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The purpose of this group of pictures,  selected f rom Technical Bulletin No. 
129, "Flow of Water in Drainage Channels" by C. E. Ramser ,  i s  to i l lustrate  
the wide range of the roughness coefficient 'In" of Manning's formula for chan- 
nel valocities related to actual channel conditions. Study of the pictures and 
information shown should a s s i s t  in selecting real is t ic  values of "nu for both 
present  and future constructed channels. 

The pictures usually were  taken when the channels were  a t  low flows so  that 
the channel condition could be seen. 

The tables show several  measured values for the channels a t  different depths 
of flow. In most  cases  the pictures were  not taken a t  the same t ime of the 
measurements.  

The "n" values shown in the tables under the pictures  were  calculated by using 
the measured values of slope, hydraulic radius, and discharge in the Kutter 
formula for  velocity. The calculated "n" values would have been slightly l e s s  
had the measured values been substituted in  the Manning formula. Many engi- 
nee r s  use the same "n" value of either formula. 

When the hydraulic radius "r" is 3.  28, the same  "n" value used in  the two 
formulae will give the same value for the velocity. When "r" is l e s s  than 
3.28, the velocity calculated by the Manning formula will be slightly grea ter  
than i f  calculated by the Kutter formula. When "r" is grea ter  than 3. 28, the 
velocity calculated by the Manning formula will be slightly l e s s  than if calcu- 
lated by the Kutter formula. 

For  all pract ical  purposes,  the "n" values calculated by Kutter 's  formula may 
be considered to be the same for  Manning's formula. 

The velocity determined by Manning's formula var ies  inversely a s  the value of 
( 1  I !  n . This factor affects the velocity m o r e  than any other factor and i t s  value 
depends entirely upon channel character is t ics  which a r e  evaluated generally 
only by observation. Therefore,  i t  i s  important that the observers  who select  
these factors  have some basis  for evaluation. These pictures should aid in 
making a selection of the "n" value. 

The following should be considered carefully in  estimating the value of "n" for  
a channel: 

1. The mater ia l  through which the channel will be constructed, such a s  
earth,  rock, gravel, etc. 

2. Surface i r regular i ty  of the sides and bottom of the channel. 

3. Variations of successive c r o s s  sections in  s ize and shape. 



4. Obstructions which may remain in the channel and affect the channel 
flow. 

5 .  Vegetation effects should be carefully assessed. 

6 .  Channel meandering must also be considered. 

For a discussion of the above points, please refer to Supplement B of the 
Engineering Handbook - Hydraulics - Section 5, attached. 



Kaskaskia Mutual Dredged Channel near  Bondville, Illinois. Approximate bottom 
width 10 feet .  Picture taken April 1925. 

i eter on side slopes and edge$ of bottom; some reeds but preetioally no 
PBSS: no foliage. Canslruebd, 1902; elanred, about 1910. (PI. 27, C 

I and fig. 19, 0.) 

Condiiton as derctibed above hut with summer foliage, and water weed 
on b k m  dong me-tentil df course. 

Kaskaskia Mutual Dredged Channel near Bondville, nlinois . Approximate bottom 
width 10 feet.  Picture taken July 1927. 

I 
1 Areisge maximum depth at bankful stage. 

/Condition, 8.i in summer of 1924, but worse. (PI. 27, B.1 



Kaskaskia Mutual Dredged Channel near  Bondville, Illinois. Approximate bottom 
width 10 feet.  Picture taken April 1925. 

Description of channel 

Feb. 7, 19ti 1 
Mar. 16,1925 
Feb. 25.1Y26 

coum, nearly rtraixht: 330 feet long. n o s 8  urtion, some variation in 
shspe; for yaiiaiion in size. se3 Figure 20, F. 

s ide  slopes, irregular. Bonom, irregular. soil lower part. biaek clay: 
upper part, darh-gray .lty day loam. , condiion, badly ohstrueted by 
trees 2 fo  12 inches in drameter eorermg s d a  slopes, except mteruais 
agnegatlng half length of right benk occupied ~ y l a r g e  needs and bushy 
W I U ~ V ~ ;  no f~liage. c o m t i ~ ~ t e d ,  i sm;  about 1910. (PI. n, h 
and fig. 19, F.) 

foiiage, and three-fourths 

Old Town Creek Dredged Channel near  Tupelo, Mississippi.  Approximate bottom 
width 10 feet .  Picture taken 19 14. 

i 
c---- 

Mar. 5. 1914 / 4 . 0  
h la r  20,1914 4 .3  
ADr. 17,1914 4.65 
I p r .  9,1914 5 .3  
I p r .  3.1914 5.4 
I p r .  13, 1914 6.6  
\Inr 26,1814 6.7  
\far. 12.1914 , 7 . 1  
Mar. 26,1914 ' 1. 1 

d o  7 . 4  
9 p r  13.1914 ' 8.1 
hlay 6.1914 1 11.6 
Mar. 30.1814 1 12.4 
hIay 6,1914 12.7 1 
........ ~~.~.~.,113.0 , 

XI. 0 
21.0 I 
22.2 i 
23.0 i 
26.4 
26.5 

37. 5 
39.7 
41.0 i 

.% I ~eseriotion of ahannel praciieaily the same 8r the shore, except for re 

% hrerage maximum depth st bankful slsgs. 2 



Mud Creek Dredged Channel near  Tupelo, Mississippi.  Approximate bottom 
width 10 feet .  Picture taken 1913. 

D-iption of channel 

Dredged Ditch No. 18 of Cypress Creek Drainage District  near  Arkansas City, 
Arkansas.  Approximate bottom width 10 feet .  Picture taken March 1925. 

FFII. 21.1025 3. 0 j i h r .  15. 1022 4.5 
Feh. 18.1Y98 , 1 . 7  
\ Inr 22. 1928 ' 5. 5 
Jan. 23. 1926 G. 5 
J m  27, 1826 6.7  
a .  1 ,  5 7. 8 
Dee. 1;. 1925 2. i 
Uec. li.1925 8. 9 

.. .. I '  :- 
. .. 

I :  . .  . - I.. 
I ,  1 . " -  . 

4 .  I .  I: - .. .I, I . 
I' I .. . .  .. 
:.- .!  , _.. F. 



Ditch No. 1 of Lit t le River Drainage Dis t r ic t  near  Chaffee, Missour i .  Approximate 
bottom width 10 fee t .  Picture taken April  1923. 

