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The purpose of this group of pictures, selected from Technical Bulletin No,
129, "Flow of Water in Drainage Channels' by C. E, Ramser, is to illustrate
the wide range of the roughness coefficient "n’' of Manning's formula for chan-
nel valocities related to actual channel conditions. Study of the pictures and
information shown should assist in selecting realistic values of ''n'" for both
present and future constructed channels,

The pictures usually were taken when the channels were at low flows so that
the channel condition could be seen,

The tables show several measured values for the channels at different depths
of flow. In most cases the pictures were not taken at the same time 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 less
had the measured values been substituted in the Manning formula. Many engi-

neers 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 less than
3.28, the velocity calculated by the Manning formula will be slightly greater
than if calculated by the Kutter formula. When ''r'" is greater than 3,28, the
velocity calculated by the Manning formula will be slightly less than if calcu-
lated by the Kutter formula,

For all practical 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 varies inversely as the value of
"n'", This factor affects the velocity more than any other factor and its value
depends entirely upon channel characteristics which are evaluated generally
only by observation, Therefore, it is 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 material through which the channel will be constructed, such as
earth, rock, gravel, etc.

2. Surface irregularity of the sides and bottom of the channel,

3., Variations of successive cross sections in size 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, Hlinois. Approximate bottom
widrh 10 feet. Picture taken April 1925,

|
Aver- J ! Coefli-
Aver- | Aver- | Mean ;
. age ! : M - Slope of |cvient of
Datecof obser~: o / age | Dis- . age |G hy]l water rough- Deseription of channel
Tation ‘ mum su!face| charge Cross ity dral_l iz surface ness
| depth ‘ width ! section radius n
I
| ]
Febh. 7,1925 2.1 16. 5 2.9 24.6 | 0.8 136 | 0.000473 | 0. (40 | Course, straight; 330 feet long. Cross section, some variation in shape; for
Mar. 18,1925 3.0 18.9 45.5 35.6 | L1 L80 | |, Good .039 variation in size, see Figure 20, (3.  Side slopes, rather irregular. Bafiom,
Mar. 29, 1924 5.3 27.6 106, 7 G2.8 | L 15 3.00 | 000367 .051 rather irregular. Sbil, lower part, black ¢lay; upper part, dark-gray silty
Feb. 25,1926 57 20,6 100.7 | 105.7 ) 319 ¢, 000394 . DE7 clay losm. Condition, badly obstruebed by trees 1 3o 6 inches in diam-
eter on side slopes and edges of bottom; some weeds but practically no
; grass; no folinge. Comsfructed, 19%02; cleared, about 1010. (Pl 27, C
i and fig. 19, G.}
f ! i
Aug. 24,194 4.1 23.0 ! 87,1 640 105 2.50 | 0.000484 | 0.058 | Condifion, as described above, but with summer foliage, and water weed
June 6, 1924 4.4 24,1 72.2 7L9| LOO 2.66 000409 . 056 on hottom along one-tenth of epurse.
_____ o.....__.| 50| 26.8] 85,60 a88.1| .97 =295 000373 | .060
Aug. 21,1924 6.1 30.9 | 120, 4 116.6 | 1.03 3.36 | . Q00427 . 067
AUE. 20,1924 8.4 4.0 2061, 200.3| 1.03 435 | L 000536 . 064
[ |

Kaskaskia Mutual Dredged Channel near Bondville, Mlinois. Approximate bottom

width 10 feet. Picture taken July 1927.

Aver-

Aver-
Date of ohser- | _88®, age Dis-
vation WAL | g rface charge
MU | % dth
depth
Sept. 28, 1926 l 4.3 23.8 48.0
Sept. 9,1926 : 7.5 34.3 111. 5
Oct. 2,1926 ; 8.0 36.6 132. 3
e g 6 40.0 160. 6
.0

[

! Aversge maximum depth at bankful stage.

Deseription of channel

Condition, as in summer of 1324, but worse.

Course, nearly straight; 330 feet long, Cvoss section, some variation in
shape; for variation in size, see Figure 20, F.

Side siopes, irregular. Boffom, irregular. Soil, lower part, black day;
upper part, dark-gray silty clay loam. Condifion, badly ohstructed by
trees 2 to 12 inches in diameter covering side slopes, except intervais
ageregating half length of right bank occupied by large weeds and bushy
willows; no foliage. Constructed, 1%02; cleared, about 1910.

(PL. 27, B.)



Kaskaskia Mutual Dredged Channel near Bondville, Ilinois. Approximate

width 10 feet. Picture taken April 1925.

bottom

Coeffi-

|
Aver- ‘
Date of obser- | “age | 274 | Dis- | AT IMean | M1 | siope of | clent of
vation maxi- | _ 28 charge | 28 i velac- a 3'1- water | rough- Description of channet
e sq;‘fﬂf POrOsS o Tyee | SIBUMCY qurface | mess
! depth widt ;sectmn radius n
Feb. 7,1925 2.4 181 21.9 2081 0.73 150 | 0.000527 | 0.054 | Cpurse, nearly straight: 330 feet long. Cross section, some variation in
shape; for variation in size, see Figure 20, F.
Mar. 16,1925 3.3 10.8 45.5 46,1 .99 2.09 | . 000503 052 | Side slopes, irregular. Boffom, irregalar. Soil, lower parf, black clay;
Feb, 25, 1926 6.1 29.3 100.7 | 114.% 88 3.44 | 000397 L077 upper part, dark-gray silty elay Joam. Cordigfon, badly obstructed by
trees 2 to 12 inches in diameter covering side siopes, except intervals
: ageregating balf length of right bank occupied by large weeds and bushy
willows; no foliage. Constructed, 1802; cleared, about 1910. (PL 27, A
and fig. 19, F.}
| ) |
Aug. § 1924 4.4 ‘ 24.9 | 671 LG 0.95 260 1 0.000501 | @070 | Condition, as described above. but with summer foliage, and three-fourths
June 6, 1924 4,8 25.1 72.2 7.9 - .90 2,82 1, 000500 072 of length of bottom covered with short weeds.
_____ do....-| &&| 269 85,6 | 96.5: .89 3,15 .00042¢| 004
Aug. 21,1924 6.4 305 120. 4 148 - .96 3.60 ¢ . 00473 . 080
Aug. 20,1924 BB 40. 8 206, 1 207, 4 co 99 4, 44 | 000503 097
i !

§

Picture taken 1914.

01d Town Creek Dredged Channel near Tupelo, Mississippi.
width 10 feet.

Approximate bottom

Aver- Coefli-
Aver- Aver- Mean -
age : Mean i 8lgpe of  cient of
Date of obser- ma,gxi- age Dis- 288 | Colges hy- water ' rough- Description of channel
vation e, jsurface | charge | cross | V5o fdraulicl oopl. Thecs
donth | width section | ™Y | radius |
l epth n
H :
PR ESSDU) D ‘
Mar. 519141 4.0 19.5 45.0 | 50,0 | 0.90| 2.28|0.000358 | 0.052 I Course, stralght; 1,224 feet long. Cross secfion, slight and gradual varia-
Mar. 20,1014 | 4.3 2.0 59.7 | 8801 103, 243| .000380 | 047 | “yiondin shape; for variation in size, See fig. 2, A. Side slopes, right side
Apr. 17,1814 4.85 21.0 7.9 904 1.29 2. 5§ . 000377 041 ! {rregular, left side very irtegular. Boffom, irregular and Uneven. Seit,
Apr. 9, 1614 5.3 2.2 105.4 4.2 1.42 2.85 | . 000292 2085 | varies from black waxy clay at top to yellow clay at bottom. Condition,
Apr. 31614 | 5.4 23.0 120.0F 800 1.50) 280 .0003121 .085 right side siope and part of bostom practically covered with small sap-
Apr. 13,1914 6.6 2.4 1851 1070, 173 3,87 000271 032 | Jings, brush, and came; occasional growths of vegetation on other side
Mar. 26, 1914 6.7 26.5 218.2 | 110.21 1.98 3.42 ) . D00305 . B30 siopes. Constructed, Dec. 1907.
Mar. 12,1914 | 7.1 2.5 240.0 [ 120.0: 2.00 3.53 | . 000280 029
Mar. 26,1914 ¢+ 7.1 2.6 242.4 | 120.0: 202 3.58 1 . 000279 . 020
,,,,,,,,,,,, . T4 28.0 258 4 127.0 7 2,06 3. Sg . QOOZ’*DM{ . %
Apr. 13,104 81 | 2.8 | 02| 1423, 218] 3 . 60027 . : tion of chanmel practicallv ih ¢ s the sbove, except for re-
May £1814| 1L6 | ELs| 7002| 2680 Zes| 570| Lonosks | o4 D O O g el the samy v
Moz, 36,1614 | 124 PoBT 816.6 | 2955 2.76 6.95 | . 000268 030 condition, all brush, vegetation, and obstractions to flow were cleared
May 61014 127 | 41,0 882.2| 3074 ‘ 2.87| 605 .000346: .033 | "prom the course of channel and for 500 feet above the upper end of the
_______________ 130 --------|  pourse, and for the same distance below the lower end, (PL I, B.)

1 Average maximum depth at bankful slage.



Mud Creek Dredged Channel near Tupelo, Mississippi. Approximate bottom

width 10 feet. Picture taken 1913.
4| s
Aver- ; ! Coeff-
Aver- Aver- Mean H
Date of ghser- | 282 nge Dis- age |ean| “po i Slope of | clentof iption of chanmel
vation maxi- | g charge | oross \vgal_orc- dranlio] water rough— Description of channe
‘ él;g?}!l ' width Isect.lon Y| adins | Sarface n(;:s
‘ Apr. 11,1914 2.6 | 185: 4.8 L0 Clonrse, straight; 1,194 feet long.  Cross section, very little variation in shape;
[T+ { TR .28 0 19.3: 8L 4 3.0 for variation in zize see fig. 2, B. Side slopes, quite regular. Betfom,
JApr. T4 29 0 1905 64.8 .2 even and regular. 8oil, sandy, wazlike clay. Condition, newly dredged
tApr, 919140 3.2, 20.5 74,9 7 channel; no vegetation or obstructions of any sort in channel. Con-
i Apr.  5,1914 3.8 1 220 115.0 il strueted, Juouary, 1913, {PL 1, C and fig. 1, B.)
| Mar. 28,1913 1 4.0 | 224 125.0 ]
| Mar, 26,1914 § 4.1 228 130. 2 2.8
_____ O_______. 4,4 4.7 w20 NI
Nar. 27,1912 285 28|  1em1 s
Apr. 81014 | 50 21.9 201 4 .0
y May 51014 6.9 32.5 T62. 8 .0
Mar. 29,1914 | 10.863 345 9040 2 5 i
do______..' 10.70 A5 914. 4 .0
_______________ : 11150

1 Average maximum depth at bankful staga.

Dredged Ditch No. 18 of Cypress Creek Drainage District near Arkansas City,

Arkansas. Approximate bottom width 10 feet.

