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CONVERSION FACTORS AND VERTICAL DATUM 

Multiply BY 

foot ( f t )  0.3048 
square foot ( f t 2 )  0.0929 
mile (mi) 1.609 
square mile (mi2) 2.590 
foot per second ( f t / s )  0.3048 
cubic foot  per second ( f t s / s )  0.02832 
acre-foot (ac re - f t )  0.001233 

To obta in  

meter 
square meter 
kilometer 
square kilometer 
meter per second 
cubic meter per second 
cubic hectometer 

Sea l e v e l :  I n  t h i s  r e p o r t  " sea  l e v e l "  r e f e r s  t o  t h e  National Geodetic 
Vertical Datum of 1929 (NGVD of 1929)-A geode t i c  datum der ived  from a 
general  adjustment of the  f i r s t -o rde r  level nets of both the  United S ta tes  
and Canada, formerly cal led Sea Level Datum of 1929. 



ESTIMATED MANNING'S ROUGHNESS COEFFICIENTS FOR STREAM CHANNELS AND 
FLOOD PLAINS IN MARICOPA COUNTY, ARIZONA 

BY 

B.W. Thomsen and H.W. Hjalmarson 

ABSTRACT 

A p r o c e d u r e  f o r  t h e  e s t i m a t i o n  o f  Manning's r o u g h n e s s  
coefficient (n) was applied t o  channels and flood plains o f  streams in 
Maricopa County with different roughness factors. Manning's roughness 
coefficients that ranged from 0.025 to 0.200 were estimated at 16 sites. 
Roughness coefficients were estimated by comparison of site characteristics 
with published photographs and descriptions o f  channels and flood plains 
where n values were verified for other studies. The base value of n and 
the values for surface irregularities, obstructions, and vegetation that 
affect the total n value are described and presented in tables, cross 
sections of channels, and photographs. All sites are readily accessible to 
facilitate field inspection of roughness factors by hydrologists and 
engineers for definition of Manning's n. Subdivision o f  channel cross 
sections was based mostly on changes of channel geometry and to a lesser 
degree on the basis of large changes of vegetation density. 

INTRODUCTION 

Computations o f  flow in open channels require evaluation o f  
roughness characteristics of the channel. Roughness coefficients represent 
the resistance to flow and cannot be quantitatively determined by direct 
measurement or calculation. Values of roughness coefficients have been 
computed for many artificial surfaces and typical natural channels and have 
been verified for selected channel sites. Characteristics o f  natural 
channels and the factors that affect channel roughness vary greatly, 
however, and the combinations of these factors are numerous. Selection of 
roughness coefficients for natural channels, therefore, requires judgment 
and skill that is acquired mainly through experience. 

The purpose o f  this report is t o  i l l u s t r a t e  recommended 
techniques for estimating roughness coefficients for 16 sites on streams in 
Maricopa County, Arizona (fig. 1). The sites are readily accessible for 
field inspection of roughness factors by hydrologists and engineers working 
on flood-engineering studies, bridge design, or other hydraulic computa- 
tions. A wide range o f  channel-roughness characteristics from 0.025 to 
0.200 can be observed at the sites. The techniques are based on the work 
of Chow (1959)' Barnes (1964), Aldridge and Garrett (1973), and Arcement 
and Schneider (1984) and are adapted for the desert channels o f  the study 
area. The adaptations were based on the experience of the authors in river 
hydraulics in the deserts of the southwestern United States. The resulting 



EXPLANATION 

0 n-value site 



e s t i m a t e s  should n o t  be used as v e r i f i e d  values o f  roughness c o e f f i c i e n t s .  
The Flood Contro l  D i s t r i c t  o f  Maricopa County f u r n i s h e d  maps and channe l  
da ta  and was t h e  cooperator i n  t h e  study. 

The t o t a l  n v a l u e  i s  d e t e r m i n e d  by  u s i n g  a b a s e  n f o r  t h e  
channel  o r  f l o o d  p l a i n  and a p p l y i n g  a d j u s t m e n t s  f o r  v a r i o u s  roughness 
components such as vegeta t ion  and o b s t r u c t i o n s  t o  f l o w .  Where t h e r e  a r e  
d i s t i n c t  segments o f  d i f f e r e n t  channel roughness i n  a channel sec t i on  o r  
subsection, t h e  n values f o r  t h e  segments a r e  w e i g h t e d  by  a r e a  o r  w e t t e d  
p e r i m e t e r  t o  d e t e r m i n e  t h e  t o t a l  n va lue .  Where t h e r e  i s  an unequa l  
d i s t r i b u t i o n  o f  v e l o c i t y  across a channel, t h e  channe l  c r o s s  s e c t i o n  was 
subdivided i n t o  sec t ions  o f  more un i fo rm v e l o c i t y  d i s t r i b u t i o n  on t h e  bas is  
o f  changes i n  channel geometry and roughness. 

MANNING EQUATION 

The Manning equat ion i n  t h e  f o l l o w i n g  form i s  commonly used t o  
compute discharge i n  n a t u r a l  channels: 

where 

Q = discharge, i n  cubic f e e t  per  second, 

A = c ross-sec t ion  area o f  channel, i n  square f e e t ,  

R - hyd rau l i c  radius,  A/P (P, w e t t e d  p e r i m e t e r ,  i n  f e e t ) ,  i n  
feet ,  

Se = energy gradient ,  and 

n = roughness c o e f f i c i e n t .  

The equat ion was developed f o r  c o n d i t i o n s  o f  u n i f o r m  f l o w  i n  wh ich  t h e  
water-sur face p r o f i l e  and energy g rad ien t  are p a r a l l e l  t o  t h e  streambed and 
t h e  area, dep th ,  and v e l o c i t y  a r e  c o n s t a n t  t h r o u g h o u t  t h e  reach.  The 
e q u a t i o n  was assumed t o  be v a l i d  f o r  n o n u n i f o r m  reaches i f  t h e  energy 

9 r a d i e n t  i s  mod i f ied  t o  r e f l e c t  o n l y  t h e  l o s s e s  r e s u l t i n g  f r o m  boundary 
r i c t i o n  (Barnes, 1967). The m o d i f i e d  energy  g r a d i e n t  i s  c a l l e d  t h e  

f r i c t i o n  slope. Use o f  t h e  Manning e q u a t i o n  i n  d i s c h a r g e  compu ta t i ons  
g e n e r a l l y  i n v o l v e s  t h e  concep t  o f  channel conveyance. Conveyance, K, i s  
de f i ned  as 



and is a measure of the carrying capacity o f  the channel. Where the 
conveyance concept is used, Manning's equation is reduced to 

where S is the friction slope. The friction slope for a reach of non- 
uniform channel can be expressed as 

where 

h - energy loss resulting from boundary friction in the reach 
- and 

L = length of the reach. 

The main components of hf are the difference in water-surface elevation and 

the difference in velocity head at the ends of the reach. 

Velocitv-Head Coefficient 

T h e  velocity-head coefficient is not directly used for the 
estimate o f  channel roughness in this report. Several o f  t h e  c r o s s  
sections, however, a r e  subdivided on t h e  basis o f  velocity-head 
considerations, and a Manning's roughness coefficient is estimated for each 
o f  t h e  subsections. A basic understanding o f  t h e  velocity-head 
coefficient, therefore, is necessary for t h e  e s t i m a t i o n  o f  channel 
roughness coefficients for channels with f rregularly shaped cross sections 
and varying distribution of vegetation across the channels. 

Roughness factors and nonuniformities in channel eometry cause 9 the velocity in a given cross section o f  channel to vary rom point to 
point. As a result o f  nonuniform distribution o f  velocities, the true 
velocity head (h,) generally is greater than the value computed from the 
expression 

where 

V = mean velocity in the cross section and 

g - acceleration of gravity. 
The ratios of the true velocity head to the velocity head computed on the 
basis o f  the mean velocity is the velocity-head coefficient, alpha. For a 
reasonably straight channel with uniformly shaped cross section, the effect 
of nonuniform velocity distribution on the computed velocity head is small 
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and, f o r  convenience i n  t h e  absence o f  a more s u i t a b l e  method, t h e  
c o e f f i c i e n t  i s  assumed t o  be un i t y  (Chow, 1959). A deta i led study o f  the 
velocity-head coe f f i c ien t ,  alpha, i n  natural  channels showed a s i g n i f i c a n t  
c o r r e l a t i o n  between alpha and channel roughness f o r  channels w i t hou t  
overbank flow. Var iat ion i n  the hor izontal  d i s t r i b u t i o n  o f  v e l o c i t y  had a 
g r e a t e r  e f f e c t  on the  va lue o f  a lpha than v a r i a t i o n  i n  t h e  v e r t i c a l .  
Computed values o f  alpha a t  894 s i t es  i n  a var ie ty  o f  set t ings ranged from 
1.03 t o  4.70, and t h e  median va lue f o r  t r apezo ida l  channels was 1.40 
(Hulsing and others, 1966). I n  the computation o f  water-sur face p r o f i l e s  
i n  open channels, the value o f  alpha i s  assumed t o  be 1.0 i f  the section i s  
not subdivided (Davidian, 1984). I n  subdivided channel cross sections, the 
value o f  alpha i s  computed as 

where 

ki conveyance o f  ind iv idual  subsections, 

ai = area o f  ind iv idual  subsections, 

KT = conveyance o f  en t i r e  cross section, and 

AT = area o f  en t i r e  cross section. 

Channel n Values 

The Manning roughness coef f ic ient ,  n, i s  a measure o f  t he  f l o w  
r e s i s t a n c e  o r  r e l a t i v e  roughness o f  a channel o r  overflow area. The f low 
resistance i s  a f f e c t e d  by many f a c t o r s  i n c l u d i n g  bed m a t e r i a l ,  c ross-  
s e c t i o n  i r r e g u l a r i t i e s ,  depth o f  f low,  vegeta t ion ,  channel alignment, 
channel shape, obstructions, suspended material,  and bedload. I n  genera l ,  
a l l  f a c t o r s  t h a t  cause tu rbu lence  and r e t a r d  f l o w  tend t o  increase the 
roughness coe f f i c i en t  (Jarret t ,  1984). Channel roughness also i s  d i r e c t l y  
r e l a t e d  t o  channel s lope ( R i  gs, 1976; Ja r re t t ,  1984). The r e l a t i o n  o f  9 roughness t o  slope resu l ts  pa r t  y from the i n t e r r e l a t i o n  between channel 
s lope and bed-mater ia l  p a r t i c l e  size. For s im i la r  bed material,  however, 
channels w i th  low gradients have lower roughness coe f f i c ien ts  than channels 
w i t h  h i g h  g rad ien ts  (Jarret t ,  1984). The d i r e c t  re1 at ion between channel 
roughness and channel slope i s  not evident i n  low-gradient channels where 
high roughness coe f f i c ien ts  r e s u l t  from ve etat ion.  Roughness coe f f i c ien ts  a as great as 0.20 have been v e r i f i e d  f o r  c annels w i t h  low g rad ien ts  and 
dense vegetat ion (Arcement and Schneider, 1984). For vegetation t ha t  w i l l  
bend under the force o f  f lowing water, the re la t i on  between roughness and 
g rad ien t  can be inverse ly  related. Steep slopes cause greater ve loc i t ies  
t h a t  bend and f l a t t e n  vegeta t ion  i f  depths o f  f l o w  a r e  s u f f i c i e n t ,  
r esu l t i ng  i n  lower n values. Because o f  the r e l a t i o n  between channel slope 
and size o f  bed material,  the e f f ec t  o f  slope on n values i s  considered i n  
the select ion o f  base n values. 