-, 

Jan. 26.1923 3.2 
Jan. 25. 1923 3 .6  
Mar. 6,1923 3.8 
Jan. 24,1923 4.5 
Api. 13,1923 5.2 
Jan. 23,1923 5.8 
Jan. 31 1923 6.4 
Mar. 13: 1923 6.8 
Feb. 3,192j 7.6 
Jan. 22,1923 7.7 
Mar. 12. 1823 
r e6  1 1923 ::: 1 
ran. 21:19n 8 .0  

Ditch No. 1 of Lit t le River Drainage Dis t r ic t  nea r  Chaffee, Missouri .  Approximate 
bottom width 10 f ee t .  Picture taken December 1925. 

Desmiptioo of channel 

Cmrar, straight: 8W feet long. C m s  redion, vem little ~sriation in shape: 
for vBnatlon in size, sea figure 18, D. Side &per, quite regular. ~offom 
f8irly regular. Soil, park, heavy, tenacious clay. Condition, neal; 
cleared channel, uraotxally na vegetation. Conatncfed, December, 1914. 



Allen Creek Dredged Channel near  Missouri Valley, Iowa. Approximate bottom 
width 15 fee t .  Picture taken 1917. 

I - I 

I A>-rase m a w n u m  depth at bnnkiui stage. 

The perimeter  of the channel was coated with slippery mud. 

Pigeon Creek Dredged Channel near  Cresent,  Iowa. Approximate bottom width 
15 feet .  Picture taken in 1917. 

D e ~ e r i ~ t i o n  of channel 

- ~ 

i iune 6 ,  1917 11.7 ' 48.5  B .  18 ' o ~ f f i 1 2  ; o 025 course, rrraii.ht; 868 ieet long 0ar9 sai!ion, slight reriation in shape: far 
; . ~ . .  ' 12.0 . . .  ~~ . . .  I . . ! .  . . .  -riation in size, see Re. 9, D. Sidi i lsi iar,  left aide fairi? regular: right i June 6 1917 12. 1 5 %  S 6. 12 (100621 ,022 , mde rough and irregnhr. B,dton~, siigbtls irregniar. Sod, hesv?, dark 

I , siitv loam. condition, very iittle seeetatlon in channel. bottom cmered 
! I with f i  to  1 foot of mud; sides coated s l t h  slippery silt. Constiuded. 

1Wi. (PI. 12, 4 and Fig. 6. D.) 

I Arerage maximum depth a t  bankiul stage. 

5 



Kaskaskia River Dredged Channel near Sadorus, Illinois. Approximate bottom 
width 15 feet. Picture taken May 1926. 

June 12,1926 1 
Sept. 1,. 1926 ~ Sept. ;,I926 
Sent 13,1926 
Sept. 6,1926 
Sept 5, 1926 

, S e g t  ll,l826 

I I I 

I iverage maximum depth at bankful stage. 

Description of channel 

~ . - 

0.030 condition, left slope covered with weeds, right slope n i t h  willows. ~ x c e p t  
-037 near bottom. 
0 4 4  

Camp Creek Dredged Channel near Seymore, Illinois. Approximate bottom width 
15 feet. Picture taken July 1927. 



Two Mile Slough Dredged Channel near  Sadorus, Illinois. Approximate bottom 
width 15 feet.  Picture taken April 1925. 

~ a r .  13, ,925 2. i ' 16.3 i 
Jan. 19.192ii 4.0 22.d 1 
1 .  4 $ 2  5.6 27. 2 ' keh. 25. lW% 5.8 2i.S 
\Tar  19.I92i 5 8 1 24.1 ' 
is,. 18, IYE ! $ 0  26.4 1 
AD'. 7. 1Y26 a .  5 ! 32. 7 1 

Desaiption of channel 

East  Lake Fork  Dredged Channel near Ivesdale, Illinois. Approximate bottom 
width 15 fee t .  Picture taken July 1927. 

Description of channel 

1 Arerage maximum depth a t  bankful itage. 

sopt. i. m o  1 5.2 ! 28. 4 j 61.0 101.6 0.63 3. ZI o.mm a093 1 COUIJP, straight: 8W feet ions. cross section, very little reriatian in shape; 

s h o r i n g  soma tendency t o  care; brush 
811 vegetntiau. (W. 26, B I  

Sepr  5, 1926 8.1 1 30.5 77.2 126.8 .W02i9 .1m for variation in sire, see ~ i ~ u r e  20, E. 
s t .  3 ,  6 ;:; :33.5 1 124.8 1 182. 1 ~ 1;; 1 ~ .CKM330 1 ,037 S d e  slopra,  rather lrregular. Bottom, tlneven and rather irreilulai. Sail, 
S e p t  11. 1Y26 11.3 170. z 222.2 . 77 1 4.75 .a30306 ,105 

1 9 . 5  .................. ........ ..---.. ........ .... ~ -.... ........ 
-- 

lower p ~ r t  veliowish gray day; upper pnrr dark-gray silt ionm. Condi- 
lion, deild'$eeds and stubble un side slopes; ehsnnel had been cleared 
shortly before March, iu25. Canstiuctrd, 1855: redredged about IW. 



Stewart Branch Dredged Channel near Champaign, Illinois. Approximate bottom 
width 15 feet. Picture taken October 1926. 

Arer- 

mum 
depth 

-- 

Description of channel 

'Average marim- depth at bankid stage. 

Lateral Ditch No. 15 near Bement, Illinois. Approximate bottom width 15 feet. 
Picture taken April 1925. 

Description of channel 



Sals Creek Rock Chaimel near Ancell, Missouri. Approximate bottom width 15 
feet.  Picture taken March 1924. 

0.030 1 Cauise. straight: 250 feet long. Cross section, very littie rariation in shape; 
.odl I f n i  var ia tm in size. see fig. 18, F. Side slopes, !uiili,regulai. Bottom. 
,030 quite even and regular. Soil, limestone rock. Condition, same channel 
,037 ; m above, enlarced and smoothed by hand. Condmded, December, 1922. 

(n. 23, C and  a. 17, F.1 

,036 

,033 ; 
,034 
033 

:035 1 
,031 

cypress  Creek Dredged Channel near Bethel Springs, Tennessee. Approximate 
bottom width 15 feet .  Picture taken 1917. 

