a i l a b l e .  

I n  t h e  p a s t ,  m e a s u r e s  h a v e  o f t e n  b e e n  s e l e c t e d  w i t h  l i t t l e  

u n d e r s t a n d i n g  o f  t h e  d y n a m i c s  o f  f l o o d i n g  o n  f a n s  a n d  l i t t l e  

c o n c e r n  f o r  t h e  e f f e c t  o f  d e v e l o p m e n t  d e n s i t y  o n  m e a s u r e  

p e r f o r m a n c e .  T h i s  h a s  l e d  i n  s e v e r a l  i n s t a n c e s  t o  t h e  

f a i l u r e  o f  l e v e e s ,  d i k e s ,  a n d  o t h e r  i n s t a l l a t i o n s  a n d  v e r y  

h e a v y  d a m a g e s  t o  p r o p e r t i e s  o n  t h e  f a n s .  

T h e  f o l l o w i n g  s e l e c t i o n  p r o c e s s  c o n s i d e r s  a l l  o f  t h e  k e y  

i s s u e s  w h i c h  i n f l u e n c e  m a n a g e m e n t  t o o l  p e r f o r m a n c e  a n d  

e n s u r e s  a c o m p r e h e n s i v e  a p p r o a c h  t o  f l o o d  p l a i n  m a n a g e m e n t  

o n  a l l u v i a l  f a n s .  

1 .  T h e  t y p e  a n d  J o c a t i o n  o f  h a z a r d s  o n  t h e  

f a n  s h o u l d  b e  i d e n t i f i e d  b a s e d  o n  a  q u a l i t a t i v e  

a n a l y s i s  o f  f a n  a n d  w a t e r s h e d  c h a r a c t e r i s t i c s  

a n d  a  r e v i e w  o f  h i s t o r i c a l  f l o o d i n g  b e h a v i o r .  

A g e o l o g i s t  a n d  a h y d r o l o g i s t  w o u l d  b e  r e q u i r e d  

t o  a n a l y z e  t h e  c h a r a c t e r i s t i c s  a n d  p r e d i c t  

f u t u r e  f a n  b e h a v i o r .  S e c t i o n s  3 ,  a n d  4 d e a l  

w i t h  t h e s e  i s s u e s .  

2 .  Q u a n t i t a t i v e  e s t ima tes  f o r  t h e  d e p t h ,  v e l o c i t y ,  

w i d t h  and p a t h  o f  the d e s i s ~  flood ( 1 0 0 - y e a r  

e v e n t )  s h o u l d  b e  d e v e l o p e d  f r o m  e m p i r i c a l  

f o r m u l a s  f o r  c h a n n e l  g e o m e t r y  a n d  b e h a v i o r .  

S e v e r a l  f o r m u l a s  f o r  c o m p u t i n g  t h e s e  q u a n t i t i e s  

a r e  p r e s e n t e d  i n  P a r t  11, S e c t i o n  3 o f  t h i s  

r e p o r t .  

3.  T h e  i d e n t i f i c a t i o n  o f  e x i s t i n s  & f u t u r e  
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development on the fan provides a basis for 

flood plain management. The logical way to 

obtain development data is to create and 

implement a master plan for the fan. This plan 

may include alternative development scenarios 

which can be individually considered based on 

flood plain management needs. 

4 .  Alternative manaaement scenarios can then be 

identified based on different combinations od 

management tools that would be compatible with 

the development plan. These scenarios would be 

based on required performace, physical 

constraints, and public acceptance potential. 

as well as the compatibility of various tools. 

The recommended applications for management 

tools presented in Section 6.4 provide a 

framework for this identification process. 

Recommended management approaches are discussed 

in Section 6.5. 

5 .  -- Tools u g h  are inapuropriate, e.g., will not 

withstand the flow conditions on the fan, will 

not adequately reduce or eliminate flood 

hazards, or will not be compatible with other 

implemented tools, can be eliminated based on 

the discussions in Section 6.3, the physical 

model results. and experience with floods on 

fans . 

6. The cost of ench tool can then be estimated 

based on preliminary designs using the 

quantitative estimates of hydraulic behavior 

obtained in step 2. Tools which do not appear 

to be cost-effective. are financially 

infeasible, or have excessive public acceptance 
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p r o  b 1 ems s h o u l d  b e  e l i m i n a t e d  f r o m  

c o n s i d e r a t i o n .  

7 .  T h e  f i n a l  s e l e c t i o n  & m a n a a e m e n t  m e a s u r e s ,  i f  

m o r e  t h a n  o n e  c a n d i d a t e  r e m a i n s ,  w i l l  b e  

d e p e n d e n t  o n  c o m m u n i t y  n e e d s  a n d  t h e  a b i l i t y  o f  

t h e  v a r i o u s  i n t e r e s t  g r o u p s  t o  p a y  t h e  c o s t s .  

6 . 3  E f f e c t i v e n e s s  a M a n a s e m e n t  Tools 

E x p e r i e n c e  w i t h  m a n a g e m e n t  t o o l s  i n  p a s t  f l o o d s  ( e . g . ,  P a l m  

Desert, R a n c h o  M i r a g e ,  B u l l h e a d  C i t y )  p r o v i d e s  s o m e  

i n d i c a t i o n  o f  e f f e c t i v e n e s s .  P u b l i c  r e a c t i o n  t o  f l o o d  

m a n a g e m e n t  p l a n s  i n  s o m e  a r e a s  ( e . g . ,  A l b u q u e r q u e ,  P a l m  

Dese r t ,  L o s  A n g e l e s )  i n d i c a t e s  p r o b a b l e  p u b l i c  r e s p o n s e  t o  

i m p l e m e n t a t i o n  o f  s u c h  p l a n s .  H o w e v e r ,  t h e  r a t h e r  s h o r t  

h i s t o r y  a n d  l i m i t e d  s c o p e  o f  f l o o d  m a n a g e m e n t  a c t i v i t i e s  o n  

f a n s  p r o v i d e s  o n l y  l i m i t e d  e x p e r i e n c e .  E v a l u a t i o n  o f  t o o l s  

m u s t  a l s o  b e  b a s e d  o n  t h e  p h y s i c a l  m o d e l  t e s t s  p e r f o r m e d  

a u r i n g  t h i s  s t u d y .  

F i g u r e  6 . 2  s u m m a r i z e s  t h e  r e l a t i v e  s u s c e p t i b i l i t y  o f  e a c h  

m a n a g e m e n t  t o o l  t o  e a c h  h a z a r d  t y p e  f o u n d  o n  f a n s .  W h e r e  

s u s c e p t i b i l i t y  i s  s e v e r e ,  f a i l u r e  o f  t h e  t o o l  i s  p r o b a b l e  

u n l e s s  a d e q u a t e  p r o t e c t i v e  m e a s u r e s  a r e  i m p l e m e n t e d .  

S u s c e p t i b i l i t y  c a n  b e  u s e d  a s  a n  i n d i c a t i o n  o f  m a i n t e n a n c e  

r e q u i r e m e n t s  a s  w e l l  a s  d e s i g n  s t a n d a r d s  f o r  m a n a g e m e n t  

t o o l s .  W h e r e  e x t r e m e  d a m a g e  t o  a m e a s u r e  i s  i n d i c a t e d ,  

e . g . ,  l o c a l  d i k e s  i n s t a l l e d  n e a r  t h e  f a n  a p e x ,  s u c h  

a p p l i c a t i o n s  s h o u l d  b e  a v o i d e d .  

T h e  e f f e c t i v e n e s  o f  i n d i v i d u a l  m a n a g e m e n t  t o o l s  i n  r e d u c i n g  

s p e c i f i c  h a z a r d s  i s  s u m m a r i z e d  i n  F i g u r e  6 . 3 .  E a c h  t o o l  i s  

a s s u m e d  t o  b e  a d e q u a t e l y  m a i n t a i n e d  a n d  f u l l y  p r o t e c t e d  

a g a i n s t  t h e  h a z a r d s .  I n d i v i d u a l  m e a s u r e  e f f e c t i v e n e s s  a n d  
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h a z a r d  s u s c e p t i b i l i t y  a r e  d i s c u s s e d  b e l o w .  S e c t i o n  6 . 4  

r e c o m m e n d s  s p e c i f i c  a p p l i c a t i o n s  f o r  m a n a g e m e n t  t o o l s ,  w h i l e  

S e c t i o n  6 . 5  r e c o m m e n d s  a n  a p p r o a c h  t o  f l o o d  m a n a g e m e n t .  

D e b r i s  B a s i n s  & D e t e n t i o n  

S u s c e p t i b i l i t y :  

- F l o o d s  l a r g e r  t h a n  b a s i n  c a p a c i t y  w i l l  c a u s e  

e x c e s s i v e  d i s c h a r g e s  o r  dam o v e r t o p p i n g .  

- S u b s t a n t i a l  f i l l i n g  o f  t h e  b a s i n  b y  s e d i m e n t  

o c c u r s  d u r i n g  e a c h  f l o o d .  

- E r o s i o n  o f  dam d u e  t o  l o c a l  c h a n n e l  f o r m a t i o n  

a n d  m i g r a t i o n  c a n  d a m a g e  t h e  s t r u c t u r e .  

E f f e c t i v e n e s s  

- D e c r e a s e  a l l  m a j o r  h a z a r d s  e x c e p t  s c o u r  b y  

d e c r e a s i n g  p e a k  w a t e r  a n d  s e d i m e n t  d i s c h a r g e s .  

- May c a u s e  i n c r e a s e d  s c o u r  a n d  c h a n n e l  c u t t i n g  

d o w n s t r e a m  d u e  t o  a b r u p t  r e d u c t i o n  i n  s e d i m e n t  

l o a d .  

- D e b r i s  b a s i n s  m a y  r e d u c e  s e d i m e n t  l o a d  b u t  n o t  

s i g n i f i c a n t l y  r e d u c e  p e a k  d i s c h a r g e .  

- D e t e n t i o n  d a m s  a t t e n u a t e  p e a k  s e d i m e n t  a n d  

w a t e r  d i s c h a r g e s  b u t  d o  n o t  p e r m a n e n t l y  t r a p  

e i t h e r ;  t o t a l  s e d i m e n t  d e p o s i t i o n  may n o t  b e  

s i g n i f i c a n t l y  r e d u c e d .  

- I f  t h e  f l o o d  p a t h  m i g r a t e s  a w a y  f r o m  t h e  b a s i n  

o r  dam,  t h e  t o o l  i s  u s e l e s s .  

P u b l i c  A c c e p t a n c e  

- T h e  p u b l i c  may  c o n s i d e r  t h e s e  m e a s u r e s  t o  b e  

u n s i g h t l y  a n d  d a n g e r o u s .  

- C o s t s  a r e  h i g h ,  a n d  a r e  t y p i c a l l y  p a i d  b y  

f e d e r a l  a n d  s t a t e  a g e n c i e s .  
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R e q u i r e d  M a i n t e n a n c e  

- R e m o v a l  o f  s e d i m e n t  a f t e r  e a c h  f l o o d  

- R e p a i r  o f  c h a n n e l s  a n d  s p i l l w a y .  

L e v e e s  a C h a n n e l s  

S u s c e p t i b i l i t y  

- U n a r m o r e d  l e v e e s  a n d  c h a n n e l s  a r e  e x t r e m e l y  

v u l n e r a b l e  t o  s c o u r  d a m a g e  a n d  p o t e n t i a l  

f a i l u r e  d u e  t o  v e l o c i t i e s  e x c e e d i n g  2 0  f e e t  p e r  

s e c o n d .  L e v e e s  o n  R a n c h o  M i r a g e  a n d  P a l m  

Desert  f a n s  h a v e  b e e n  b r e a c h e d  b y  f l o o d s .  

