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David R. schambber2, A.M. ASCE and Robert C. ~ a c ~ r t h u r ~ ,  A.M. ASCE 

ABSTRACT 

I n  t h i s  paper a  t r a n s i e n t ,  one-dimensional model f o r  dynamic f l o o d  
r o u t i n g  o f  mud f lows i s  presented. The governing equations o f  mass and 
momentum conservat ion incorpora te  laminar  f l o w  res is tance e f f e c t s  and 
u t i  1  i ze a  power 1  aw expression t o  represent t he  cross-sect ional  geomet r y  
o f  t he  channel. The equat ions are solved by the  method o f  
c h a r a c t e r i s t i c s  on f i x e d  t ime 1  ines  and program execut ion i s  performed 
on a  micro-computer. Numerical r e s u l t s  a re  compared w i t h  pub1 i shed 
experimental  data f o r  a  laminar f low, dambreak problem o f  a  viscous o i l .  

INTRODUCTION 

During the  sp r ing  o f  1983, widespread l ands l i des  and debr is  f lows 
caused an est imated 250 m i l l i o n  d o l l a r s  i n  damage i n  t h e  s t a t e  o f  Utah. 
Along a  t h i  r t y - m i l e  length  o f  t he  Wasatch Front  Mountains, over n i n e t y  
s i  gni f i cant lands1 i des and debr i  s  f lows sent t o r r e n t s  of mud, debr is  and 
water down steep canyons onto r e s i d e n t i a l  areas loca ted on a l l u v i a l  fans 
a t  t he  base o f  t he  mountains. 

The a b i l  i t y  t o  model these types o f  events i s  c l e a r l y  needed and 
w i  11 be usefu l  i n  prepar ing maps which de l i nea te  p o t e n t i a l  f l ood  damage 
areas. The purpose o f  t h i s  paper i s  t o  present a  one-dimensional 
mathematical model which can be used t o  rou te  a  mudflow down a  c o n f i n i n g  
channel. Equations o f  mass and momentum conservat ion are presented, 
w i t h  f r i c t i o n a l  res is tance terms, which account f o r  t h e  laminar  f l ow  o f  
a  Bingham p l a s t i c  f l u i d .  The equations are solved by the  method o f  
c h a r a c t e r i s t i c s  on f i x e d  t ime l i nes .  To v e r i f y  t he  model, comparison i s  
made w i t h  experimental  r e s u l t s  o f  a  laminar  flow dambreak problem. 

GOVERNING EQUATIONS 

The f l o w  i s  governed by the  equat ions of mass and momentum 
conservat ion which are g i  ven respect i  ve ly  by [6]  

'presented a t  t he  ASCE Hydrau l ic  D i v i s i o n  Spec ia l t y  Conference, 
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i n  which x  = coord ina te  along the  channel ; t = t ime;  A = c ross-sec t iona l  
area o f  f low;  V = average v e l o c i t y ;  B  = channel t op  width;  y  = f l o w  
depth; A{ = r a t e  o f  change o f  area w i t h  x f o r  a  constant depth 
(nonpr ismat ic  term);  g  = g r a v i t a t i o n a l  constant;  So = s lope o f  the  
channel bottom; and Sf = res is tance slope. 