DeSeriPTLOn of c h s n ~ e l  

section radius neis 
! * 

- - - -1- .- 

I 
with grass and weeds. Conslructad. December. 1915. (P I .  0. and 
fig. 5,  J.) 

1 ~ .. 1 
L ~ r e r s g e  mnrimum depth s t  bantful stage. 9 



Sugar Creek Dredged Channel near Henderson, Tennessee. Approximate bottom 
width 15 feet.  Picture taken 1917. 

Huggins Creek Dredged Channel near Finger,  Tennessee. Approximate bottom 
width 15 feet.  Picture taken 1917. 

I Average maximum depth st banh!ul stage. 10 



Back Swamp Dredged Channel near  Lumberton, North Carolina. Approximate 
bottom width 15 fee t .  Picture taken in 19 15. 

I 
I I , r .  22, 1 Y i 5  2.5 28.5 
Peh. 10, 1915 2. D 

40.0 I 17 1915 3.1 52.6 1 
Feb. 3: 1915 24.6 ' 1x4 6 

25 .2  , 17',!2 

, . . ~ ~ ~ ~ ~ ~  ....... ' f i b  ~~~~~~ ....... 
1 1 ~ ! ~- I 1  I I 

1 Irerage mainmum d e p t h  a t  hun!dd stage. 

Chawappah Creek Dredged Channel near Shannon, Mississippi.  Approximate 
bottom width 15 fee t .  Picture taken 1913. 



Coonewah Creek Dredged Channel near  Shannon, Mississippi.  Approximate 
bottom width 15 fee t .  Picture taken in 1913. 

'Average maaimum depth a t  bankful stage 

West Branch of Salt Fork  Dredged Channel near  Urbana, Illinois. Approximate 
bottom width 20 fee t .  Picture taken April 1925. 

~ L . I . I . ~  3 . 1  >,; I&.* k . ;  1.5 
. % ,  1 .  4 ,  . . . 

1 * ( ,  I  , 
1 '  4 ' .  < 7. . 1 : , I . ,  .>!' :. .., 1 1  , i  ' ..?, ' 1.. . . <; . I.., i ,  , -  I . I . ,  I - -  
\:::.'.I..i : ?.,I I : . )  ? ,  
t'., 4.. . . r  , 1 . .  . , 
i1.d .*. r . i  I  I. I  
.Lr . t  

.): ji, . , 
. 2 '  - , I . .  i 4 -  

I : . . 
1 ,  I ,  ! I .  . "  

I I , . *  , , * . ,  I-. I ' .  
1 ! ' ! I. i +,> 1:. .. ' 
I ' . I' 4. ' . ?  , A . . 
. . . , ' I . ?  ,.. - ? ,  , 2 
I,. .. I,., , :. . I r .  : .i- - , 
:> I 2 .  I..?, - . . I * .  ! ? \  r 
.;t. . . , . A  - 3 - (., r: l.; 
\ : ' . : . I , *  'I,> ' . . I . .  6.. * *  
.............. :1 ......................... ... 

1 Average maximum depth at h a n k h l  stage 

Description of ohannel 

7ouise, straight' 550 feet long. Cross srclion some variation in  shape  for 
pwiation in size. see fig. 20 D. Bde  s&r l i r e u ~ a r .  ~ o t t o m  &hpr 
areguiar. Soil. lower ilart. &ohably eisy oniinallg but now mirkd with 
a large percentage of sand' umer pait  bowlder clay qulte stony. C m  
dilion. side slopes corered wlth rathe; thlek growth of small t r ~ s  and 
sprouts of maple, elm, gaplar box eider and some willow from Yz inch 
tosinehesin diameter; nor& stonesod bot tomup t o  1 fodt in diameter 
no a~preciable silting. Constructed, about 1908. (PI. 24. C and 69: 
19, D.1 



West Branch of Salt Fork Dredged Channel near  Urbana, Jllinois . Approximate 
bottom width 20 feet .  Picture taken July 1924. 

Monona-Harrison Dredged Channel near  Onawa, Iowa. Approximate bottom width 
20 feet .  Picture taken in 19 16. 

- .  ~ 1-1- 
27.2 ' 221.0 131.3 l . i i8 2.50 feet lonc. cross sr i t ion .  siight isrialions in shape, 
47.2  I a 4 . c  1 270. 8 2.21 1 4.19 

. ~ ~ ~ ~ I ~ . ~ ~ ~ ~ ~ . ~ ~  ~ . ~ . ~ . ~ .  ~ . .~ .~ .  ~ . ~ . ~ . ~ .  

~~ - ~~~ ~- - -. . 

Tuna s. iwi 8.5 5tJ.R ! 49u.o i 308.0 1 .62  4 .82 o . m o i z  0.038 ~ r a c t i c a i ~ i  no change in channel since measurements xere made in 1916. 
1101 9 . 7  L1 61.: ! 5 4 6 3  322.1 1 .10  4 .92 1 m l 4 7 5  U 1  
.~.~...~ ...... '10.0 ........ ~ ~ ~ ~ ~ ~ ~ ~ ~ ! ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~  ~ . ~ . ~ ~ ~ ~ ~ ~ ~ ~ . . .  

-- ~~ ~ -- - - - -. 
I Average maximum depth at bankfui stage. 

Sides of channel slightly coated with mud. Bed and flat portions of the channel sides 
was coated with s i l t .  



South Forked Deer River Dredged Channel near  Henderson, Tennessee. Approximate 
bottom width 20 feet .  Picture taken in 19 16. 

: Avewge maximum depth at banklul stage 

Lake Fork Special Dredged Channel near  Bement, Illinois. Approximate bottom 
width 25 feet .  Picture taken July 1924. 



Lake Fork  special Dredged Channel near  Bement, Illinois. Approximate bottom 
width 25 feet.  Picture taken November 1925. 

COUIBI.  strafghf: 816 feet l o n g  C ~ C W  sidim, very little i a r m ~ o n  in ihsur; : hr i a r l a t i m  in size, see fig. 20. n Sidr dopi.", i r i r iy meular Hotlooh 

1 uneven and i r r t m ~ ~ r .  .mi, loner pai t ,  hght prag ":a): u ~ ~ p c r  w r l .  
v e l l n a ~ h  prai el i i i .  Condiiron. slde dopes iOlWreti ililll llPniC m o x t l l  
nf huailr a l l~oa l :  rlPar bnttorr;, some srrisu i,oiiar s t  
l n t e r r a i ~  i i l a u ~  course; one slit bsr a b w t  mddie nf course, otiwrwse 1 hortum in quite goori eouditron. ~nnatructrd, IUS; redreiigeii, 290Y. 