A common method o f  select ing the roughness coe f f i c ien t ,  n, i s  t o  
f i r s t  s e l e c t  a base va lue o f  n f o r  the bed mater ia l  ( tab le  1). The base 
values o f  n are f o r  a s t ra igh t  un i fo rm channel o f  a g iven  bed m a t e r i a l .  
Cross-sect ion  i r r egu la r i t i es ,  channel alignment, obstructions, vegetation, 
and other f a c t o r s  t h a t  inc rease  roughness are accounted f o r  by adding 
increments o f  roughness t o  the base value o f  n. Ranges o f  adjustments f o r  
the factors tha t  may add t o  channel roughness are shown i n  tab le  2. 

Many a l l u v i a l  channels i n  Maricopa County have bed material t ha t  
moves during f loodflow. I n  addi t ion t o  the changing channel geometry o f  
these channels, t h e  roughness c o e f f i c i e n t  may change d u r i n  f loodf low a because o f  the changing form o f  t h e  channel bed i n  p a r t s  o f  t e channel 
cross s e c t i o n  (Davidian, 1984). Bedforms, such as dunes, antidunes, and 
plane bed have been observed during large f loods .  W i th in  a few minutes,  
dunes can appear, disappear, and reappear a t  d i f f e r e n t  locat ions across a 
large stream channel. The Manning roughness c o e f f i c i e n t  can double o r  
tr i  l e  when the bedform changes from plane t o  dunes. A method o f  def in ing 
re1 ! able values o f  Manning's n f o r  unstable a l l u v i a l  channels i s  not ava i l -  
able.  A plane bedform i s  common during large floods, and f o r  t h i s  r e  o r t ,  Y plane-bed condit ions are assumed where the roughness coe f f i c i en t  i s  r e  ated 
t o  the  s i z e  o f  t he  channel mater ia l  and not the form o f  the channel bed. 
Plane-bed condit ions were assumed f o r  nearly a l l  i n d i r e c t  measurements o f  
peak discharge where the slope-area method was used. 

Table 1 .--Base values o f  Manning's n f o r  s tab le  channels 

[Modified from Aldridge and Garrett,  1973, tab le  11 

Base n values 

Size o f  bed material 
Benson and 
Dal rympl e Chow 

Channel mater ia l  Mi l l imeters  Inches (1967) (195912 

Concrete.............. 
Rock cut.. ............ .......... Firm soi l . . .  ........... Coarse sand ......... Fine ravel..  
Grave 9 ................ ....... Coarse gravel.. 
Cobble.. .............. 
Boulder. .............. 

l s t r a i g h t  uniform channel. 
ZSmoothest channel at ta inable i n  indicated mater ia l .  



Table 2 .  --Adjustment factors f o r  the  determination o f  overa l l  
Manning's n values 