I n  most hyd rau l i c  app l i ca t i ons ,  t he  f l ow  i s  t u r b u l e n t  and Sf i s  
genera l l y  given by Manning's equation. The f l o w  o f  mud presents an 
e n t i  r e l y  d i f f e r e n t  s i t u a t i o n .  DeLeon and Jeppson [I] summarize the  data 
f rom a  number o f  deb r i s  f lows, mud f lows and p ipe sludge f lows and 
conclude t h a t  t h e  f low i s  u s u a l l y  laminar. By f i t t i n g  a l i n e  through a  
number o f  data po in t s ,  these authors pos tu la te  a  power law r e l a t i o n  
between t h e  Chezy c o e f f  i c i  en t  and t h e  f l ow  Reynolds number. Jeyapal an 
e t  a l .  [2], i n  t h e i r  ana lys i s  o f  mine t a i l i n g  dam f a i l u r e s ,  develop an -- 
expression f o r  Sf by ana lyz ing  t h e  laminar  f l o w  o f  ma te r i a l s  w i t h  
Bingham p l a s t i c  f l u i d  c h a r a c t e r i s t i c s .  Other researchers, [1,5] have 
noted a  s i m i l a r  behavior f o r  mud f lows,  which o f t e n  e x h i b i t  p lug  l i k e  
f l o w  w i t h  a  c r i t i c a l  y i e l d  s t ress.  I n  t h i s  work, t he  res is tance term 
f o r  a  Bingham p l a s t i c  f l u i d  i s  adopted [2]. Mathematical ly,  

i n  which qp = p l a s t i c  v i s c o s i t y ;  Y = u n i t  weight o f  t he  f l u i d ;  TY = 
y i e l d  st.ress o f  t he  f l u i d ;  h  = h y d r a u l i c  depth; and R = hyd rau l i c  
radius. The f i r s t  term on the  r i g h t  hand s ide o f  Eq. 3 i s  s i m i l a r  i n  
form t o  t h e  expression pos tu la ted  by DeLeon and Jeppson [I]. 

Equations 1 and 2 are  hyperbo l ic  i n  nature and have the  proper ty  
t h a t ,  through 1  i near combi na t ion ,  they can be reduced t o  equations 
i n v o l v i n g  d i f f e r e n t i a t i o n  i n  one l e s s  d i  r e c t i o n  than the  o r i g i n a l  
equat ions [6]. This c h a r a c t e r i s t i c  form f o r  Eqs. 1 and 2 i s  given by 

i n  which c = c e l e r i t y  o f  an elementary g r a v i t y  wave i s  given by 



and w = E s c o f f i e r  stage v a r i a b l e  i s  given by 

Eqs. 4 comprise a  forward (+) and a  backward ( - )  c h a r a c t e r i s t i c  equat ion 
v a l i d  on t h e  curves i n  t h e  x - t  plane def ined by Eqs. 5, respect ive ly .  

A power law expression i s  used t o  represent the  top  w id th  and area 
i n  Eqs. 4 and 5. Mathematical ly,  

Here kL and kR de f i ne  t h e  l e f t  and r i g h t  width a t  any depth y  and the  
exponent m  def ines  t h e  shape o f  the  cross-sect ion. The parameters k ~ ,  
kR and m can be s p e c i f i e d  func t i ons  o f  d is tance x  t o  capture the  
nonpr ismat ic  nature o f  t he  channel. Using the  d e f i n i t i o n s  o f  Eqs. 8 and 
9, Eqs. 6 and 7 reduce t o  

NUMERICAL SOLUTION 

The numerical s o l u t i o n  o f  Eqs. 4 and 5  i s  developed w i t h  reference 
t o  F ig.  1. A t  a  sequence of po in t s  xk, k = 1,2,. . . ,n, a t  some t ime t i ,  
the  s o l u t i o n  i s  known. It i s  desi red t o  f i n d  the  s o l u t i o n  f o r  t h e  
p o i n t s  xk on t ime l i n e  ti+l, an i n t e r v a l  6 t  l a t e r .  The c h a r a c t e r i s t i c  

F i g .  1 - Charac te r i s t i cs  Computational Scheme. 



curves i n  Fig. 1, i.e., L-P and R-P a re  approximated by parabolas i n  the  
x - t  plane. With t h i s  approximation, t he  f i n i t e  d i f f e r e n c e  form o f  Eqs. 
5 i s  g iven by 

i n  which XL = Ap = X R  = % . The forward and backward vers ion  o f  Eqs. 4 
are a l so  w r i t t e n  i n  f i n i t e  d i f f e r e n c e  form. Mathematical ly,  

i n  whi ch 

The set  o f  f o u r  non l inear  equations, Eqs. 12-15, determines the  
l o c a t i o n s  o f  p o i n t s  L and R as we l l  as V p  and yp. The v a r i a t i o n  o f  y ~ ,  

v ~ y  YA( and V R  i s  determined by parabo l ic  i n t e r p o l a t i o n  along t ime l i n e  
ti . simple search procedure assures t h a t  the  i n t e r p o l a t i o n  nodes 
(x~,~, xk, x k + ~ )  always s t radd le  the  po in t s  i n  quest ion,  so t h a t  
e x t r a p o l a t i o n  i s  avoided. 

