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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 wvalocities 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,




6.

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

Vegetation effects should be carefully assessed.

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, Ilinois.

width 10 feet. Picture taken April 1925.

Approximate bottom

| A I Coaffi
TEO= | 2
Avers | Aver- :
aga . Slope of |cient of
D“&;?iggm maxi- | 288 ca.’:;u Bt E;:rmr ronaghe Treseription of ehanned
U yth | saetion Aewc] e
depih | n
Feb. 7, 18025 21 18. 5 2.9 46 000473 | 0.040 | Course, straight; 330 feet Jong, Croes sechion, same variation In shape; for
Mar, 16, 1825 3.0 18.9 45 5§ b - M4 ] w.rlatl.un in size, sea Figure 2, O Side alopes, rather irregulac,
Miar, 2, 1924 53| W6 1067 | 98 LO00367 |, 051 | rather lrregular.  Sedl, lower part, black clay; upper part, dark-gray slty
Fab. 25, 190 &7 b=l 1007 | 1067 T N clay logm, Conditinm, Badly ohstructed by trees | o 6 inches in dlam
eter on slde slopes and edges of bottom; some wesds but practieall
grass; no |‘|;-1ia.ga. Coeptructad, 1902, cleared, about 1910, (Pl 7, C
| and Iflg 19,
Aug, 0, 1924 4.1 0 61| shol| 108 , 000043 | 0058 | Condition, ns described sbove, but with summer folinge, and water wead
Juma 0, 1924 4.4 .1 22 712 1.I.‘.tll L KA 058 an bottom along one-tentin of eounss,
R | iy b 4.8 EiB EE. 1 BT « OGS « (M)
Aug. EI 183 61 L) 1230, 4 116 & L, 0 . D007 N
AUg, S’ﬂ,lﬂ!‘l 8.4 41.0 06,1 AW, 3 l.ﬂﬂi . DO0EES + e

Kaskaskia Mutual Dredged Channel near Bondville, Illinois. Approximate bottom
Picture taken July 1927.

width 10 feet.

1 Average meximom depth st bonkhal stage.

Aver- ol
Aver- Aver- 1
Blope of | cient of
TDrate of ohser- : e Iis- age -
wation E%I!I':D surface | chargs | cros walsT n:]u;ﬁh Description of channel
| dapih width seciion surfsce =y
Bept. 28, 1028 L1 wme| 48,0 | 0000645 | LT | Chuwrese, nearly stralght; 330 feet long. Crw aection, some wariation in
Ba|z1. 0, 1626 7.8 M. 3| 111.5 | 15T.8 + ONKIERA <110 shape; Tor variation in glze, sse Flgure m, F ik
Owt, 2, 1928 A0 46| 18n3 | 174 000400 | .11 | Side elopes, irregular, Bollom, Irregular Sa lower part, black clay;
dn EX #.0| 1808 bl . H21 « 1in upper part, dark-gray silty clay loam, MIHM Ly obstructed bg
______________ LR Y (RS : - frees 2 o 1T inches In diameter covering side slopes, azcept inl

a.iFB:a.tlus half length of right bank % v larps weads and bushy
tlows; no foliage. Conatructed, , about 19100

Condition, a8 in summer of 198, but worse. (FL 27, B.)



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

- Coaffl-
Bt ﬁ;\lg Aver | g —"-:;" Mean Thie;u Elope of | cent of s
vaLing mexl- | B8% | charge | PET veloe- | gryilig | Water rough- TDhescription of channel
ol T section | ¥ | radius | SUIReR

Feb. 7,1825

Mar. 146, 1955 1.
Feb. 25, 1036 B

4 161 L8| B[ 4T3 1. 50 | 0000527 | 0,064 | Conree, nearly straight; 330 feet long. Cross zectiom, some variation in
3| 118 4n 0 i1 Wl 09| L 00080E 062 Eahnmvﬁmmmmwmmgumm. Snil, lower black o
\ : : o [
1| 23| 1007 145 L8| H44 | 0008 | 077 | uppér pert, mmrm Ecm hacﬁﬁ‘hstmcmjx
Bogregatin “hé'ﬁ““ni? ?’ﬁmfmmﬂwmw wosds an bah
ng ength of rig one| an !r
m no follage. Comatrucled, 1902 cleared, about 1010, (PL 27, A

and fig. 19, F.}
Aug, 8 19 4.4 F ] [ ] LD | 0.8s T80 | 0ooo0sal | 00070 | Condition, a8 described abowe, but with sommer folisge, snd thres-fourths
6,1 48 261 el 09| .| ZEr| 00050 | .072| of length of bottom coversd with short weeds.
S, | R a4 269 858 6.5 | B9 415 04 A
Aug, 2, 194 fd L& 120. 4 IM.B| .08 3.60 | . 00T
Aug. A, 1 -8 408 206, 1 W.I-j LB8 | 448 | 000503 Bun

0Old Town Creek Dredged Channel near Tupelo, Mississippi. Approximate bottom
width 10 feet. Picture taken 1914.