-- ~~~ -- ~ - 
[Modif ied from Chow, 19591 

~~~ -~ ~- -~ ~~- ~ 

.Mamingls n 
Channel conditions adjustlnent 
- 

Oegree of irregularity: 

Snooth 0.000 Swothest chamel attainable i n  given bed material. 

Minor .Wl- .005 Charnels with s l ight ly  eroded or scwred side slcpes. 

Moderate .a%- .010 Charnels with d r a t e l y  sloughed or eroded side slopes. 

Severe .011- .020 Chawls  with badly sloughed banks; unshaped, jagged, and 
irregular surfaces of charnels i n  rock. 

-- 

Effects of obstruction2: 

Negligible .WO- .004 

Severe .MO- .MO 

Vegetation: 

Slnell .w2- .010 

Large 

see footnotes a t  erd of table. 

A few scattered obstructions, h i c h  inclule debris deposits, 
stumps, exposed roots, logs, piers, or isolated boulders, 
that occupy less than 5 percent of the cross-sectional area. 

Obstructions occupy 5 to  15 percent of the cross-sectional 
area and the spacing betueen obstructions i s  such tha t  the 
sphere o f  influence arowd m obstruction does not extend 
to  the &ere o f  in f luence around another obstruct ion.  
smaller adjustments are used f o r  curved smoth-surfaced 
objects than are used for sharp-edged engular objects. 

Obstructions occupy from 15 t o  50 percent of the cross- 
sections1 area or the space betwen obstruct ions i s  small 
enough t o  cause the effects of several obstructions t o  be 
additive, thereby blocking an equivalent pa r t  of a cross 
section. 

ObGtructions OCCUPY more than 50 percent of the cross- 
sect iona l  area or  the space betueen obstructions i s  m a l l  
enough t o  cause turbulence across n s t  of the cross section. 

Dense growths of f l ex ib le  tu r f  grass, such as Bernda, or 
ueeds where the average depth of f lou  i s  a t  least two times 
the height of the vegetation; s w l e  tree seedlings such as 
wilLou, cottonwood, ar rou weed, or  sal tcedar where the 
average depth o f  f lou i s  a t  least three times the height of 
the vegetation. 

Orass or  ueeds where the average depth of f lou  i s  fran m 
t o  tw times the height of the vegetation; Roderately dense 
stemmy grass, ueeds, or  t r e e  seedliws where the average 
depth of flow i s  f r m  tuo to  three times the height o f  the 
vegetation; noderately dense brush, similar to  1- to  2-year- 
o ld saltcedar i n  the dormant season, a l w  the banks and no 
s i g n i f i c a n t  vegetatim a l w  the chamel b o t t m  where the 
hydraulic radius exceeds 2 feet. 

Turf grass or weds h e r e  the average depth to  f lou i s  about 
equal to  the height of vegetation; small t rees intergrown 
with saw weds and brush h e r e  the hydraulic radius exceeds 
2 feet. 



Table 2. --Adjustment factors for the determination of overaJ J 
- ~~ ~-~ -- ~ 

Manning's n values--Continued 
~ . p~~~ 

- -- - 

Manningls n 
Channel cwdit ions adjustment1 

- -~ 

Vegetatim-Continued: 

Very Lars+ 

Variations i n  chamel 
cross section: 

Gradual 

Alternat iw  

Alternating 

.SO- .I00 Turf grass or weads &re the average depth of flow i s  less 
than ha l f  the height of vegetation; s n a l l  bushy t rees 
intergroun wi th  weeds along side slopes of dense cattai ls 
grcuing along chamel bottm; trees in tergroun wi th  weeds 
and brush. 

.OW Size and shape of cross sections change gradually. 

.W1- .005 Large and small cross sections alternate occasionally, or 
the main flow occasionally sh i f ts  f ra  side to  side cuing to  
changes i n  cross-sectional shape. 

.010- .015 Large and small cross sections alternate frecpmtly, or  the 
main f low frequent ly s h i f t s  from s ide  t o  side cuing to  
chaoges i n  cross-sectional shape. 

- 

Degree o f  maderings: 

Minor 1 .OO Ratio o f  the meander length t o  the straight Length of the 
chamel reach i s  1.0 t o  1.2. 

Appreciable 1.15 Ratio of the wader Length t o  the straight Length of charnel 
i s  1.2 t o  1.5. 

Severe 1.30 Ratio of the meander length t o  the s t r a i g h t  length of 
chamel i s  greater than 1.5. 

'Adjustments for degree of i r r e g u l a r i t y ,  va r ia t i ons  i n  cross section, e f f e c t  o f  obstructions, and 
vegetation are added t o  the base n value (table 1) before mi l t ip ly ing k~ the adjustment for meander. 

?Corditions considered i n  other steps n u t  not be reevaluated or bp l ica ted i n  th is section. 

S~djustment  values apply. t o  flow confined i n  the chamel ard do not aFply uhece .&wal ley  flow crosses 

I -- ~~ ~~ meanders. The sdjustrnent i s  a rmlt ip l ier .  ~ - 

~ -~ .~ -- 

For floodflows in sand channels with moveable beds, roughness 
mainly is a function o f  the size o f  the bed material as shown in t h e  
following table (Benson and Dalrymple, 1967, p. 22). 

Median rain size, 9 Median rain size, 
in mi limeters Manning's n in mi 7 limeters Manning's n 



The above n values are f o r  upper-regime f l o w  t h a t  i s  common d u r i n g  f loods.  
Where these n values are  used, t h e  assumed f l o w  regime should be c o n f i r m e d  
(Benson and Da l r ymp le ,  1967, p. 24). Stream channels i n  Maricopa County 
commonly are  sandy i n  t h e  l o w - f l o w  p a r t  o f  t h e  channe l  where f l o w s  a r e  
common. H i g h e r  p a r t s  o f  t h e  channel beds and t h e  channel banks commonly 
are s t a b i l i z e d  by gravel ,  cobbles, and boulders, and (or )  t o  some ex ten t  by 
vegetat ion.  

Depth o f  f l o w  must be considered i n  s e l e c t i o n  o f  n va lues .  The 
e f f e c t s  o f  roughness e lements  on  and n e a r  t h e  channel  b o t t o m  t e n d  t o  
d im in i sh  as t h e  depth o f  f l o w  i n c r e a s e s .  The e f f e c t  o f  v e g e t a t i o n  on n 
v a l u e s  depends g r e a t l y  on t h e  d e p t h  o f  f l o w  and t o  some e x t e n t  on t h e  
f l e x i b i l i t y  o f  t h e  ve  e t a t i o n .  I f  t h e  f l o w  i s  o f  s u f f i c i e n t  d e p t h  t o  
submerge and  ( o r )  f 9 a t t e n  t h e  v e g e t a t i o n ,  n v a l u e s  w i l l  be l owered .  
Dens i ty  o f  v e g e t a t i o n  be low t h e  h i g h - w a t e r  l e v e l  and t h e  a l i g n m e n t  o f  
v e g e t a t i o n  i n  r e l a t i o n  t o  d i r e c t i o n  o f  f l o w  a l so  a f f e c t  n values. I f  t h e  
vegeta t ion  i s  a l igned i n  rows along t h e  d i r e c t i o n  o f  f low,  l e s s  v e g e t a t i o n  
i s  i n  c o n t a c t  w i t h  h i g h e r  v e l o c i t y  f l o w .  The roughness o f  a l i g n e d  
vegeta t ion  tends t o  be l e s s  than t h e  roughness o f  nonal igned vegetat ion.  

G e n e r a l l y  an n v a l u e  i s  s e l e c t e d  f o r  a c ross  sec t i on  t h a t  i s  
rep resen ta t i ve  o f  a reach o f  channel. I f  two o r  more c r o s s  s e c t i o n s  a r e  
be in  considered, t h e  reach t h a t  app l ies  t o  a g iven sec t i on  extends halfway 
t o  t '# e nex t  sec t ion .  I n  t h i s  study, channel d a t a  i n c l u d i n g  maps showing 
c r o s s - s e c t i o n  l o c a t i o n s  were f u r n i s h e d  by  Maricopa County Flood Contro l  
D i s t r i c t .  A cross sec t i on  f o r  each o f  t h e  16 s i t e s  was s e l e c t e d  on t h e  
b a s i s  o f  t h e  f o l l o w i n g  c r i t e r i a :  (1) cross sec t i on  should be l oca ted  so 
t h a t  v i s u a l  i nspec t i on  i s  reasonably convenient; (2) c r o s s  s e c t i o n  s h o u l d  
be w i t h i n  a r e a c h  t h a t  i s  m in ima l l y  a f f e c t e d  by roads, br idges, and o the r  
s t r u c t u r e s  t h a t  may o b s t r u c t  f l o o d f l o w ;  and (3) c r o s s  s e c t i o n  s h o u l d  
c o n t a i n  roughness e lements  t y p i c a l  o f  t h e  reach.  Wid ths  o f  t h e  cross 
s e c t i o n s  range  f r o m  a few hundred f e e t  t o  a few thousand f e e t .  Some 
s e c t i o n s  have a d i s t i n c t  ma in  channel and over f low areas; o thers  are one 
1 arge t rapezo ida l  sect ion.  

Comoonents o f  Manning's n 

The general  p rocedure  f o r  d e t e r m i n i n  n v a l u e s  was t o  f i r s t  
s e l e c t  a b a s e  v a l u e  o f  n f o r  t h e  bed m a t e r i a 7  ( t a b l e  1) f o l l o w e d  by  
s e l e c t i o n  o f  n-value adjustments f o r  channel i r r e  u l a r i t i e s  and a l i gnmen t ,  
o b s t r u c t i o n s ,  vegetat ion, and o the r  f a c t o r s  ( t a b  e 2). I n  t h i s  procedure, 
t h e  value o f  n was computed by 

9 
n - nb + n1 + n2 + n3, 

where 
(7) 

nb = base value o f  n f o r  a s t r a i g h t  un i fo rm channel, 

nl = value f o r  sur face i r r e g u l a r i t i e s ,  

n2 = value f o r  obs t ruc t ion ,  and 

n3 = value f o r  vegetat ion.  



The major adjustments t o  t h e  base value o f  n used i n  t h i s  r e p o r t  
are f o r  c ross-sec t ion  c h a r a c t e r i s t i c s .  O t h e r  a d j u s t m e n t s  f o r  t h e  r e a c h  
c h a r a c t e r i s t i c s  between c r o s s  sec t ions  t h a t  i nc lude  changes i n  shape and 
s i z e  o f  cross sec t ions  and channel meandering a r e  n o t  g i v e n .  Procedures  
f o r  e v a l u a t i n g  t h e  a d j u s t m e n t  f a c t o r s  f o r  t h e  reach c h a r a c t e r i s t i c s  are 
g iven i n  several p i l b l i c a t i o n s  i n c l u d i n g  Chow (1959), A l d r i d g e  and G a r r e t t  
(1973), J a r r e t t  (1985a, b), and Arcement and Schneider (1989). 

SUBDIVISION OF CROSS SECTIONS 

S e c t i o n s  w i t h  d i s t i n c t  changes i n  shape were d i v i d e d  i n t o  
subsections, and n values were determined separa te ly  f o r  each s u b s e c t i o n .  
Subd iv is ion  l o c a t i o n  p r i m a r i l y  was based on major breaks i n  c ross-sec t iona l  
geometry. Cross sec t ions  were subdivided i f  main channel  d e p t h  was more 
t h a n  t w i c e  t h e  d e p t h  a t  t h e  s t ream edge o f  t h e  o v e r f l o w  area ( f i g .  2). 
Subd iv is ion  a l s o  commonly was made where t h e  depth o f  t h e  o v e r f l o w  a t  t h e  
s t ream edge i s  n e a r l y  h a l f  t h e  depth o f  t h e  main channel and t h e  w id th  o f  
t h e  overf low area i s  a t  l e a s t  f i v e  t i m e s  t h e  d e p t h  o f  t h e  o v e r f l o w  a r e a  
( f i g .  2) .  Va lues  o f  n f o r  o v e r f l o w  a reas  commonly were est imated from 
t a b l e  2. 

F o r  s e c t i o n s  o r  s u b s e c t i o n s  w i t h  a  nonuniform d i s t r i b u t i o n  o f  
v e g e t a t i o n ,  a  compos i te  n was computed by  u s i n g  w e i g h t e d  v a l u e s  f o r  
segments h a v i n g  d i f f e r e n t  roughness.  Where s e c t i o n s  were d i v i d e d  i n t o  
segments o f  equal roughness, d i v i d i n g  l i n e s  were s e l e c t e d  t o  p a r a l l e l  t h e  
g e n e r a l  f l ow  l i n e  and t o  represent  t h e  average contac t  between segments o f  
d i f f e r e n t  roughness. Composite n values were computed b y  u s i n g  w e i g h t e d  
v a l u e s  o f  e i t h e r  a r e a  (A) o r  wet ted per imeter  (P). Weighting was done by 
e s t i m a t i n g  a r e a  o r  w e t t e d  p e r i m e t e r  f o r  each p o r t i o n  o f  c h a n n e l  and  
a s s i g n i n g  w e i g h t i n g  f a c t o r s  t h a t  were p r o p o r t i o n a l  t o  t h e  t o t a l  area o r  
wet ted per imeter .  The general r u l e  f o r  dec id ing  which we igh t ing  method t o  
u s e  i s  as f o l l o w s :  Use a r e a  w e i g h t i n g  where v e g e t a t i o n  i s  dense and 
occup ies  a  d i s t i n c t  p a r t  o f  t h e  c r o s s  s e c t i o n .  Use w e t t e d - p e r i m e t e r  
w e i g h t i n g  where t h e  roughness f a c t o r  f o r  each segment i s  t h e  r e s u l t  o f  
1  ow- ly ing  boundary ma te r ia l .  

Where o v e r f l o w  a reas  a r e  c u l t i v a t e d  f i e l d s ,  n values are  f o r  
f i e l d s  w i thou t  crops. Values o f  n f o r  f i e l d s  w i t h  c r o p s  can be based on 
t h e  work o f  Chow (1959). F i e l d s  o f  mature co t ton  p l a n t s  a re  comparable t o  
dense brush i n  summer; d e f o l i a t e d  c o t t o n  t o  medium t o  dense brush i n  w i n t e r  

F i e l d s  o f  a l f a l f a  a r e  comparable t o  f i e l d  crops w i t h  n value 
b;,2id:ng.on he igh t  o f  t h e  c rop  and depth o f  water ( t a b l e  I ) .  The value o f  
n genera l l y  v a r i e s  w i t h  t h e  stage o f  submergence o f  t h e  vegetat ion.  I n  a l l  
instances, n values a s s o c i a t e d  w i t h  c u l t i v a t e d  f i e l d s  w i l l  change w i t h  
t ime. 



Subdivide if Dm,, is greater than or equal to 2db 

Subdivide if Dm.* is approximately equal to 2db 
and if L/db is equal to or greater than 5 

L = width ol  flood plain 
db =depth of flow on flood plain, in feet 

Dmax = maximum depth of flow in cross section. 
in feet 

Modified from Davidian 119841 

Figure 2.--Subdivision criteria commonly used for streams in Maricopa 
County, Arizona. 

Table 3.--Values o f  Manning's n f o r  f lood plains 

[Modified from Chow, 19591 - - - -  - 

Description M i n i m  N o m l  Maxinn 

Pasture, no brush: ................................... Short grass.. 0.025 0.030 0.035 
High grass ...................................... .030 .035 .050 

Cultivated areas: 
NO crop ......................................... .020 .030 .............................. Mature row c r q . .  .025 .035 .045 ............................ e f i e l d  crops.. .030 .040 .050 natur 

Brush: 
scattered brush, heavy ueed 
Light brush and trees, i n  winte 
Light brush and trees. i n  sunne 
nediun t 

IS.. .................. . 0: 
r ................ . 0: ................ ~ r . Od .............. :o dense brush, i n  winter.. .045 .070 .I10 ................ nediun t o  dense brush, i n  sunner .070 .lo0 .I60 