P h y s i c a l  m o d e l  t e s t s  ( P a r t  11. S e c t i o n  4 . 5 )  

s h o w  r a p i d  e r o s i o n  a n d  u n d e r c u t t i n g  o f  

u n a r m o r e d  1  e v e e s  . 
- R i p r a p  l i n e d  c h a n n e l s  a n d  l e v e e s  r e s i s t  

m o d e r a t e  f l o o d s  b u t  may b e  s e v e r e l y  d a m a g e d  b y  

l a r g e  e v e n t s  a s  s h o w n  i n  t h e  p h y s i c a l  m o d e l  

s t u d i e s .  

- S e d i m e n t  d e p o s i t i o n  may  c a u s e  c h a n n e l  b l o c k a g e  

a n d  l e v e e  o v e r t o p p i n g  w h e r e  a b r u p t  d e c r e a s e s  i n  

v e l o c i t y  o c c u r .  

- U p s t r e a m  d e b r i s  b a s i n s  o r  d e t e n t i o n  d a m s  w i l l  

s u b s t a n t i a l l y  r e d u c e  r i s k s  o f  o v e r t o p p i n g  o r  

s e d i m e n t  d e p o s i t i o n ,  b u t  may i n c r e a s e  s c o u r  

p r o b l e m s .  

E f f e c t i v e n e s s  

- When p r o p e r l y  d e s i g n e d .  a r m o r e d ,  a n d  

m a i n t a i n e d ,  c h a n n e l s  e l i m i n a t e  a l l  f l o o d  

h a z a r d s  o n  t h e  f a n .  

- S i n c e  v e l o c i t i e s  a r e  e x t r e m e l y  h i g h  i n  t h e  

c h a n n e l s ,  s a f e t y  p r u b l e m s  a r e  i m p o r t a n t .  

- A l e v e e / c h a n n e l  s y s t e m  m u s t  b e  c o n t i n u o u s  f r o m  

a p e x  ( o r  d e b r i s  b a s i n  i f  u s e d )  t o  t h e  t o e  o f  
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the fan. Below the end of the channel, flow 

braiding and flood path instability recur. 

- Abrupt changes in channel shape, capacity or 

direction cause, as shown in the model tests, 

local scour or deposition and failure of the 

channel. Such changes should be avoided. 

- Channels are most effective when used in 

combination with debris basins or detention 

dams. 

Public Acceptance 

- General perception of .reliability and good 

protection, despite poor past performance. 

- Viewed as unsightly and disruptive to 

community. 

- Safety hazard for children. 

- Costs are high, and are typically paid by 

federal and state agencies. 

Required Maintenance 

- Sediment removal and channel repair after each 

flood. 

- Routine inspection and maintenance of levees. 

Drop Structures 

Susceptibility 

- Drop structures, because they are designed to 

dissipate large amounts of energy in a small 

area, are subject to severe erosion and 

potential undermining. T h e  foundation and 

structure must be robust to prevent failure. 

Effectiveness 

- Substantially reduce scour on steep slopes and 
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s t a b i l i z e  g r o u n d  s u r f a c e ;  i n e f f e c t i v e  a g a i n s t  

o t h e r  h a z a r d s .  

- I n  t e r r a c e d  s u b d i v i s i o n s ,  w h e r e  h o r i z o n t a l  

h o u s e  p a d s  a r e  s e p a r a t e d  b y  s t e e p  b a n k s ,  d r o p  

s t r u c t u r e s  p r e v e n t  h e a d c u t t i n g  a n d  f o r m a t i o n  o f  

c h a n n e l s  b e t w e e n  s t r u c t u r e s .  A s  s h o w n  i n  t h e  

m o d e l  t e s t s  ( P a r t  1 1 ,  S e c t i o n  5 .  t h e  

r e d u c t i o n  i n  s c o u r  h a z a r d  is s u b s t a n t i a l .  

- W h e r e  c h a n n e l s  a r e  u s e d  t o  c o n v e y  f l o o d s  down-  

f a n ,  d r o p  s t r u c t u r e s  c a n  b e  u s e d  i n  t h e  

c h a n n e l s  t o  s a f e l y  d i s s i p a t e  e n e r g y  a n d  p r e v e n t  

c h a n n e l  e r o s i o n  a n d  f a i l u r e .  

P u b l i c  A c c e p t a n c e  

- W h i l e  d r o p  s t r u c t u r e s  a r e  c o m m o n l y  u s e d  i n  

c h a n n e l s ,  n o  u s e s  o f  t h e n  i n  t e r r a c e d  

s u b d i v i s i o n s  w e r e  o b s e r v e d .  

- A c c e p t a n c e  i s  l i k e l y  t o  b e  v e r y  g o o d ,  s i n c e  

t h e y  a r e  i n e x p e n s i v e ,  c a n  b e  i n s t a l l e d  b y  

d e v e l o p e r s .  c a n  b e  r e t r o f i t t e d  t o  e x i s t i n g  

c o m m u n i t i e s ,  a n d  c a n  b e  c o v e r e d  c o m p l e t e l y  b y  

l a n d s c a p i n g .  

R e q u i r e d  M a i n t e n a n c e  

- N o n e ,  e x c e p t  f o r  i n s p e c t i o n  a n d  r e p a i r .  i f  

n e c e s s a r y ,  a f t e r  f l o o d s .  

D l .  F e n c e s  

S u s c e p t i b i l i t y  

- B e c a u s e  t h e y  a r e  d e s i g n e d  t o  s t o p  d e b r i s ,  s u c h  

f e n c e s  w i l l  c o l l e c t  s e d i m e n t  a n d  b o u l d e r s  u n t i l  

t h e y  a r e  b u r i e d .  

- I m p a c t  f o r c e s  o n  t h e  f e n c e s  d u r i n g  mud o r  

d e b r i s  f l o w  e v e n t s  c a n  b e  l a r g e ,  p o t e n t i a l l y  

FINAL REPORT 80 ANDERSON-NICHOLS 



c a u s i n g  f a i l u r e .  

- F l o o d s  m a y ,  u n l e s s  c o n f i n e d ,  b e  d i v e r t e d  a r o u n d  

t h e  o b s t r u c t i o n  c a u s e d  b y  a d e b r i s  f e n c e .  

E f f e c t i v e n e s s  

- R e d u c e ,  b u t  n o t  e l i m i n a t e ,  i m p a c t  d a m a g e s  t o  

h o m e s  a n d  d e b r i s  d e p o s i t i o n  i n  s t r e e t s  a n d  

y a r d s .  

- N o t  e f f e c t i v e  a g a i n s t  o t h e r  h a z a r d s .  

- U s e f u l  o n l y  f o r  d e b r i s  f l o w  e v e n t s .  

- No e x a m p l e s  o f  u s e  i n  t h e  U . S .  were f o u n d .  

P u b l i c  A c c e p t a n c e  

- A c c e p t a n c e  i s  l i k e l y  t o  b e  g o o d ,  b e c a u s e  c o s t s  

a r e  l o w  a n d  t h e  f e n c e s  a r e  i n o b t r u s i v e .  

- C o s t s  c a n  b e  p a i d  b y  d e v e l o p e r s  o r  c o m m u n i t i e s .  

R e q u i r e d  M a i n t e n a n c e  

- P e r i o d i c  i n s p e c t i o n  a n d  r e p a i r .  

- C l e a n i n g  o f  f e n c e s  a f t e r  f l o o d s .  

L o c a l  D i k e s  

S u s c e p t i b i l i t y  

- D i k e s  a r e  s u b j e c t  t o  o v e r t o p p i n g ,  s c o u r ,  a n d  

i m p a c t  f o r c e  d a m a g e s  i f  i m p r o p e r l y  d e s i g n e d .  

- S e d i m e n t  d e p o s i t i o n  u p s t r e a m  ( d u e  t o  b l o c k a g e  

a n d  s l o w i n g  o f  f l o w )  may  s e r i o u s l y  r e d u c e  

e f f e c t i v e  d i k e  h e i g h t .  

- S a f e  d e s i g n  r e q u i r e s  t h a t  s u b s t a n t i a l  

f r e e b o a r d ,  a d e q u a t e  s r m o r i n g  o f  d i k e  f a c e  a n d  

t o e ,  a n d  r e s i s t a n c e  t o  i m p a c t s  Be b u i l t  i n t o  

l o c a l  d i k e s  o n  f a n .  - 
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E f f e c t i v e n e s s  

- W e l l - d e s i g n e d  d i k e s  c a n  s u c c e s s f u l y  p r o t e c t  

i n d i v i d u a l  h o m e s  o r  b l o c k s  o f  h o m e s  b y  

d i v e r t i n g  f l o o d  f l o w s .  

- F a i l u r e  o f  a d i k e  m a y  c a u s e  g r e a t e r  d a m a g e  t h a n  

i f  n o  d i k e  e x i s t e d .  

- E f f e c t i v e  o n l y  w h e r e  t h e y  a r e  p a r t  o f  a n  

i n t e g r a t e d  p l a n  f o r  t h e  e n t i r e  a r e a .  T h e y  m u s t  

b e  t i e d  i n t o  c o n v e y a n c e  c h a n n e l s  t o  p r e v e n t  

f l o o d i n g  o f  o t h e r  a r e a s  b y  d i v e r t e d  f l o w s .  

- U n a r m o r e d  d i k e s  a r e  o f  l i t t l e  v a l u e ,  s i n c e  

f a i l u r e  i s  l i k e l y  d u r i n g  f l o o d  e v e n t s ,  a s  s h o w n  

i n  t h e  l o c a l  m o d e l  t e s t s  ( P a r t  11. S e c t i o n  

5 . 6 ) .  

P u b l i c  A c c e p t a n c e  

- A c c e p t a n c e  i s  l i k e l y  t o  b e  g o o d  d u e  t o  l o w  

c o s t s  a n d  a h i g h  l e v e l  o f  p e r c e i v e d  p r o t e c t i o n .  

- D i k e s  g e n e r a t e  m o r e  p u b l i c  c o n f i d e n c e  t h a n  t h e y  

d e s e r v e  i n  m a n y  c a s e s ,  s i n c e  d e s i g n  o f  l o c a l  

d i k e s  i s  o f t e n  i n a d e q u a t e  t o  w i t h s t a n d  f l o o d  

e v e n t s .  

- C o s t s  a r e  p a i d  b y  d e v e l o p e r s  o r  h o m e o w n e r s .  

R e q u i r e d  n a i n t e n a n c e  

- I n s p e c t i o n  a n d  r e p a i r ,  i n c l u d i n g  r e m o v a l  o f  

s e d i m e n t ,  a f t e r  e a c h  f l o o d .  

S t r e e t  D e s i s n  & O r i e n t a t i o n  

S u s c e p t i b i l i t y  

- S u b j e c t  t o  s c o u r  d u e  t o  e x t r e m e l y  h i g h  

v e l o c i t i e s  a n d  s e d i m e n t  d e p o s i t i o n .  

- S t r e e t s  m u s t  b e  s u b s t a n t i a l l y  d e p r e s s e d  b e l o w  

g r o u n d  s u r f a c e  a n d  t h e  s i d e - w a l l s  a r m o r e d  t o  

FINAL REPORT 8 2 ANDERSON-NICHOLS 



p r e v e n t  o v e r t o p p i n g  a n d  e r o s i o n  d a m a g e s .  

- S t r e e t s  n o t  o r i e n t e d  a l o n g  maximum s l o p e  may 

e x p e r i e n c e  e r o s i o n  a l o n g  t h e  d o w n - f a n  s i d e .  