1 ~ v e r a g e  muximum depth at bsnh!,ll rage .  
p~ p~~ 

Condition, ~raetiesilr no pronth in channel; cleared durmg fall of 1925. 1 (PI. 25. C.) 

Bogue Hasty Dredged Channel near  Shaw, Mississippi.  Approximate bottom width 
25 fee t .  Picture taken in 1915. 



Bogue Hasty Dredged Channel near  Shaw, Mississippi.  Approximate bottom width 
25 feet.  Picture taken March 1926. 

Description of channel 

COW~<, stia@ht. 1,WO fret lo?g,,nea~l? ,=me a. abore. Crags 8e~fion, siisht 
ianation in shape; for r ana t~an  in s m  see fig.(, D. Srde slopes, falrly 
even and regular. dollom, rather i r r c d i m .  Soti ,  same as above. Condi- 
lion banksfsiriy cleanand free fromiegetation. L'onslradad, September, 
l 9 l i  (Pi. 4, Band  fig. 3, D.) 

I Arerage maximum depth a t  bankid stage. 

West Bogue Hasty Dredged Channel near  Shaw, Mississippi.  Approximate bottom 
width 25 feet.  Picture taken August 1924. 



South Forked Deer River-Old Straight Channel-Jackson, Tennessee. Approximate 
bottom width 25 feet.  Picture taken in 1916. 

Horseshoe Bayou Dredged Channel near  Cleveland, Mississippi. Approximate 
bottom width 25 fee t .  Picture taken May 1924. 



South Forked Deer River Dredged Channel a t  Cambells Levee - Jackson, Mississippi. 
Approximate bottom width 30 feet .  Picture taken in 1916. 

second- it. pri 

I - -- 

l *ve;age mnnruurc dei,;h at h a n h t d  r tua .  

Dredged Ditch No. 1 near Shaw, Mississippi.  Approximate bottom width 30 feet .  
Picture taken March 1926. 



South Forked Deer River-Old Crooked Channel-Jackson, Tennessee. Approximate 
bottom width 30 feet .  Picture taken 1916. 

1 1 1 1 

Average marimurn depth at bank-:"I! stage. 

Cunmins  Lake Dredged Channel near  Gould, Arkansas.  Approximate bottom 
width 30 fee t .  Picture taken March 1926. 



Cummins Lake Dredged Channel near  Gould, Arkansas.  Approximate bottom 
width 30 fee t .  Picture taken June 1926. 

Deseriptian of channel 

I Aver- 
.her. i W. 

vation ",":A , depth 

South Forked Deer River Dredged Channel near  Roberts, Tennessee.  Approximate 
bottom width 40 feet .  Picture taken in 1916. 

Description of channel 

Aver. , 
sxiree 
"Idth 

charge 

l i e r ~  , 
cross 

! i coeffi- ' 
" e m  5' i ~ i m  of ,am: of 
'eioc-' draalie water :rough- 

lty r a ~ l u s  amface ; ny 1 



Boyer River Dredged Channel near  Missouri Valley, Iowa. Approximate bottom 
width 40 f ee t .  Picture taken in 1917. 

~ 

Desmlplioll Of channel 

Main Dredged Channel near  Vero, Florida. Approximate bottom width 40 feet.  
Picture taken in 19 17 . 

XU". '1. ,Bl,i 1 2. ? i?. n 1 b,:c i ,  leie :.a 55.9 
O c I  2 8  1Yi6 5 . 3  1 07. 2 1 

CondiLiua of ehlunel, about ,he same a. lor the 1910 mmsmetuents. Far 
varmiou in size o i  cllannel see fig. 13. L. 

~ ~ . ~ ~ ~ l . . ~ ~  .... 
~ pp 

i .k~drage rnnannuru depth ar habkful staEe. 



Ditch No. 19 near  Winchester, Arkansas.  Approximate bottom width 45 feet 
Picture taken July 1926. 

Description of channel 

Bogue Phalia Dredged Channel near  Helm, Mississippi.  Approximate bottom width 
45 feet .  Picture taken in 1915. 

2 ;  I A I.*... ' AT,* 1 n t o . .  Oli I =is- , F 

I 
ratlan ;g; surfiree cham cross 

width Seeti00 

Description of channel 

0.022 Course, straight; 1.003 fret long. Crass arrtian. very little variation in shapc; 
0 2 5  for vsriatlon in size. sre fig. I. I\. Side slapts, left edc, riuite regoisr; 
0 right ~ l d e  fairly regular. Potfosi,  smooth and even Sml, lover p a t ,  
029 sandy clap loam; r g ~ r r  gait. clay loam of elosc tcrture. Condition, 
029 . i rcd len t ,  very little vveetafion of any sort; l a a r r  lwri  of ehannd more 

-027 uniform and rpu ia r  than upper part. ConrtruUrd, May, 1913. (Pi. 
010 3, I and fig. 3 .1 . )  

,091 
031 



Main Dredged Channel near Fellsmere, Florida. Approximate bottom width 45 
feet. Picture taken in 1917. 

Description of channel 

' Alerage maimurn depth re bankfui slase. 

Dredged Ditch No. 43 of Cypress Creek Drainage District near Arkansas City, 
Arkansas. Approximate bottom width 55 feet. Picture taken July 1926. 



Bogue Phalia Natural Channel near  Heads, MissisSippi. Approximate bottom width 
80 feet.  Picture taken March 1926. 

I 
p~ ~ I 

1 r e r a e e  m m m u m  depth a t  banh!ul rtaae. 

Natural Channel of Embarrass  River near  

De~crigtion o f  channel 

bottom width 100 feet.  Picture taken in  1926. 
Charleston, Illinois. Approximate 

*rer- l v e r ~  
Dateof obser- age 

ration mum sur~am 

I depth Wdth 

An estimate of 'h" for  this channel with no growth on the banks would be 0.025 



m A C E  

SLIPrnMENT B 

HYDRAULICS 

This supplement expands and augments subsection 4.4 of the 
Hydraulics Section of the.Engineering Handbook. 

The objective of Supplement B is to present a ~ystematic pro- 
cedure for the estimation of n values for use in hydraulic computa- 
tions associated with natural streams, floodways and drainage chmnels. 