Picture taken March 1925,

|
ABZ?)" 1 Avers
Dateofobser-| oo | age 3 Dis-
vation mun | Sufiace : charge
depih width i
1 H
Feb, 21,1925, 3.0 22,7 2.0
+aTar. 15,1925 ¢ 4.5 30. 4 53.2
fFeh. 10,1926 | 4.7 | 3Lg 61.1
Mar. 22,1926 1 5a | 344 86. 7
Jan, 23,1826 651 39,3 1251 ¢
Jan. 27, 1928 6.7 4001 108.6 |
Mar, 15,1925, 781 445 230.6 |
Dee. 17,1925 &1. 455 17007 |
Dec. 15,1925 8.9 487 {264 |

- A 1 Coeffi-
A:;‘ %r- ! Aean \]Elian Slope of |clentof
Crgss i veloe- 14 o vhie | water ‘ rough- Description of channel
section W | radius | Sureee ‘ ness
i |
Ty |
46,5 0.47 191 | 0.000124 1 (049 } Course, straight; 810 feet long. Cross section, quitc uniform ir: shape; for
83,0 .65 2.61 ¢ 000151 051 variation in size, see fig. 15, B. Side slopes, irregular and uneven. Bot
92.0 G968 2,75 | 000104 . 044 toin, irregular and uneven. Soil, heavy silty clay.  Condition, practically
118.0 | 7. 3,21 | 000118 L 048 entirg section filled with large sized growth of trees consisting prinecipally
156.7 . .80} 3.70| 000152 056 | of willows and cottenwoods. Construcied, June, 1918, (PL 17, B and
16251 .67, 375! .000W08, 0571 g 14 B)
214.5| L08] 4.42 1 .000317 ‘ . 06%
225.51 .75 4.33 | . 000179 N
6.0 81| 4.69 .099 ;

* 000200 |




Ditch No. 1 of Little River Drainage District near Chaffee, Missouri. Approximate
bottom width 10 feet. Picture taken April 1923,

I
Avers Coefli-
" Date of obser- | 888 Aa;%r Dis- ‘:‘;r Mean Mea‘n Slope of | cient of
vation rrﬁag surfaee © charge | cross V;;goc- draulic Svlgﬁftecrp r%%gg-
W idth section ¥ | radius ace
depth | : 7
: | ]
Jan. 26,1923 3.2 17.7 26.6 39.0 | 0.68 2. 00 10. DD00ES 0. 025
Jan. 25,1923 35 18, ¢ 4.9 45. 1 LT 2.18 {1, 000070 026
Mar. 6, 1923 3.8 19. 2 43.9 50.7 .87 2,34 | . D00ORS 0
Jan. 24,1923 4.5 21.0 57.9 62.6 .02 2. 64 | . DOOOSO 027
Apr. 13,1923 5.2 23.2 91,6 78.8 1.16 3.0% | . 000168 . 028
Jan., 23,1923 5.8 25,2 91.9 93. 8 .08 3. 28 | . 000069 028
Jan. 31,1923 8.4 26.7 140, 9 197. 8 1.31 3.67 [ . 000110 _029
Mar. 13,1523 6.8 28.2 148.2 121. 6 1.22 3.77 | 000096 .029
Feh. 3,1923 7.8 30.2 184.2 143.3 120 4,06 | .000109 .031
Jan. 22,1923 T 30.4 1821 146.3 ¢ 1,24 4.10 | . .031
Mar. 12,1923 7.8 30.5 220. 1 148, 2 1.49 4.13 | (00144 031
Feb., 1,1923 7.9 30.8 230.8 152. 8 1.81 4,21 | 000139 021
Fan, 21,1923 8.0 3.0 228.0 155.5 1,47 4.26 1.000128 031

Descriptior of ¢hannel

Couree, straight; 800 feet long.  Cross seetion, very little variation in shape;
for variation in size, see figure 18, D. Side siopes, quite regular. Bottom,
fairly regular. Seil, dark, heavy, tenacious clay. Condition, newly
cleared channel, practically no vegetation. Construcied, Decernber, 1914.
{PL. 21, B and fig, 17, D.)

Ditch No. 1 of Little River Drainage District near Chaffee, Missouri. Approximate

bottom width 10 feet.

Picture taken December 1925,

Aver- ) ‘ Coeffi- l
Date of obser- ] A;;r Dis- Acver- Mean Mean | gope of | clent of - .
vation mal lsurface | charge | ceoss | 99| arenlie sﬁ‘g& ’%‘é%;" Deseription of charnel
depth r width section radius )
S __

Course, straight; 800 feet long. Cross section, very little variation in shape;
for variation in size, see figure 18, D. Side stopes, quite regular. Rottom,
fairly regular. Seil, dark, heavy, tenacious clay. Condition, newly
cieared channel, practically no vegetation. Constructed, December, 1914,

! Nov. 2, 1025 1 6.6 27.4 8L.7 | 1150 ‘ 0.71 3.88 27.2 | 0.069 | Bame channel as above with about 2 years’ growth of willows. {(P1.21,C.)
}; Nov. 25, 1925 7.4 267 99.6 136.5 .13 3.98 26. 4 L0738
t £ T8 R AN FORIN R [N M R

1 Aversge maximum depth at bankful stage.



Allen Creek Dredged Channel near Missouri Valley, lowa. Approximate bottom

width 15 feet.

Picture taken 1917.

Aver-

! Coeffi-

Aver- PATer- |, " Mesn -
Dateofobser- | 28¢ | "gee | Dis. | age | Mean hy- S“,’W of | eient of .
vatiun Waxl | gurface - charge | cross xg#o‘e- |dranlict ¥ater | rough- Deseription of chanmel
st Dwldeh | sseerion | 1% Pragins | Surfeee | mess
' ‘ : .
: |
, Second- Fi. per:
o Feet : Feet frct S ft.; se. | Feet |
June 4, 1917 7.1 423 U3.8 | 19820 474 430 00002307 0.014 | Course, straight; 794 feet long. Cross section, practically mo variation in
d . 713l 424 837.1 1974 4241 432 . 000z .014 shape; for variation in size, see fig. 9, A. Side siopes, smooth and regular.
R [N N Boftom, even and regular. Soil, heavy, dark, silty loam. Condition,
: i practically no vegetation in channel; bottom covered with ¥4 to 1 foot of
} | mud; sides eovered with silt of slimy and slippery nature which was no
' ) I : doubt principally responsible for low value of n.  Construcled, sumtner of
| : : | ; 1916. (Pl 11, A and fig. & A)

! Average maximuam Jdepth at bankful 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.
Aver- | ‘ Coefli-
Date of obser- | 888 ABZZI Dis. | Aavgzr | Mean h}]‘iin Slope of | cient of o
vation mazi- | o ice | oharge | oross | YOO% | drantie| WRLE! | rough- Deseription of chanpel
(ﬁigﬁ; width ‘ section ’ 1Y | radins | Surface n%ss
| ; |
| June &, 1917 L7 48.5 | LeSali 328 | 5 11 6.18 | 0.000642 ; 0.025 | Course, suraight; 858 feet long.  Cross gection, slight variation in shape; for
e *..! Y1200 i | . e . varigtion in size, see fig. 9, D. Side slopes, lefs side fairly regular; right
June 61617 ' 12.4: 53.8 | 20471 33T 5.63 6.12| 000621 i .022 . side rongh and frregular, Bolipwm, slightly irregular. Soil, heavy, dark,
. | ‘ : silty lpam.  Condition, very little vegetation {n channel. bottom covered

with ¥4 fo I foot of mud; sides coated with slippery silt,

Constructed,
1907,

(Pl. 12, A and Fig. 8. D)

T Average maximum depth at bankful stage.



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

 Aver- - i Coeffi-
Aver- Aver- Mean :
i & s Mean - Slope of | cient of
Date of obser- maij- . age Dis- 826 | olse | BV WE}L)ter rough- Description of channel
vation i isurface | charge | cross 3 draulic ;
{mum Fidih section ity ns suriace ness
. depth o
! Jam. 18,1926 | 521 anb 49, 1 [ 130.67 191 315! 0.000883 | 0.033 | Course, crooked; 600 feet long. Cross sectiom, considerable variation in
| Feb. 26,1926 8.2 43.0 321.0 | 1695 L89 3.58 1, 000485 41 shape; for vartation In size, see fig. 20, 1. Side siopes, very irregular and
| Teh, 23,1026 7.1 47.1 415.6 | 21001 1,98 4.04 | .000515 L044 uneven. Bottom, fairly even and regular. Soil, lower part, ight bluish
S Apr. 7,1926 7.6 4G.2 4544 | 2368 | 192 4,35 . 00483 . 046 gray clay, which is hard, waxy, and slippery at the bottom: upper part,
gray silg loam, Condition, very young growih and stubble 0T upper part
of slopes, none on lower part; channel cleared in September, 1925. Con.
i structed, 1907; vegetation cut about every 2 years. (Pl 26, C and fig 19, H.)
June 12,1926 2.8 25,6 70.7 56.2] 1.26 2.02 53.6 | 0.030 | Condition, left slope covered with weeds, right slope with willows, exeept
Sept. 17, 1926 3.2 26. 8 £5. 8 66.8 ] L4 2,28 44 4 -037 near boltemm.
Sept. 7,1926 4.2 31.5 96,3 95,1 1.04 2.7 38.7 . 044
Bept. 13,1926 4.9 36. 2 138.4 1201 5 1.15 3.04 30.1 45
Sept. 6,1926 6.4 43.8 197.1 177.5 1.11 3.68 35,2 . 053
Sept. 5, 1926 7.4 48.2 260.2 | 2354 1.15 4,22 284 063
‘ Sept. 11,1926 8.4 5.8 320.8 ) 243,24 L7 4.7¢ 28.3 a2
_______________ 19.¢

T
'
'
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’
I
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i
v
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'
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i
'
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'
]

1 Average maximum depth at baukful staga.

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

Oct.

1 Average maximum depth at hank-full stage.

Aver- | Coefli-
Aver- Aver- Mean ;
.| aee ise Mean - | Slope of | clent of .
Datve. s?tfi gllnlser maxi su?-%aece cl?ai:ge c?gss veloc- dl_gﬁhc water | rough- Description of channel
MU g section | ¥ | raqins | Surface | néss
depth it
— ! | | | —
Second- | Course, straight; 861 feet long.  Cross section, very little varistion in shape;
Feet . Feet Teet l | se Feet for varigtion in size, see fig. 20, J. 8ide slopes, fairly regular. Boftom,
Sept. 10, 1996 16 268 & 0.0 ¢ 8%7 9| 6o 28| 0.000516] 0.gos| uoevenand frregular. Seil, lower part, yellowish gray clay; upper part,
Yeig 2, 1026 7.3 36.0 1840 1757| 941 437 .000546 lps | lent gray silty elay loam. Condition, In 1924, pewly cleaned leaving
i lé 5! - i o i ! ) * weeds and stubble on side slopes; in 1926, sides covered with trees and
_______________ ‘

vines without foliage. Constructed, 1906; cleaned, winter of 1923-24.

Condition, side slopes covered with heavy .g'mwtlh of popllar trees 2 to 3 inclyes
in diameter, large willows, and climbing vines; thick growth of water
weed on bottom, (Fl. 29, C.)




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

| Aver- |

| i

! | Aver-

. Date of nbser- n?f? age Dis-
vation | muam - S4rface ;. charge

n Sumiace

‘ i depthy | WL

: | - ‘

| Mar. 13,1925 . 27! 1831

i Jan. 19,1926 40 223

Mar. 14, 1025 56 92!

! Feh, 24, 1826 5.8 27.9

Mar. 10,1025 | 58| 281!

Jan, 18,1926 6.0 28.4 !

CApr. 7, 1026 s a7 ‘

age
Cross

| section

Coefli-

3'111%,3_ 8lope of |cient of .

draulic! aler | rough- Description of channel
oot strfage ness

radius Py
64 | 0.000358 | (.056 | Course, strajght; 360 feet long. Cross section, considerable variation in shape;
43 |, 000550 L081 for variation in size, see fig. 20, 1. Side slopes, lrregular. Botlom, very
25 | . 000464 .081 irregular. Spil, lower part, black slippery clay; upper part, gray silty
41 000447 076 clay loam. Condition, about 100 fect of course covered wich dense growth
38 | . 000422 070 of bushy willows, some in bottom; remainder of both slopes covered with
43 |, 000531 . (096 weeds and g scattering growth of willows and poplars 1 to 6 inches In
.24 | . 000300 041 diameter; no foliage; some silting in bottom. Constructed, redredged 1903;

cleared, 1921, (PL 28, A and fig. 18, 1)

Fast Lake Fork Dredged Channel near Ivesdale, Illincis. Approximate hottom

width 15 feet.

Picture taken July 1927.

i Aver-

[

Aver- Aver- | i Mean
Date of obser- rr?ag;i- age Dis- age 355’;! hy-
vation . mum Sdrface, charge | cross ity 1dr:é1_1hc
Cgernp | WedLh section radius
i depth i : .
i : |
i |
Sers. 7,126 | 520 284 b eol| sl oes 3.24
Sept. 51926 6.1 305 7i.2| 126.8 L 61 3.70
_ Bept. 13, 1626 7.2 33. 5 12.6 | 162.1 LT 4.25
Sept. 11,1926 88 45.3 170.8 | 222.2 7 } 4.75
. o195

Sicpe of
water
surface

Cocfli-

clent of

rough-
ness

Description of channel

1 Average maximum depth at bankful stage.

Course, straight: 800 feet long. Cross section, very little variation in shape;
for variation in size, see Figure 20, E. .
Side slopes, rather irregular. Bottom, uneven and rather irregular., Soil,
lower part, vellowish gray clay; upper part dark-gray silt loam. Condi-
tion, dead weeds and stubble on side slopes; channel had been cleared
shortly before March, 1925, Construcled, 1885: redredged about 1804,

Condition, left side rather steep, showing some tendeéncy to cave; brush
larger on side slopes; foliage on sll vegetatiou. (Pl 26, B.)