E f f e c t i v e n e s s  

- When c o m b i n e d  w i t h  h o u s e s  r a i s e d  o n  a r m o r e d  

f i l l  a n d  d i v e r s i o n  d i k e s  p l a c e d  u p s t r e a m  o f  t h e  

d e v e l o p m e n t ,  s t r e e t s  c a n  s a f e l y  c o n v e y  t h e  

e n t i r e  f l o o d  f l o w .  

- E f f e c t i v e n e s s  i s  d e p e n d e n t  o n  t h e  h y d r a u l i c  

c a p a c i t y  o f  t h e  d i k e s  a n d  s t r e e t s .  S m o o t h  

c o n n e c t i o n s  b e t w e e n  u p s t r e a m  a n d  d o w n s t r e a m  

s t r e e t s  w i t h  n o  s h a r p  b e n d s  o r  b l o c k a g e s  a r e  

e s s e n t i a l  t o  a  s a f e  d e s i g n .  

- P h y s i c a l  m o d e l  r e s u l t s  ( P a r t  11. S e c t i o n  5 . 3 )  

s h o w  t h i s  t o  b e  a  v e r y  e f f e c t i v e  m a n a g e m e n t  

t o o l  f o r  new s u b d i v i s i o n s .  

- S a f e t y  h a z a r d s  d u e  t o  e x t r e m e l y  h i g h  v e l o c i t i e s  

( i n  e x c e s s  o f  2 0  f e e t  p e r  s e c o n d )  a r e  s e r i o u s .  

P u b l i c  A c c e p t a n c e  

- P o o r ,  d u e  t o  p r o b l e m s  w i t h  a e s t h e t i c s  ( e a c h  

s t r e e t  i s  a c o n c r e t e  l i n e d  c h a n n e l ) ,  access  

f r o m  d r i v e w a y s ,  a n d  s a f e t y .  

- A e s t h e t i c  p r o b l e m s  c a n  b e  m i t i g a t e d  b y  

l a n d s c a p i n g  c u r b  a n d  w a l l  a r e a s .  

- Added  c o s t s  o f  s t r e e t  o r i e n t a t i o n  a n d  

d e p r e s s i o n  a r e  smal l  f o r  n e w  d e v e l o p m e n t s  a n d  

c a n  b e  p a i d  b y  d e v e l o p e r s .  T h e  c o s t  o f  

d e p r e s s i n g  s t r e e t s  i n  e x i s t i n g  d e v e l o p m e n t s  

w o u l d  b e  l a r g e .  

R e q u i r e d  M a i n t e n a n c e  

- I n s p e c t i o n .  r e p a i r ,  a n d  d e b r i s  r e m o v a l  a f t e r  

f l o o d s  . 
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E l e v a t i o n  o f  o n  P i l e s  o r  F i l l  

S u s c e p t i b i l i t y  

- U n a r m o r e d  f i l l  i s  h i g h l y  s u s c e p t i b l e  t o  e r o s i o n  

d a m a g e ,  p o t e n t i a l l y  c a u s i n g  u n d e r m i n i n g  o f  t h e  

a s s o c i a t e d  h o m e .  A d e q u a t e  a r m o r i n g  i s  e s s e n t i a l .  

- S c o u r  a r o u n d  p i l e s ,  i f  s e v e r e ,  c o u l d  c a u s e  f a i l u r e  

o f  o n e  o r  m o r e  p i l e s .  P i l e s  m u s t  b e  d r i v e n  down t o  

b e l o w  t h e  maximum p o s s i b l e  s c o u r  d e p t h .  

E f f e c t i v e n e s s  

- E l e v a t i o n  o n  p i l e s  a l l o w s  u n h a m p e r e d  f l o w  u n d e r  

s t r u c t u r e s  a n d  m i n i m i z e s  s c o u r  a n d  d e p o s i t i o n  

h a z a r d s .  S t r u c t u r e s  o n  p i l e s  h a v e  m i n i m a l  

i n f l u e n c e  o n  f l o o d  p a t h  a n d  h y d r a u l i c s .  

- Elevation o n  f i l l  ( e v e n  i f  a r m o r e d )  c a n  

o b s t r u c t  t h e  f l o w  a n d  i n c r e a s e  v e l o c i t i e s  a n d  

e r o s i o n  i n  a d j a c e n t  p r o p e r t i e s .  

- E l e v a t i o n  o n  f i l l  i s  effective o n l y  when  

a r m o r e d  a n d  u s e d  i n  c o m b i n a t i o n  w i t h  u p s t r e a m  

d i k e s  a n d  c h a n n e l i z e d  s t r e e t s .  

P u b l i c  A c c e p t a n c e  

- E l e v a t i o n  o n  p i l e s  h a s  n o t  b e e n  w e l l  r e c e i v e d  

d u e  t o  a e s t h e t i c  p r o b l e m s ,  s a f e t y  p r o b l e m s  f o r  

c h i l d r e n ,  a n d  access  d i f f i c u l t i e s .  

- E l e v a t i o n  o n  f i l l  h a s  b e e n  u s e d  

e x t e n s i v e l y ,  b u t  w i t h o u t  s u f f i c i e n t  r e g a r d  

f o r  s c o u r  a n d  f l o w  c o n v e y a n c e  p r o b l e m s .  

- C o s t s  a r e  l o w  a n d  t y p i c a l l y  p a i d  b y  

d e v e l o p e r s .  
. 

R e q u i r e d  M a i n t e n a n c e  

- I n s p e c t i o n  a n d  r e p a i - r  a f t e r  f l o o d s  
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W a t e r s h e d  nanAqement 

S u s c e p t i b i l i t y  

- R e f o r e s t a t i o n  is  n o t  s u s c e p t i b l e  t o  a n y  f l o o d  

h a z a r d s .  

- T e r r a c i n g  may b e  d a m a g e d  b y  e r o s i o n .  

E f f e c t i v e n e s s  

- C a n  s u b s t a n t i a l l y  r e d u c e  a l l  h a z a r d s  o n  f a n s  i f  

w a t e r s h e d  v e g e t a t i o n  i s  s t a b i l i z e d  a n d  

i n c r e a s e d .  

- A r i d  a n d  s e m i - a r i d  a r e a s  may n o t  s u p p o r t  

i n c r e a s e d  v e g e t a t i o n .  

- C a n  b e  u s e d  t o  r e d u c e  c o s t s  o f  d e b r i s  b a s i n s ,  

c h a n n e l s ,  a n d  o t h e r  t o o l s  b y  r e d u c i n g  s e d i m e n t  

a n d  w a t e r  d i s c h a r g e s .  

P u b l i c  A c c e p t a n c e  

- E x c e l l e n t ,  d u e  t o  i m p r o v e m e n t s  i n  a e s t h e t i c  

a s p e c t s  o f  t h e  w a t e r s h e d .  

- C o s t s  a r e  t y p i c a l l y  l o w  a n d  c a n  b e  p a i d  b y  

s t a t e  o r  l o c a l  a g e n c i e s .  

R e q u i r e d  M a i n t e n a n c e  

- N o r m a l  f o r e s t  m a n a g e m e n t  a c t i v i t i e s .  

F l o o d  P l a i n  Z o n i n q  

S u s c e p t i b i l i t y  

- ~ r r a t i c  n a t u r e  o f  f l o w  p a t h s  o n  f a n s  may  c a u s e  

f l o o d s  t o  i m p a c t  a r e a s  o u t s i d e  of t h o s e  z o n e d  

f o r  t h e  f l o o d w a y .  F l o w  c o n t r o l s  s u c h  a s  

a r m o r e d  l e v e e s  may b e  r e q u i r e d  t o  p r e v e n t  t h i s .  

E f f e c t i v e n e s s  
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- P r e v e n t s  o r  r e s t r i c t s  d e v e l o p m e n t  i n  d e f i n e d  

f l o o d  p l a i n s ,  p r o v i d e d  a s t a b l e  f l o o d  p l a i n  c a n  

b e  d e f i n e d .  

- C a n  b e  u s e d  t o  r e s t r i c t  d e n s i t y  a n d / o r  r e q u i r e  

e l e v a t i o n  o n  p i l e s  w i t h i n  f l o o d  p r o n e  a r e a s .  

- Does n o t  e l i m i n a t e  f l o o d  h a z a r d s ,  b u t  c a n  b e  

u s e d  t o  m i n i m i z e  a m o u n t  o f  p r o p e r t y  a t  r i s k .  

- M o s t  e f f e c t i v e  w h e n  u s e d  i n  c o m b i n a t i o n  w i t h  

o t h e r  t o o l s .  

P u b l i c  A c c e p t a n c e  

- P o o r ?  d u e  t o  d e v e l o p m e n t  p r e s s u r e s  o n  many  f a n s  

i n  t h e  s o u t h w e s t .  

- Direc t  c o s t s  a r e  m i n i m a l ,  b u t  o p p o r t u n i t y  c o s t s  

t o  d e v e l o p e r s  a n d  l o s s  o f  t a x  b a s e  t o  

c o m m u n i t i e s  c a n  b e  s u b s t a n t i a l .  

R e q u i r e d  M a i n t e n a n c e  

- M a i n t e n a n c e  o f  r e s e r v e d  a r e a s  t o  m i n i m i z e  f l o o d  

f l o w  d i s r u p t i o n .  

6 . U  Recommended  A p ~ l i c a t i o n s  for p l a n a o e m e n t  T o o l s  

S e l e c t i o n  o f  t h e  a p p r o p r i a t e  t o o l  f o r  a p p l i c a t i o n  t o  a 

p a r t i c u l a r  f a n  d e p e n d s  o n  f o u r  m a j o r  f a c t o r s :  t y p e s  o f  
/ 

h a z a r d s  p r e s e n t ,  t h e  h y d r a u l i c  z o n e s  w h e r e  d e v e l o p m e n t  is 
/ 

e x p e c t e d  t o  o c c u r ,  t h e  e x i s t i n g  d e v e l o p m e n t  d e n s i t y ,  a n d  

p r o j e c t e d  f u t u r e  d e v e l o p m e n t  d e n s i t i e s .  S e c t i o n  6 . 3  h a s  

d i s c u s s e d  t o o l  e f f e c t i v e n e s s  a g a i n s t  h a z a r d s .  F i g u r e  6 . 4  

s u m m a r i z e s  t h e  r e c o m m e n d a t i o n s  r e g a r d i n g  s p e c i f i c  m a n a g e m e n t  

t o o l s  t o  b e  u s e d  u n d e r  c o m b i n a t i o n s  o f  t h e  o t h e r  t h r e e  

f a c t o r s .  T h e s e  r e c o m m e n d a t i o n s  c o n s i d e r  t h e  t y p e s  o f  

h a z a r d s  e n c o u n t e r e d  i n  d i f f e r e n t  f a n  z o n e s ,  t h e  e f f e c t  o f  

d e v e l o p m e n t  o n  t h e  s e v e r i t y  o f  t h e s e  h a z a r d s ,  t h e  i m p a c t  o f  

e x i s t i n g  d e v e l o p m e n t  o n  t h e  f e a s i b i l i t y  o f  i m p l e m e n t i n g  e a c h  
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tool, and the effectiveness of each tool for eliminating or 

reducing the hazards when the projected future development 

density is achieved. The following discussion centers on 

the relationships between the four factors and management 

.tool applications. Then recommended management tools are 

discussed for different development conditions. 

Effect f Hazard 

The flood hazards which are common on alluvial fans are 

substantially different from typical hazards associated with 

riverine flooding. Consequently, measures for controlling 

or eliminating these hazards on fans must be viewed 

differently. 