This method of estimating roughness coefficients was developed by 
Woody L. Coxan. Mrs. Vivian Edwards typed the manuscript. 



This supplement describes a method for estimating the roughness 
coefficient n for use in hydraulic computations associated with natural 
streams, floodways and similar streams. The procedure proposed applies 
to the estimation of n in Manning's formula. This formula is now widely 
used, it is simpler to apply than other widely recognized formulas and 
has been shown to be reliable. 

Manning's formula is empirical. The roughness coefficient n is 
used to quantitatively express the degree of retardation of flow. The 
value of n indicates not only the roughness of the sides and bottom of 
the channel, but also all other types of irregularities of the channel 
and profile. In short, n is used to indicate the net effect of all 
factors causing retardation of flow in a reach of channel under considera- 
tion. 

There seems to have developed a tendency to regard the selection of 
n for natural channels as either an arbitrary or an intuitive process. 
This probably results from the rather cursory treatment of the roughness 
coefficient in most of the more widely used hydraulic textbooks and hand- 
books. The fact is that the estimation of n requires the exercise of 
critical judgment in the evaluation of the primary factors affecting n. 
These factors are: irregdarity of the surfaces of the channel sides 
and bottom; variations in shape and size of cross sections; obstructions; 
vegetation; meandering of the channel. 

The need for realistic estimates of n justifies the adoption of a 
systematic procedure for d i n g  the estimates. 

Procedure for estimating n. The general procedure for estimating 
n involves; first, the selection of a basic value of n for a straight, - .  
uniform, smooth channel in the natural materials involved; then, through 
critical consideration of the factors listed above, the selection of a 
modifying value associated with each factor. The modifying values are 
added to the basic value to obtain n for the channel under consideration. 

In the selection of the mndifying values associated with the 5 
primary factors it is important that each factor be examined and consider- 
ed independently. In considering each factor, it should be kept in mind 
that n represents a quantitative expression of retardation of flow. 
Turbulence of flow can, in a sense, be visualized as a measure or indicator 
of retardance. Therefore, in each case, more critical judgment may be ex- 
ercised if it is recognized that as conditions associated with any factor 
change so as to induce greater turbulence, there should be an increase in 
the modifying value. A discusaion and tabulated guide to the selection 
of modifying values for each factor la given under the following procedur- 
al steps. 



1st step.  Selection of basic n value. This s tep  requires the selec- 
t ion  of a basic n value for  a s t ra ight ,  uniform, smooth channel i n  the 
natural  materials involved. The select ion involves consideration of what 
may be regarded as a hypothetical channel. The conditions of s t r a igh t  
alignuent, uniform cross section, and smooth s ide  and bottom surfaces with- 
out vegetation should be kept i n  mind. Thus the  basic n w i l l  be visualized 
as varying only with the materials forming the sides md  bottom of the 
channel. The minimum values of n shown by reported t e s t  r e su l t s  f o r  the  
best channels i n  ear th  a re  i n  the range from 0.016 t o  0.018. Prac t ica l  
l imitat ions associated with maintaining smooth and uniform channels i n  
ear th  for  any appreciable period indicate t h a t  0.02 i s  a r e a l i s t i c  basic n. 
The basic n, a s  it i s  intended f o r  use i n  t h i s  procedure, f o r  natural  o r  
excavated channels, may be selected from the table  below. Where the  bottom 
and sides of a channel a re  of d i f ferent  materiala this f a c t  may be recog- 
nized in  select ing the basic n. 

Character of channel B a s i c  n 

Channels i n  ear th  0.02 
Channels cut in to  rock 0.023 
Channels i n  f i n e  gravel 0 .024 
Channels i n  coarse gravel 0.028 

2nd step. Selection of modifying value f o r  surface i r r egu la r i ty .  The 
select ion i s  t o  be based on the degree of roughness o r  i r r egu la r i ty  of the 
surfaces of channel s ides and bottom. Consider the actual  surface i r regular i -  
ty; first, i n  re la t ion  t o  the degree of surface smoothness obtainable with 
the natural  materials involved, and second, i n  re la t ion  t o  the depths of flow 
under consideration. Actual surface i r r egu la r i ty  comparable t o  the  best  sur- 
face t o  be expected of the natural  materials involved ca;Us f o r  a modifying 
value of zero. Higher degrees of i r r egu la r i ty  induce turbulence and c a l l  f o r  
increased modifying values. The table  below may be used as a guide t o  the 
select ion.  

D e ~ r e e  of i r r egu la r i ty  Surfaces comparable t o  Modifying value 

Smoth The best  obtainable f o r  the 
materials involved. 0.000 

Minor Good dredged channels; s l i g h t l y  
eroded o r  scoured side slopes 
of canals o r  drainage channels. 0.005 

Moderate Fai r  t o  poor dredged channels; 
moderately sloughed or eroded s ide  
slopes of canals or drainage 
channels. 0.010 

Severe Badly sloughed banks of natural  
channels; badly eroded or sloughed 
sides of canals or drainage channels; 
unshaped, jagged and i r regular  sur-  
faces of channels excavated i n  
rock. 0.020 



3rd step. Selection of modifying value for variations in shape 
and size of cross sections. In considering changes in size of cross 
sections judge the approximate magnitude of increase and decrease in 
successive cross sections as compared to the average. Changes of con- 
siderable magnitude, if they are gradual and uniform, do not cause 
significant turbulence. The greater turbulence is associated with 
alternating large and small sections where the changes are abrupt. The 
degree of effect of size changes may be best visualized by considering 
it as depending primarily on the frequency with which large and small 
sections alternate and secondarily on the magnitude of the changes. 

In the case of shape variations, consider the degree to which the 
changes cause the greatest depth of flow to move from side to side of 
the channel. Shape changes causing the greatest turbulence are those 
for which shifts of the main flow from side to side occur in distances 
short enough to produce eddies and upstream currents in the shallower 
portions of those sections where the maximum depth of flow is near 
either side. Selection of modifying values may be based on the follow- 
ing guide: 

Character of variations in size and 
shape of cross sections Modifying value 

Changes in size or shape occurring 
gradually 0.000 

Large and small sections alternating 
occasionally or shape changes causing 
occaalonal shifting of main flow from 
side bo side 0.005 

Large and small sections alternating 
frequently or shape changes causing 
frequent shifting of main flow from 
side to side 0.010 to 

0.015 

4th stee. Selection of modifying value for obstructions. The 
selection is to be based on the presence and characteristics of ob- 
structions such as debris deposits, stumps, exposed roots, boulders, 
fallen and lodged logs. Care should be taken that conditions consider- 
ed in other steps are not re-evaluated or double-counted by this step. 