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

Aver- i : Coefli-
Date of obser-| _BE¢ Aav o | Dis Aav%r Mean !\ﬁe's:n Blope af | clent of
; maxi- g €8 Seloe-| DY Cwater | rougn- Description of channel
vation mum | $Wiace| charge | eross | Vo draulie] GRS | FOCS
depth width section radius n
t I
{ Sept. 30, 1926 2.3 17.0 12. 4 19.2 | 085 106 ! 0.003169 | 0.106 | Course, crooked; 360 feet lomg. Cross section, considerable variation in
{Oct.  3,1025 2.5 17,8 16. 7 3.6 LTl 1.23 . 003408 L 114 shape; for variation in size, see fig. 20, M. Side slopes, irregnlar. Betlom,
Sept. 13, 1928 2.8 18. 8 21. 1 28,4 .14 1.41 0 003422 L122 very irregular. Soil, lower part, dark gray clay with some sand sn
Sept. 4, 1926 3.5 20. 5 34.4 44.2 .78 1.96 | .003131 . 149 pebbles: upper part, dark gray silty clay loam. Condition, slopes covered
Sept. 90,1926 3.7 20.8 43.27 48.5 .93 2.02 | 002956 .125 with dense growth of tall weeds, bushes, and wiry grass; oecasiongl bushy
............... 17.5 . I H I mmemmcme| ecemmmead Willows, and trees 6 to 9 inches in diametes; bottom very grassy, except
: narrow winding steip. Construcled, sbout 1890, (Pl 28, Cand fig. 18, M)
|

i Average maximum depth at bank{ul stage,

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

Aver- Coeffi-
+ Aver- Aver- Mean :
_| 8ge ie. Mean Slope ¢f | cient of|
Datg:tfmogser maxi- ! e cl?a?fg o | 2B | veloc- drl;ﬁ.'lic water | rough- Description of channel
gépm |‘ width section| ¥¥ | radins | Swlace ness
| !
Mar. 26,1925 18 15.0 17.8 13.01 0,99 1.16 | 0.000512 | 0.034 | Course, straight; 1,000 feet long, Cress section, practically no variation in
Mar, 16,1925 2.6 17.3 2.7 30.5 .4 1.65 | , 000 .40 skepe; for variation in size, see fig. 20, K. Side slopes, quite regular.
Mar, 14,1625 3.8 20.0 T 53.4 | L46 2.39 ] .000237 028 Bottom, somewhat, irregular. Seil, lower part, slippery gray clay; upper
Mar. 19, 1925 4.4 21.3 82.0 67.07 1.22 2,78 | .000175 031 part, grayish tan silty elay loam. Condition, good; dead weeds practically
fat on ]szid)e slopes. Construcled, 1886, redredged, 1922, (Pl 30, A and
fig. 19, K.




Sals Creek Rock Channel near Ancell, Missouri. Approximate bottom width 15

feet.

Picture taken March 1924.

]
|
Trate of obser-
vation

i
i

July
D July
Jan.
Mar.
Feb.
Mar.

12,1924 |
10, 1924 |
30, 1973
15,1827
f,1028
18,1927 |

do
Mar. 31, 1927
June 13, 1927
Mar. 31, 1927
June:i 13, 1927

D Aver-

age
maxl-
mim

: depth

0000 1 nT I ST ST ST s B 0 DSBS RD
Red 3 0D GO 00 T sk B =1 00 00 00 =+ D N

ol
. Car Coefli-
Aa‘geer’ Dis- Aa‘g?- ‘ Mean AeAn | 51006 of | cient of
surface  charge  cross 1‘?“’?' | dralilic s‘l];f‘ftaeé-e r"]’_llé%;" Dageription of chanzel
width §section ' radius by
‘ 1547 115.0 35.6] 3.23 1.93 ! 0.001898 | 0.030 | Course, straight; 250 feet long. Cross section, very little variation in shape;
15.6 146, 2 42.0{ 3.48 2,191 .001808 031 for variation in size, see fig. 18, F. Side slopes, fairly regular. REolfom,
15.8 | 156.6 45.0 | 3.49 2.30 | 00175 . 030 guite even and regular. Soif, limestone rock. Condition, same channel
16.1 1 230.3 56.6 | 407 2.6% | .002872 037 as above, enlarged and smoathed by hand. Construcied, December, 1822,
16.3 - 265.2, 6337 419 258 002690 7 (Pl. 23, C and fig. 17, F.)
16.3 280.8 7 64 1| 438 2.91 02913 .037
16.8 333.5 1.5 4.94 3.10 003142 . 036
17.7 810. 6 1128 7. 19 4. 01 003721 L1032
178 884.5 116.4 | 7.60 4. 08 003520 . 030
17.9 9012 119.0 | 7.57 413 | .004188 .033
13.0 937. 5 123.9 ) 7.v3 4.21 004129 . 033
8.0 095, ¥ 124.1 8.02 4, 22 (04937 , 034
8.1, 1,02G.8 127,07 8.4 4.28 | 005018 035
8.2 L0085 I28.8 | T.83 4,31 L Q04654 L035
18.2 i 1,077.0 130.4 | 8.26 . 433 004957 L0834

Cypress Creek Dredged Channel neax Bethel Springs, Tennessee. Approximate

bottom width 15 feet.

Picture

taken 1917.

L oAver-

Coefli- |

; Aver- Aver- | Alesn | ol
" Dateof onser- %88 Tape Dis- age |ean Ty - Blope of feient of intion of chanpel

vation : g‘l‘l‘lﬁ] surface charge © cross ‘;i;“ i draulic S“ 8{?.81; : rot;ggl- Description of chonoe

: - i | : : urface | Des

i depth ® idth ; sevtion radius . | n
I : ;
; | ,
| Feb, 15,1917 ! 0.7 12,5 ¢ 29| 0.8 l 0.67 } 0.002080 | 0.047 | Course, straight; 308 feet long. Cross section, abrupt variations in shape;
} July 23,1817 ¢ 2.3 e .8 214l 178 | 002435 | (47 for variation in size, see fig. 6, J, Side slopes, very irregular and rough.
[« [ T 2.9 13.8 42,1 | 2.4R 0 L.9% ) 001913 I 040 fﬂuitom, uneven; subject 1o variation due to sand deposits. Soil, clay
________________ Laa i 08I,

Condition, exposed perimeter above low water practieally covered
with grass and weeds.

Construcied, December, 1915,
fig. 5,7.)

(Pl 9, A and

L Average maximnum depth at bankful stage.



Sugar Creek Dredged Channel near Henderson, Tennessee. Approximate bottom

width 15 feet.

Picture taken 1917.

| Aver- I . AL Coefli-
" Date of obger. _BEE. A;;: { Dis Aaxgecr-  Mean M8 | glame of | elent of o
vation llflﬂli‘hll surface . charge cross veloe- ; dra?;lic :‘Gﬁfcre r(ﬁ;gg- Descripiion of channel
i depth width | ‘secuon - radius n
H |

Mar. 29,1917 1.9 17.3 231 25.4 | 091 1.37 | 0.000729 | 0.030 © Course, 660 feet long; first half straight, last half curved, Cross section, very
: Mar. 27,1817 2.1 17.3 20.8 20.2 | L2 1.53 | .000825 050 little variation in shape; for variations in size, sec fig. 6, 1. Slide slopes,
i Jap, 4, 1017 | 2.6 18,2 63. 8 39.9 | Lag 1.6 | 000970 L4 upper part, smooth and regular; lower part, rather rough. Boliom, very
; Feb. 13, 1917 335 19.4 1480 ¢ 57.8 | 2.36 257 | .00:232 . 038 rough and irregular with numerous holes.  Soif, stiff clay loam; does not
i Dec. 28, 1917 6.3 .2 32201 118,01} 2780 3.41 00093 .037 wash easily. Condition, sore roots extending from sides of channel; very
i Jan. 29,1917 64 27.4 376, 2 | 117.5§ 3.20 3.42 0 . 001111 . 036 little vegetation in channel, Constructed, Dec., 1915, Kemarks, very
I Jan, 22,1917 6.6 28.2 355.2 1 121.9 | 2.G%: 3,44 | 000820 .38 rough condition of botfom is mainly responsible for high values of = ob-
S July 26,1917 ¢ 6.9 29.2 347.2 128.0 1 271 - 3.4% 000788 L0344 tained, (PL 8 Bandfig.5,1)
. Jan. 5 1917 151 20.9 406, 5 132.2) 3.08 ‘ 3.51 1 . 000855 . 033

! Average maximum depth at bankful stage.

Huggins Creek Dredged Channel near Finger, Tennessee. Approximate bottom

width 15 feet,

Picture taken 1917.

., Aver- . . : Coeffi- |
- ! Aver- - K : H
. Date of obser- %88 &agizr Dis- Aﬂ\geer Mean “?-n Slape of c1ent.0f3 -
vation DA% yirface  charge  oeross | VEHO!drailie| Water | rough- Deseription of chanael
mum it cection | 10 Uagiys | surfees | ness
' : . 4 .
Dec. 5§, 1916 2.0 18.9 49.1° 335.4| 1.39 1.72 0.000738 | 0.040 Course, straight; 618 feet long; part of 1916 course. Condifion, channel in
_____ do_ .. 2.3 19.8 | 63. 2 40.5 1 1.56 LT . 000713 it considerably worse ¢ondition than when first series of measurements were
Dec. 23,1916 2,33 a1 88,2 460, 1.92 2.06 | .000SA8 037 made; more irregular and rough due to caving banks and a great deal more
. Feb. 15,1017 . 2,60 20.2 ) S8.4 | 470 1.8 2,09 7 .000834 036 vegetation in channel. (PL &, A and fig. 6, H.)
CDecs ARG 30, 208 ‘ 15,2 359 2.06 234 L0003 . .036
CJan., 18,1817 32 0 211 123.6 SR8 10 L L4221 L 000832 L0386 |
. MDlar. 3, 1917 25 1 222 143.6 64.5 ] 223 1 2,55 |, 0008%7 .036 |
L < R ) ROV PRRURI A |, [ [
! | | i

! Average maximum depth at bankful stage.



Back Swamp Dredged Channel near Lumberton, North Carolina. Approximate
bottom width 15 feet. Picture taken in 1915.

" Date of obser- Aa\jgeer- Aver- i A‘ver- Mean '_-\}Ile?_n Slape of Ieﬁj::?é-fé‘fi L
| : g\elf;;l width isecmm Y padig ; Surface i nfs "
| R ! : | | -
L Apr 221915 2.5 : 2.5 28,5 25,3 ] 113 | L2200z 0.038 Course, straight; 250 feet long,  Cross section, abrupt variations in shape; for
- Feb. 10,1915 2.0 21 49.0 ) 320 1.25 145 | . 000880 NS variation in size, see fig. 11, B. Side slopes, [airly regular. Botiom, fairly
! May 17,1015 31 3.3 58,61 35.6| L6o. 1,57 ! .0OUBR0: .0B4 regular, some holes. Soil, sandy clay. Condition, mat of overhanging
P Feb, 3,1915 4,4 246! 1268 66.0| 1.9 2581 .0onezd | L 034 ragged roots on both side slopes; no weeds or grass in channel; some roots

Tan. 20, 1915 a1 232 17,9 831 267 288 1 000600 036 . in bottom. Constriccted, winler 1913. (Fl. 13, C and fig. 10, B.)
- May 13,1015 a7 25.8 - 2325 48.8 | 235 3.34 - 000730 038

Jan. 23, 1915 ; 3.73 26.0 235, 1 09.3 ¢ 237 334 LO00640 , . 036
[N ST RO SRR (RO IR IR A

| | | |

! Average marximum depth at bankful stage.

Chawappah Creek Dredged Channel near Shannon, Mississippi. Approximate
bottom: width I5 feet. Picture taken 1913.

i | Coeffi-

! &,:,‘:,r Aver- CAvEr- a0 Mean | o £l el i

Dateof ohger- 28 age Dis- age | Mean . Slepe of | cient o o

Lt pomaxi- . SE oee ¥CEoE- .,i water | rough- Description of channel
vation | mum surface . charge cross ool (Iraullc surface | ness
| i dentn width isecuun: N radius L on
e B . | |
. . . i ! i ! ! VR

I Feb. 51813° 28 | 187 750 4.0 L83 . 1.95| 0000850 | 0.036 | Course, straight; 320 feet Iong. Cross section, very little variation in shape;

ADr. 5 191 T30 312 368.1 1340 2361 420 | 000406 1 034 for variation in size, see fig. 2, 1. Side slopes, quite regular excep$ near

Feb. 28,1913 L 132.6 .08 6.05 5 top and along edge of bottom.  Botfom, quite regular.  Seil varies from a
e 1302.0 : sandy loam &t 107 10 & WXy dlay at bottom,  Condition, very Hitle vege-
! tation in channel; frregularity of upper part of channel due to erosion.
i Constructed, May, 1911. (PL. 2, B and fig. 1, D.}

! Average ruaximum depth at bapkful stage.