Elevation on unarmored f i l l  and use of 

unarmored levees and dikes may result in 

destruction of these measures due to scour 

problems. 

Channels and levees may be filled or rendered 

useless by sediment deposition, and will 

require dilligent maintenance. 

Local dikes designed to protect small areas 

will divert flood flows to other parts of the 

fan and cause concentration of much higher 

damages at other locations. 

Flood detention facilities must allow for large 

amounts of sediment deposition. 

The erratic and unpredictable nature of flood 

paths makes local protection of structures or 

subdivisions difficult because the location and 

' direction of peak flood flows cannot usually be 

predicted. Such local measures must be 
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a c c o m p l i s h e d  o n  n e a r l y  a l l  p a r t s  o f  a f a n  w h i c h  

h a v e  n o  s t a b l e  e n t r e n c h m e n t s  o r  s t r o n g  

m o r p h o l o g i c  b i a s .  

H i g h  v e l o c i t i e s  c a u s e  s e v e r e  e r o s i o n  a n d / o r  

o v e r t o p p i n g  o f  l e v e e s ,  d i k e s ,  c h a n n e l s .  a n d  

s t r e e t s  w h e r e v e r  r a p i d  c h a n g e s  i n  f l o w  

d i r e c t i o n  o c c u r .  F l o w  c o n v e y a n c e  s t r u c t u r e s  

m u s t  b e  s m o o t h  a n d  c o n t i n u o u s  t o  a v o i d  s u c h  

p r o b l e m s .  

D e b r i s  a n d  v i s c o u s  s e d i m e n t / w a t e r  m i x t u r e s  

m o v i n g  a t  h i g h  s p e e d ,  a s  f r e q u e n t l y  o c c u r  o n  

f .ans i n  t h e  L o s  A n g e l e s  b a s i n  a n d  e l s e w h e r e ,  

may s e v e r e l y  d a m a g e  h o u s e s  r a i s e d  o n  p i l e s ,  

w a l l s ,  l e v e e s ,  a n d  l o c a l  d i k e s  w h i c h  w o u l d  

w i t h s t a n d  t h e  c l e a r  w a t e r  f l o w s  t y p i c a l  o f  

r i v e r i n e  f l o o d i n g .  

F a i l u r e  t o  c o n s i d e r  t h e s e  e f f e c t s  d u r i n g  d e s i g n  a n d  

c o n s t r u c t i o n  o f  m a n a g e m e n t  t o o l s  may r e s u l t  i n  c a t a s t r o p h i c  

f a i l u r e  a n d  s e v e r e  f l o o d  d a m a g e s .  C a s e s  w h e r e  s u c h  f a i l u r e  

h a s  o c c u r r e d  i n c l u d e  R a n c h o  M i r a g e  a n d  P a l m  Deser t ,  

C a l i f o r n i a  a n d  B u l l h e a d  C i t y ,  A r i z o n a .  

E f f e c t  o d  H y d r a u l i c  Zone 

T h e  t h r e e  d e f i n a b l e  h y d r a u l i c  z o n e s  d i s c u s s e d  i n  S e c t i o n  4 . 2  

e x h i b i t  s u b s t a n t i a l l y  d i f f e r e n t  f l o o d  b e h a v i o r  a n d  h a z a r d s .  

r e q u i r i n g  d i f f e r e n t  a p p r o a c h e s  t o  f l o o d  m a n a g e m e n t .  

T h e  c h a n n e l i z e d  f l o w  z o n e  e x h i b i t s  v e r y  h i g h  

v e l o c i t i e s  w i t h  l a r g e  s c o u r  p o t e n t i a l  a n d  l a r g e  

s e d i m e n t  l o a d s .  M a n a g e m e n t  t o o l s  t h a t  a r e  

d e s i g n e d  t o  c o n t r o l  t h e  f l o w  ( c h a n n e l s  o r  

l e v e e s )  m u s t  b e  h e a v i l y  s r m o r e d .  L o c a l  f l o w  

c o n t r o l s  s u c h  a s  d i k e s  a n d  d e p r e s s e d  s t r e e t s  
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a r e  l i k e l y  t o  b e  i n e f f e c t i v e  d u e  t o  t h e  f o r c e  

o f  t h e  c h a n n e l i z e d  f l o w .  C o n s e q u e n t 1  y ,  

d e v e l o p m e n t  o f  t h i s  z o n e  s h o u l d  b e  a v o i d e d  

u n l e s s  c o m p l e t e  c o n t r o l  o f  f l o o d w a t e r s ,  u s i n g  

d e b r i s  b a s i n s  a n d / o r  c h a n n e l s ,  i s  a s s u r e d .  

I n  t h e  b r a i d e d  f l o w  zone t h e  h y d r a u l i c  

c o n d i t i o n s  a r e  e r r a t i c  a n d  may  a l t e r n a t e  

b e t w e e n  c h a n n e l i z e d  a n d  b r a i d e d  c o n d i t i o n s .  

D e p t h s  o f  f l o w  a n d  v e l o c i t i e s  a r e  l o w e r ;  o t h e r  

h a z a r d s  a r e  less  s e v e r e .  L o c a l  m a n a g e m e n t  

t o o l s  c a n  b e  u s e d ,  p r o v i d e d  t h a t  t h e y  a r e  

a d e q u a t e l y  a r m o r e d .  Use o f  s t r e e t s  o r  c h a n n e l s  

f o r  c o n v e y a n c e  may b e  e f f e c t i v e ,  p r o v i d e d  t h a t  

u p s t r e a m  d i v e r s i o n  d i k e s  e n s u r e  t h a t  t h e  

e r r a t i c  f l o w  p a t h s  a r e  a l w a y s  d i r e c t e d  i n t o  t h e  

c h a n n e l s .  E l e v a t i o n  o n  f i l l  s h o u l d  b e  a v o i d e d  

u n l e s s  f l o w  i s  c o n f i n e d  t o  a r m o r e d  s t r e e t s  o r  

c h a n n e l s .  

T h e  s h e e t  f l o w  z o n e  i s  c h a r a c t e r i z e d  b y  s h a l l o w  

f l o o d i n g ;  a l t h o u g h  v e l o c i t i e s  a r e  l o w e r .  

s u p e r c r i t i c a l  f l o w  c o n d i t i o n s  a r e  common.  

L o c a l  m a n a g e m e n t  t o o l s ,  i n c l u d i n g  e l e v a t i o n  o n  

a r m o r e d  f i l l ,  c a n  b e  u s e d .  F l o o d  b e h a v i o r  c a n  

b e  s u b s t a n t i a l l y  a l t e r e d  b y  d e v e l o p m e n t  a n d  b y  

m a n a g e m e n t  t o o l s  i n  t h e  u p - f a n  h y d r a u l i c  z o n e s .  

H e n c e ,  u p - f a n  d e v e l o p m e n t  m u s t  b e  c o o r d i n a t e d  

w i t h  d e v e l o p m e n t  i n  t h i s  z o n e .  

E f f e c t  pf E x i s t i n q  _atid P r o j e c t e d  D e v e l o p m e n t  D e n s i t y  

E x i s t i n g  a n d  p r o j e c t e d  d e v e l o p m e n t  d e n s i t i e s  h a v e  a m a j o r  

i m p a c t  o n  t h e  a p p r o p r i a t e n e s s  a n d  f e a s i b i l i t y  o f  m a n a g e m e n t  

t o o l s .  S u b s t a n t i a l  e x i s t i n g  d e v e l o p m e n t  c o m p o u n d s  t h e  

d i f f i c u l t y ,  c o s t .  a n d  e f f e c t i v e n e s s  o f  i m p l e m e n t i n g  m o s t  

t o o l s .  
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S p a r s e  e x i s t i n q  d e v e l o p m e n t  , p r o v i d e s  maximum 

f l e x i b i l i t y  a n d  a  w l d e  c h o i c e  o f  f e a s i b l e  

m a n a g e m e n t  t o o l s .  A s  s h o w n  i n F i g u r e  6 . 4 ,  

w h o l e - f a n  t o o l s  ( e . g . ,  d e b r i s  b a s i n  a n d  c h a n n e l  

s y s t e m )  a r e  n e e d e d ' o n l y  f o r  t h e  c a s e  w h e r e  h i g h  

d e v e l o p m e n t  d e n s i t i e s  a r e  e x p e c t e d  i n  t h e  

c h a n n e l i z e d  z o n e .  E l e v a t i o n  o n  a r m o r e d  f i l l  i s  

r e c o m m e n d e d  o n l y  i n  t h e  s h e e t  f l o w  z o n e ,  w h e r e  

v e l o c i t i e s  a n d  e r o s i o n  a r e  r e l a t i v e l y  l o w .  

E l e v a t i o n  o n  p i l e s  o r  o n  a r m o r e d  f i l l  a p p e a r s  

t o  b e  c o s t - e f f e c t i v e  o n l y  i n  a r e a s  o f  s p a r s e  o r  

m e d i u m  d e n s i t y  d e v e l o p m e n t .  L o c a l  l e v e e s  a n d  

s t r e e t  c o n v e y a n c e  f o r  f l o o d  w a t e r s  a p p e a r  t o  b e  

t h e  b e s t  t o o l s  f o r  a  v a r i e t y  o f  d e v e l o p m e n t  a n d  

h y d r a u l i c  c o n d i t i o n s ,  b e c a u s e  t h e y  a r e  

r e l a t i v e l y  i n e x p e n s i v e ,  c a n  b e  i m p l e m e n t e d  b y  

d e v e l o p e r s ,  a n d  w o r k  e f f e c t i v e l y  f o r  a l l  b u t  

c h a n n e l i z e d  f l o w s .  

When m o d e r a t e  d e n s i t y  d e v e l o p m e n t  h a s  a l r e a d y  

t a k e n  p l a c e  w i t h o u t  p r o p e r  p l a n n i n g  f o r  f l o o d  

c o n v e y a n c e ,  t h e  o p t i o n s  f o r  f l o o d  m a n a g e m e n t  

a r e  d r a s t i c a l l y  r e d u c e d .  W h o l e - f a n  m e a s u r e s  

a r e  t h e  b e s t  c h o i c e  i n  t h e  c h a n n e l i z e d  f l o w  

z o n e ,  s i n c e  o t h e r  t o o l s  a r e  i n e f f e c t i v e .  

A d e q u a t e  f l o o d  p l a i n  z o n i n g  i s  n o t  p o s s i b l e  

w h e n  d e v e l o p m e n t  h a s  a l r e a d y  o c c u r r e d .  I f  

e x i s t i n g  d e v e l o p m e n t  i s  l e f t  u n p r o t e c t e d ,  

m a n a g e m e n t  t o o l s  u s e d  t o  p r o t e c t  new . 
d e v e l o p m e n t  m u s t  - b e  c a r e f u l l y  d e s i g n e d  t o  a v o i d  

a g g r a v a t i n g  e x i s t i n g  f l o o d  p r o b l e m s .  F o r  

e x a m p l e ,  i f  s t r e e t s  a r e  u s e d  t o  c o n v e y  f l o o d  

f l o w s  i n  n e w  d e v e l o p m e n t s  b u t  d o w n - f a n  e x i s t i n g  

s t r e e t s  d o  n o t  h a v e  sufficient c a p a c i t y  o r  d o  

n o t  c o n n e c t  s m o o t h l y  t o  t h e  new s t r e e t s ,  s e v e r e  

f l o o d i n g  o f  t h e  e x i s t i n g  h o m e s  c o u l d  r e s u l t .  
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L o c a l  l e v e e s  a n d  s t r e e t  c o n v e y a n c e  c a n  b e  u s e d  

e f f e c t i v e l y  o n l y  i f  t h e  e x i s t i n g  d e v e l o p m e n t  

p a t t e r n  a l l o w s  t h e  u s e  o f  s t r e e t s  a s  c h a n n e l s .  