In judging the relative effect of obstructions, consider: the 
degree to which the obstructions occupy or reduce the average cross 
sectional area at various stages; the character of obstructions, 
(sharp-edged or angular objects induce greater turbulence than curved, 
smooth-surfaced objects); the position and spacing of obstructions 
transversely and longitudinally in the reach under consideration. 
The following table may be used as a guide to the selection. 



Relative effect of obstructions Modifying value 

Negligible 
Minor 
Appreciable 
Severe 

5th step. Selection of modifying value for vegetation. The re- 
tarding effect of vegetation is probably due primarily to the turbulence 
induced as the water flows around and between the limbs, stems and foliage, 
and secondarily to reduction in cross section. As depth and velocity in- 
crease, the force of the flowing water tends to bend the vegetation. 
Therefore, the ability of vegetation to cause turbulence is partly relat- 
ed to its resistance to bending force. Furthermore, the amount and 
character of foliage; that is, the growing season condition versus dormant 
season condition is important. In judging the retarding effect of vegeta- 
tion, critical consideration should be given to the following: the height 
in relation to depth of flow; the capacity to resist bending; the degree 
to which the cross section is occupied or blocked out; the transverse and 
longitudinal distribution of vegetation of different types, densities and 
heights in the reach under consideration. The following table may be used 
as a guide to the selection: 

Vegetation and flow conditions Degree of Range in modify- 
comparable to: effect on n ing value 

Dense growths of flexible turf grasses 
or weeds, of which Bermuda and blue grasses 
are examples, where the average depth of 
flow is 2 to j times the height of vegetation. Low 0.005 to 0.010 

Supple seedling tree switches such as willow, 
cottonwood or salt cedar where the average 
depth of flow is J to 4 times the height of 
the vegetation. 

Turf grasses where the average depth of 
flow is 1 to 2 times the height of vegetation. 

Stemmy grasses, weeds or tree seedlings with 
moderate cover where the average depth of 
flow is 2 to 3 times the height of vegetation. Medium 0.010 to 0.025 

Brushy growths, moderately dense, similar to 
willows 1 to 2 years old, dormant season, 
along side slopes of channel with no signif- 
icant vegetation along the channel bottom, 
where the hydraulic radius is greater than 
2 feet. 



Turf grasses where the average 
depth of flow is about equal to 
the height of vegetation. 

Dormant season, willow or cotton- 
wood trees 8 to 10 yeacs old, inter- 
grown with some weeds and brush, none 
of the vegetation in foliage, where 
the hydraulic radius is greater 
than 2 feet. High 0.025 to 0.050 

Growing season, bushy willows about 
1 year old intergrown with some weeds 
in full foliage along side slopes, no 
significant vegetation along channel 
bottom, where hydraulic radius is 
greater than 2 feet. 

Turf grasses where the average depth 
of flow is less than one half the 
height of vegetation. 

Growing season, bushy willows about 
1 year old, intergrown with weeds in 
full foliage along side slopes; dense 
growth of cattails along channel 
bottom; any value of hydraulic radius 
up to 10 or 15 feet. Very high 0.050 to 

0.100 
Growing season; trees intergrown 
with weeds and brush, all in full 
foliage; any value of hydraulic 
radius up to 10 or 15 feet. 

A further basis for judgment in the selection of the modifying 
value for vegetation may be found in Table 1 which contains descrip- 
tions and data for actual cases where n has been determined. In each 
of the cases listed in Table 1 the data were such that the increase 
in n due to vegetation could be determined within reasonably close 
limits. 

6th step. Determination of the modifying value for meandering 
of channel. The modifying value for meandering may be estimated as 
follows: Add the basic n for Step 1 and the modifying values of 
Steps 2 through 5 to obtain the subtotal of ns. 



Let tS = the straight length of the reach under consideration. 

& = the meander length of the channel in the reach. 
m 

Compute modifying value for meandering in accordance with the following table 

Ratio Degree of Modifying 
meandering value 

1.0 to 1.2 Minor 0.000 
1.2 to 1.5 Appreciable 0.15 ns 
1.5 and Severe 0.30 n, 

greater 

Where lengths for computing the approximate value of are not readily 

obtainable the degree of meandering can usually be judged reasonably well. 

7th step. Computation of n for the reach. The value of n for the reach 
is obtained by adding the values determined in Steps 1 through 6. An illus- 
tration of the estimation of n is given in Example 1. 

Dealiw with cases where both channel and flood plain flow occurs. 

Work with natural streams and floodways often requires consideration of 
a wide range of discharges. At the higher stages both channel and overbank 
or flood plain flow are involved. Usually the conditions are such that the 
channel and flood plain will have different degrees of retardance and, there- 
fore, different n values. In such cases the hydraulic computations will be 
improved by dividing the cross sections into parts or subdivisions having 
different n values. 

The reason for and effect of subdividing cross sections is to permit 
the composite n for the reach to vary with stage above the bankfull stage. 
This effect is illustrated by Example 2. The usual practice is to divide 
the cross section into two parts: one subdivision being the channel portion 
and the other the flood plain. More than two subdivisions may be made if 
conditions indicate wide variations of n. However, in view of the practical 
aspects of the problem, more than three subdivisions would not normally be 
justified. 

In estimating n for the channel subdivision, all of the factors dis- 
cussed above and all of the procedural steps would be considered. Although 
conditions might indicate some variation of n with stage in the channel, it 
is recommended that an average value of n be selected for use in the hy- 
draulic computations for all stages. 

In the case of flood plain subdivisions, the estimate of n would con- 
sider all factors except meandering. That is, the estimate would employ 
all of the procedural steps except Step 6. Flood plain n values will 
normally be somewhat greater than the channel values. Agricultural flood 
plain conditions are not likely to indicate an n less than 0.05 to 0.06. 
Many cases will justify values in the 0.07 to 0.09 range and cases calling 
for values as high as 0.15 to 0.20 may be encountered. These higher values 
apply primarily because of the relatively shallow depths of flow. The two 



factors requiring most careful consideration are obstructions and vege- 
tation. Many agricultural flood plains have fairly dense networks of 
fences to be evaluated as obstructions in Step 4. Vegetation probably 
would be judged on the basis of growing season conditions. 