11



Coonewah Creek Dredged Channel near Shannon, Mississippi. Approximate
Picture taken in 1913.

bottom width 15 feet.

I Avei-

Aver- | ; Coeffi-
Date of obser- | 32 Aav%r- Dis | age | Mean 1 Mean | Slope of | cient of o
d maxi- & . | veloe- ¥ water | rough- Deseription of channel
vation mum |Suriace | charge | cross § %5 0F | draulic strface | Dess
depth width | section © | radius ‘ n
Apr. 4,1913 i0.6 36.7 850.0 | 286.21 2.47 585 1 0.000620 | 0 043 | Course, straight; 450 feet long. Cross section, rather gradual variations in
_______________ 1120 e ! shape; for variations in size, see fig. 2, E.

Side slopes, very irregular,
Bottem, irregniar and upmeven. Soil, clay loam. Condition, some grass
and other vegetation on side slopes; bottom free from growth. Con-
sfructed, May, 1809. (PL 2, C and fig. 1, E.)

1 Average maximutn depth at bankful stage.

West Branch of Salt Fork Dredged Chanunel near Urbana, Ilinois. Approximate

bottom width 20 feet.

Picture taken April 1925,

Aver- I Coefli-
Date of ohser- | _28€ Aa::;%r Dis. Aa‘é%r Mean | I\g;in Slope of | cient of .
vation maxi- | oo Foce charge | cross veloe draulie; Water [ rough- Description of channe}
(?;Ef% width section | %Y | radips | Surface n%ss

May_ 1,1024 3.4 29.4 ‘ 148.4 B0.£] 1.85 2,50 | 0.001118 0.048 | Course, straight; 550 feet long. Cross section, some variation in shape; for

Apr. 26,1024 3.6 310 1 151.2 83,61 1.69 2,65 | 001216 L 057 variation in size, see fig. 20, D. Side siopes, irregular.  Bottom, rather

Sept. 14, 1925 3.4 32,3} 158, 1 5791 L56 2,77 | .000838 .053 irregular, Soil, lower part, probably clay originaliy bt now mixed with

Sept. 28, 1926 4.2 344 226.3 | 1001} 207 2.92 | .000024 L044 a large percentage of sand; upper part, bowlder clay, quite stony. Con-

Jan. 18,1925 4.4 35.6 202.8 7 1i4.51 1.77 2,95 | 001087 . 058 dition, side slopes vovered with rather thick growth of small trees and
i Mar. 20,1925 4.5 36.7 286.1 | 1123 | 2.40 3.01 | 001141 043 sprouts of maple, elm, poplar, box elder, and some willow, from 14 inch
¢ Feb. 09,1925 4.8 38.6 3011 120.4 1 2.33 3.08 | 001240 L0047 to 8 inches in diameter; no grass; stones on bottem up to 1 foot in diameter;

Mar, 20, 1924 5.1 41,1 ; 392,87 1425 | 2.76 3.20 | .0DO1587 047 no appreciable silting. Constructed, about 1808, (PL 24, C and fg.

Sept., 13, 1925 5.3 42.4 0 370.6 | 149.8| 247 3.25 1 .001220 . 045 , D) .

Mar. 19, 1925 5.7 44 5 . 481.5 ) 165.9 | 290 3.43 | .001427 . 044

Oct. 1,192 5.9 45.7 . 452. 3 176.1 2.66 3.56 | .001234 047

Mar, 14,1625 6.1 46.4 : 483. 1 185.8 | 2.60 3.69 | 001435 L 062

Feb. 25,19% 6.5 481 625.0 | 2080 | 200 3.01 | 001825 . 053

Apr, 81928 6.6 48,2 666.7 | 208.5 | 3.20 3.92 | .001531 .46

Dec. 19,1624 6.9 49.8 699.7 | 2257 | 3.10 4.10 001733 . 052

Sept. 4, 1926 7.0 50.0 696.1 | 227.8| 3.06 4,12 001282 . 046

Oct. 2,192 83 54.5 | 903.0 | 207.5| 3.34 4.91 (01385 . 050

Apr. 7,192 131;8(25 60.5 i L4020, 4052 3.45 5.99 Q01885 | .66

1 Average maximum depth at bankfual stage.



West Branch of Salt Fork Dredged Channel near Urbana, Illincis. Approximate

bottom width 20 feet. Picture taken July 1924.

i Aver- - Coefli-
' ! Aver- ; Aver- - Mean -
Dueororser. S il pis o [N B | Shpeot | dentor Deserption of chusos
valion  ; TOYC surface  eharge ; eross | V500 | draulic S‘:ﬂf‘fge e escription of ¢ha

; deplit width | i section radius ; ;1* |

i : : - ! H

! ! i : T

May 1,1824 271 292 l 148. 4 5.5 258 1.84 ‘ 0.000844 | 0.025 f Course, straight; 480 feet long.  €7oss section, very little variation in shape;
Apr. 26,1924 4 29 0.6 151. 2 6541 2.31 2.01 . . 000808 _030 ; for variation in size, see fig. 20, C. Side siopes, fairly repular. Beitom,
Mlar. 20, 1425 : 3.9 35.5 286. 1 4.5, 3.13 2.4 . 000933 025 | quite flat hul somewhat irregular in places.  Seif, bottom covered with
Feb. 9,1925 | 4.1 39,4 ¢ 3011 | 105.7 . 2.85 .53 © 001085 L031 ! stones and gravel; upper part, bowlder clay with oxidized iron. Condi-
Mar. 19,1925 | 4.9 45,5 | 481, 5 1414 3. 41 2,93 . 000806 L0235 ;  tion, some soall sprouts, bushes and dead grass on side slopes, witheut
Alar. 14,1423 | 5.3 YR 483.1 | 1617 2,99 3,20 . 000744 .029 © foliage; bottom covered with mossy stones at lower end of course, but
Apr. §,1820 5.8 40.8 | BAA.T | 1853 ' 3.80 3.52 1 000958 .030 |  mostly with gravel at upper end. Construcied, gbout 1902 (Pl 24, B
Fab. 25,1926 5.9 40,8 ° 625.0 | 186.2 ' 3.36 3531 00083 . 030 { and fig. 18, C.)

Dec. 14, 1924 4.1 810 G99.7 | 2013 3.48 3721 .000704 o2y

JRES I 6.8 63.4 0 8064 | 23714 3.40 4.14 ¢ 000704 . 030

Apr. 7,1926 9.3 63.6 I 1,402.0 | 3825 3.57 5,71 .000552 . 032 ‘

Monona-Harrison Dredged Channel near Onawa, Iowa. Approximate bottom width

20 feet, Picture taken in 1916.

! | !
! . Aver i .y : | Coeffi- |
Date of obser. | 8E€ Aq\ e(z‘r— C Dis Aa‘ eer . Mean: MeEn Slope of |cient of
it maxi- - PE¢ . a8 ryelog- | {rani water | rough- Description of channel
vation mum  Surface charge eross R Ldrauiied opps | pess
depth ¥ idth seclmn‘ ' radius a | -
! Juns 2,1916 . 4.4 312 i 221.0 ¢ 131.3  1.68 ¢  2.80 | 0.000267 ! 0,027 : Course, straight; 948 feet long, Cross section, slight variations in shape,
: May 22,1016 6.9 7.2 614.0 | 270.8 1 2.27 \ 4.19 | .000261 © 028 abrupt variations in size. Side slopes, quite irregular, particularly upper
| mmmeme e U000 L | R S .. part. DBoftom, fairly regular. Soii, dark silty loam. Condition, con-
: ! siderable growth in upper portion of channel, none in lower; silty material
: ‘ ; ‘ ! deposited on bed and sides of channel. Constructed, 1910, (P1. 13, A and
H i ! i fig, 8, E
[ e l l 1 : i
| ] ; -
" JTune §, 1917 85 518 ‘ 499.0 | 308.0 1.62:  4.82|0.000078  0.036 Practically no change in channel since measurements were made in 1916.
June 9,117 5.8 6l.5 | 546, 5 } 322.1 1.70 492 0001475 032
_______________ 1100 et

I Average ruaximum depth at bankful stage.

Sides of channel slightly coated with mud. Bed and flat portions of the channel sides

was coated with silt.

13



South Forked Deer River Dredged Channel near Henderson,
Picture taken in 1916.

hottom width 20 feet.

Tennessee. Approximate

I

H Aver . A : Coefhi-
i ! Aver- PAver- Rlegn o -
. : 4 : ; Mean | Slope of |clent of ;

Date of abger-; 3%, age Dis- | age |ino3d . =D .

vation - D&% suriace . charge ; cross x?éae | deantic S‘L"ujafﬁe r%‘i%;" Description of chanzel
Cdepth MM “section | ¥ ‘ o

i i 1 | : : -

Mar. 30,1915 l 3.2 26,1 ¢ 115. 2 ‘ 73.3 | 1. 5% ‘ 0000257 | 0.028 | Course, straight; 624 feet long. Cross section, very little variation in shape;

Mar. 1,1916 38 271 169.4 . 890.0 ] 1.9} . 000393 .031 for variation insize, see Fig. 8, C.  Side slopes, slightly irregular. Bottom,
| May 15,1918 3.9 7 4 ‘ 193. 2 915" 211 . 000305 L 025 fairly regular; uneven in places with small depressions.  Soil, heavy clay
¢ May 22,1018 58 30.4 338.0 | 147.0, 2.43 . 000361 029 near bottom: clay Joam near top. Condition, practically no vegetation in
1 May 3, 1918 6.4 3135 ' 434.6 ‘ 168.3 | 2,58 . 345 -029 chanmel. Constructed, November, 1914, (P17, B and fig. 5, C.)
oo 198 |, PR T ‘
J i

1 Average maximum depth at bankful stage.

Lake Fork Specilal Dredged Channel near Bement,
width 25 feet. Picture taken July

1924.

IMinois. Approximate bottom

1 7
tAver- Coeffi-
Aver- Aver- H
age | . Mean Slope of | eient of
Datgaotriggser- . maxi- su?-%: e CEBIE;E C?,(g):q velog- water | rough- Description of channel
mum g * | seotion | 1Y surface | ness
: | depth n
; | ~
' Second- Ft. per, Course, straight; 816 feet long.  Cross section, very little variation io shape;
' Feet Feet feet g1t I see. for variation in size, see fig. 20, T &ide stopes, fairly regular.  Boffom,
Sept. 17,1926 6.8 48 8 185.1 | 221.4 ; 0.84 0.000241 | 0O uneven and irregular. i, lower part, light gray clay. upper pari,
Sept. 7,1026 7.4 50.8 ¢ 192.2 | 233.7 i) L (00244 L0H vellowish gray clay. Cordition, side slopes covered with dense growth
Aug. 25 1024 5.0 52.3 259.7 | 282.3 92 . 000286 . 085 of bushy willows, except near hottom: some small poplar saplings at
Sept, 6,1026 8.5 53.6 244.4 ° 309.6 i . 00023 . 646 intervals slong course; ope silt bar about middle of course, otherwise
Sept. 5, 1926 4.2 55.2 2825 . WY .81 . 000228 . 088 bottom In quite good condition. Consfriscfed, 1883 redredged, 1908.
Sept. 13, 1926 | 8.8 56.1 319.7 | 3722 _86 000214 093
Sept. 10, 1926 ‘ 12.0 1.6 4856.2 | 511.0 .97 | . 000236 . 104

14

Condition, about the same as for above messurements, except that growth
was covered with foliage. This channel was cleared during fall of 1625,
bat there appeared to be s much growth in channel by the fall of 1926
as previous to clearing. (PL 25, B.)



Lake Fork special Dredged Channel near Bement,

width 25 feet. Picture taken November 1925.

C

Nlinois. Approximate bottom

: Coefli- |

intervais along course; ome silt bar about middle of course, otherwise

! J Aver- Mean <
i "~ e Mean . Slope of |clent of ¢

Dms:triggser ! clr});rsge ‘ cioss }"‘,"'"F'J\ draulic| VALET rough- Description of channel
| Usectian i ity | radins | surface n;as
: K ‘ L ) : :
: i ; i ! i 1 !