Trees: ................. Dense u i l l w s ,  sunner, straight -110 ....... Cleared Land with tree stunpa, no sprouts .030 ... sem as above, but heavy growth o f f  sprouts.. .050 
Heaw stand of tinber. a feu down trees, l i t t l e  ....... urbargrwth, flood stage below branches .080 .I00 .I20 
sarne as above, but u i th  f lood stage ............................. reaching branches .lo0 .1M .1M) 



- -~ 

Figure 3. --Cotton fields at different seasons. 
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SITE INFORMATION 

The f o l l o w i n g  se ts  o f  s i t e  i n fo rma t ion  cons i s t  o f  a d e s c r i p t i o n  
of  t h e  s i t e ,  a t a b l e  showing values o f  n f o r  sec t ions  and subsect ions o f  
t h e  channel f o r  t h e  10-year and 100-year f l o o d s ,  channe l  c r o s s  s e c t i o n s ,  
and pho tog raphs  ( t a b l e s  4-19; f i g s .  4 -35 ) .  Photographs o f  t h e  16 s i t e s  
taken du r ing  t h e  s p r i n g  and summer o f  1989 i nc lude  an overview showing t h e  
l o c a t i o n  o f  t h e  cross sect ion;  add i t i ona l  photographs show major i tems t h a t  
a f f e c t  t h e  n value. The frame o f  t h e  square g r i d  shown i n  s e v e r a l  p h o t o -  
g raphs i s  1.5 ft o u t s i d e  d imens ion  on a s ide  w i t h  an i n t e r n a l  square o f  
1 ft on a s i d e  and g r i d  s p a c i n g  o f  1 i n .  C r o s s - s e c t i o n  d iagrams show 
a p p r o x i m a t e  e l e v a t i o n s  o f  t h e  1 0 - y e a r  a n d  1 0 0 - y e a r  f l o o d  l e v e l s ,  
appropr ia te  subdiv is ions,  se lec ted  n values, and t h e  app rox ima te  l o c a t i o n  
and  h e i g h t  o f  t h e  v e g e t a t i o n .  The app rox ima te  f l o o d  e l e v a t i o n s  were 
computed from conveyance-slope computations u s i n g  c r o s s - s e c t i o n  geometry 
fu rn ished by Flood Contro l  D i s t r i c t  o f  Maricopa County. 

The photographs were t a k e n  f r o m  d i f f e r e n t  l o c a t i o n s  on t h e  
ground and f r o m  an a i r c r a f t .  For most s i t e s ,  a photograph o f  t y p i c a l  bed 
ma te r ia l  i s  included. The photographs o f  t h e  channel and f l o o d  p l a i n  can 
be used f o r  comparison o f  f i e l d  cond i t i ons  w i t h  photographs o f  channels and 
f lood p l a i n s  where n values have been v e r i f i e d  (Arcement and Schne ide r ,  
1989; Chow, 1959; Barnes,1964; A ld r i dge  and Gar re t t ,  1973). Several o f  t h e  
photographs and d e s c r i p t i o n s  r e f e r  t o  t h e  h o r i z o n t a l  s t a t i o n i n g  o f  t h e  
cross sect ion.  

The d e s c r i p t i o n  o f  each s i t e  i n c l u d e s  t h e  l o c a t i o n  o f  t h e  
c h a n n e l  c r o s s  s e c t i o n ,  t h e  d e s c r i p t i o n  o f  t h e  channe l ,  t h e  b a s i s  f o r  
subd iv i s ion  o f  t h e  cross sec t i on ,  and t h e  e v a l u a t i o n  o f  t h e  e s t i m a t e d  n 
va lue .  Changes i n  channel eometry and type and d i s t r i b u t i o n  and dens i t y  
o f  v e g e t a t i o n  a r e  describe!. The a rea  o r  w e t t e d - p e r i m e t e r  b a s i s  f o r  
w e i g h t i n g  o f  n f o r  p o r t i o n s  o f  sec t ions  and subsect ions i s  def ined.  The 
channel cross sec t i on  and t h e  photographs s h o u l d  be used i n  c o n j u n c t i o n  
w i t h  t h e  s i t e  d e s c r i p t i o n  t o  assess how n was def ined. 

The t a b l e  shows t h e  components o f  t h e  roughness c o e f f i c i e n t  f o r  
t h e  1 0 - y e a r  and 100 -yea r  f l o o d s  t h a t  were est imated f o r  t h e  sec t ions  and 
subsections. The t o t a l  n values are  t h e  sum o f  t h e  base v a l u e  o f  n f o r  a 
s t r a i g h t  u n i f o r m  channe l  ( n  ; s u r f a c e  i r r e g u l a r i t i e s  ( n l ) ;  obs t ruc t i on  4 (n2); and vegeta t ion  ( n 3 ) .  Das es i n d i c a t e  t h a t  a roughness c o e f f i c i e n t  o f  
z e r o  was used. Where po r t i ons  o f  sec t ions  and subsect ions were used, t h e  
p a r t  o f  t h e  sec t i on  o r  subsect ion used f o r  t h e  est imate o f  t h e  compos i te  n 
i s  1 i s t e d  under  " P o r t i o n  o f  a rea  o r  w e t t e d  per imeter  o f  subsect ion from 
l e f t  end." Where p o r t i o n s  o f  sec t ions  o r  subsect ions were n o t  used, values 
f o r  p o r t i o n s  and weighted and composite values were n o t  l i s t e d .  The sum o f  
t h e  p a r t s  f o r  each p o r t i o n  o f  t h e  s e c t i o n  and ( o r )  s u b s e c t i o n  i s  equa l  
t o  1. The composite value o f  n f o r  t h e  sec t ions  and subsect ions i s  t h e  sum 
o f  t h e  weighted n values f o r  each po r t i on .  



GILA RIVER ABOVE BULLARD AVENUE NEAR AVONDALE 

Locat ion o f  c ross  sect ion:  1,000 ft upstream from br idge.  

Oescr i  o f  channe l .  Bed ma te r ia l  i s  most ly  sand and g rave l  w i t h  some 
cobb?::%d small b o u l h e r s  e x c e p t  f o r  t h e  l o w - f l o w  channe l ,  w h i c h  i s  
m a i n l y  c l a y ,  s i l t ,  and sand. Low-flow channel has dense brush and t rees  
on r i g h t  bank and l i g h t  brush and t r e e s  on l e f t  bank. Many o f  t h e  t r e e s  
are t a l l e r  than t h e  maximum f l o o d  l e v e l .  About h a l f  t h e  sec t i on  i s  c l e a r  
o f  v e g e t a t i o n  b u t  t h e  bed i s  uneven and has smooth i r r e g u l a r i t i e s .  
S c a t t e r e d  a reas  o f  dense brush and t r e e s  are along t h e  l e f t  s i d e  o f  t h e  
channel. Some o f  t h i s  vegeta t ion  would be ove r topped  and b e n t  o v e r  by  
m a j o r  f l o o d s .  The t r e e s  and b r u s h  on t h e  r i g h t  bank a r e  dense and 
probably w i l l  n o t  be overtopped o r  bent  over by major f loods.  

S u b d i v i s i o n  o f  c r o s s  s e c t i o n  and e v a l u a t i o n  o f  n: Cross  s e c t i o n  was 
subdivided a t  edge o f  t e r race  on l e f t  s i d e  a t  a  m a j o r  b r e a k  i n  c r o s s -  
sec t i ona l  geometry and a  l a r g e  change i n  vegeta t ion  dens i ty .  Subd iv is ion  
on t h e  bas is  o f  l a r g e  changes i n  v e g e t a t i o n  d e n s i t y  a t  c r o s s - s e c t i o n  
s t a t i o n  20,450 ft was considered b u t  because t h e  geometry d i d  n o t  change, 
no cross sec t i on  subd iv i s ion  was made. Also, subd iv i s ion  on t h e  bas is  o f  
v e g e t a t i o n - d e n s i t y  changes would r e s u l t  i n  nonalignment o f  subareas w i t h  
adjacent cross sect ions.  Composite n values were computed f o r  t h e  main  
channel  because o f  d i s t i n c t  changes i n  vegeta t ion  across t h e  channel. 
Weighting o f  n f o r  p o r t i o n s  o f  subsect ions was done on t h e  bas is  o f  area. 
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Table 4.--Cmnents and weighted and corrcosite values of Mamim's n 

[Dashes indicate a roughness coeff i c i m t  of zero1 

10-Year Flood 100-Year Flood 
Subsection A 

Portion of port ion of 
area or wetted area or w t t e d  
perimeter of Ueighted and perimeter of Weighted and 

subsection f r m  composi t e  subsection from conposite 
Left end comnents values l e f t  end C ~ l l l ~ ~ m t s  values 

nb = ,028 n,., = -028 

; --- -  . ---- 
I 1 
; ---- = ---- 

2 2 
5 = .OW 5 - .O17 

n = .055 n = .045 

subsection B tnain channel) Subsecticn B t w i n  c h a w l )  
Portion of Portion of 

area or wetted area or wetted 
perimeter of Ueighted and perimeter of Ueighted and 

subsection f rm composite subsection frm conposi te  
Left end C m n e n t s  values l e f t  end c m n t s  values 

'only v a l w  of 5 of conseqwnce. 
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A.  Looking upstream and across a t  cross section from 
above right side. 

B. Looking upstream and across at center and l e f t  end 
of cross section from below Bull ard Avenue. 

Figure 5.--Gila River above Bullard Avenue near Avondale. 



D. Looking upstream from Bullard Avenue at left flood- 
plain area. 

Figure 5. --Gila River above Bull ard Avenue near Avondal e--Continued. 



F. Typical bed material near center of channel. 

Figure 5 .  --Gila River above Bull ard Avenue near Avondal e--Continued. 



6.  Looking upstream a t  small open area on r i gh t  s ide  
(cross-section s t a t i o n  20,800 f e e t )  where vege- 
t a t ion  i s  dense and about 15 f e e t  h igh .  

H. Looking upstream a t  r igh t  bank. I he man i s  aDOUt 
1 0 0  f e e t  downstream from t h e  cross  section.  The 
vegetation i s  about 1 5  f e e t  h igh;  n value equa l s  
0.200. 

Figure 5. --Gila River above Bul l  ard Avenue near Avondal e--Conti nued. 



GILA RIVER ABOVE GILLESPIE DAM 

C o c a t i o n :  500 ft upstream from dam. 

D e s c r i o t i o n  o f  channe l :  Sediment has f i l l e d  t h e  storage behind t h e  dam 
except f o r  several low- f low channels. The sediment supports an abundant  
g r o w t h  o f  s a l t c e d a r  and mesqu i te  e x c e p t  f o r  a w ide  sec t i on  (about 65 
percent)  o f  channel t h a t  has been c leared.  C a t t a i l s  and o the r  reeds grow 
where w a t e r  i s  sha l l ow .  The vegeta t ion  i s  supple, and some o f  i t  would 
be over topped by  f l o o d f l o w s .  The c l e a r e d  p a r t  o f  t h e  s e c t i o n  has a 
sca t te red  growth o f  weeds t h a t  w i l l  have l i t t l e  e f f e c t  a t  f l o o d  stages. 

Subd iv is ion  o f  cross sec t i on  and eva lua t ion  o f  n: nb = 0.025 f o r  c l e a r e d  

channe l .  Subd iv is ion  f o r  10-year f l o o d  was made on t h e  bas i s  o f  changes 
i n  c ross-sec t iona l  geometry. Subd iv is ion  f o r  100-year f l o o d  was made a t  
c r o s s - s e c t i o n  s t a t i o n  10,130 f t on t h e  b a s i s  o f  t h e  m a j o r  change o f  
vegeta t ion  dens i t y  along t h e  reach and t o  a l e s s e r  degree on t h e  bas is  o f  
a smal l  change o f  c ross-sec t iona l  geometry. 



GILA RIVER - - ABOVE GILLESPIE DAM--Continued - - - -- --- 

toashes indicate a roughness coeff icient of zero1 

10-Year Flood 100-Year Flood 
Subsection A Subsection A 

Portion of Portion of 
area or uetted area or wetted 
perimeter of Weighted and perimeter o f  Ueighted and 

subsection from composite subsection from conposi t e  
Left end C m n e n t s  values l e f t  end Ccnr?onents values 

Subsection B Subsection B 
Portion of Portion of 

area or uetted area or wetted 
perimeter of Ueighted and perimeter of Weighted and 

subsection f ran conymsite subsection from conposite 
l e f t  end C m n e n t s  values l e f t  end Cgnp~lents values 

subsection C 
Portion of 

area or uetted 
perimeter o f  Ueighted and 

subsection f ran composite 
l e f t  end C m n e n t s  values 

subsection D 
Portion of 

area or wetted 
perimeter of Weighted and 

subsection from composite 
l e f t  end C m n e n t s  values 

SubSection E 
Port ion o f  

area or wetted 
perimeter of Weighted and 

subsection f ran composite 
l e f t  end Cawonents values 

*Only value o f  5 i s  of consequence. 



HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET 

VERTICAL SCALE EXAGGERATION X 1 0  

--.Figure. 5,.--.Cross sectjon of: .a1 a..Riyer .above .Gi llespie Dam. 



A.  Looking downstream at cross section. 

6. Looking at cross section and Gillespie Dam 
from left end. 

Figure 7.--Gila River above Gillespie Dam. 



C .  Looking upstream from crest of dam at l e f t  side 
of channel. 

D.  Looking Z r o s s ~  and upstream from ' l e f t  -sihe at 
dam. Center o f  c r o s s  s e c t i o n  i s  i n  t h e  
background. 

Figure 7.--Gila River above Gillespie Dam--Continued. 



E. Looking upstream at right side of channel. Diameter of 
gage well in left center is 2 feet; the vegetation is 
dense and about 10 to 15 feet high. 

F .  Looking upstream and across at left center of cross 
section from right bank. 

Figure 7.--Gila River above Gillespie Dam--Continued. 
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6.  ~ o o k i n g  upstream and across f rom r i g h t  s i d e  a t  
r i g h t  end of c ross  s e c t i o n  where v e g e t a t i o n  i s  
dense and 10 t o  15 f e e t  high. 

Figure 7. - -G i l a  River  above G i l l e s p i e  Dam--Continued. 
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SALT RIVER BELOW GRANITE REEF DAM 

location: About 2,000 ft downstream f r o m  dam and 500 t o  
600 ft downstream from road crossing. 

D e s c r i ~ t i ~ n  o f  channe l :  A  l o w - f l o w  channel  n e x t  t o  t h e  r i g h t  bank i s  
f l a n k e d  on t h e  l e f t  b y  two te r races .  The f i r s t  t e r r a c e  i s  about 10 ft 
above t h e  low- f low bed; t h e  second t e r r a c e  i s  about 5 ft above t h e  f i r s t  
t e r r a c e .  The l o w - f l o w  channel has a  few r e l a t i v e l y  l a r g e  rock  outcrops 
sca t te red  throughout.  Rock outcrops are  s l i g h t l y  rounded b u t  i r r e g u l a r .  
Banks  h a v e  s c a t t e r e d  t r e e s .  Channel i s  n o n u n i f o r m  i n  shape. Bed 
ma te r ia l  on t h e  f i r s t  t e r r a c e  i s  gravel ,  cobbles, and a  few boulders; bed 
ma te r ia l  on t h e  second t e r r a c e  i s  sand and grave l .  The bed i s  uneven and 
conta ins  sca t te red  smal l  bushes. 

Subdivision: L e f t  bank t e r r a c e  had a  
t an handle shave, and subd iv i s ion  was made a t  t h e  edqe o f  t h e  t e r r a c e  on 
t h e  b a s i s  o f ' c ross -sec t i ona l  geometry. Composite ;; values were used f o r  
t h e  main  channe l  because o f  d i s t i n c t  changes i n  t h e  c o m p o n e n t s  o f  
roughness.  W e i g h t i n g  o f  n f o r  po r t i ons  of subsect ions were done on t h e  
bas i s  o f  wet ted per imeter .  



-. 
SALT RIVER BELOW GRANITE REEF DAM--Continued 

-- p - ~  ~- ~~ 
~-~~~ 