Field and office work. 

It is suggested that field parties record adequate notes on field 
conditions pertinent to the five factors affecting n at the'time cross 
section surveys are being made. The actual estimates of n may then be 
made in the office. This will require training of both field and 
office personnel. The conditions to be covered by field notes and 
considered in the estimate of n apply to a reach of channel and flood 
plain. It is not adequate to consider only those conditions in the 
immediate vicinity of a cross section. Note the sketch on Figure B.1. 
With cross sections located as shown, field notes should describe the 
channel and flood plain conditions through the reach indicated as a 
basis for estimating the n values (assuming subdivided sections) to 
be incorporated in the hydraulic computations at Section 2. 

Figure B.2 shows a sample set of notes that illustrate the type 
of field information to be recorded as a basis for estimating n. 
Field men should be trained to recognize and record in brief state- 
ments those conditions that are necessary for realistic evaluation 
of the five factors discussed under procedural Steps 1 to 6. 

Example 1. Estimation of n for a reach. 

This example is based on a case vhere n has been determined so 
that comparison between the estimated and actual n can be shown. 

Channel: Camp Creek dredged channel near Seymour, Illinoisj 
see USDA Technical Bulletin No. 129, Plate 29-C for photo- 
graph and Table 9, page &, for data. 

Description: Course straightj 661 feet long. Cross 
section, very little variation in shape; variation in 
size moderate, but changes not abrupt. Side slopes 
fairly regular, bottom uneven and irregular. Soil, 
lower part yellowish gray clay; upper part, light 
gray silty clay loam. Condition, side slopes cover- 
ed with heavy growth of poplar trees 2 to 3 inches in 
diameter, large willows and climbing vines; thick 
growth of water weed on bottom; s m e r  condition with 
vegetation in full foliage. 

Average cross section approximates a trapezoid with 
side slopes about 1.5 to 1 and bottom width about 10 
feet. At bankfull stage, average depth and surface 
width are about 8.5 and 40 feet respectively. 



Step Remarks Modifying values 

1 Soil materials indicate mini&n basic n. 0.02 

2 Description indicates moderate irregularity. 0.01 

3 .  Changes in size and shape judged insignificant. 0.00 

4. No obstructions indicated. 0 .OO 

5 .  Description indicates very high effect of 0 .08 
vegetation. 

6. Reach described as straight. 0.00 - 

Total estimated n 0.11 

USDA Technical Bulletin No. 129, Table .9, page 96, gives the following 
determined values for n for this channel: for average depth of 4.6 
feet n = 0.095; for average depth of 7.5 feet n = 0.104. 

Example 2. Effect of subdividing cross sections. 

The sole purpose of this example is to illustrate the effect of 
subdividing sections on the value of n for the complete section. It is 
not an illustration of hydraulic computations for determining water sur- 
face profiles or stage-discharge relationships. 

This illustration is based on the following: 

1. An actual stream cross section for which curves 
showing depth versus area and depth versus hydraulic 
radius for the channel and flood plain subdivisions 
and for the complete section are plotted on Figure B.3 .  
Values of n are: for the channel subdivision 0.04; for 
the flood plain subdivision 0.08. 

2. The conditions of uniform, steady flow are assumed 

Manning's formula is handled in accordance with Leach's 
method. See Handbook of Hydraulics, McGraw-Hill Book 
Company, 3rd edition, page 534; 4th edition, page 8-65. 

Notation: 
Q = discharge - cfs 

a = cross section area - ft. 2 

r = hydraulic radius, ft. 

p = wetted perimeter, ft. 

so= channel slope, ft. per ft. 

n = roughness coefficient 



1.486 Let K = - d n a r 'I3, then 

Assume the conditions are such that it is desirable to recognize 
more than one subdivision, each having a different n. Let subscripts 
1, 2, and 3 refer to the section subdivisions and subscript t to the 
total section. 

From equation B.2 

Also: 1.486 
at rt ' I3; therefore 

Table B.2 shows the computations for Example 2 and Figure B . 3  
shows a plot of roughness coefficient for the complete section verdua 
depth. 

In natural streams n normally shows a minor decrease as stage in- 
creases up to, or somewhat above, the bankfull stage, then appreciably 
increases as overbank stage increases. When n is significantly dif- 
ferent for different parts of the cross section, subdivision of the 
cross section, as a basis for making the computations, automatically 
causes nt to vary with stage above the bankfull stage. This is true 
although nt is not computed in methods for determining water surface 
profiles. Note on Figure B.3 that nt, which has been computed in 
Example 2 for illustrative purposes, shows considerable increase with 
stage above the 10-foot depth and that this increase is automatically 
recogniaed by subdivision of the cross section. 

The plot of hydraulic radius on Figure B.3 illustrates a typical 
characteristic of natural streams. Note that the hydraulic radius for 
the complete section increases up to bankfull depth, then decreases 
through a limited range of depth, and again increases as depth of over- 
bank flow increases. 

This example also illustrates that recognition of high retardance 
for flood plain subdivisions by the use of relatively high n values does 
not cause n for the complete section, nt, to be unreasonably high. In 
this case, the channel and flood plain are assigned n values of 0.04 
and 0.08. The value of nt ranges up to 0.072 as shown by Table B.2 and 
Figure B .j. 



Table B.l Examples of e f f e c t  of vegetation on n .  (Sheet 1 of 3)  

Example Names and Descriptions of Channels. Names, P la tes  and Tables Range i n  Range i n  Average Modifying 
No. Refer t o  USDA Technical Bullet in No. 1 2  November 1929 mean hydraulic value value 

veloci ty radius n 

1. Fountain Head dredged channel near Champaign, I l l i n o i s ;  
P la te  31-B and C, Table 9. Average cross sect ion of 
channel resembles a parabola. A t  bankfull stage depth 2.09 t o  1.73 t o  
about 8 f t . ,  top width about 30 f e e t .  2.59 2.42 

a .  Dormant season. Dry weeds on s ide  slopes, no vegeta- 
t i o n  on bottom. Retarding e f fec t  of vegetation negligible.  

b.  Growing season, otherwise vegetation same as  above. 
Heavy growth of weeds and grass i n  f u l l  fo l iage  on s ide  slopes. 