Jan. 19,1926 158.0 ' 120.4 \ Lat !l 278 o.pooige | 0.030 Course, straight: 816 feet long. Cress seefion, very littie variarion in shape;
; Feb. 26,1926 2061, 189.7 . 1.56 § 8.79 . 000169 .030 ,  for variafion in size, see fig. 20, B, Side stopes, fairly reqular.  Boftor,
i Apr. 6.1925 J‘ 332.0 I 2207 | 130 J 4.19 | . 000148 .032 uneven and irreyular. Soit, lower part, light gray ciay; upper part,

Apr. B 1926 | 4811 2r9 1.65 4.41 © 000142 032 | wvellowish gray clay. Conditien, side slopes coversd wirh dense growth
jome mmmmmem : | ‘ ! + of bushy willows, excepi near bottorn, some small poplar saplings at
1 i ! I

t Average maximum depth at bankful stage.

hottom in quite good conditiom, Chrsfracted, 1883; redredged, 1009

Condition, practically no growth in channel; cleared during fall of 1925,

(Fl. 25, C.)

Bogue Hasty Dredged Channel near Shaw, Mississippi. Approximate bottom width

25 feet. Picture taken in 1915.

September, 1811, (PL 4, 4 and fig. 3, C.)

"4 ‘ I | Coefh- |
Aver- | ! -
: AvEr- Aver- Mean | o [ i
. age A . ‘ Mean .. | Slepe of !vient of
Datsz&riggser S ‘su?;?:('ei cﬁl:ge ‘ Cﬁ; VE%OC_ drgﬂic wﬂfmr | rough- Description of channel
omum oo i SR e i I i surface ness
i [ deptlr © idth isemnn | radius , n |
! I i 1 ;
| e I e R H
| Jan. 5§ 1915 2.55 38.1 B0 1 74.8 © 0.67 : 185 | 0.000152 | 0.035 | Courge, straight; 1,030 feet long. Cross section, slight and gradual variations
Jan. 20,1915 4.05 42.3 1836 - 137.0 0 L3¢ 3.01° 000183 . 031 in shape; for variations In size, see fig. 4, C. Side slopes, right side very
Feb. 25,1915 5,60 47,2 275.9 ! 20001 1.32 4.08 | 000118 -032 | irregalar and caving badly; left side quite regular. Hotlom, rather irregu-
| Feb. 22,1015 5751 47.3° 366.8 1 Z10.8 | 1.T4 4,10 000166 L0280 lar Seil, upper part, dark siliy loam; lower part, light vellow clay.
Feb. 23,1915 . 7.80 : 53.3 | 630.0 ' 3130 | 2.07 530 | . D00 189 029§ Candition, upper part right side slope covered with weeds and small tree
Jan. 23,1915 10.50 58. 2 l 786.6 414.0; L9 { 6.31 | .000157 .035 ©  sprouts; left side slope practically free from vegetation, Censirucied
l |

1 Average maximnm depth at bankiul stage.
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Bogue Hasty Dredged Channel near Shaw, Mississippi. Approximate bottom width
25 feet. Picture taken March 1926.

Aver- y | Coeffi-
Aver- Aver- Alean i
ape . ! Mean - Siope of |cient of
\ Dats of obset-| oy | 288 Dis- 8¢ ioolne.| 0¥ | “water | rough- Description of channet
ation Mo | Sirface | charge  cross | ity draulicl oooeee | ness
depth width section radius 7
i Second- | Ft. per
Feet Feet feet 0 Sg. ft. | sec Feet
! Mar. 13,1928 4.2 40.4 134 ¢ 117 ¢ 116 2 77 | 0.000130 | 0.629 | Course, straight, 1,000 fect long, nearly same as sbove. Cross section, slight,
* Mar. 9,1926 5.4 44.5 204 169 | 1.21 3.59 | .000114 .031 variation in shape; for variation in size, sce fig. 4, D. Side siopes, fairly
fApr. 17,1984 54 45,7 319 . 184 | L1.73 3.79 1 .000147 026 even and regular. Bottom, rather irregular. Soil, same as above. Condi-
. Dee. 17,1925 7.7 1 820 391 26 | 137 5. 14 1 . 000002 034 tion, banks fairly clean and free from vegetation. Constructed, September,
Mar. %1926: 7.7 : 520 463 | 27 | 1.2, §.153| 000140 L34 1511, (Pl 4, B and fig. 3, D.j
S May 28,1924 0 B4 5.2 586 1 3231 1.8t 45.55| .000120 029
I Feb. 25,1924 8.4 56. 5 710 . 37131 190 6.06 | .000135 032
[P 195 | |emmeemaan [ SRR IO S
| ' | i

| Average maximum depth at bankful stage.

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

I . ' | . |
: PAVer g cer | i Aver- | Mean } Coeffi- !
| Date of obser- | 352 age Dis- ‘ age | Mesn: Tpyo | Hleme of | wient of - .
P vation %S gurface  ciiarge | cross “ﬂoc draulic s%ffb:re ‘m"&g': Deseription of thannel
i S width ! section ¥ radius ¢ ot
‘ eptil | i ‘ | no
i i ‘ i ‘__7: i ! ;
| May 13,1026 4.1 | 26,8 ° 55.2 106 0.52 | 2.75 |0.0001315 | 0.082 | Course, straight; 897 feet long. Cross section, slight variation in shape; for
Mav 12,1926 | 5.7 42,4 121.0 . 172, .70+ 3.75 1 0001003 .53 variation in size, see fig. 4, (3. Side slopes, very irreguiar and uneven.
[ (| 6.2 44.0 1410 | 1000 .74 403 ,0000914% 040 Rottom, very irregular.  Soil, dark colored, waxy clay with thin layers of
; May 11,1926 ! B2 47.9 ‘ 258. 0 & 284 .91 531 | .00C0RT0 ‘ . 030 fine sapd which canses slides, Condition, very poor, due to caving banks
| May 28, 1924 | 251 40.0° 313.0 36, .09 5721.0000726 | .0 i and weeds and grass. Construefed, May, 1911; redredged, April, 1923,
| Feb. 27,1924 | &4 ‘, 52.0. 4020 B44' LT 391 0000713 | .038 ‘ (PL 5, B and fig. 3, G.)
_ JUEEE R LI L i : . i iy

1 Average maximnm depth af bankfﬁ] stage,




South Forked Deer River-0Old Straight Channel-Jackson, Tennessee. Approximate
Picture taken in 1916.

bottom width 25 feet.

i Coefli-

I Aver-

: i . Aver- Aver Mean ¢
Dateof obser- | 862 “age Dis- . age ,\'Ilean hy-" | %lape of |cient of - - .

vatlon | 0T surface  charge © cross | VY, 0| granfie | arer |roueh-, Description of channel
i depry | widih s section I'radius  Surface n;ss
L i !

| i | 1 i ‘ '

t Mar. 20,1018 7.0 i 40.0 I 4.44 | 0.000584 | 0.050 l Course, fairly straight; 407 feet lung, C¥ross section, considerable variation in
Feb. 25,1018 B0, 4L7¢ 5.08 | 000734 085 shape; for variation in size, see fig. 6, L. Side slopes, irregular. Butfom,
Mar. 29, 1916 8.3 453.2 i i 5.56 | .GDIOBS . 062 fireguiar with deep holes. Soif, sandy clay loarm. Conditicn, sides of
).:Iar. 4, 191§ 89 43,7 ¢ 5.66 ¢ (00952 .062 channel covered with trees, roets, and vinss and subject to caving: logs,
Feb. 31916 ! . EE 48,8 | ‘ 7.18 5 . 000501 . 050 branches, and other drift on bottom of channel. (PL 10, A and fig. 5, 1)

.............. M _ H

|

1 Average miaximum

depth at bankful stage,

Horseshoe Bayou Dredged Channel near Cleveland, Mississippi. Approximate

bottom width 25 feet.

Picture taken May 1924.

Aver- - i Coeffi-

: . Aver- Aver- Mean | o ;
Date of obser- n?ffi- Coage | Dis age %iﬁ?ﬁ? | by ‘-\l\c"gtee,rof (i“lf:?ggti.?-r Description of channel

vation mum | Surface | charge Crosg 3 draulie surface ness 1Btz A
! depih | width i section i radius "
: ! - ! : ‘ !
. June 26, 1926 411 384 108.2 12427 0.86 307 | 0. 000218 | 0.053 | Course, straight; 1,020 feet long. Cross section, slight variatien in shape;
! May 11,1926 10! 1204 1206 100 3.00 ., .000130 035 for variation In size, sce fig. 4, 1. Side slopes, moderate irregularities
[ do________ 4.3 178.0 - 183,01 L16 3.58 © .000131 035 caused by erosion and some caving of banks. Bottew, rather rough and
- Drec. 14,19 8.3 5T7.00° 3040 190 4.63 1 000180 033 irregular.  Spil, stiff dark clay loam. Condition, 4 few shors weeds in
S N 2 | channel; 2 small bars in bottorn where laterals cnter.  Construcled,
i Degember, 1921, (PL 5, Cand fig. 3, 1)

! Average maximum depth at bankful stage.




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

Aver- Coeffi-
Aver- Aver- J Afean -
Date of obser- n?fsi- | age Dis- | age ‘L'Zlcg;-l . by S;(')a?til? ! l13'15111] tJJU-f Deseription of channel
vation am | surface charge  cross | 5o jdraulic] oo et HPES p
depth | wiith | ! section i rading n
‘ Fi. per:
Feet Feel Sy ft. | sec. | Feet
| Mar. 20,1616 . 45 43.6 6.1 | 2,24 3.61 ) 0.00057t | 0.038 | Course, fairly straight; 534 feet long.  Cross section, rather gradual variations
Feb. 25, 1518 6.1 46,0 249,0 | 219 4451 . 000352 . 046 in shape; for variation in size, see fig. 6, K. Side-slopes, very irregular,
Mar, 29, 1916 7.3 49.8 305.0 | 2,41, 5.33F 000452 LG4 Botiom, very rough and uneven. Soil, sandy clay loam, Condition, very
Mar. 4,1918 7.5 a0.3 . 315.6 2,27 5043 . .000300 ¢ ,037 little vegetation; few obstructions in channel. Constructed, August, 1914,
O N U [, [ (Pl.9, B and fig. 5, K.}

1 .A-verage maxirnur depih at bankfal stage.
Dredged Ditch No. 1 near Shaw, Mississippi. Approximate bottom width 30 feet.
Picture taken March 1926.

A

! Coeili-

Aver- : )
. AVEr- PAver- .. Mean
Dateof obser- 8 age Dis- | age >80T Slepe of |ient of _—
vation maxi- e charge cross | YEives | draulie | vater \rough— ‘ Description of channpel
| [Ijreiljltnl width -  section : radius | S4rfece noss
‘ _ : | |
i | i P s

Mar. 8, 1925 4.8 44 4 163.0 . 130.8 0 1.03 | 3.2 | 0.000184 I 0.041 | Course, nearly straight; 995 feet long, Cross section, some variation in shape;
i Mar. 11,1926 5.4 46.4 206, 0 177.0 L16]  3.64 | 000176 . 041 for variation in size, sce fig. 4, J. Side siopes, irregular, varying from
e e 180 . e e e e [ | I mmean steap to almost flal,  fHotlom, somewhet irregular,  Seif, dark clay loam.

! ; ’ . ! ‘ ‘ Condition, growth of short grass and dead weeds in ehannel, perimeter
: rather rough, Constructed, February, 19220 (P16, A and fig. 3, 1)

1 Average maximum depth at bankfil stage. 18



South Forked Deer River-0ld Crooked Channel-Jackson, Tennessee. Approximate

bottom width 30 feet. Picture taken 1916.

Aver- . - Coefli-
: Aver- - Aver- - [
enp. | BEE A A ¢ Blope of - cient of

DaL&f}[ijggscr U omaxi- ﬂﬁ"?‘h-e chDang ;a& iowater | rongh- Description of chunoel

mum St T section | ©osurface  ness

deptly : i 7
I —_— -
1 i
! Mar. 20, 1915 5.1 : 0. B037T 0,152 | Course, very crooked, containing four distinet eurves; 703 fect long at low
. Feb. 25,1018 6.3 L 003812 L1162 water. Cross section, large variations in shape; for variation in size, see
- Algr. 29,1915 T.6 1 - 003450 156 fig. &, M. Side slopes, very irregular. Bettom, very irregular and full of
i Mar. 4,1915 7.8 ‘ L 002709 146 holes. Seil, sandy clay loam. Coadifion, many roots, trees, and bushes
| Feb, 3,1918 11,1 . 001486 om sides, and many logs, large trees, and other drift on bottom; trees are
,,,,,,,,,,,,,,, 113.0 ,cﬁnntin%lgii)ly faliing into channel, due to caving banks. (FL 10, B and

E. 3, M,

Average maximum depth at bank-full stags.