~~~ ~- - - -- ~- 

Table 6.--Conponents and ueishted and ccmosite values of Mamiw's n 

toashes indicate a rowhness coeff icient of zero1 

10-Year Flood 100-Year Flood 
Subsection A Subsection A 

Portion of Portion of 
area or uetted area or wetted 
perimeter of Ueighted and perimeter of Ueighted and 

subsection f r m  conposite subsection frm cnposi  t e  
Left end c m n e n t s  values l e f t  end C m t s  values 

Subsection B (main channel) 
Portion of 

area or uetted 
perimeter of weighted and 

subsection f r m  composite 
l e f t  end c m n e n t s  values 

nb = .028 

n = - - - -  1 - - - - -  
2 - 
5 = .007 

.M) x n e.035 = .021 

Subsection B ( w i n  channel) 
Portion of 

area or wetted 
perimeter of weighted and 

subsection f r m  canposite 
Left end Conponents values 



1,310 

1,305 
100-year peak discharge - - - - - - - - - - - - - 

+ 
1,300 10-year peak discharge - - - - - - - - - - - - 
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HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET 

VERTICAL SCALE EXAGGERATION X 10 

Figure.8.-.-Cross section-of s a l t  R iver  b e l w G r a n i t e  Reef Dam. 



A.  Looking downstream at cross section. 

6. Looking across channel at cross 
section from left side. Man is at 
cross-section station 9,650 feet. 

Figure 9.--Salt River below Granite Reef Dam. 

I 



P .  Looking downstream at left flood lain (cross-section 
station 9,700 feet P . 

D .  Looking downstream near left edge of first terrace near 
cross-section station 10,000 feet. 

Figure 9. --Salt River below Granite Reef Dam--Continued. 



E .  Looking at f inest  channel-bed material in cross section. 

F. .Looking upstream at l e f t  edge of main channel near 
cross-section station 10,500 f ee t .  

Figure 9.--Salt  River below Granite Reef Dam--Continued. 



G. Looking across channel at section from 
right bank. Row o f  trees on opposite 
s i d e  o f  w a t e r  i s  at cross-section 
station 10,480 feet. 

Figure 9.--Salt River below Granite Reef Dam--Continued. 



SALT RIVER BELOW 24TH STREET AT PHOENIX 

Locat ion o f  cross sect ion:  600 ft downstream from br idge.  

-1: Bed m a t e r i a l  i s  g r a v e l ,  cobb les ,  and b o u l d e r s ;  
channel  bot tom i s  somewhat i r r e g u l a r .  Shape o f  cross sec t i on  apparent ly  
has chan ed s ince  mapping was done. A s m a l l  channel  c u t s  d i a g o n a l l y  
across t a e center  o f  t h e  cross sec t i on  from t h e  r i g h t  t o  l e f t  end. 

Subd iv is ion  o f  cross s e c t i o n  and e v a l u a t i o n  o f  n: S u b d i v i s i o n  was n o t  
needed f o r  1 0 0 - y e a r  peak d i s c h a r g e ,  and roughness was f a i r l y  un i fo rm 
across t h e  cross sect ion.  S u b d i v i s i o n  f o r  1 0 - y e a r  peak d i s c h a r g e  was 
based on geometry o f  cross sect ion.  



SALT RIVER BELOW 24TH STREET AT PHOENIX--Continued 
- - - - - -- - - - - - pp 

Table 7.--Cmnents and weighted and c m s i t e  va lws of WaMina's n 

[Dashes indicate a roughness coeff icient of Zero1 

10-Year Flood 100-Year Flood 
Subsect ion A Section 

Portion of Portion of 
area or w t t e d  area or w t t e d  
perimeter of Ueighted and perimeter o f  Weighted and 

subsection frm c a p s i t e  subsection from cotrposite 
l e f t  end C m n e n t s  values l e f t  end C m n e n t s  values 

Subsection B 
Portion of 

area or w t t e d  
perimeter of Weighted and 

subsection frm c a p s i t e  
Left end c m n e n t s  values 

n, = .032 

Subsection C 
Portion of 

area or wetted 
perimeter of Ueighted and 

subsection f ran c a p s i t e  
Left end C m n e n t s  values 



NOTE: Channel has been modified since mapping was done; dashed line represents original survey, 
solid line is approximation of present cross section, based on hand level field check. 

HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET 

VERTICAL SCALE EXAGGERATION X20 

Figure 10.-ICross section of Sa1t:River-below 24th Street atPhoenix. 



A .  Looking downstream and across a t  cross section from 
above l e f t  side. 

6. Looking downstream near center  o f  channel. 

Figure 11 . - -Sa l t  River  below 24th S t ree t  a t  Phoenix. 



C. Looking downstream along left bank. 

D.  Looking across channel from right bank. 

Figure 11.--Salt River below 24th Street at Phoenix--Continued. 



E. Looking at coarsest bed material in c,,,, ,=ction. 

F .  Looking downstream along right bank. 

Figure 11.--Salt River below 24th Street at Phoenix--Continued. 



6.  Looking downstream at right bank. 

Figure 11.--Salt River below 24th Street at Phoenix--Continued. 



HASSAYANPA RIVER ABOVE HIGHWAY REST STOP NEAR WICKENBURG 

Location of cross section: 100 f t  upstream from r e s t  stop. 

Descr ipt ion of channel :  Bed material in the  low-flow par t  of the channel 
i s  s i l t  and sand. Low-flow channel i s  s l i g h t l y  i r r e g u l a r  and has  .. 

scat tered weeds along edges. The r e s t  of the  bed in the  low-flow channel 
and the  overflow area i s  covered with grass except fo r  the  ra i l road t rack 
area on the  narrow ledge along the  r i gh t  bank. 

Channel has a dense growth of brush and t r e e s  between the  low-f low 
channel and t h e  r i g h t  bank. Arrow weeds t o  t h e  l e f t  of the low-flow 
channel a re  1 0  f t  high and will bend under t h e  f o r c e  of f lowing wate r .  
Overflow area has large t r ee s  a t  r igh t  edge, dense brush and t r ee s  along 
l e f t  edge, and an i r r e g u l a r  open a r e a  between t h e  two s t a n d s  o f  
vegetation. 