2 .  Cummins Lake dredged channel near Gould, Arkansas; P la t e  18-B 
and C, Table 7.  Average cross sect ion of channel resembles a 
parabola. A t  bankfull s tage depth about 13 f t . ,  top width 
about 75 f e e t  . 0.53 t o  2.41 t o  

1.82 6.23 

a.  Side slopes moderately i r r egu la r  from erosion and slough- 
ing; estimated n f o r  channel without vegetation 0.035. 

b .  Dormant season. Willows about one year old and 6 t o  10 
f e e t  high continuous along s ide  slopes except f o r  about 
the  upper th i rd  of s ides .  No growth i n  a s t r i p  about 20 
f e e t  wide along bottom. No fo l iage .  

c .  Growing season, otherwise vegetation same as above. Willows 
and some weeds i n  f u l l  fol ibge.  No vegetation along bottom. 



Table B . l  Examples of ef fec t  of vegetation on n .  (Sheet 2 of 3 )  
~ ~ 

Example Names and Descriptions of Channels. Names, Plates and Tables Range i n  Range i n  Average Modifying 
No. Refer t o  USDA Technical Bullet in No. 129, November 1 9 9  mean hydraulic value value 

veloci ty radius n 

7 .  Lateral  Ditch No. 15  near Bement, I l l i n o i s ;  P la te  50-A, B 
and C, Table 9. Average cross sect ion i s  p rac t i ca l ly  a 
trapezoid with wide slopes about 1.1 and bottom width and 
depth each about 10 fee t .  0.28 t o  1.16 t o  

1 .71  5.61 

a .  Dormant season. Dead weeds p rac t i ca l ly  f l a t  on s ide  
slopes; no dead growth i n  bottom. 

b. Dormant season. Bushy willows about 1 year old and 
dead weeds on side slopes. No vegetation along 
bottom of channel. No fol iage.  

c .  Growing season. Vegetation ssme a s  b, above, except 
willows and weeds i n  f u l l  fol iage.  No vegetation on 
bottom. 

d. Growing season. Bushy willows and weeds i n  f u l l  fo l iage  
along s ide  slopes. Dense growth of c a t t a i l s  along bottom. 

Ditch No. 18 of Cypress Creek drainage d i s t r i c t  near Arkansas 
City, Arkansas; P la te  17-B and C, Table 7. Average cross 
section i s  approximately tr iangular;  a t  bankfull stage depth 
about 1 3  f t . ,  top width about 70 f e e t .  0.47 t o  1.91 t o  

1.08 6.23 

a. Dredged channel about 8 years old.  Side slopes moderate- 
l y  i r regular .  Estimated n f o r  the channel without 
vegetation 0.035. 

b .  Dormant season. Prac t ica l ly  the e n t i r e  reach covered 
with t rees ,  mostly willows and cottanwoods. Some dry 
weeds and brush. No fol iage.  



M 
Table B . l  Examples of e f fec t  of vegetation on n. (Sheet 3 of 3 ) k 

Example Names and Descriptions of Channels. Names, P la tes  and Tables Range i n  Range i n  Average Modifyin~ 
No. Refer t o  USDA Technical Bullet in No. 129, November 1929. mean hydraulic value value 

veloci ty  radius n 

c .  Growing season. Vegetation described under b; i n  full 
fol iage . 

5. Lake Fork special  dredged channel near Bement, I l l i n o i s ;  
P la te  25-A, B, and C, Table 9.  Average cross sect ion i s  
approximately parabolic; a t  bankfull s tage depth a b o u t , l j  
f t . ,  top width about 65 t o  70 f e e t .  

a .  Dormant season. Channel cleared; p rac t i ca l ly  no 
vegetation of any type i n  channel. 

b .  Dormant season. Densely growing, bushy willows con- 
tinuous along s ide  slopes; some poplar saplings 
scat tered among willows. No growth i n  a s t r i p  20 
t o  50 f e e t  wide along bottom. No f o l i q e .  

c .  Growing season. Vegetation described under b; i n  
f u l l  fo l iage .  

6. Ditch No. 1 of L i t t l e  River drainage d i s t r i c t  near Chafee, 
Missouri; P la te  21-B and C, Table 8. Average cross section 
trapezoidal,  s ide  slopes about 1.1, bottom width about 10  ft. ,  0.68 t o  
depth about 8 f e e t .  1.51 

a .  Channel newly cleared, p rac t i ca l ly  no vegetation 

b. Dormant season. Dense, bushy willows continuous along 
s ide  slopes; no fo l iage .  No vegetation along bottom 
of channel. 



Table B.2 Computations for Example 2 

Depth a r r 2/3 K~~ a r r "1" K ~ ,  CKd a r r 2/3 K 
t t t  n 

1 1 1 2 2 2 t 





Figure 8.2 Sample notes on roughness conditions. 

I .  Chonne/: b o f f o m  w i d t h  20 t o  0 
40 f f . ,  s i d e  dopes  / fo  / f o  
3 fo /; d e p f h  range B t o  /2 ff. 

a. Bot fom:  smal l  pof holes ondbars, 

overup qrode foir/y uniform. 
0 

Some smo///ogs and roof3 a ffec f 

/OW flows. 
b. Bonks: some slouphinp and erosion, 

0 

fair/y rouph. 
c. Section; s i n  hi4 uniform; con- 

siderab/e show c h o n p ' b u t  9rodua/ 
over ZOO t o  400 f t .  

d Vege fofion: very little bo f fom; 

sidm mostly pros3 a d  weeds wi th 

occasional pofchu d e w  brush 
3 t o  5 ft hi@. 

0 

2. Leff flood p /a in :  less fhan /O % 
culfiva fed in  ma// fields; few fence>; 

C 

50 fo 60 % brushy w i f h  smog frees; 
remainder scoffered open orem 

wifh bunch prasses and weeds. 
C 

Notes on Rouphness By; J. Dm 
0 Conditions. 

S e c f i o n  2, Creek 

0 
3. Right f loodp loh:  o f  least W % 

culft'vofed, rnosf/y row crops and 
some  ma// grain; smal l  fid/ds; 
8 or I0 f ronsver~e  fences wifh 
brwhy  or weedy fence rows. 



Hydraulic Radius (ft.) 

Area in 1,000 sq.ft. 
Monnings n in hundredths 

Figure 8.3 