When a n  a r e a  o f  a f a n  h a s  b e e n  f u l l y  d e v e l o p e d  

hish d e n s i t i e s  w i t h o u t  r e g a r d  f o r  f l o o d  

m a n a g e m e n t ,  o n l y  w h o l e - f a n  m a n a g e m e n t  t o o l s  

w i l l  p r o v i d e  a d e q u a t e  p r o t e c t i o n  f o r  t h e  

e x i s t i n g  s t r u c t u r e s .  I n  f a c t ,  p i e c e m e a l  

a p p l i c a t i o n  o f  l o c a l  m a n a g e m e n t  t o o l s  s u c h  a s  

d i k e s  a n d  e l e v a t i o n  o n  f i l l  w i l l  r e s u l t  i n  

g r e a t e r  d a m a g e s  f o r  s o m e  s t r u c t u r e s ,  w h i l e  . 
o t h e r  s t r u c t u r e s  a r e  p r o t e c t e d .  T h i s  i s  

b e c a u s e  d i k e s  a n d  a r m o r e d  f i l l  d i v e r t  f l o w s  

r a t h e r  t h e n  c o n t a i n i n g  a n d  c o n t r o l l i n g  t h e  

f l o o d .  

I t  i s  c l e a r  f r o m  t h e  a b o v e  d i s c u s s i o n s  t h a t  f l o o d i n g  o n  

s p a r s e l y  d e v e l o p e d  f a n s  c a n  b e  m a n a g e d  m o r e  e a s i l y  a n d  

c h e a p l y  t h a n  f l o o d i n g  o n  d e v e l o p e d  f a n s ,  u n l e s s  s u c h  

d e v e l o p m e n t  h a s  f o l l o w e d  a  f l o o d  m a n a g e m e n t  p l a n .  T h e  

n u m b e r  o f  a v a i l a b l e  o p t i o n s  d e c r e a s e s  r a p i d l y  w i t h  e x i s t i n g  

d e v e l o p m e n t  d e n s i t y .  T h i s  a l o n e  i s  s u f f i c i e n t  j u s t i f i c a t i o n  

f o r  t h e  e s t a b l i s h m e n t  o f  a c o m p r e h e n s i v e  f l o o d  m a n a g e m e n t  

p l a n  ( m a s t e r  p l a n )  b e f o r e  s i g n i f i c a n t  d e v e l o p m e n t  o c c u r s .  

O n e  a d d i t i o n a l  m a n a g e m e n t  o p t i o n  h a s  n o t  b e e n  i n c l ' u d e d  i n  

F i g u r e  4 . 3  b e c a u s e  i t  d o e s  n o t  p r o v i d e  f l o o d  p r o t e c t i o n  f o r  

e x i s t i n g  s t r u c t u r e s  o n  a  f a n .  T h i s  o p t i o n ,  w h i c h  c a n  b e  

t h o u g h t  o f  a s  a "min imum e x p e n d i t u r e "  p l a n ,  p r o v i d e s  o n l y  

f o r  f l o o d  p r o t e c t i o n  o f  new s t r u c t u r e s  u s i n g  e l e v a t i o n  o n  

p i l e s .  T h i s  a l l o w s  c o n t i n u e d  d e v e l o p m e n t  o f  a n  a r e a  w i t h o u t  

c h a n g i n g  t h e  e x i s t i n g  h y d r a u l i c  c o n d i t i o n s  ( e . g . ,  a r e a  o p e n  

t o  f l o o d  f l o w s ,  s l o p e ,  e t c . )  o r  i n c r e a s i n g  d a m a g e s  t o  

e x i s t i n g  s t r u c t u r e s .  A l l  m a n a g e m e n t  c o s t s ,  w h i c h  a r e  s m a l l ,  

a r e  b o r n e  b y  d e v e l o p e r s  a n d  h o m e o w n e r s .  
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6 . 5  Recommended  M a n a g e m e n t  A p p r o a c h  

T h e  d e v e l o p m e n t  o f  a b a l a n c e d ,  c o h e r e n t  a p p r o a c h  t o  f l o o d  

p l a i n  m a n a g e m e n t  o n  f a n s  r e q u i r e s  c o n s i d e r a t i o n  o f  s e v e r a l  

c o m p l e x  i s s u e s :  

1 .  FEMA's r e g u l a t o r y  a n d  s t a t u t o r y  r o l e ,  

2 .  t h e  r o l e  o f  l o c a l  c o m m u n i t i e s  i n  f a n  

d e v e l o p m e n t ,  

3.  t h e  p o l i t i c a l  a n d  e c o n o m i c  a p p r o p r i a t e n e s s  o f  

n o n - s t r u c t u r a l  v e r s u s  s t r u c t u r a l  m a n a g e m e n t  

t o o l s .  

4 .  t h e  p o l i t i c a l  a n d  e c o n o m i c  a p p r o p r i a t e n e s s  o f  

w h o l e - f a n  v e r s u s  l o c a l  m a n a g e m e n t  t o o l s ,  

5 .  t h e  p r a c t i c a l  a s p e c t s  o f  p r o t e c t i n g  new s i n g l e  

s t r u c t u r e s  o r  s u b d i v i s i o n s  w i t h i n  e x i s t i n g  

d e v e l o p m e n t ,  

6 .  t h e  p r e s e n t  s t a t e - o f - t h e - a r t  i n  f l o o d  a n a l y s i s  

o n  f a n s ,  a n d  

7 .  t h e  r e s u l t s  o f  f i e l d  i n v e s t i g a t i o n s  a n d  m o d e l  

s t u d i e s  r e g a r d i n g  t h e  e f f e c t i v e n e s s  o f  

m a n a g e m e n t  t o o l s  o n  f a n s .  

C e r t a i n  o f  t h e  a b o v e  i s s u e s  a n d  t h e i r  i m p l i c a t i o n s  f o r  t h e  

m a n a g e m e n t  a p p r o a c h  a r e  d i s c u s s e d  f i r s t ,  f o l l o w e d  b y  a  

d e l i n e a t i o n  o f  a r e c o m m e n d e d  a p p r o a c h .  
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PEMG V e r s u s  L o c a l  C o m m t t n i t v  R o l e s  i n  F a n  D e v e l o p e e n t  

FEMA c u r r e n t l y  r e q u i r e s  t h a t  c o m m u n i t i e s  j o i n  t h e  F l o o d  

I n s u r a n c e  P r o g r a m ,  t h a t  n o  new s t r u c t u r e s  b e  c o n s t r u c t e d  

w i t h i n  t h e  f l o o d w a y ,  a n d  t h a t  a l l  new s t r u c t u r e s  b u i l t  

w i t h i n  t h e  f l o o d  p l a i n  b e  e l e v a t e d  a b o v e  t h e  b a s e  f l o o d  

e l e v a t i o n .  L o c a l  c o m m u n i t i e s  a r e  o t h e r w i s e  f r e e  t o  u s e  

z o n i n g ,  s t r u c t u r a l  t o o l s .  o r  n o n - s t r u c t u r a l  t o o l s  t o  

m i n i m i z e  f l o o d  d a m a g e s .  I f  s t r u c t u r a l  m e a s u r e s  ( e . g . ,  d a m s ,  

c h a n n e l s ,  l e v e e s )  a r e  i m p l e m e n t e d ,  t h e  d e l i n e a t e d  f l o o d  

p l a i n  a n d  f l o o d w a y  ( F I S  m a p p i n g )  a r e  a l t e r e d  t o  r e f l e c t  t h e  

new f l o o d  l i m i t s .  N o n - s t r u c t u r a l  m e a s u r e s  ( e . g . ,  z o n i n g ,  

e l e v a t i o n ,  f l o o d p r o o f i n g )  d o  n o t  a l t e r  t h e  f l o o d  p l a i n .  

On a l l u v i a l  f a n s  w i t h  n o  e n t r e n c h e d  c h a n n e l s  t h e  f l o o d  

p l a i n ,  b a s e d  o n  t h e  1 0 0 - y e a r  f l o o d  l i m i t s ,  c o u l d  o c c u p y  m o s t  

o f  t h e  f a n  s u r f a c e .  T h e  f l o o d w a y  c o u l d  b e  d e f i n e d  a s  t h e  

e n t i r e  c h a n n e l i z e d  h y d r a u l i c  z o n e .  U n d e r  e x i s t i n g  FEMR 

s t a t u t e s ,  a l l  new s t r u c t u r e s  o n  s u c h  a  f a n  m u s t  b e  e l e v a t e d ,  

w h i l e  n o  s t r u c t u r e s  c a n  b e  b u i l t  i n  t h e  c h a n n e l i z e d  z o n e .  

E x i s t i n g  s t a t u t e s  p r o v i d e  l i m i t e d  g u i d a n c e  r e g a r d i n g  c o n t r o l  

o f  s e d i m e n t  d e p o s i t i o n ,  s c o u r .  a n d  o t h e r  h a z a r d s  o n  a l l u v i a l  

f a n s .  FEMA r e q u i r e s  t h a t  a n y  o b s t r u c t i o n s  t o  f l o w  i n  t h e  

f l o o d  p l a i n  n o t  i n c r e a s e  f l o o d  r e l a t e d  h a z a r d s ,  i n c l u d i n g  

i n u n d a t i o n  a n d  s c o u r .  On a l l u v i a l  f a n s ,  t h i s  r e q u i r e s  t h a t  

s t r u c t u r e s  b u i l t  u p s t r e a m  o f  e x i s t i n g  d e v e l o p m e n t s  n o t  

i n c r e a s e  t h e  v e l o c i t y ,  d e p t h ,  o r  s c o u r  p o t e n t i a l  o f  f l o o d  

f l o w s .  A l l  m a n a g e m e n t  t o o l s  m u s t  b e  i n t e g r a t e d  w i t h  

d o w n s t r e a m  d e v e l o p m e n t s .  T h e  b u r d e n  o f  p r o o f  t h a t  f l o o d  

m a n a g e m e n t  t o o l s  meet FENA r e q u i r e m e n t s  h a s ,  i n  t h e  p a s t .  

f a l l e n  o n  l o c a l  c o m m u n i t i e s .  . 
W h o l e - f a n  V e r s u s  L o c a l  T o o l s  -- 

W h i l e  FEMA h a s  n o t  r e q u i r e d  t h a t  w h o l e - f a n  t o o l s  b e  



i m p l e m e n t e d  i n  f l o o d - p r o n e  a r e a s ,  many  c o m m u n i t i e s  r e l y  o n  

s t r u c t u r a l  t o o l s  s u c h  a s  d a m s ,  l e v e e s ,  a n d  c h a n n e l s  f o r  

f l o o d  p r o t e c t i o n  w h e n  e i t h e r  t h e  v a l u e  o f  e x i s t i n g  

d e v e l o p m e n t  i s  h i g h  o r  d e v e l o p m e n t  p r e s s u r e s  a r e  g r e a t .  