Cummins Lake Dredged Channel near Gould,

width 30 feet. Picture taken March 1926.

Arkansas. Approximate bottom

Aver-

. Coelli-
cient of
crough-
| mess i
7

Desciiption of chanpel

o . Aver- Aver- . Mean .
Date of obser- | -ﬁ%f], age Tois- aue M“m lry- Sl?l‘e‘nf
vation | 0T surface’ cllarge  cross VRIS graglie  WAler
P lenen . width fon tadius | SUTACC
sdepil ' | H
s \ ; T =
i Feh. 1% 420 41 111 231 0.000574
CApr. 2 5.0 48,2 | L300 302 Q00473
. Dec. ; 600 537 L2y 36l MRS
- Jan. 22,1926 G2 63.1 1. 48 878 000284 ¢
P Jan. 21,1928 9.9 6.3 LPF 0 6.22 ] 000304 |
! 9.9 6L3 1820 5.23 7 000309

o -

D62

035
L+ B
052 i

¢ 0.057 | Course, straight; 710 feet long.  Cross section, very littie variation in shape;

for variation in size, see Hp. 13, B. Side siopes, fairly regular.  Hoftom,
fairly regular. Soif, upper, sandy loam: lower. silty clay. Condition,
growth of willows in channel § 1o 10 feet high except on upper part of side
siopes and narrow strip of chanmel, willows about one year old.  Con-
structed summer 1924 (PL 18, B and fig. 14, F.

19



Cummins lL.ake Dredged Channel near Gould, Arkansas. Approximate bottom
Picture taken June 1926.

width 30 feet.

’ Aver- Aver-
Date of obser- | 252 | “age Dis-
vation mum |Surface | charge
} depth width
) t i ; !
| May 12,1626 4.0, 41.8] 55.9
| Nov. 11,1426 7.1 57.8 4 341
P Nov. 5,192 8.4 6l 410,7 .
(RPN B I T ORI

Aver-
age
Cross
section

104. 5
2826
338, 8

ity

0.33
1,20
121

Mean,

" ) ‘ Coefti- |
M‘if‘_n | Slope of jcientof
veloo-! g te| Water i rough- Description of channel
N : surface | ness
‘ radius [
j F
: 2.41 0000273 | 0.078 | Course, straight; 710 feet long. Cross section, very little variation in shape;
Y484 . 000300 L0608 for variatlon in size, see fig. 15, E. Side slopes, fairly regular. Bottom,
522  .000313 070 fairly regular, &eil, upper, sandy loam; lower, silty clay. Condition,

graowth of willows in ehannel 6 to 10 feet, high except on upper part of side
siopes and narrow strip of channel. willows abott one year old. Con-

1 Average maximum depth at hankful stage.

structed summer 1924

Clourse, same as above, Condition, practically the same, excent that wil-
lows and other vegetation are in full foliage. (PL 18, C.)

South Forked Deer River Dredged Channel near Roberts, Tennessee. Approximate

bottom width 40 feet,

Picture taken in 1916,

Aver- r . Coeft. |
Date of obser. | _82¢ A;g’ | Dis AVEL | pfoan Lg“f“ Slope of | cient of| o
[ maxi- | | veloe- ¥ water | rough- | Description of channel
vation mum Surface| charge | cross | "o N ldranlic| o Sen | Ve
j depth ; widt ‘ section ¥ | radius b
; S :
| i Second- B, ‘
Feet | Feet | feet Sg.ft. | sec. | Feet . ) e
Feb. 26,1016 7.7 5.0 | 6143 | 3284 | L87 5.76 | 0.000084 | 0.026 ; Course, straight; 1,412 feet long. Cross section, very litile variation in
Feb. 10,1916 8.4 52.4 | 798.2 | 390.0 ' 2.04 6,50 | 000064 .02 - shape; for variation in size, see Fig, 6, A, Side slopes, regular and smooth.
Mar. 20, 1916 9.5 ‘ 53.4 | 919.4 | 431.8: 218 6.84 | . 000086 .025 ;  Bottom, even and fairly smooth. Soil, lower part, hard clay; upper part,
;Apr, 4,1816 10,3 a&4,5,; [,252.1: 4850 J 2.70 7.28 | .000124 024 | clayloam. Condition, no vegetation or obstruetions of any sort in channel.
| Mar. 4,191, I0.8 552 ‘ I, 502, 8 | 4940 3.4 7.55 | .000166 L0235 ‘ Consiructed, October, 1915, (Pl 6, C and fig. 5, A.)
............... 1130 ;

1 Average maximum depih at bankful stage.

20



Bover River Dredged Channel near Missouri Valley, lowa.
Picture taken in 1917.

width 40 feet.

Approximate bottom

of al Coeffi- ©
I ¢ f |zient of
Date of obser-. 8% 1 age ¥ one a !
vaLion WA suriace | churge | oross “fi?,“ draulic| Al r?}fcﬁh'
[’leb‘ufl width i ;secrion . Y radiu&s‘ suriace o _n”
June & lolr 33 | D34 42 0.000EH0 | 0.0%3
CTane LIS, D ( Bat0 s5R . 00225 | 0%
CJune 61917 s | 4. 08 0 i L 0001883 030
Juoe 4 1%V [N 4.25 Su 0 0001278 g
t Joaze ! £50 L 0001255 ROF
BEYT U RS D
S . - _‘ —_—
I Average masimum depth at bank!ui stage.
Mezin Dredged Channel near Vero, Florida.

Picture taken in 1917.

Description of channel

Course, straight; 868 feet long. Cross sention. conslderable but gradual
variations in shape; for variation in size, see fig. 9, C. Sidr vlopes, fuirly
regular. Jottom, semewhat uneven and 1rreruhr Sotl, upper part,
dark silty loam; lower part, hard yellow clay.  Condition. plactically no
vegetabion in (,harme] battor and sides coated with kyer of slippery
silt. Construcicd 1910, (P11, C and pig. & Co

Approximate bottom width 40 feet.

Aver- . 5 ; ‘

L Aver- Mean !
Date of abser- : -a-,_ge: uge Ts- \'{Je'm Ity-
vation PHEES oprface cliargs “t”,l" draulic
Rt N Lo} :sethun Y radius
HATAN

‘ Aug 130916 1 1z 4.6 0.02] 082
Nov, 2,18 ! 22 GL4i 144 1.70

‘ Oet. 5, 1818 oa 138. 6 | 147 2.25
. Ogt. 28, 1956 5.3 27| 199 411
i Oet. 26,1916 ¢ 6.4 473 | 2.40 .26 |
i ,,,,,,,,,,,,,,, PI0L0 e e | o i
| i

- ' [ ozl om
| Sepl. 1n1917 . 3.2 wao!l wzl 2wl
Qet. 19, 1917 4.7 2549 2.27 3.41 ¢
Sept. 27,1617 | 5.1 260.0 | 2.22 3.68
Sept. 25, 1917 ! 5.7 307.1 1 2,32 4. 18
ceeceeo. L1040 e cawarm—eoiaa H

1 Average maxitnum depth at baukful stage.

|
| Coeffi-!

2lepe of |
walar |
surface |

RTS8 |

0, (00406

- 000407 |
000416

L 000RTL |

vieng of
O Jb
LlEss
T

-032
-2y

'J-if:

0.000625 | 0.034 1 Courss, straight; 1,000 feet long.

Deserintion of channel

Cross section, slight variations in shape;
Side slopes., fairly uniform ard regular
Fotlom,

Condilion,

Lonstracted,

for variation in size. see fig. 13, D
for lowest three stages; rough and irregular for highest two.
fairly even and regular, Sotl, sand on boftam, clay on sides.
some vegetation in luwer l)al‘t, of channel; flat sand bars,
December 18ta. (PL 16, A, and fig. 12, D.)

0,024 4, Condition of ehaunel, about the satne as Tor the 1916 measnretnents. For

-030
- 33
-040

variation in size of chiannel see fig. I3,




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

| I !
! Aver- . ! Coefl-
‘D e ofobser. . g8 _-\a‘:gir- _ AVET- |y ean Nﬁesfm Slope of | cient of o
| Da e ofo | maxi- = . veloe dranl water | rough- Desecription of channel
ation | mum |Surface| chargs | cross . Ty raulic | ootace | ness
depth | width ‘[ Isection radius By
. i jr——— - -
I May 13, 1925 R0 ‘ 989 ‘ 447.1 | 548.5 | (.82 5.39 0. 0DDOZEL 1 0.032 | Course, straight; 1,600, feet long.  Cross section, some varlalion in shape;
‘ May 12,1425 831 1002 i 636.3 . 577.6 | 1.19 5,60 . 0000587 033 for variation in size, see fig. 15, C. Side siopes, irregular. tsottom, rather
| Jap. 23,1926 1L7 . M2 1,385 9497 146 7.5%4 . 0000937 043 irregular.  Soil, upper, clay and sandy loam; lower, silty clay. Condi-
| Jan. 25,1926 oLy Po1e3 | L4401 ] 83180 153 7.85 | . 0000944 .04l tion, some silting in channel; thick growth of willows and eottonwood
Nov., §1025 0 120 1249 1,3536.2 11,1109 | 1.38 8,32 1. 0000U82 050 trees cover most of left bank and ahsut half of right bank; very little under-
[ L1180 | ,,,,,,,,,,,,,,,,,, PR R FO RN RN PO growth, due to pasturing; grass on slopes; lower part of channel compara-
H | | i tively free from vegetation, except for snme willows on small islands near
‘ ‘ . ! ufpgr)end of course. Consfructed, February, 1918, (PL 18, A and fig.
: )
| | l '

L Average muximum denth at bankiul stage,

Bogue Phalia Dredged Channel near Helm, Mississippi. Approximate bottom width
45 feet. Picture taken in 1913,

|
b Aver . . Coeffi- |
Date of obser- 2 AAW‘{;&r Dis- Aa‘gg— Mean I\ieﬁn Slope ot |cient of | s .
vation ey isurface| charge | cross veloe- | gralic e r%%%?' : Description of channe
depth width section | radits o
! 1
Second- Ft.per'
| Feet Feet fect Sq. ft. sec. Feel :
s dan, 14,1915 - 4.20 5.5 48R.5 1 192,00 2.4 3.11 10900297 0.9022- . Course, straight; 1,003 feet long.  Cross secfion, very little variation in shape;
Feb, 13,1815 1 6.201 633 678.4 ¢ 320.0 212 4,61 | . (0159 025 for variation in size, sce fig. 4, A. Side slopes, left side, quite regular;
| Feb, 11,1915 ' §.05 €8.3 06,4 | 440.0 ) 2.06 . 5.79 ! 000132 028 ¢ right side. fairly regular. FRotiom, smooth and even. Spil, lower part,
; Feb. 14,1815 9.45 Y250 1,102.1| 3350 206! 6.65  .000118 L0268 . sandy clay loam; upper part, clay loam of close texture, Condiffon,
D Feb. 49 1615 10.85 | 76,5 1,363.2 640. 0 2.13 I 7.49 . 000104 .029 - excellent, very little vegetation of any sort; lower part of channel more
Sen 973915, 1L10) TT.3, L63R0 | 600 2491 T.67 | 000127 .027  uniform and regylar than upper part. Construcled, May, 1913. (PL
cFebo B1915; 1220 7941 L6500 TR0 2200 838 . 000102 . 030 3, Aand fig 3, A
el 219150 1480 #81 314281 970,00 3. 10.00 I 000146 L031
‘ Feh, 4,1915 1 14.80 86,1 2,928.4 ), 870.0 ., 3.02 10.00 | . 000165 L031 .
_______________ L I N ORI PR SRR FRR O NN
| I




Main Dredged Channel near Fellsmere, Florida. Approximate bottom width 45

feet.

Picture taken in 1917,

| [ |
Aver- - . Coeffi- *

Date of obser. . 328 Aa‘ c;r- Dise | - Mean © gigne of - eient of- .
j Date olobser- g, & &0 A8 ooloe-1 L 0¥ water | rough- Deseription of channel
i vation mu Surface | charge © cross ity ldraclie  guitace © pess
; depth wigth sect.on | radius n |

‘ !
i ' Becond- - IFt. per!
. Feet - Feet feet . Sqft. | see. | Feet . . N e .