Eqs. 12-15 are  solved i t e r a t i v e l y  by Newton's method [4]. A f i r s t  
guess t o  t h e  s o l u t i o n  i s  found by s o l v i n g  a  l i n e a r  vers ion o f  Eqs. 12-15 
i n  which X L  = XR = 1 and hp = 0. The equat ions are solved a t  a  number 
o f  p o i n t s  between x  and xn t o  de f i ne  the  wave p r o f i l e .  A t  t he  
boundaries o f  t h e  ! low domain, i f  on ly  t h e  v e l o c i t y  or  depth i s  
spec i f i ed ,  t h e  remaining unknown i s  determined by a p p l i c a t i o n  o f  the 
app rop r ia te  backward o r  forward c h a r a c t e r i s t i c  equation. For the  case 
o f  advance on a  dry bed, Whitham's assumption i s  used, i.e., V, = Vn-1. 

Dur ing t h e  e a r l y  stages o f  f lood ing ,  t he  e f f e c t s  o f  boundary 
roughness and channel slope are small. A s o l u t i o n  which ignores 
f r i c t i o n  and slope i s  t he re fo re  used as the  i n i t i a l  c o n d i t i o n  from which 
t o  s t a r t  t h e  numerical so lu t i on .  



RESULTS 

The model i s  compared w i t h  several dambreak exper i  ments performed 
by Jeyapalan e t  a l .  [3]. I n  these experiments, o i l  i s  used t o  s imulate -- 
a laminar f l o w  o f  a viscous f l u i d .  The experiments are conducted i n  a 6 
f o o t  long g lass f lume which has a constant w id th  o f  1 foo t .  The dam i s  
l oca ted  4 f e e t  from t h e  downstream edge o f  t he  f lume g i v i n g  a r e s e r v o i r  
l eng th  o f  2 fee t .  Table I gives the  parameters cha rac te r i z i ng  the  

examples presented herein. The t e s t  numbers l i s t e d  i n  Table I 
correspond t o  several o f  t h e  f l ood  examples presented i n  [3) .  I n  Table 
I, tb = depth o f  o i l  immediately behind the  dam before f a i l u r e ;  f3 = 
bottom slope o f  t h e  flume; and f o r  a l l  cases Ty = 0. 

Resul ts  o f  t he  numerical s imu la t i on  are presented i n  Figs. 2-3 and 
compared w i t h  the  avai 1 ab le  experimental  data. The agreement between 
theory and experiment i s  genera l l y  good. The numerical a lgor i thm i s  
programmed i n  Fo r t ran  and executed on an Apple Macintosh micro-computer. 
Computation t imes are on the  order  of0.25-0.34 seconds per computational 
node. 

Table I Flume Test Parameters 

I I I I I I I 

Test 7 - 
- 

0 Experimental Results - 
Jeyapalan et al. (3) - Numerical Results - 

I 
0 4 8 I2 16 

T i m e  (Sec.)  

Test No. 
*-- 

2 

6 

7 

F i g .  2 - Wave Advance. 

H o ( f t )  

0.50 

0.75 

0.50 

--- 

B (degrees) 

0 

0 

0 

y ( l  b / f t 3 )  

5 6 

56 

5 6 

n ( l  b s e c / f t 2 )  

0.078 

0.078 

0.156 



Fig. 3 - Wave P r o f i l e  a t  t=1.95 sec., Test 2. 
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