L o c a l ,  n o n s t r u c t u r a l  m e a s u r e s  a r e  p r e s e n t l y  r e q u i r e d  w i t h i n  

t h e  f l o o d  p l a i n ,  b u t  f e w  e x a m p l e s  o f  e x t e n s i v e  n o n -  

s t r u c t u r a l  t o o l  e m p l o y m e n t  o n  f a n s  e x i s t .  T h e  p o l i t i c a l  a n d  

e c o n o m i c  d e c i s i o n s  m a d e  b y  c o m m u n i t i e s  t o  d a t e  h a v e  l a r g e l y  

d i c t a t e d  w h o l e - f a n  t o o l s .  T h e  r e a s o n s  f o r  s u c h  d e c i s i o n s  

i n c l u d e :  

p r o t e c t i o n  o f  e x i s t i n g  s t r u c t u r e s ,  

m a x i m i z a t i o n  o f  d e v e l o p a b l e  l a n d ,  

p r o t e c t i o n  o f  l a n d s c a p e ,  s t r e e t s  a n d  u t i l i t i e s ,  

l o w e r  o v e r a l l  c o s t s ,  a n d  

a v a i l a b i l i t y  o f  s t a t e  a n d  f e d e r a l  f u n d i n g  f o r  

s t r u c t u r a l  m e a s u r e s .  

I n  c a s e s  w h e r e  l a r g e  b l o c k s  o f  f u n d i n g  f o r  s t r u c t u r a l  

m e a s u r e s  a r e  n o t  a v a i l a b l e ,  n o n - s t r u c t u r a l  m e a s u r e s  a r e  

n e c e s s a r y .  

C a s e  s t u d i e s  a n d  m o d e l  s t u d i e s  i n d i c a t e  t h a t  w h o l e - f a n  t o o l s  

a r e  a p p r o p r i a t e  w h e r e  e x i s t i n g  o r  p r o j e c t e d  d e v e l o p m e n t  

d e n s i t i e s  a r e  h i g h .  L o c a l  m e a s u r e s  ( e . g . ,  l o c a l  d i k e s .  

s t r e e t  a l i g n m e n t ,  e l e v a t i o n  o f  s t r u c t u r e s )  a p p e a r  t o  b e  m o s t  

a p p r o p r i a t e  w h e n  e x i s t i n g  a n d  . p r o j e c t e d  d e v e l o p m e n t  

d e n s i t i e s  a r e  l o w  o r  m o d e r a t e .  F l o o d  c o n t r o l  c o s t s  a r e  

i n c u r r e d  o v e r  t h e  e n t i r e  d e v e l o p m e n t  p e r i o d  a n d  c a n  b e  

i n c o r p o r a t e d  i n t o  s u b d i v i s i o n  c o n s t r u c t i o n  c o s t s .  

New S t r u c t u r e s  W i t h i n  E x i s t i n c t  D e v e l o p m e n t  - 

When i n d i v i d u a l  s t r u c t u r e s  a r e  b u i l t  w i t h i n  e x i s t i n g  

s u b d i v i s i o n s ,  f l o o d  c o n t r o l  t o o l s  m u s t  b e c o m e  p a r t  o f  t h e  

e x i s t i n g  f l o o d  p r o t e c t i o n  s y s t e m s .  W h e r e  n o  f l o o d  
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p r o t e c t i o n  e x i s t s ,  o p t i o n s  f o r  t h e  new s t r u c t u r e  a r e  

l i m i t e d .  E l e v a t i o n  o n  p i l e s  s h o u l d  b e  u s e d  u n l e s s  i t  c a n  b e  

s h o w n  t h a t  n o  a d d i t i o n a l  f l o o d  d a m a g e s  t o  e x i s t i n g  

s t r u c t u r e s  w i l l  r e s u l t  f r o m  c o n s t r u c t i o n  o f  o t h e r  t o o l s  

( e . g . .  l o c a l  d i k e s  o r  e l e v a t i o n  o n  a r m o r e d  f i l l ) .  

S i m i l a r l y ,  s u b d i v i s i o n s  m u s t  b e  c o n s t r u c t e d  s u c h  t h a t  n o  

a d d e d  f l o o d  d a m a g e s  t o  e x i s t i n g  p r o p e r t y  r e s u l t .  

S t a t e - O f - T h e - A r t  F l o o d  A n a l y s i s  o n  F a n s  

C o n s i d e r a b l y  m o r e  r e s e a r c h ,  i n c l u d i n g  f i e l d  s t u d i e s  o f  f a n s  

a n d  f l o o d  e v e n t s  i n  p r o g r e s s ,  w i l l  b e  r e q u i r e d  t o  d e v e l o p  a 

h a z a r d  q u a n t i f i c a t i o n  m e t h o d o l o g y  w h i c h  r e p r e s e n t s  t h e  f l o o d  

p r o c e s s e s  d i s c u s s e d  i n  S e c t i o n  4 .  P h y s i c a l  m o d e l i n g  r e s u l t s  

( s e e  P a r t  11. S e c t i o n  3 )  p r o v i d e  c o n s i d e r a b l e  i n s i g h t  i n t o  

t h e s e  p r o c e s s e s  a n d  a l l o w  t h e  d e v e l o p m e n t  o f  t e n t a t i v e  

e m p i r i c a l  r e l a t i o n s  f o r  f a n  f l o o d  h y d r a u l i c s  ( s e e  P a r t  1 1 ,  

S e c t i o n  3 . 3 ) .  T h e  p h y s i c a l  m o d e l s  c o u l d  n o t ,  h o w e v e r ,  b e  

q u a n t i t a t i v e l y  v e r i f i e d  d u e  t o  a  c o m p l e t e  l a c k  o f  p r o t o t y p e  

d a t a .  H e n c e ,  u s e  o f  t h e s e  r e l a t i o n s  f o r  f l o o d  p r e d i c t i o n  

w i l l  h a v e  t o  w a i t  u n t i l  f i e l d  d a t a  c o r r o b o r a t e s  p h y s i c a l  

m o d e l  r e s u l t s .  

G i v e n  t h e  p r e s e n t  s t a t e - o f - t h e - a r t ,  t h e  s e l e c t i o n  a n d  d e s i g n  

o f  f l o o d  c o n t r o l  t o o l s  o n  f a n s  s h o u l d  c o m b i n e  q u a l i t a t i v e  

a n a l y s e s  o f  f l o o d  b e h a v i o r  ( f a n  c h a r a c t e r i s t i c s ,  h y d r a u l i c  

z o n e s ,  h i s t o r i c a l  f l o o d i n g  p a t t e r n s ) ,  e n g i n e e r i n g  e x p e r i e n c e  

a n d  j u d g e m e n t ,  a n d  t h e  e x i s t i n g  q u a n t i t a t i v e  m e t h o d o l o g y  t o  

e s t a b l i s h  t h e  d e p t h ,  w i d t h ,  a n d  v e l o c i t y  o f  f l o o d  f l o w s .  

Recommended  A p p r o a c h  

T h e  f o l l o w i n g  a p p r o a c h  t o  f l o o d  p l a i n  m a n a g e m e n t  o n  f a n s  i s  

b a s e d  o n  t h e  c o n s i d e r a t i o n s  - p r e s e n t e d  i n  S e c t i o n s  4,  5 ,  a n d  

6 o f  t h i s  r e p o r t .  I t  i s  i n t e n d e d  t o  b e  a  g e n e r a l  m o d e l  f o r  

m o r e  d e t a i l e d  s e t s  o f  r e g u l a t i o n s  a n d  g u i d e l i n e s  w h i c h  w i l l ,  
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o v e r  t i m e ,  b e  c r e a t e d  b y  FEMA a n d  c o m m u n i t i e s  

1 H a z a r d  I d e n t i f i c a t i o n  s h o u l d  b e  a c c o m p l i s h e d  o n  a l l  

d e v e l o p i n g  f a n s  a s  e a r l y  a s  p o s s i b l e  a n d  s h o u l d  f o l l o w  t h e  

a p p r o a c h  r e c o m m e n d e d  i n  S e c t i o n  4 . 5 .  

2 .  A J 7 a s t e r  Plan s h o u l d  b e  c r e a t e d  b y  c o m m u n i t i e s  ( a s  

r e c o m m e n d e d  i n  S e c t i o n  5 )  a n d  u s e d  t o  r e g u l a t e  d e v e l o p m e n t .  

3.  S e l e c t i o n ,  of M a n a a e m e n t  T o o l s  s h o u l d  b e  m a d e  b y  t h e  

c o m m u n i t y  b a s e d  o n  i d e n t i f i e d  h a z a r d s ,  t h e  f l o o d  m a n a g e m e n t  

m a p ,  t h e  m a s t e r  p l a n ,  a n d  FEMA r e g u l a t i o n s  a n d  g u i d e l i n e s  

( s e e  S e c t i o n  6 . 2 ) .  T h e  f o l l o w i n g  g e n e r a l  g u i d e l i n e s  f o r  

m a n a g e m e n t  t o o l  s e l e c t i o n  a r e  a p p r o p r i a t e .  

C h a n n e l i z e d  Zone 

D e v e l o p m e n t  p r o h i b i t e d  u n l e s s  w h o l e - f  a n  

m e a s u r e s  a r e  i m p l e m e n t e d .  

B r a i d e d  Zone .. 
B a s e m e n t s  a n d  m o b i l e  h o m e s  p r o h i b i t e d .  

S t r e e t s  a l i g n e d  a n d  d e s i g n e d  t o  c o n v e y  e n t i r e  

f l o o d  f l o w .  

Use o f  l o c a l  d i k e s  t o  d i r e c t  f l o w s  i n t o  

s t r e e t s .  

Use o f  d r o p  s t r u c t u r e s  b e t w e e n  h o m e s  b u i l t  o n  

h i g h  s l o p e s  t o  p r e v e n t  e x c e s s i v e  e r o s i o n .  

A 1 1  m a n a g e m e n t  t o o l s  m u s t  b e  c o o r d i n a t e d  w i t h  

t o o l s  i n  e x i s t i n g  d e v e l o p m e n t s .  

* W h o l e - f a n  m a n a g e m e n t  t o o l s  c a n  b e  u s e d  i n s t e a d  

o f  t h e  a b o v e  p r o v i s i o n s .  

S h a l l o w  F l o o d i n s  Zone 

E l e v a t i o n  o f  s t r u c t u r e s  o n  p i l e s  o r  a r m o r e d  

f i l l .  
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S t r e e t  o r i e n t a t i o n  t o  m a x i m i z e  f l o o d  

c o n v e y a n c e .  

I f  u p - f a n  s u b d i v i s i o n s  u s e  d e p r e s s e d  s t r e e t s  o r  

c h a n n e l s  t o  c o n v e y  f l o o d s ,  t h e s e  t o o l s  m u s t  b e  

c o n t i n u e d  down t o  t h e  f a n  t o e .  

Use o f  d r o p  s t r u c t u r e s  b e t w e e n  h o m e s  b u i l t  o n  

h i g h  s l o p e s .  

W h o l e - f a n  m a n a g e m e n t  t o o l s  c a n  b e  u s e d  i n s t e a d  

o f  t h e  a b o v e  p r o v i s i o n s .  

P l a c e m e n t  S i n n o l e  S t r u c t u r e s  

I n  u n d e v e l o p e d  a r e a s ,  c a n  e l e v a t e  o n  a r m o r e d  

f i l l  o r  u s e  l o c a l  d i k e s  p r o v i d e d  t h a t  n o  a d d e d  

f l o o d  d a m a g e  t o  o t h e r  s t r u c t u r e s  r e s u l t s .  

I n  d e v e l o p e d  a r e a s ,  l o c a l  d i k e s ,  c h a n n e l s ,  a n d  

a r m o r e d  f i l l  m u s t  t i e  i n  w i t h  e x i s t i n g  f l o o d  

c o n t r o l  t o o l s .  

E l e v a t i o n  o n  p i l e s  s h o u l d  b e  u s e d  i f  a b o v e  

c r i t e r i a  c a n n o t  b e  me t .  