! Qet. 12,1916 1. 40 45,5 48,81 4d 2] L01 1.05 | %.000328 | 0.025 | Cowurse, stralght; 2,000 {eet long. Cross section, slight variations in shape;
I Dee. 17 46. 4 4.7 1 631 1027 132 .000260 .02 for variation in size, see fig. 13, A.  Side slopes, lower, fairly regular; upper,
| Bept. 56 756 . 5062 2080 L 3,83 | 000222 032 rather irregular. Bo#em, regular and even, Soil, coarse sand ou bottom,
[ &7 TA.5 5340 362,20 LT 383 000188 L0291 clay on sides. Condition, some vegetation, prineipaily dog fenanel, for
. b 765 558.6 7 314.8 1. \ 5.97 1 .000205 030 | higher stages; practically no vegetation for lower stages. Constructed,
| B ; _______________ O P PR, i November, 1911. (PL 15, A))
! | | :
! i : : i
| Feb. 10, 1917 1.6 45,6 | 44,2 48.1 | 0.92 1.05 | 0.00025% | 0,025 | Condition of channel practically the same as during the 1916 mneasurements.
| July 12,1917 2.3 49.3 | %.7 | 83.1| L13 1.66 | .000235 | .027 1 For veriation in size of channel see fig. 13, B. See fig. 12, B, for cross sec-

Qr:t. 18, 1917 3.2, 535 186.4 127.7 1. 46 2,33 | . 000236 L 027 tion.

Sept. 29,1817 . A0 688 0B 1| 2414 | Le7- 215 | 0002001 027 i
i ----- do.. . | . 1"3 ‘ 88.3 46,8 | 4419 1.69 4.8 | . 000185 . 036
e ! o,

! Average maximum depth 8% bankful stage.
Dredged Ditch No. 43 of Cypress Creek Drainage District near Arkansas City,
Arkansas. Approximate bottom width 55 feet. Picture taken July 1926.

Deseription of channel

\ , . i 1
: Aver- | ; Coefli-
! o Aver- ! | Aver- Mean :
 Dateofobser 1K age . Di- . age ggfgg} . h%h S‘lgé)t% of (lt_l(;allilé of
! vation ~'" isurface | charge | CIOSS 5 raulic
R ‘ é’é;?ﬁ | width ‘ |section | %7 | radius surface n;ss
‘ \ 1 . ‘
| ! ! |
| Second- l . per
Feet Feet feet Sq. ft. | sec. Feet
t May  3,1524 4.1 68,2 150.7 | 206.5 | 0.7 2.92 0. 0000630 | 0. 032
Feb. 19,1928 4.7 70. 4 250. 1 250. 6 100 3.42 L, 0000807 030
| May 11, 192¢ 6.0 4.4 3TLY2| 8362 110 4,34 | . GOCOTOR 031
Mar. 7, 1928 : &9 85,0 1,17s2| 660.0| LT 7,18 1, 600082 . 030
) Jan. 26, 192 4.1 Bid Q.6 | 670.2 | 1.34 727§ . 0003555 . 034 Constricied, Seplember, 1824,
Jan. 23,1926 0.3 . 88.0: 1,401.2 | £93.9 . 2.02 7.47 1. 0001000 J030
‘ Mar. 7,1926 10,9 $7.1 1,648, 7 | 743.0 ] 222 7.87 . 0000958 L028
- Mar. 9, 1928 11,2 89.7 | L3740 TAB3 . LTY 8,06 | . 0000707 .0aL
C Dee. 16,1525 12,6 9. 4 L8R5 0 BU6.Y: 1.99 8.99 | . GOOOT37 . 030
‘ 2\‘ov 3, 1825 | 18, 2 098.6 | 3,460.8 1,235.9 | 2.75 | 11.27 | .0000USS 029
i Nov. 13,1825 163 0.7 3.063.1',3143 233 | 1161 |.0000649 029
Nov. 9,1825 17.2 100.8 | 3,385.5 .1,348.0 | 251 11,97 | . 0000792 J .030
¢ Nov. 10,1925 17.2 100.8 | 3,407.5 il, 346, 7 } 2.53 11.76 | . 0000836 ¢, 030
[T, V180 || NS PSSO FS R N
! 1

Course, straight; 1,710 feet long.  Cross section, not much variation in shape;
for variation in size, see fig. 15, A. Siue slopes, somewhat irregular.
Boftom, 1ather itregular and uneven. Soil, heavy silty clay. Condi-
tion, practically no vegetation ot obstructions in channel; newly dredged.

(Pl 17, & and fig. 14, 4.)

1 Average maximum depth at bankful stage.



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

’ |
Aver- i Coeifi-
Aver- Aver- ! Mean ?
; _| age i Mean | Blope of | cient of]
Datg;;fig];)ser maxi- | 8% Ck]lja][‘sge e | veloe- drgﬂlic water | roughe Description of channel
Juakiieg} : ; ity F surface { ness
| width section radius .
: depth n
Mar. 15,1928 B8 121 o4 Tse | 125 | 5.09 0.000072 0.036 ‘ Course, neariy straight, slight curve at lower end; 1,554 feef long. Cross
Nov. 17,1925 10.4 ! 132 1,080 | 865 | 112 710 L 0p00s6e . 041 section, very little variation in shape; for varistion in size, see fig. 4, B.
Mar. 7, 1926 1181 142 2,867 | 1,157 | 2.48 7.92 . 000214 L037 | . Side slopes, very irregular.  Foffom. irregular and uneven. Sgif, elay
Mar. 96,1928 i2 5 147 2,383 1, 280 1.89 8.32 i . 000106 . 036 lpamn, sandy bottom. Cordition, weeds and small trees along banks;
Jan. 22,1926 . 12.8 150 2,875 | L3100 2,19 851 | 000139 . 038 nataral channel; was cleaned of all growth and obstructions in 1915,
Mar. 81926 | 13.5 154 3,084 | 1,405 0 2.18 8.8 !.000132 « .06 {PL 3, B and fig. 3, B.)
Feb. 29,1924 14,3 160 3,192 1 1,527« 2,09 0.25 1, 000109 G636
Dec. 17,1925 ‘ 14. 5 162 3,000 | 1,550 i 1.64 9.32 000112 040
Feb. 28 1924 | 15.6 168 4,033 | 1,751 i 2,30 | 16.06 . 000138 038
_______________ RIS 8V I R FAPRUPRUIRI FPUSRUO SRR URUEPR RSN ORI,
| i

! Averége maximum depth at bankful stage.
Natural Channel of Embarrass River near Charleston, Illinois. Approximate
bottom width 100 feet. Picture taken in 1926.

: Aver- Coeffi-
i H Avar- Aver- | Alean H
i Dateofobser-; 2% " ape Dis- | age |1e8| “hy o | Blope of | cient of Descrinti
. vation | maxi- e charge cross | Yeloe- dratlie water | rough- escription of channel
| mum = . f ity di suriace ness
depth width : section radiuvs Y
: :
| | Second- Ft. per
| Feet | Feet ' feet Sq. .| sec. Feet
Apr, 13,1826 l 8.7 1 136.3 | 1,974.9° 9453 2.09 6.52 | 0.000136 | 0.030 ; Course, straight; 1,000 feet long, Cross seciion, very little variation in
Feb, 27,1428 - 9.9 1464 | 25007 1,119.2 223 7.32 | 000128 . 030 shape; for varigtion in size, see fig. 20, A, Side v{opes, somewhat irregular.
Apr. 10,1826 . 13.5  180.0 | 4,265.4 {1,760.1 - 2,31 9.04 [ 000128 . 031 Betlom, fairly even and regular. Soil, lower part, light gray silty clay;
Bepr. 14,1926 1 137 1821 | 43189 |1,740.7 2.48 915 | 000128 032 upper part, light tan silt leam. Cendition, battom comparatively clean
Sept, 12,1926 | 16.2 2191 | 5,868.6 (2,275.5 | 258 995 | . 000140 . 034 and smooth, upper part of side slopes covered with large trees; natural
Sept, 91926 | 17.6| 237.4 | 6.237.4 [2,605.8 | 2,39 | 10.45 | .00G0R7 030 channel. (Pl 24, A and fig, 19, A}
Oct. 51626 - 118.3 243. 2 ‘ 8,857.0 13,0116 [ 2,94 | 1172 | .000LT5 038

! Average mazimum dJepth at bankful stage.

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

24 i U.S. Government Printing Office: 1976—659-624,165 Region Ma. &



PREFACE
SUPPLEMENT B

HYDRAULICS

This supplement expands and augments subsectlion 4.X of the
Hydraulics Section of the'Engineering Handbook.

The objective of Supplement B 1s to present a systematlc pro-
cedure for the estimation of n values for use in hydraulic computa-
tions associated with natural streams, floodways and drainege channels.

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

August 1, 1956
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This supplement describes a method for estimating the roughness
coefficient n for use in hydraulic computations associated with natural
streams, floodways and similar sitreams. 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 &ll other types of irregularities of the channel
and prefile. In shorit, n is used to indicate the net effect of all
factors causing retardation of flow in & reach of channel under considera-
tion.

There seems to have develcped s tendency to regard the selection of
n for natural channels as eilther an arbitrary or an intuitive process.
This probably results from the rather cursory treatment of the roughness
coefficlent in most of the more wldely used hydraulic textbooks and hand-
boocks. The fact 1s thait the estimation of n requires the exercise of
critical judgment 1n the evaluation of the primary factors affecting n.
These factors are: irregularity of the surfaces of the channel sides
and bottom; variations in shape and size of cross sectlons; ohstructions;
vegetation; meandering of the channel.

The need for reslistic estimates of n Justifies the adoption of a
systematic procedure for making the estimstes.

Procedure for estimesting 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 g
modifying value asscciated with each factor. The medifying values are
added to the basic value to obtain n for the channel uncder consideration.

In the selection of the modifying values associated with the 5
primary factors 1t is important that each factor be examined and consider-
ed indepéndently. 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 meassure or indicato:
of retardance. Therefore, in each case, more critical judgment msy be ex-
ercised 1f it 1s recognized that as conditions associated with any factor
change B0 as to induce greater turbulence, there should be an increase in
the modifying value. A discussion and tabulated gulde to the selection
of modifylng values for each factor 1s given under the followlng procedur-
al steps.
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lst step. Selection of basic n value. This step requires the selec-
tion of a basic n value for & straight, uniform, smooth channel in the
natural materials involved. The selection involves consideration of what
ray be regarded as a hypothetical channel. The conditions of straight
alignment, uniform cross section, and smooth side and bottom surfaces with-
out vegetation should be kept in mind. Thus the basic n will be visualized
as varylng only with the materials forming the sides and bottom of the
chammel. The minimum values of n shown by reported test results for the
best channels in earth are in the range from 0.016 to 0.018. Practical
limitations associated with maintaining smooth and uniform channels in
earth for any appreciable peried indicate that 0.02 is a realigtic basic n.
The basic n, as it is intended for use in this procedure, for natural or
excavated channels, may be selected from the table below. Where the vottom
and sides of a channel are of different materiale this fact may be recog-
nized in selecting the basic n.

Character of channel Basic n
Channels in earth 0.02
Channels cut into rock 0.025
Channels in fine gravel 0.02h
Channels in coarse gravel 0.028

2nd step. ©Gelection of modifying value for surface irregularity. The
selection 1s to be based on the degree of roughness or irregularity of the
surfaces of channel sides and bottem. Consider the actual surface irregulari-
ty; first, in relation to the degree of surface smoothness obtainable with
the natural materials involved, and second, in relation to the depths of flow
under. consideration. Actual surface irregularity comparable to the best sur-
face to be expected of the natural meterials involved calls for a modifying
value of zero. Higher degrees of irregularity induce turbulence and call for
increased modifying values. The table below may be used as a guide to the
selection.

Degree of irregpumiarity Surfaces comparsable to Modifying value
Smooth The best obtainable for the
materials involved. 0.000
Minor Good dredged channels; slightly

erocded or scoured side slopes
of canals or drainage channels. 0.005

Moderate Falr to poor dredged channels;
moderately sloughed or eroded side
slopes of canals or dralnage
channels. 0.010

Severe Badly sloughed banks of natursal
channels; badly eroded or sloughed
sides of canals or drainage channels;
unshaped, Jjagged and irregular sur-
faces of channels excavated in
Tock. 0.020
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Srd step. Selection of modifying value for variations in shape
and size of cross sections. In considering changes in size of cross
sections Jjudge the aspproximate 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 swall sections where the changes are abrupt. The
degree of effect of size changes mway be best visualized by considering
it as depending primarily on the fregquency 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 chanpnel. Shape changes causing the greatest turbulence are those
for which shifts of the main flow from side to side occcur 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
elther side. Selection of medifying values may be based on the follow-
ing guide:

Character of variations 1n size and
shape of cross sections Modifying value

Changes 1in size or shape occurring
gradually 0.000

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

Large and small sections alternating

frequently or shape changes causing

frequent shifting of maln flow from

slde %o side 0.010 to
0.015

Lth step. Selection of modifylng value for obstructions. The
selection 1s 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 obstructicns, consider: the
degree to which the obstructions occupy or reduce the average cross
sectional area at varlous stages; the character of cbstructions,
(sharp-edged or angular objects Induce greater turbulence than curved,
smooth-surfaced objects); the position and spacing of obstructions
transversely and longitudinally in the reamch under consideration.