Subdivision of cross s e c t i o n  and eva lua t ion  of n :  Subdivis ion was no t  
needed .  Composi te  n v a l u e s  were  computed because of changes i n  
veaetation rouahness across the channel. Weighting of n f o r  p o r t i o n s  of 
su6sections waZ done on basis of area. 
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HASSAYAMPA RIVER ABOVE HIGHWAY REST STOP NEAR WICKENBURG--Continued 
~ - - - 

~~~ ~~~ ~~ - - -~ ~- - - 

Table 8 . - -Cmnents  and ueighted and c m s i t e  values of Maminu's n 

[Dashes indicate a roughness coef f ic ient  of Zero1 

10-Year Flocd 100-Year FLwd 
Subsectim A Subsection A 

por t ion  of Port ion of  
area or  uetted area or  uetted 
perimeter of  Ueighted d perinater of Weighted and 

subsection from conposite subsection from c ~ p o s i t e  
l e f t  end C m n e n t s  values l e f t  erd C~ll lxnents values 

n,, = .025 n,, = .025 . ---- 
1 "1 = - ---  

"2 = ----  "2 = - - - -  
I-, = .loo 5 = .1w 

.40 x n z . 1 2 5  = .050 .45 x n = .I25 = .056 

n,, = .025 n,, = .025 
= ---- 

"1 = - - - -  1 - - - -  ,, = ---- 
2 2 
5 = .030 5 = .010 

.35 x n z . 0 5 5  = .019 .30 x n =.035 = .010 

n,, = .022 n,, = .022 

= - - - -  
1 nl = - - - -  

= - - - -  
% = - - - -  2 
5 = .003 5 = .Om 

.10 x n = .025 = .002 .10 x n m.025 = .002 

n,, = .025 n,, = .025 

; ---- 
1 nl = ---- . ---- 

"2 = ---- 2 
5 = -100 5 = .loo 

.15 x n = .I25 = .019 .08 x n = .I25 = .010 
1.00 .090 - ---. 

1 - 



HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET 

VERTICAL SCALE EXAGGERATION X I 0  

P 

Figure 12 .--Cross sect ion o f  ~ a s s ~ m ~ ~ ~ i ~ e r  above Hi~h~9y~-Res?&op-~ar Wickenburg. 
a 



4 .  Looking downstream a t  and across from above l e f t  bank. 

B .  Looking upstream and across from above l e f t  bank. 

F igure 13.--Hassayampa River  above Highway Rest Stop near Wickenburg. 



C .  Looking toward left bank from open area near middle 
of cross section. 

D.  Looking upstream along low-flow channel. 

Figure 13.--Hassayampa River above Highway Rest Stop 
near Wickenburg--Continued 



E.  Looking downstream along low-flow channel. 

F. Looking upstream along r i g h t  bank. 

Figure 13.--Hassayampa River  above Highway Rest Stop 
near Wickenburg--Continued. 
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HASSAYAMPA RIVER AT CENTRAL ARIZONA PROJECT CANAL 

Locat ion  o f  cross sect ion:  Sect ion i n t e r s e c t s  t h e  alignment o f  t h e  Cent ra l  
Ar izona P r o j e c t  canal siphon n e a r  t h e  r i g h t  bank o f  t h e  r i v e r .  R i g h t  
bank end o f  t h e  sec t i on  i s  400 ft upstream from t h e  canal; l e f t  bank end 
i s  1,000 ft downstream. 

D e s c r i o t i o n  o f  channel: Bed ma te r ia l  i s  s i l t  and sand, and channel bottom 
i s  uneven. Low-growing brush and weeds and s m a l l  t r e e s  a r e  s c a t t e r e d  
t h r o u g h o u t  t h e  channel  and s l i g h t l y  c o n c e n t r a t e d  a l o n g  t h e  l ow- f l ow  
channel. 

S u b d i v i s i o n  o f  c r o s s  s e c t i o n  and e v a l u a t i o n  o f  n: Cross  s e c t i o n  was 
subdivided on t h e  b a s i s  o f  changes i n  shape a l t h o u g h  t h e  chanqes a r e  
somewhat s u b t l e  i n  t h i s  wide and genera l l y  'shal low sect ion.  Sub6 iv is ion  
was made a t  c ross-sec t ion  s t a t i o n  3,550 ft f o r  t h e  1 0 - y e a r  f l o o d  and a t  
c ross-sec t ion  s t a t i o n s  2,300 and 4,400 ft f o r  t h e  100-year f l ood .  
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HASSAYAMPA RIVER AT CENTRAL ARIZONA PROJECT CANAL--Continued 
-- - - - -  - - - 

Table 9 . - - 9  

[Dashes indicate a roughness coeff icient of zero] 

10-Year Flood 100-Year Flood 
Subsection A Subsect ion h 

Portion of Portion of 
area or uetted area or wetted 
perimeter of Weighted and periimter of Weighted and 

subsection f ron conposi te  subsection fron conposite 
l e f t  end C m n e n t s  values l e f t  end C-a~mwnts values 

n,, = .022 n, = .022 

n1 = .003 n1 = .W3 
n = ---- 
2 

% = .007 
"2 = ----  
n, = .W7 

n = .032 n = .032 

Subsection B Subsection B 
Portion of Portion of 

area or uetted area or wetted 
periimter of Ueighted and perimeter of Weighted and 

subsection fron conposi te  subsection frm conposite 
l e f t  erd C m n e n t s  values l e f t  end C m n e n t s  values 

nb = '022 1, = .022 
n . -- - -  
1 "1 = - - - -  

n2 = - - - -  "2 = - - - -  
n, = .005 *n, = .003 

n = .027 n = .025 

Subsection C 
Portion of 

area or uetted 
periimter of Weighted and 

subsection f r m  conposite 
l e f t  end Conwnents values 

n,, = .022 

n = .003 1 
= - - - -  

2 
5 = .007 

n = .032 



HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET 

VERTICAL SCALE EXAGGERATION x20 

Figure 14. --Cross section - of . . Hassayampa \ River at Central Arizona . .. project ~ Canal. 



A .  Looking across channel from l e f t  bank. 

6. Looking toward l e f t  bank from right bank; vehicle 
on road i s  near low-flow channel a t  cross-sect ion 
station 3,500 feet .  

Figure 15 .  --Hassayampa River at Central Arizona Project Canal. 



C. Typical bed material and vegetation on flood plain 
at cross-section station 2,300 f e e t .  

D.  Looking downstream along right bank. 

Figure 15.  --Hassayampa River at Central Arizona Project Canal --Continued. 



E. Typical bed material and vegeta- 
tion in low-flow channel at cross- 
section station 3,900 feet .  

F. Closeup of bed material in low-flow channel. 

Figure 15.--Hassayampa River at Central Arizona Project Canal--Continued. 



HASSAYAMPA RIVER BELOW OLD U.S. HIGHWAY 80 

Locat ion o f  cross-sect ion:  800 ft downstream from br idge.  

Desc r io t i on  o f  channel: Bed ma te r ia l  i s  ma in ly  sand and gravel  w i t h  a few 
s c a t t e r e d  c o b b l e s  and b o u l d e r s .  Ma in  channel i s  constra ined by d ikes  
t h a t  a re  several f e e t  h igher  than f l o o d  p l a i n s  on e i t h e r  s i d e .  A s m a l l  
l o w - f l o w  channe l  i s  w i t h i n  t h e  main channel. Grass and weeds along t h e  
l o w - f l o w  channe l  and an o c c a s i o n a l  bush o r  s m a l l  t r e e  w i l l  a f f e c t  
roughness a t  t h e  10-year  f l o o d  l e v e l  b u t  w i l l  wash away a t  t h e  100-year 
f l o o d  l e v e l .  Wide f l o o d  p l a i n s  on e i t h e r  s i d e  o f  t h e  main  channe l  a r e  
c u l t i v a t e d  f i e l d s .  

Subd iv is ion  o f  cross sec t i on  and e v a l u a t i o n  o f  n: The 1 0 - y e a r  f l o o d  i s  
conf ined i n  t h e  main channel. The 100-year f l o o d  a l so  can be conveyed i n  
t h e  main channel a t  t h i s  cross section.- However, f l o o d w a t e r  m a y - s p i l l  
f r o m  channe l  ups t ream o r  e rode d ikes  and occupy p a r t s  o f  f l o o d  p la ins .  
E leva t i on  o f  100-year f l o o d  was computed on t h e  assumpt ion  o f  a common 
w a t e r  l e v e l  i n  t h e  main  channel  and t h e  f l o o d  p l a i n ;  there fore ,  t h a t  
sec t i on  cons i s t s  o f  two subareas. 
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HASSAYAMPA RIVER BELOW OLD U.S. HIGHWAY 80- -Continued 
- - - 

Table 10.--C-nents and weighted and caroosite values of Manning's n 

[Dashes indicate a roughness coeff icient of zero1 

10-Year FLood 100-Year FLood 
subsection A Subsection A 

Portion of Portion of 
area or wetted area or wetted 
perilneter of Weighted and perimeter of Ueighted and 

subsection frm canpasite subsection frm ccnps i te  
Left end c m n e n t s  values l e f t  end Com~onents values 

nb = .025 n, = .030 

n = - - - -  n = - - - -  
1 1 
; -- - -  = - - - *  

2 2 
n, = .003 '3 z ---- 
n = .028 n = .030 

Subsection B 
Portion of 

area or wetted 
perimeter of Ueighted and 

subsection frm c~mposite 
l e f t  end Comwnents values 

nb = .025 

n - - - - -  1 - 
= - - - -  

2 

"3 = - - - -  
n = .025 
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Figurel6---Cross sect ion o f  Hassayahpa River balavvu~a1US,~H.~h~~..8OOO ~~~~~~- ~-~ 
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A .  Looking downstream showing approximate location o f  
cross section. 

B. Typical bed material. 

Figure 17. --Hassayampa River below old U.S. Highway 80. 



C. Looking downstream along l e f ~  uank. 

D.  Looking downstream along right bank. 

Figure 17. --Hassayampa River below old U.S. Highway 80--Continued. 



E .  Looking downstream along 1 ow-flow channel 

F .  Looking across left flood plain. 

Figure 17.--Hassayampa River below old U.S. Highway 80--Continued. 



NEW RIVER ABOVE NEW RIVER ROAD 

Location: 500 ft upstream from br idge.  

D e s c r i ~ t i o n  o f  channel: Bed ma te r ia l  i s  c o b b l e s  and b o u l d e r s .  The main  
channel has been clea,red and shaped, and d i kes  on e i t h e r  s ide  are several 
f e e t  above t h e  n a t u r a l  f l o o d  p l a i n .  A narrow s t r i p  o f  f l o o d  p l a i n  beyond 
t h e  d i k e  on t h e  l e f t  bank w i l l  n o t  convey f l o o d w a t e r  because i t  i s  
i s o l a t e d  f r o m  t h e  main  channe l .  The main  channe l  ups t ream f r o m  t h e  
c l e a r e d  p o r t i o n  and t h e  r i g h t  f l o o d  p l a i n  has a  l i g h t  t o  medium cover o f  
brush and t rees .  

S u b d i v i s i o n  o f  c r o s s  s e c t i o n  and eva lua t ion  o f  n: Main channel i s  l a r g e  
enough t o  c o n t a i n  t h e  1 0 - y e a r  and 100 -yea r  f l o o d s  a t  t h i s  s e c t i o n .  
However, f l o o d w a t e r  may s p i l l  from t h e  channel upstream o r  erode d ikes  
and occupy p a r t s  o f  t h e  f l o o d  p l a i n .  Flood e l e v a t i o n s  were computed on 
t h e  assumpt ion  o f  a  common w a t e r  l e v e l  i n  t h e  main  channel and f l o o d  
p l a i n ;  t h u s  c r o s s  s e c t i o n s  c o n s i s t  o f  ma in  channe l  and f l o o d - p l a i n  
subareas. 
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Table 11.--C-nents and weighted and c m s i t e  values of Manning's n 

[Dashes indicate a roughness coeff icient of Zero1 

10-Year Flood 100-Year Flood 
subsectiwr A Subsection A 

Portion of Portion of 
area or wetted area or w t t e d  
perimeter of Weighted and perimeter of Ueighted and 

subsection f r m  corrposite subsection frm conposite 
l e f t  erd C m n e n t s  values l e f t  end C-ts values 

nb = .040 n, = .035 . ----  
1 "1 = - ---  " = ----  "2 = - - - -  

n, = - - - -  "3 = - - - -  
n = .04O n - .035 

Subsection B Subsection B 
Portion of Portion of 

area or wetted area or wetted 
perimeter of Ueighted and perimeter of Ueighted and 

subsection fro-n c w s i t e  subsection fran conposite 
l e f t  end C m n e n t s  values Left end C m n e n t s  values 



Non-conveying 
area 

HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET 

VERTICAL SCALE EXAGGERATION X I 0  
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_Ejgwe.l.4.~.rCros.s, sect-i~sn..of.-New. River-..above New River .Road. 



a Looking downstream and across channel from above l e f t  bank. 

B. Looking across channel from above l e f t  bank. 

Figure 19.--New River above New River Road. 



C. Typical bed material 

D. Looking upstream from bridge along left bank. Man 
is at cross-section station 10,000 feet. 

Figure 19.--New River above New River Road--Continued. 



E.  Looking upstream from bridge at center of channel. 
Man is at cross-section station 10,100 feet. 

F .  Looking upstream from bridge along right bank. 
Man is at cross-section station 10,280 feet. 