No s i n g l e  p l a c e m e n t  s h o u l d  b e  a l l o w e d  i n  t h e  

c h a n n e l i z e d  z o n e .  

4. A R e v i e w  S u b d i v i s i o n  P l a n s  s h o u l d  b e  m a d e  b y  l o c a l  

a g e n c i e s  t o  e n s u r e  b o t h  c o m p l i a n c e  w i t h  t h e  master  p l a n  a n d  

p r o p e r  d e s i g n  o f  s e l e c t e d  m a n a g e m e n t  t o o l s .  T h e  d e v e l o p e r  

s h o u l d  p r o v i d e :  

p l a n s  f o r  f l o o d  c o n t r o l  t o o l s .  . a n  e n g i n e e r i n g  r e p o r t  t h a t  d o c u m e n t s  t h e  

a d e q u a c y  o f  t h e  p r o p o s e d  f l o o d  c o n t r o l  t o o l s ,  

a n  a n a l y s i s  o f  f l o o d  i m p a c t s  o f  t h e  p r o p o s e d  

t o o l s  o n  d o w n - f a n  d e v e l o p m e n t ,  a n d  

a  m a i n t e n a n c e  p l a n .  
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7 .  ASSESSMENT DAMAGE RISKS fnNS 

7 . 1  Use O f  D a m a a e  C u r v e s  

D e p t h l d a m a g e  c u r v e s  r e l a t e  f l o o d  s t a g e  t o  d a m a g e  c o s t s  f o r  

i n d i v i d u a l  s t r u c t u r e s .  By u s i n g  d a m a g e  c u r v e s  i n  

c o n j u n c t i o n  w i t h  s t a g e / f r e q u e n c y  c u r v e s ,  e x p e c t e d  a n n u a l  

f l o o d  d a m a g e  f o r  a g i v e n  s t r u c t u r e  c a n  b e  c o m p u t e d  a n d  u s e d  

a s  a b a s i s  f o r  s e t t i n g  a p p r o p r i a t e  f l o o d  i n s u r a n c e  p r e m i u m s .  

A s  p a r t  o f  t h i s  s t u d y  d e p t h / d a m a g e  c u r v e s  f o r  s t r u c t u r e s  o n  

a l l u v i a l  f a n s  h a v e  b e e n  d e v e l o p e d  f o l l o w i n g  t h e  p r o c e d u r e  

d e s c r i b e d  i n  d e t a i l  i n  P a r t  11. S e c t i o n  7  . o f  t h i s  r e p o r t .  

S t a g e / f r e q u e n c y  c u r v e s  a r e  a f u n c t i o n  o f  t h e  h y d r o l o g i c  

p r o p e r t i e s  o f  t h e  f a n  a n d  t h e  h y d r a u l i c  c h a r a c t e r i s t i c s  o f  a  

s p e c i f i c  l o c a t i o n  o n  t h e  f a n  a n d  m u s t  t h e r e f o r e  b e  d e v e l o p e d  

o n  a  r e a c h - b y - r e a c h  b a s i s  i n  s e p a r a t e  e n g i n e e r i n g  s t u d i e s  

f o r  e a c h  f a n .  

7 . 2  D a m a a e  C u r v e s  For U n p r o t e c t e d  S t r u c t u r e s  

Damage  c u r v e s  f o r  u n p r o t e c t e d  s t r u c t u r e s  o n  a l l u v i a l  f a n s  

a r e  s h o w n  i n  F i g u r e s  7 . 1 ,  7 . 2  a n d  7 . 3 .  T h e s e  c u r v e s  were 

d e r i v e d  i n  t h e  a b s e n c e  o f  a  s i g n i f i c a n t  b a s e  o f  h i s t o r i c a l  

f l o o d  d a t a  a n d  a r e  t h e r e f o r e  s u b j e c t  t o  c o n s i d e r a b l e  

u n c e r t a i n t y .  T h e  d a m a g e  c u r v e s  r e p r e s e n t  m o d i f i c a t i o n s  o f  

t h e  F I R  r i v e r i n e  d a m a g e  c u r v e s  t o  a c c o u n t  f o r  t h e  g r e a t e r  

d a m a g e s  c a u s e d  b y  t h e  s e d i m e n t - l a d e n ,  h i g h  v e l o c i t y  f l o o d  

f l o w s  c h a r a c t e r i s t i c  o f  a l l u v i a l  f a n s .  A r i g o r o u s  

t h e o r e t i c a l  d e r i v a t i o n  o f  t h e  d e p t h l d a m a g e  r e l a t i o n s h i p s  f o r  

h i g h  v e l o c i t y  f l o w s  w a s  a t t e m p t e d ,  b u t  i n s u f f i c i e n t  

i n f o r m a t i o n  n e c e s s i t a t e d  t h e  e m p l o y m e n t  o f  a q u a l i t a t i v e  

d e v e l o p m e n t  a p p r o a c h .  O u r  m o d i f i c a t i o n s  t o  t h e  F I A  r i v e r i n e  

d a m a g e  c u r v e s  w i l l  i m p r o v e  c u r r e n t  d a m a g e  a n a l y s e s  o n  f a n s ,  
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FIGURE 7.1 
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b u t  t h e  c o l l e c t i o n  o f  f u r t h e r  e x p e r i m e n t a l  o r  h i s t o r i c a l  

d a m a g e  d a t a  w i l l  a l l o w  f o r  r e f i n e m e n t  o f  t h e  f a n  d a m a g e  

c u r v e s  t o  f u r t h e r  i m p r o v e  d a m a g e  p r e d i c t i o n s .  

T h e  c u r v e s  r e l a t e  d e p t h s  u p  t o  5 f e e t  ( r e f e r e n c e d  t o  t h e  

f i r s t  f l o o r  of  t h e  s t r u c t u r e )  t o  p e r  c e n t  d a m a g e  f o r  t h r e e  

d i f f e r e n t  t y p e s  o f  s t r u c t u r e s  a t  t h r e e  d i f f e r e n t  v e l o c i t i e s  

( 5 ,  1 0 ,  a n d  1 5  f e e t  p e r  s e c o n d ) .  D a m a g e s  f o r  a s i n g l e  f l o o d  

e v e n t  o r  e x p e c t e d  a n n u a l  d a m a g e s  c a n  b e  p r e d i c t e d  w i t h  t h e s e  

c u r v e s  u s i n g  d a t a  o n  s t a g e s  a n d  v e l o c i t i e s  a n d  t h e i r  

f r e q u e n c i e s  o f  o c c u r r e n c e .  M e t h o d o l o g i e s  f o r  t h e  p r e d i c t i o n  

. o f  s t a g e s  a n d  v e l o c i t i e s  o n  f a n s  a r e  i n  a  r e l a t i v e l y  e a r l y  

s t a g e  o f  d e v e l o p m e n t ,  t h e r e b y  i m p e d i n g  t h e  a c c o m p l i s h m e n t  o f  

t h o r o u g h  d a m a g e  a n a l y s e s .  

7 . 3  Damaqe P r e d i c t i o n  for S t r u c t t ~ r -  P r o t e c t e d  & R a n a q e m e d  

S i n c e  t h e  d e p t h / d a m a g e  c u r v e s  d e r i v e d  f o r  a l l u v i a l  f a n s  a r e  

b a s e d  u p o n  d e p t h s  r e f e r e n c e d  t o  t h e  e l e v a t i o n  o f  t h e  f i r s t  

f l o o r  o f  t h e  home a n d  a r e  a p p l i e d  t o  s p e c i f i c  v e l o c i t i e s ,  

t h e y  c a n  b e  u s e d  w i t h o u t  a l t e r a t i o n  f o r  h o m e s  s u b j e c t  t o  t h e  

r e d u c e d  f l o o d  d e p t h s  a n d  v e l o c i t i e s  r e s u l t i n g  f r o m  f l o o d  

p l a i n  m a n a g e m e n t  m e a s u r e s .  R a i s i n g  t h e  e l e v a t i o n  o f  t h e  

f i r s t  f l o o r  ( t h r o u g h  f l o o d - p r o o f i n g  p r o g r a m s )  o r  l o w e r i n g  

t h e  d e p t h  o f  t h e  f l o o d  w a t e r s  a r o u n d  t h e  home ( t h r o u g h  l o c a l  

d i k e s  o r  w h o l e - f a n  s t r u c t u r a l  c o n t r o l s )  w i l l  r e s u l t  i n  l o w e r  

d e p t h s  f o r  d a m a g e  p r e d i c t i o n  w i t h o u t  r e q u i r i n g  a l t e r a t i o n  o f  

t h e  d a m a g e  c u r v e s .  C o n t r o l  m e a s u r e s  t h a t  r e s u l t  i n  a  l o w e r  

f l o o d  v e l o c i t y  c a n  b e  a p p l i e d  t o  t h e  d a m a g e  c u r v e  d e v e l o p e d  

f o r  t h a t  l o w e r  v e l o c i t y .  
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8 .  PSSESSMENT OP .IMPACTS CAUSED MANAGEMENT TOOLS 

8 . 1  I m p a c t  M a t r i c e s  

T h e  a p p r o a c h  u s e d  t o  a s sess  t h e  i m p a c t s  o f  t h e  f l o o d  c o n t r o l  

m e a s u r e s  e v a l u a t e d  i n  t h i s  r e p o r t  i s  d o n e  t h r o u g h  t h e  

u t i l i z a t i o n  o f  i m p a c t  m a t r i c e s ,  ( s h o w n  i n  F i g u r e s  8 . 1  

t h r o u g h  8 . Q ) .  I m p a c t  m a t r i c e s  a r e  d e s i g n e d  t o  q u a l i t a t i v e l y  

c o m p a r e  l a r g e  n u m b e r s  o f  a l t e r n a t i v e s  a n d  t h e  e x t e r n a l  

f a c t o r s  a s s o c i a t e d  w i t h  t h e i r  a p p l i c a t i o n .  I n  e s s e n c e ,  

m a t r i c e s  h e l p  t o  i d e n t i f y  t h e  a l t e r n a t i v e s  w h i c h  h a v e  t h e  

l e a s t  a m o u n t  o f  i m p a c t .  

A l l  a s s o c i a t e d  i m p a c t s  u n d e r  c o n s i d e r a t i o n  a r e  i n s e r t e d  i n  

t h e  l e f t  h a n d  c o l u m n  o f  t h e  m a t r i c e s  a n d  a l l  s e l e c t e d  

m e a s u r e s  t o  b e  e v a l u a t e d  a r e  p l a c e d  i n  t h e  t o p  r o w  o f  t h e  

m a t r i c e s .  E a c h  m e a s u r e  l i s t e d  a l o n g  t h e  t o p  h a s  a  c o l u m n  

b e l o w  i t  w i t h  a n  i n d i v i d u a l  b o x  f o r  e a c h  o f  t h e  i m p a c t s  

l i s t e d  a l o n g  t h e  l e f t  h a n d  c o l u m n .  T h e  c o l u m n s  u n d e r  e a c h  

f l o o d  c o n t r o l  m e a s u r e  a r e  d i v i d e d  i n t o  t h r e e  s u b - c o l u m n s .  

T h e  f i r s t  s u b - c o l u m n  u n d e r  e a c h  m e a s u r e  i s  u s e d  t o  i n d i c a t e  

w h e t h e r  t h e  i m p a c t  i s  l i k e l y  t o  b e  p e r m a n e n t  o r  t e m p o r a r y ;  

t h e  s e c o n d  s u b - c o l u m n  u n d e r  e a c h  m e a s u r e  i n d i c a t e s  w h e t h e r  

t h e  i m p a c t  h a s  a  p o s i t i v e  o r  n e g a t i v e  e f f e c t  o n  e x i s t i n g  

c o n d i t i o n s ;  a n d  t h e  t h i r d  s u b - c o l u m n  i n d i c a t e s  w h e t h e r  t h e  

i m p a c t  i s  s i g n i f i c a n t  o r  m i n o r  f o r  e a c h  m e a s u r e .  