The following table may be used as a guide to the selection.
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Relative effect of obstructions Modifying value

Negligible 0.000
Minor 0.01C to 0.015
Appreciable 0.020 to 0.030
Severe 0.040 to 0.060

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 arcund and between the limbs, stems and follage,
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 1s partly relat-
ed to its resistance to bending force. Furthermore, the amcunt and
character of foliage; that is, the growing season condition versus dormant
season condition is important. In Jjudging 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: ) effept 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 1s 2 to 3 times the height of vegetation. Low 0.005 to 0.010

Supple seedllng tree switches such as willow,
cottonwood or salt cedar where the average
depth of flow is 3 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 iree seedlings with
moderate cover where the average depth of
flow is 2 to 5 times the height of vegetation. Medium 0.010C 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 radilus is greater than

2 feet.
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Turf grasses where the average
depth of flow is about equal tO
the height of vegetation.

Dormant season, wiliow or cotton-

wood trees B to 10 years 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

Growling season, bushy willows about

1 year old intergrown with some weeds
in full foliage along side slopes, no
gsignificant vegetation along channel
bottom, where hydraulilc 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 cettails aleng channel

bottom; sny value of hydrsulic radius

up te 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
walue for vegetation way 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 modifylng 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 subiotal of ng .
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Let {b - the straight length of the reach under consideration.

{ﬁ = the meander length of the channel in the reach.

Compute modifying value for meandering in accordance with the following table

Ratio {m/{s Degree of Modifying
meandering value
1.0 to 1.2 Minor 0.000
1.2 4o 1.5 Appreciable 0.15 ng
1.5 and Severe 0.30 Ng
greater

Where lengths for computing the approximate value of {m/{s are not readily
obtainable the degree of meandering can usually be judged resscnably 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.

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

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

The reason for and effect of subdividing cross sections 1s 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 sectilon into two parts; one subdivisiorn being the channel portion
and the other the flood plain. More than two subdivisions may be made if
conditions indicate wilde variations of n. However, in view of the practical
aspects of the problem, more than three subdivigions 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 comsidered. Although
conditions wight 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 comn-
sider all factors except meandering. 'That 1s, the estimate would employ
all of the procedural steps except Step 6. Flood plain n values will
normally be scmewhat 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
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factors requiring most careful conslderation are obstructions and vege-
tation. Many agricultural flood plains have falrly 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
sectlion surveys are being made. The actual estimates of n may then be
made in the office. This will require tralning 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 E.l.
With cross sections located as shown, field notes should describe the
channel and flood plaein conditions through the reach indicated as a
basis for estimating the n values (assuming subdivided sectioms) 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 where n has been determined so
that comparison between the estimated and actual n can be shown.

Channel: Camp Creek dredged chamnel near Seymour, Illinois;
see USDA Technical Bulletin No. 129, Plate 29-C for photo-
graph and Table 9, page 86, for data.

Description: Course straight; 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 yellowlsh gray clay; upper part, light
gray silty clay loam. Condition, side slopes cover-
ed with heavy growth of poplar trees 2 to 5 inches in
dilameter, large willows and climbing vines; thick
growth of water weed on bottom; summer condition with
vegetation in full foliage.

Average cross section approximates a trapezoid with
silde slopes abeut 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.
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Step Remarks Modifying values
1 Soil materials indicate minipfim basic n. 0.02
2 Description indicates moderate irregularity. 0.01
3. Changes in size and shape judged insignificant. 0.00
L, No obstructions indicated. 0.00
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 Neo. 129, Table .G, page 96, gives the following
determined valueg for n for this channel: for average depth of 4.6
feet n = 0.09%; for average depth of 7.3 feet n = 0.10L.

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 proflles 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 0.0k; 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, MeGraw-Hill Book
Company, 3rd edition, page 5354; 4th edition, page 8-65.

Notation:
Q = discharge - cfs
a = cross section area - ft.2
r = hydraulic radius, ft.
p = wetted perimeter, ft.
8p= channel slope, ft. per ft.

n = roughness coefficient
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Q = l'i86 ar 2/® S¢ 1f2 (B.1)
Let K, = 1'286 ar 2/3, then
Q=K s, Y2 (2.2)

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

From equation B.Z2

@ =(kay + Rag + Kao - - - -+ Kan) 5, /2 = 2Ky 5 Y2 (.3)
Mso: 1.486
;_%75~ = IKy = e %t Tt 2/5; therefore
o
1.486 a4 Iy 2/3
= (B.k4)
oy Ky

Table B.2 shows the computations for Example 2 and Figure B.3
shows a plot of roughness coefficient for the complete section verdus
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 1s significantly dif-
ferent for different parts of the cross section, subdivision of the
cross section, as a basls for making the computations, automaticelly
causes nty to vary with stage above the bankfull stage. This is true
although ny is not computed in methods for determining water surface
profiles. Note on Figure B.3 that ny, 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
recognized by subdivision of the cross section.

The plot of hydraulic radius on Flgure B.3 illustrates a typlcal
characteristic of nastural 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, ni, to be unreasonsbly high. In
this case, the channel and flood plain are assigned n values of 0.0k
and 0.08. The value of n, ranges up to 0.072 as shown by Table B.2 and
Figure B.3.



Table B.1 Examples of effect of vegetation on n. (Sheet 1 of %)

0T d

Example
Yo.

Names and Descriptions of Channels. Names, Flates and Tables Range in Range in
Refer to USDA Technical Bulletin No. 129, November 1929 mean hydraulic
velocity radius

Average
value
n

Modifying
value

Fountain Head dredged channel near Champaign, Illinois;

Plate 31-B and C, Table 9. Average cross section of

channel resembles a parabola. At bankfull stage depth 2.09 to 1.73 to
about & ft., top width about 30 feet. 2.59 .42

&. Dormant season. Dry weeds on side slopes, no vegeta-
tion on bottom. Retarding effect of vegetatlon negligible.

b. Growing season, otherwise vegetation same as above.
Heavy growth of weeds and grass In full follage on side slopes.

Cummins Lake dredged channel near Gould, Arkansas; Plate 18-B
and C, Table 7. Average cross section of channel resembles a
parabola. At bankfull stage depth about 15 ft., +top width
about 75 feet.

a. GSilde slopes moderately irregular from erosion and slough-
ing; estimated n for channel without vegetation 0.035.

b. Dormant season. Willows about one year old and 6 to 10
feet high continucus along side slopes except for about
the upper third of sides. No growth in a strip about 20
feet wide along bottom. No foliage.

c. Growing season, otherwise vegetation same as above. Willows
and some weeds in full foliage. No vegetation along bottom.

0.031

0.0%7

0.056

0.072

0.006

0.021

0.037



Table B.1 Examples of effect of vegetation on n. (Sheet 2 of 3)

Exanmple Names and Descriptions of Channels. Names, Plates and Tables Range In Range in Average Modifying

No. Refer to USDA Technlcal Bulletin No. 129, November 1929 mean hydraulie value value
velocity radius n

3. Lateral Ditech No. 15 near Bement, Illinois; Plate 30-A, B

end C, Table 9. Average cross gection 1s practically a

trapezoid with wide slopes about 1.1 and bottom width and

depth each about 10 feet. 0.28 to 1.16 to
1.71 5.61

8. Dormant season. Dead weeds practically flat on side
slopes; no dead growth in bottom. 0.03%%

b. Dormant séason. Bushy wlllows sbout 1 year old and
dead weeds on side slopes. No vegetation along

bottom of channel. No follage. 0.055 0.022
¢. Growlng season. Vegetation same as b, above, except

willows and weeds in full foliage. No vegetation on 0.072 0.03G

bottom.

d. Growing season. Bushy wlllows and weeds in full foliage
along side slopes. Dense growth of cattails along bottom. 0.119 ¢.086

Diteh No. 18 of Cypress Creek drainage district near Arkansas

City, Arkansas; Plate 17-B and C, Table 7. Average cross

section is approximately trilangular; at bankfull stage depth

asbout 13 ft., top width about 70 feet. 0.47 to 1.91 to
1.08 6.23

a. Dredged channel about 8 years old. Side slopes moderate-
ly irregular. Estimated n for the channel without
vegetation 0.035.

b. Dormant season. Practically the entire reach covered
with trees, mostly willows and cottenwoods. Some dry
weeds and brush. No foliage. 0.061 0.026

Tt-d



Table B.1 Examples of effect of vegetation on n. (Sheet 3 of 3 )

cl*d

Example Names and Descriptions of Channels. Names, Plates and Tables Range in Range in Average Modifying
No. Refer to USDA Technical Bulletin No. 129, Novemher 1929, mean hydraulic value value
velocity radius n
¢. Growing season. Vegetation desecribed under b; in full
foliage. 0.103 0.068
5. Lake Fork special dredged channel near Bement, Illinoils;
Plate 25-A, B, and C, Table 9. Average cross section is
approximately parabolic; at bankfull stage depth about'1l3 0.79 to 3.55 to
ft., top width about 65 to 70O feet. 1.65 7.33
a. Dormant season. Channel cleared; practically no
vegetation of any type in channel. 0.031
b. Dormant season. Densely growing, bushy willows con-
tinuous along side slopes; some poplar saplings
scatiered among willows. No growth in a strip 20
to 30 feet wide along bottom. No follage. 0.071 0.040
c. Growlng season. Vegetation described under b; in
full foliage. 0.092 0.061
6. Ditch No. 1 of Little River drailnage district near Chafee,
Missouri; Plate 21-B and C, Table 8. Average cross section
trapezoidal, side slopes about 1.1, bottom width about 10 f£t., 0.68 to 2.00 to
depth about 8 feet. 1.51 .26
a. Channel newly cleared, practically no vegetation 0.031
b. Dormant season. Dense, bushy willows continucus along
side slopes; no follage. No vegetation slong bottom
of channel. 0.071 0.0k



Table B.2 Computations for Example 2.

2/3 2/3 2/3

Depth & rooor) / Ky, a_ roox, / K,, X, & r, o, / K n,

0.0 0 0.00  0.000 0 0 0.00  0.000 0 0 0 0.00 ©.000 0 0.000

L7 90 3.33 2.230 7L50 o 0.00  0.000 0  TWO 90 3,33 2,230 268  0.0ko

7.8 180 5.29  3.03%6 20250 0 0.00 0.000 0 20250 180 5.2G 3.0%6 810 0.040

3.7 240 7.06 3.680 31900 750 1.06  1.040 14500 LEXOO 990 1.31 1.197 1760 0.038
12.7 300 8.82  L4.269 47500 2238 2.88 2.o24 84000 131500 2538 3.4 2,144 Boon  0.062
13.7 360 10.59  L.822 64400 3853 .58  2.758 197000 261400 L4213 4. B2 2.85% 17850 0.069
16.7 450 13.22 5.591 93400 6488 7.08  3.687 L4hO0OO 537400 6538 7.30 3.763 38750 0.072
Ky, - %%§§§ a; ry /% 2 37.15 8, v, ¥/ K =1.486 a, 2/s

. oK

Lo =%—:% a, rp 2/ = 18.58 ay ry, /3 v K

¢T g
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Figure B.2 Sample notes on roughness conditions.

/'

/. Channel: bottorm width 20 fo
23 1t., s/de s/opes [ fo [ Tfo
3 fo/; depth range & folZH.
a. Bottorm: small pof hales and bars,
average grade fairly vniform.
Sorne srmall fogs and rocts affect
low flows.

b. Banks. some sloughing and erosion,
fair/y rough.

c. Section: size fairly eniform; corn-
siderable shape changes'buf gradval
over 200 fo 400 ft.

d.Vegetalion: very /iftle bofforr;
sides mostly grass arnd weeds with
occasronal patches dense brush
Jto 5 71 high.

2. Lef# tlood plain: fless than /0%
cultivated i seral! frelds, few ferces;
50 fo 60 % brushy with small Jrees;
remainder scotfered cpen areas
with bunch graosses and weeds.

v

)

0|0

O

O

N

Notes on Roughness By . Doe
Canditfions.
Section 2, Creek

3. Right flood plain: at least 90 %
cultivated, mostly row crops and
sorne small grain; small fields;
& or 10 transverse fences with
brushy or weedy fence rows.
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Figure B.3