Figure 19. --New River above New River Road--Continued. 



NEW RIVER ABOVE INTERSTATE HIGHWAY 17 

Locat ion o f  cross sect ion:  700 ft upstream from br idge.  

D e s c r i ~ t i o n  o f  channel: Bed ma te r ia l  i s  f i r m  s o i l  w i t h  boulders p ro t rud ing  
i n  t h e  low- f low channel. Edges o f  low- f low channel a re  l i n e d  w i t h  t rees,  
and t h e  r e s t  o f  t h e  main channel has sca t te red  brush. The over f low p l a i n  
has a medium t o  dense cover o f  brush and t r e e s  except  f o r  a s m a l l  d i t c h  
and a narrow roadway t h a t  are p a r a l l e l  t o  t h e  main channel. 

S u b d i v i s i o n  o f  c r o s s  s e c t i o n  and e v a l u a t i o n  o f  n: C r o s s  s e c t i o n  i s  
s u b d i v i d e d  a t  l e f t  edge o f  main channe l  on  b a s i s  o f  channe l  shape. 
Comoosite n v a l u e  comouted f o r  m a i n  c h a n n e l  b e c a u s e  o f  d i s t i n c t  
d i f t e rences  i n  vegeta t ibn  across sect ion.  Weighting o f  n f o r  p o r t i o n s  o f  
subsect ions was done on t h e  basis  o f  wet ted per imeter .  
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Table 12.--Conwnents and ueiahted and c m s i t e  values of Ramins's n 

[Dashes indicate a roughness coeff icient of zero1 

10-Year Flood 100-Year Flood 
Subsection A Subsection A 

Portion of Portion of 
area or wetted area or wt td  
perimeter of weighted and perineter of weighted and 

subsection f r m  corrposite subsection frm conposite 
Left erd C m n e n t s  values Left end C~nrxlnents values 

n,, = ,030 
= ---- 

I 
n = ---- 2 

"3 = - - - -  
.35 x n 5 . 0 3 0  = .010 

Subsection B 
Portion of 

area or wetted 
perimeter of weighted and 

subsection f r m  c ~ r r p ~ s i t e  
l e f t  end c ~ ~ ~ ~ n e n t s  values 

n,, = .030 

n1 = .OM 



HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET 

VERTICAL SCALE EXAGGERATION X 10 
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Figure 20. --Cross section of ~ e ~ ~ i u e r _ s h o ~ n i e r s _ t a t e _  t l i gbrcay_ lL  --- - - -- 



A.  Looking upstream a t  cross sect ion from above I n t e r s t a t e  
Highway 17. 

B. Looking downstream and across channel from above l e f t  bank. 

Figure El.  --New River  above I n t e r s t a t e  Highway 17. 



C. Looking across  channel from r i g h t  bank. Man 
standing on l e f t  bank edge o f  main channel a t  
cross-section station 9,900. 

D. Looking downstream along right bank. Man i s  at 
cross-section station 10,030 f e e t .  

Figure 21.--New River above Interstate Highway 17--Continued. 



E .  ~ o o k i n g  upstream a t  low-flow p a r t  o f  main channel. Man i s  a t  
cross-section s t a t i o n  9,960 f e e t .  

F igure 21. --New River  above I n t e r s t a t e  Highway 17--Continued. 



CAVE CREEK BELOW CAREFREE HIGHWAY 

Locat ion o f  cross sect ion:  400 ft downstream from br idge.  

D e s c r i o t i o n  o f  channel: Bed ma te r ia l  i s  cobbles and boulders; bed sur face 
i s  f a i r l y  even. Main channel has sca t te red  low-growing b r u s h  and weeds 
on t h e  bed and banks. R i  h t  over f low has brush and t rees .  L e f t  over f low 9 has low-growing brush o f  i g h t  t o  medium dens i ty .  

S u b d i v i s i o n  o f  c r o s s  s e c t i o n  and e v a l u a t i o n  o f  n: Cross  s e c t i o n  was 
subdivided a t  major breaks i n  channel shape t o  s e p a r a t e  o v e r f l o w  areas  
from main channel. 
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Table 13.--Cmnents and weiahted and c m s i t e  values of Mamine's n 

[Dashes indicate a roughness coeff icient of zero1 

10-Year Flood 100-Year Flood 
Subsection A Subsection A 

Portion of Portion of 
area or w t t e d  area or netted 
perimeter of Ueighted and perimeter of Ueighted and 

subsection f r m  c w p s i t e  subsection f r a  corrpasi t e  
e f t  Left erd C-ts values 

nb = .030 % = .OM 

n = - - - -  n, = .005 
1 

= - - - -  ---- 
2 2 

5 = -010 - .045 

n = .04O n = .080 

subsection B Subsection B 
Portion of Portion of 

area or uetted area or wetted 
perimeter of Ueighted and perimeter o f  Ueighted and 

subsection frm c w p s i t e  subsection frm corrpasite 
l e f t  erd C m n e n t s  values l e f t  end c m n e n t s  values 

nb = .030 nb = .030 
= - - - -  n1 = .005 I 

= - - - -  n - ---- 
2 2 - 
9 = .025 3 = .002 

n = .060 n = .032 

Subsection C 
Portion of 

area or uetted 
perimeter of Ueighted and 

subsection frm conposite 
l e f t  erd C m n e n t s  va l w s  

% = .030 

n1 = .005 
* ---- 

2 
5 = .015 

n = .050 
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A .  Looking upstream and across channel a t  cross sect ion  
from above l e f t  bank. 

B .  Look ing  downstream from br idge  a t  man i n  c e n t e r  
o f  c r o s s  s e c t i o n .  Man i s  a t  c r o s s - s e c t i o n  
s t a t i o n  1,960 f e e t .  

F igure  23. --Cave Creek be1 ow Care f ree  Highway. 



C. Looking downstream along right bank. Man is at 
cross-section station 2,030 feet. 

D. Looking upstream at low-flow channe . 1 
Figure 23. --Cave Creek be1 ow Carefree Highwav--Continued. 



E. Typical bed material. 

Figure 23. --Cave Creek below Carefree Highway--Continued. 

I - 
I 

i 



CENTENNIAL WASH BELOW SOUTHERN PACIFIC RAILROAD 

Location of cross section: 600 f t  downstream from rai l road bridge. 

D e s c r i ~ t i o n  o f  channe l :  Bed ma te r i a l  i s  sand and g r a v e l ,  banks a r e  
generally smooth and uniform. Right overflow a r e a  has medium t o  dense 
growth o f  brush and t rees .  Left overflow area has l i g h t  growth of brush 
and t r ee s  adjacent t o  the  main channel and a wide cul t ivated f i e l d ,  which 
i s  separated from the area of brush and t r ee s  by a small dike. 

Subdivision: Cross s e c t i o n  was 
subdivided f o r  shape a t  t h e  edges of the  main channel. The dike along 
the l e f t  s ide  of the  main channel probably would not be overtopped by the 
100-year flood. However, openings under the  ra i l road on the  l e f t  of the  
main channel probably will carry floodwater onto the  l e f t  overflow a r e a .  
Elevat ion of floodwater was computed on the  assumption of a common water 
level in the  main channel and the l e f t  overflow area. 
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Table 14.--Cmnents and weighted and c m s i t e  va lws of Maming's n 

[Dashes indicate a roughness coeff icient of zero1 

10-Year Flood 100-Year Flood 
subsection A Subsection A 

Portion of Portion o f  
area or wetted area or uetted 
perimeter o f  weighted and perimeter o f  Ueighted and 

subsection from composite subsection from composite 
Left erd Corrmnents values \ e f t  end C ~ l r ~ m e n t s  va L ues 

subsection B Subsection B 
Portion of Portion of 

area or w t t e d  area or uetted 
perimeter of Ueighted and perimeter of Ueighted and 

subsection f r m  composite subsection from conposi t e  
l e f t  end C ~ l l l ~ ~ l e n t s  values Left erd C-ents va lws 

Subsection C 
Portion of 

area or uetted 
perimeter of Ueighted and 

subsection frm composi te  
l e f t  end c m n e n t s  values 

Subsection C 
Povt im of . -. . . . . . . . 

area or w t t e d  
perimeter of Ueighted and 

subsection from conposite 
Left erd Car~nen ts  va lws 

Subsection D 
Portion of 

area or w t t e d  
perimeter of Ueighted and 

subsection from composite 
l e f t  erd C m n e n t s  va lws 
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A .  Looking downstream a t  r a i l r o a d  br idge and cross 
sect ion from above channel. 

B .  Looking upstream and across channel a t  cross sect ion and 
r a i l r o a d  bridge from above r i g h t  bank. 

Figure 25. --Centennial Wash below Southern P a c i f i c  Ra i l  road. 



. Looking upstream a t  t y p i c a l  bed m a t e r i a l  
i n  main channel. 

D.  Looking downstream through main channel. 

F igure 25. --Centennial Wash be1 ow Southern P a c i f i c  Ra i l  road--Continued. 



E. Looking downstream along channel side of right 
bank overf 1 ow. 
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F. Vegetation on right overflow area. 

Figure 25.--Centennial Wash below Southern Pacific Railroad--Continued. 
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6.  Vegetation on left overflow area at cross-section 
station 8,700 ft. 

H.  Looking downstream at small dike that separates cultivated 
field from native vegetation on left overflow at cross- 
section station, 8,570 ft. 

Figure 25. --Centennial Wash be1 ow Southern Pacific Rail road--Continued. 



AGUA FRIA RIVER BELOW ALIGNMENT OF U.S. HIGHWAY 74 

Location of cross section: 5 0 0  f t  downstream from road crossing. 

Descr ia t ion  of channel:  Bed ma te r i a l  i s  sand and g r a v e l ;  banks a r e  
g e n e r a l l y  c l ean  and uniform. Right edge of main channel i s  uneven, and 
small overflow channel adjacent t o  r i gh t  edge o f  main channel c o n t a i n s  
brush and t r e e s  and a l o c a l  rough area. -Overflow area i s  undulant and 
has s c a t t e r e d  brush and t r e e s .  Small channel along r i g h t  bank i s  a 
t r ibu ta ry  t h a t  enters  the  r i ve r  a short  distance upstream. 

Subdivision of c r o s s  s e c t i o n  and eva lua t ion  of Q: Cross s e c t i o n  was 
subdivided on t h e  b a s i s  of shave a t  t h e  risht edge of main channel. - ~. ~~ ~ 

composite-n value was computed fo r  main channei because of t h e  d i s t i n c t  
d i f f e r e n c e  i n  roughness between t h e  c l e a r  par t  of the  section and the  
vegetated par t  along the  r igh t  edge. The small channel along t h e  r i g h t  
bank was considered par t  of the  overflow area (not subdivided) because i t  
i s  a local condition. Weighting of n f o r  p o r t i o n s  of subsec t ions  were 
done on the basis of area. 
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Table 15.--C-nents and weighted and conmmsite values of Manning's n 

[Dashes indicate a roughness coeff icient o f  Zero1 

10-Year Flood 100-Year Flood 
subsection A Subsection A 

Portion of Portion of 
area or wetted area or wetted 
perimeter of Ueighted and perimeter of Ueighted and 

subsection frm caqmsi t e  subsection frol cnposi  t e  
l e f t  end Conmnents values l e f t  end C ~ r n ~ ~ n e n t s  va l ws 

nb = .025 n,, = .025 

nl = .003 = - - - -  
1 

n = - - - -  2 "2 = ---- 
"3 = - - - -  5 = ---- 

.80 x n = .028 - .022 .80 x n x.025 = .020 

Subsection B Subsection B 
Portion of Portion of 

area or uetted area or wetted 
perimeter of Ueighted and perimeter of Ueighted and 

subsection fran carposite subsection frm caqmsite 
l e f t  end Conmnents values l e f t  end cnrwnents values 



- ' 1.370 e 
I- n b  = .045 
4 na = .032 - - - - - - - - - ,.l;,,- AT ,- - 100-year peak discharge 

10-year peak discharge - 

HORIZONTAL DISTANCE FROM LEFT BANK. IN FEET 

VERTICAL SCALE EXAGGERATION X 10 



A .  Looking across channel a t  l e f t  bank from above r i g h t  bbnk. 

6. Looking upstream and across channel a t  cross sect ion  from 
above r i g h t  bank. 

F igure 27.--Agua F r i a  River  below alignment o f  U.S. Highway 74. 



C. Looking downstream along left bank. Man is at 
cross-section station 9,910 feet. 

D. Looking downstream along right edge of main channel. Man is 
at cross-section station 10,080 feet. 

Figure 27.--Agua Fria River below a1 ignment of U.S. Highway 74--Continued. 



,pica1 bed mater ia l  near l e f t  F. Typical bed mater ia l  near r i g h t  