E a c h  03 t h e  a l t e r n a t i v e  f l o o d  c o n t r o l  m e a s u r e s  a r e  t h e n  

e v a l u a t e d  f o r  e a c h  o f  t h e  i m p a c t s  l i s t e d  i n  t h e  l e f t - h a n d  

c o l u m n .  An a p p r o p r i a t e  s y m b o l  is  i n s e r t e d  i n  e a c h  o f  t h e  . 
t h r e e  s u b - c o l u m n s  t o  r e c o r d  t h i s  e v a l u a t i o n .  An o v e r a l l  

c o m p a r i s o n  o f  e a c h  o f  t h e  m e a s u r e s  c a n  t h e n  r o u g h l y  b e  m a d e  

b y  n o t i c i n g  t h e  n u m b e r  o f  b l a c k e n e d  b o x e s  u n d e r  e a c h  

m e a s u r e .  T h i s  g i v e s  a  d i r e c t  i n d i c a t i o n  o f  t h e  n u m b e r  o f  
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FIGURE 8,l: ENVIRONMENTAL IMPACTS OF SELECTED MEASURES 

P . Permanent Inpact + . Po$ i t i r .  Inpact m- Minor Impact 

T - Temporar, Impact - - Ne&atire Inpact I- Slqniflcnnt Impact 

Blank space# indicate ,"No Impret" 
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FIGURE 8,2: SOCIAL IMPACTS OF SELECTED MEASURES 

KEY - 
P - P e r m a n t  1mp.ct t - Posit ive  Impact P= Minor Impact  

T r Tempcraw Impact - - Negat ive  Impact .= S i g n i f i c a n t  Impact 

Blank spacer indicate  "No Impact" 



FIGURE 8 , 3 :  ECONOMIC IMPACTS OF SELECTED MEASURES 

. 
KEY - 

P = Permanent Impact + - Positive l a p a c t  - minor Impact . T - Temporary Impart - = Negative Impact = ~ a j o r  lmpacr 

 lank soaces indicate "No inpacr" 



FIGURE 8 ,4 : INFLATIONARY IMPACTS OF SELECTED MEASURES 

KEY - 
P - Pcmlnent  I m p a c t  t - P o ~ i t i v ~  Impact 0-  Minor Impact 

T . TenpQrary Inpact - - t i ~ g a t l v e  Impact .. Significant Irpact 
Olnnh s p a r e r  i n d l c n c e  "No Inpact" 



s i g n i f i c a n t  i m p a c t s  c a u s e d  b y  e a c h  m e a s u r e .  O n e  c a n  t h e n  

l o o k  a t  t h e  n u m b e r  o f  p o s i t i v e  a n d  n e g a t i v e  s i g n s  i n  t h e  

s e c o n d  s u b - c o l u m n  t o  d e t e r m i n e  w h e t h e r  e a c h  m e a s u r e  h a s  a n  

o v e r a l l  b e n e f i c i a l  o r  d e t r i m e n t a l  i m p a c t .  F i n a l l y  t h e  P ' s  

a n d  T ' s  i n s e r t e d  i n  t h e  f i r s t  s u b - c o l u m n  w i l l  g i v e  a n  

' i n d i c a t i o n  o f  t h e  d u r a t i o n  o f  t h e  i m p a c t s  c a u s e d  b y  e a c h  

m e a s u r e .  

A q u i c k  c o m p a r i s o n  o f  t h e  f l o o d  c o n t r o l  m e a s u r e s  a n d  t h e i r  

c o r r e s p o n d i n g  i m p a c t s  c a n  t h e n  b e  m a d e  b y  c o n s i d e r i n g  j u s t  

t h e  s i g n i f i c a n t ,  p e r m a n e n t  i m p a c t s  ( f i l l e d  i n  b o x e s  w i t h  t h e  

l e t t e r  P )  o f  e a c h  m e a s u r e .  T h i s  w i l l  a c t u a l l y  c o m p a r e  t h e  

m a j o r  l o n g - t e r m  i m p a c t s  a s s o c i a t e d  w i t h  e a c h  m e a s u r e  a n d  a i d  

i n  i d e n t i f y i n g  t h e  a l t e r n a t i v e  w i t h  t h e  l e a s t  o v e r a l l  

i m p a c t .  

D i s c u s s i o n s  o f  i m p a c t  m a t r i x  d e v e l o p m e n t  a n d  t h e  i m p a c t s  o f  

e a c h  m a n a g e m e n t  t o o l  a r e  p r e s e n t e d  i n  P a r t  1 1 .  S e c t i o n  8 o f  

t h i s  r e p o r t .  

8 . 2  C o n c l u s i o n s  R e s a r d i n s  M a n a s e m e n t  Tool I m ~ a c t s  

T h e  f o l l o w i n g  g e n e r a l  c o n c l u s i o n s  r e g a r d i n g  m a n a g e m e n t  t o o l  

i m p a c t s  a r e  d e r i v e d  f r o m  t h e  i m p a c t  m a t r i c e s  a n d  d i s c u s s i o n s  

( P a r t  11, S e c t i o n  8 . 4 ) .  

1 .  W h o l e - f a n ,  s t r u c t u r a l  m e a s u r e s  ( d a m s .  l e v e e s ,  

c h a n n e l s )  h a v e  t h e  m o s t  s i g n i f i c a n t  p o s i t i v e  

a n d  n e g a t i v e  e n v i r o n m e n t a l  a n d  e c o n o m i c  

i m p a c t s .  

2 .  S t r u c t u r a l  m e a s u r e s  t e n d  t o  i m p r o v e  e c o n o m i c ,  

h y d r o l o g i c ,  w a t e r  q u a l i t y ,  a n d  b i o t a  

c o n d i t i o n s ,  b u t  d e g r a d e  a i r ,  n o i s e ,  l a n d  a n d  

a e s t h e t i c  c o n d i t i o n s .  
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3. Local measures have generally minor 

environmental impacts, with the most 

significant negative impacts accruing to 

aesthetic and biota conditions. 

4. Local measures have considerably less 

significant economic benefits than whole-fan 

measures. 

5 .  Inflationary impacts are minor for all 

measures. 

6. Social impacts are minor. except for 

substantial negative impacts of flood plain 

zoning and moderately negative impacts of 

channels and street orientation. 

7. Watershed management and flood plain zoning 

have significant environmental benefits. 
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GLOSSARY 

A l l u v i a l  Fan - F a n - s h a p e d  d e p o s i t i o n a l  l a n d f o r m  

f o u n d  a t  t h e  b a s e  o f  m o u n t a i n  r a n g e s  a n d  

c r e a t e d  f r o m  s t r e a m  s e d i m e n t .  

Raex - P o i n t  o n  t h e  f a n  w h e r e s t r e a m  f i r s t  

d e p o s i t s  s e d i m e n t  ( a t  t h e  h i g h e s t  p o i n t  o f  t h e  

d e p o s i t i o n a l  c o n e ) .  

ADron - C o a l e s c e n c e  o f  s e v e r a l  f a n s  i n t o  a 

b r o a d ,  s l o p i n g  p l a i n .  

A v u l s i o n  - A c t i o n  o f  w a t e r  w h e r e b y  i t  l e a v e s  a n  

e s t a b l i s h e d  f l o w  c h a n n e l  a n d  f o r m s  a new f l o w  

p a t h .  

Bias - F a n  t o p o g r a p h y  w h i c h  t e n d s  t o  c o n f i n e  

f l o o d  f l o w s  t o  o n e  p a r t  o f  t h e  f a n .  

B r a i d i n q  - F l o w  p a t t e r n  c o n s i s t i n g  o f  many  

i n t e r c o n n e c t e d  c h a n n e l s  s e p a r a t e d  i n  p l a c e s  b y  

n u m e r o u s  l o w  i s l a n d s .  

D e b r i s  F l o w  - A v i s c o u s  m i x t u r e  o f  mud t h a t  

d o e s  n o t  c o n f o r m  t o  t h e  h y d r a u l i c  p r o p e r t i e s  o f  

water  a n d  i s  c a p a b l e  o f  c a r r y i n g  b o u l d e r s  a n d  

d e b r i s  w e i g h i n g  many  t o n s .  

E n t r e n c h e d  C h a n n e l  - F l o w  p a t h  e r o d e d  i n t o  a 

f a n  t h a t  i s  s i g n i f i c a n t l y  l o w e r  t h a n  t h e  f a n ' s  

s u r f a c e .  

E p h e m e r a l  S t r e a m  - A w a t e r c o u r s e  w h i c h  c o n t a i n s  
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water  o n l - y  d u r i n g  f l o o d  e v e n t s  a n d  i s  t y p i c a l l y  

s u b j e c t  t o  f l a s h  f l o o d i n g .  

f l o o d  P l a i n  - T h e  a r e a  o f  a  f a n  i m p a c t e d  b y  

f l o o d i n g  ( u s u s a l l y  d e f i n e d  b y  t h e  1 0 0 - y e a r  

f l o o d ) .  

f l o o d  P r o o f i n q  - Any m e a s u r e  t a k e n  t o  p r o t e c t  

a n  i n d i v i d u a l  s t r u c t u r e  f r o m  f l o o d  d a m a g e .  

F l o o d w a y  - A r e s e r v e d  a r e a  o f  t h e  f l o o d  p l a i n  

w h i c h  c a r r i e s  t h e  b u l k  o f  t h e  f l o o d  f l o w s ,  w i t h  

t y p i c a l l y  h i g h  v e l o c i t i e s  a n d  d e p t h s  o f  f l o w .  

F r o u d e  Number  - A n o n - d i m e n s i o n a l  n u m b e r  

i n d i c a t i n g  among  o t h e r  t h i n g s ,  w h e t h e r  f l o w  i s  

s u p e r c r i t i c a l  ( g r e a t e r  t h e n  1 )  o r  s u b c r i t i c a l  

( l e s s  t h a n  1 ) .  

L o c a l  T o o l s  - M a n a g e m e n t  m e a s u r e s ,  s u c h  a s ,  

l o c a l  d i k e s ,  d r o p  s t r u c t u r e s ,  a n d  e l e v a t i o n ,  

w h i c h  p r o t e c t  o n l y  a  s m a l l  p a r t  o f  a f a n .  

p o r ~ h o l o o y  - S h a p e  a n d  s t r u c t u r e  o f  a f a n ,  

r e s u l t i n g  f r o m  i t s '  g e o l o g i c  h i s t o r y .  

S h e e t  F l o w  - W a t e r  f l o w  i n  s h a l l o w ,  w i d e s p r e a d  -- 
( s h e e t - l i k e )  l a y e r s  w i t h o u t  d e f i n e d  c h a n n e l s .  

T o e  - B a s e  o f  t h e  d e p o s i t i o n a l  c o n e  o f  a n  - 
a l l u v i a l  f a n .  

Wash - An a l l u v i a l  v a l l e y  f l o o r .  

W h o l e - f a n  T o o l s  - M a n a g e m e n t  m e a s u r e s ,  s u c h  a s  -- 
c h a n n e l s  o r  d e b r i s  b a s i n s ,  w h i c h  a r e  d e s i g n e d  
t o  c o n t r o l  f l o o d i n g  o v e r  m u c h  o f  a  f a n .  
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