edge o f  overflow p l a i n .  edge o f  overflow p l  a in .  

6.  Looking upstream along r i g h t  bank. 

Figure 27. --Agua F r i a  River  below a1 ignrnent o f  U.S. Highway 74--continued. 



AGUA FRIA RIVER BELOW JOMAX ROAD 

Location of cross section: 800 f t  downstream from road crossing. 

D e s c r i ~ t i o n  of channel: Bed material i s  coarse sand and gravel,  banks are 
smooth and uniform and has s c a t t e r e d  growth of weeds. Overflow a reas  
have uneven surface and scattered low-growing brush and weeds. 

Subdivision of c r o s s  s e c t i o n  and eva lua t ion  of n :  Cross s e c t i o n  was 
subdivided on t h e  bas i s  of shaoe a t  e i t he r  edae of main channel. Small ..-- 

deep channels represent  a local '  cond i t i on  t h i t  may not  be p re sen t  a t  
adjacent sections.  
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Table 16.--Cmnents and ueighted and c m s i t e  va lws of Mamina's n 

toashes indicate a roughness coeff icient of zero1 

10-Year Flood 100-Year Flood 
Subsection A Subsection A 

Portion of port ion of 
area or vetted area or vetted 
perimeter o f  Ueighted and perimeter of Ueighted and 

subsection from composite subsection frcm corrposi t e  
l e f t  end C m n e n t s  values Left d Con~onents va 1 ues 

n,, = .025 

nl = - - - -  
n2 = .003 

Subsection B Subsection B 
Portion of Portion of 

area or wetted area or vetted 
perimeter of Weighted and perimeter of Ueighted and 

subsection fran composite subsection fran cnposi  t e  
l e f t  end C m n e n t s  values l e f t  end Ccrnonents values 

Subsection C Subsection C 
port ion of Portion of 

area or vetted area or vetted 
perimeter of Ueighted and perimeter of Ueighted and 

subsection f ran canposite subsection f ran cnpos i te  
Left end c m n e n t s  values Left end Comonents values 

n,, = .025 

n1 = .003 

"2 = - - - -  
5 = .005 

n = .033 

n,, = .025 

n1 = .003 
- ---- 

2 - 
5 = .005 

n = .033 
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A.  Looking upstream at  cross section.  

8 .  Looking upstream and across channel from above right bank 

Figure 29. --Agua Fria River below Jomax Road. 



C .  Looking downstream along left bank. 

D.  Looking downstream along right bank. 

Figure 29.--Agua Fria River below Jomax Road--Continued. 



E .  Looking across channel from r i g h t  bank. 

I F. Typical vegetat ion and bed mater ia l  on r i g h t  overflow area. 

F igure 29. --Agua F r i  a River  below Jomax Road--Continued:. 

' I  



6.  Bed material in main channel. 

Figure 29.  --Agua Fria River be1 ow Jomax Road--Continued. 



AGUA FRIA RIVER BELOW BUCKEYE ROAD 

Locat ion  o f  cross sect ion:  800 f t  downstream from br idge.  

Desc r iu t i on  o f  channel : Bed ma te r ia l  i s  m i x t u r e  o f  sand and g r a v e l  w i t h  
some c o b b l e s  and b o u l d e r s  i n  l o w - f l o w  channe l  t h a t  meanders w i t h i n  
floodway. Floodway i s  s t r a i g h t  w i t h  smooth, un i fo rm banks. R i g h t  bank 
i s  a  n e a r l y  v e r t i c a l  soi l -cement embankment. 

S u b d i v i s i o n  o f  c r o s s  s e c t i o n  and e v a l u a t i o n  o f  n: Base roughness  i s  
u n i f o r m  a c r o s s  t h e  s e c t i o n .  Channel s u b d i v i d e d  a t  m a j o r  b reaks  i n  
geometry. S u b d i v i s i o n  f o r  100 -yea r  peak d i s c h a r g e  based on r a t i o  o f  
d e p t h  of f l o w  i n  f l o o d  p l a i n  and maximum depth ( f i g .  2) where t h e  w id th  
of t h e  f l o o d  p l a i n  i s  more than f i v e  t imes t h e  maximum d e p t h  o f  f l o w  i n  
t h e  f l o o d  p l a i n .  
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Table 17.--Cmnents and ueighted and conuxrsite values of Manning's n 

[Dashes indicate a roughness coeff ic ient  of zero1 

10-Year Flood 100-Year Flood 
Subsection A Subection A 

Portion of Portion of 
area or vetted area or uetted 
perimeter of Ueighted and perimeter of Ueighted and 

subsection frm composite s h e c t i m  frm composite 
Left end C~mxlnents values l e f t  end Ccmonents values 

Subsection B 
P o r t i m  of 

area or uetted 
perimeter of Weighted and 

subsection from composite 
l e f t  end Cwonents values 

Subsection C 
Portion of 

area or uetted 
perimeter of Weighted and 

subsection frm canposi t e  
Left end Camonents values 

nb = .027 

Subsection B 
Portion of 

area or uetted 
perimeter of Ueighted and 

subsection frm composite 
l e f t  end C m n e n t s  values 

nb = .027 
n, = .001 
n = - - - -  

2 
"3 = - - - -  
n = .028 



HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET 

VERTICAL SCALE EXAGGERATION X20 



A .  Looking downstream from bridge on Buckeye Road. 

B. Looking upstream from middle of channel. Man i s  
at cross-section station 10,100 f e e t .  

Figure 31.--Agua Fria River below Buckeye Road. 



C. Looking upstream along l e f t  bank. Man i s  
a t  cross-section s t a t i o n  10,250 f e e t .  

D. Looking upstream along r i g h t  bank. 

Figure 31. --Agua F r i  a River  below Buckeye Road--Continued. 



E .  Soi l  cement on r i g h t  bank. 

F. Typical bed mate r ia l .  

Figure 31. --Agua F r i a  River  below Buckeye Road--Continued. 



WATERMAN WASH ABOVE RAINBOW VALLEY ROAD 

Locat ion o f  cross sect ion:  800 ft upstream from br idge.  

Desc r io t i on  o f  channel: Main channel has d ikes  on e i t h e r  s i d e  t h a t  a r e  a  
few f e e t  h i g h e r  than t h e  f l o o d  p la ins ,  which are  wide c u l t i v a t e d  f i e l d s .  
Bed m a t e r i a l  i n  main channe l  i s  sand. Bed and banks have s c a t t e r e d  
g r o w t h  o f  weeds and s a l t c e d a r  t h a t  a r e  as much as 6 ft t a l l .  A l l  
vegeta t ion  w i l l  be overtopped and f l a t t e n e d  by 100-year f low.  

S u b d i v i s i o n  o f  c r o s s  s e c t i o n  and e v a l u a t i o n  o f  n: Cross  s e c t i o n  was 
subdivided f o r  shape a t  t h e  edges o f  t h e  main channe l .  Main channel  
might c a r r y  t h e  10-year f l o o d  a t  t h i s  sec t i on  i f  water does n o t  s p i l l  out  
upstream. -E leva t i ons  o f  f loodwater  were computed on t h e  assumpti'on o f  a  
common water l e v e l  i n  t h e  main channel and over f low areas. 



112 

WATERMAN WASH ABOVE RAINBOW VALLEY ROAD--Continued 
- - -- - - -- 

- 
- 

- 

Table 18 . - -Cmen ts  and weighted and c m s i t e  values of naming's n 

[Dashes indicate a roughness coefficient of Zero1 

10-Year Flood 100-Year Flood 
Subsection A subsection A 

Portion of Portion of 
area or wetted area or wetted 
perimeter of Ueighted and perimeter of Ueighted and 

subsection f r m  conposite subsection frm ccaposite 
Left end c m n e n t s  values l e f t  end cwuonents values 

nb = .030 n,, = .030 . --- -  n = ---- 
1 1 " . -- - -  . ----  
2 2 

"3 = - - - -  "3 = - - - -  
n = .030 n = .030 

Subsection B Subsection B 
Portion of Portion of 

area or wetted area or wetted 
perimeter of Ueighted and perimeter of Ueighted and 

subsection frm conposite subsection from ccnposite 
l e f t  end Cmnen t s  values l e f t  end Cmnen ts  values 

nb = .025 n,, = .025 
-*--  

1 "1 = - - - -  
n2 = ---- "2 = - - - -  
"3 = .005 "3 = --- -  
n = .030 n = .025 

Subsection C Subsection C 
Portion of Portion of 

area or wetted araa or wetted 
perimeter of Weighted and perimeter of Ueighted and 

subsection frm conposi t e  subsection f r m  conposite 
l e f t  end conuonents values l e f t  ad c m n e n t s  values 



I-- Commonly cropland - 

HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET 

VERTICAL SCALE EXAGGERATION X20 

c.' 
c. Figure 32. --Cross section of Waterm.an-Wash..abave Rainbow Val-ley -Road.- 

. .~ - -  ~ ~- 



A .  Looking downstream at cross section from left bank. 

B.  Looking downstream at middle of main channel. 

Figure 33.--Waterman Wash above Rainbow Valley Road. 



C. Looking downstream along left bank. 

L.. 

D. Closeup view of vegetation and bed material in main channf 

Figure 33.--Waterman Wash above Rainbow Valley Road--Continu€ 



E .  Looking a t  l e f t  overflow area from l e f t  bank o f  main chann 1 I 

F .  Looking a t  r i g h t  bank overflow area from r i g h t  
bank o f  main channel. I Figure 33. --Waterman Wash above Rainbow Val1 ey Road--Continue . 

I 



2 .  Closeup of bed material. 



WATERMAN WASH ABOVE EAGLE MOUNTAIN ROAD 

Location of cross section: 700 f t  upstream from roadway. 

Descr ipt ion of channel: Bed material in main channel i s  mainly sand. Bed 
i s  uneven and has an occasional  small bush. Banks conta in  brush and 
t r e e s .  The f lood  p l a i n  on t h e  r i g h t  i s  roadway and cul t ivated f i e l d .  
Flood plain on l e f t  has t r ee s  near the  main channel and s c a t t e r e d  brush 
in the  r e s t  of the area. 

m: Cross s e c t i o n  was 
subd iv ided  on t h e  b a s i s  o f  shape t o  s e p a r a t e  t h e  main channel from 
overflow areas. Composite n values were computed f o r  overflow a reas  t o  
a c c o u n t  f o r  d i s t i n c t  d i f f e r e n c e s  i n  r o u g h n e s s  c h a r a c t e r i s t i c s .  
Cultivated f i e l d  was evaluated without crop.  F i e ld  with mature co t ton  
shown i n  f i g u r e  35H would a l low storage of floodwater but would convey 
l i t t l e  unless plants  were overtopped. Weighting of n f o r  po r t i ons  of 
subsections done on basis of wetted perimeter. 



WATERMAN WASH ABOVE EAGLE MOUNTAIN R O A D - - C o n t i n u @  _ __ 
~ ~p ~- ~. - -  - - - -  ~- 

Table 19.--C l n  

[Dashes indicate a rarphness coeff icient of zero] 

10-Year Flood 100-Year Flood 
subsection A Subsection A 

port ion of Portion of 
area or wetted area or w t t e d  
perimeter of Weighted and perimeter of Ue ightd  and 

subsection f r m  composite subsection frol conposite 
Left end C m n e n t s  values l e f t  end c m n e n t s  values 

Subsection B 
Portia, of 

area or wetted 
perimeter of Ueighted and 

subsection f r m  canposi t e  
l e f t  end C m n e n t s  values 

n,, = .025 

n1 = .005 

5 = .020 

.65 x n = .050 = .032 

Subsection - 
area or wetted 
perimeter of Ueighted and 

subsection f r m  conposite 
Lef - values 

Subsection C 
Portion of 

area or wt td  
perimeter of Ueighted and 

subsection from conposite 
Left end c m n e n t s  values 



. . G  ~~-~ ,OO.year peak discharge - - - - - - - - - - 

10-year peak discharge - - --y-- - - - - - - 

HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET 

VERTICAL SCALE EXAGGERATION X20 

d 
N 

Figure 34.--Cross section ~f ~.ate~@an_~~ash_abo~e.-€asl~.~e1~&ain_~~4al.~ ~ - . .- .. .. . . . . 
- 



A .  Looking downstream a t  cross sect ion from r i g h t  I 

bank o f  main channel. 

B. Typical bed mater ia l  i n  main channel. ;I 

Figure 35. --Waterman Wash above Eagle Mountain Road. 



. Looking downstream along l e f t  bank o f  main channel. 

I 

D.  Looking downstream along r ight  bank o f  main channel. 

Figure 35.  - -Waterman Wash above Eagle Mountain Road--Continued. 

I 



E .  Looking upstream along l e f t  overflow area. 
Trees a t  l e f t  are near main channel. 

F. Looking downstream along outer edge of l e f t  overflow area. 

Figure 35.--Waterman Wash above Eagle Mountain 

-- 



6.  Looking downstream at roadway that is between main 
channel and field on right overflow area. 

H .  Looking across at cotton field on 
.right overflow area. 

Figure 35.--Waterman Wash above Eagle Mountain Road--Continu 
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