Aver- Cloeil-
Avar- Aver- Mean | gpong i

Trate of ohser- ;.L::I A THs- age i';]?nn hiy- mmﬂ ",’gﬂ;ﬁ.‘ Deserlptlon of channel

wation surlie | charge | cross (Rt dmaliel o ppae e

E':% width geothon radins ] .

Mar, 81904 | 40 19, 5 46,0 60O MO0 25| OOOORSE | 00N | cwpeps ateadght; 1,224 fest Cross gection, slight and pradual varia-
Mar. 20,1914 | 4.9 20,0 50T | GBSO | 103 243 OGS0 | 4T | Teiongin sh A rn'ﬁ-a:mlm size, 5o i, 2 lgh&dz slopes, right ubda
Apr. 17,1914 | 4.85| 2.0 77.9| 6804 | 129 Z55( .0NGTT| 041 ar, balt mide very ircegular.  Hottom, (reegular and uneven.
Apr. 91914 | 53 222 w54 | V4.2 | L42( 285 000282 | (35 fromm b.lank waxy clay at top to yellow clay st bottom. ﬁmdﬁﬂ'ﬂ.
Apr. %1614 6.4 2.0 12000 | BO0| L& 29| 0002 055 ruht zide slope and part of bottom practically covered with small &
ﬁr‘ 13,104 | 88 6.4 186.1 | 1070 | L7E | E3T [ (000271 | LOED ) pps . and cane, oceasional growths of vegetation on other =i

ar. 2, 1014 | 6.7 ] 2182 | 110.2| LO8| A42| 000305 | .00 | gones  Consfructed, Dec. 1907,
Wr. 12, 1014 7.1 P ] 2400 | 120.0 | 200 B2.58 | 000200 - n2g
Mar. 26, 1914 71 7.8 2404 | 1200 202 358 .00 02
woowan| £ | BS| il imil il il ) @
Apr. 13,1914 81 \ . - Deseription of channel feally the same as the above, except for re-

Ay 1914 | 1L6 | 37s| 7THNZ| 80| 288( 570| 000848 | .08 | marls nnder Condifion. .
Mar, 30,1014 | 124 | 87| EISG | MAS| ETH| GO08| 000263 | 080 | opndiboe, nll brush, vegetatlon, and chstructions to flow were cleased
May 6,181 | 127 41.0 BE2 2| J07.4 | BT G056 | 000G | 0B ) T feam the course of channel and Ex 500 mtahomtbaupgatand of the
QR ._......li'l&.ﬂ T - meme|mmm e memec|ememeea | anuirge, amd for the same distancs below the lower end. (Pl

! Average maximom depth 6t bankful siage. a



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

Aver- |, Cooll
wir- Avars Mean ;
AER Mean Blope of | cient of
Dateolobtee: | gy | oG th;ls-ga Gge | veloo- ﬁhﬁw water | ratgh- Theseription of channel
el K21 (20 soction | ¥ | radigs | Serisee | nes
depth n
Apr, 11,1914 8 18. 5 -] 0.0 | 1.37 L8 | 0000300 | 0,027 | Course, straight; 1,104 feet long.  Cross section, very little variation in shape;
S| | DL 23 183 1] 430 | L4 Le eT Tar variation in sice seo fg. 2, B, Side slopes, quits regular.  Hotto
Ape, 7, 1814 29 06 ] 432 ( 150 L9 ] even and regulsr.  Sodl, sandy, waxlike c]nady Condition, newly dred
Apr. 81914 52 5 749 47.7 | 157 21 - L0 LoeT channel; no vegetation or obatrootions in chanmel.
Apr. 5 1914 s 20 IS0 | 55| 200 23 - DOOE0L L2 gructed, Tuouary, 113. (PL 1, C and fig, 1, B.
Mar, I8, 1914 4.0 -] 1250 | 6LO| 205 5 - DD03EH 25
Mar, 6, 1914 4.1 LB 1302 618 | 208 2.8 D338 085
S | Io— ] M7 192.7 B 21 % (00AZ1 L 2
Mar, 27, 1914 4,905 M8 1991 ME5| L2 9 25
.;l:fl'. & 1914 5.0 M0 o4 ol | 228 a0 340 025
ay & 1814 L8] a2 & T6L8 | 2250 a3 A3 o
Mar, 2, 1914 | 10,656 B4 5 P40 | 265 | BB L6 (00ATE N
e m g S IEE M5 Bl 4| 2540 | 3.60 A8 N ]

L Average maximum depth at bankful stage.

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

Aver- Coedfi-
Avar- Aver- Mean

T e ; Mean | Blope of |gent of
- .;.rgm mazi- | afaw-m oy i dr::;liu: anar | rodgh- Duscription of channel

mum |y section | 1 | radins ness

depth n
Feb, 21, 1925 ag| =T 20| 485 | 047 181 | 00000124 | 0.0MB | Comrse, straight; B10 feet long. Cross section, qoite uniform in shape; for
Mar. 15, 1925 4.5 04 6.2 B&O g .81 | ., 000LS] 61 varintion in size, ses fig, 16, B. Side s , irregular and uneven.  Hol-
Felb. 19, 16926 4.7 L4 a1 Bl 0 N 75 | . 00004 L4 | fom, frregular and uneven. Soll, heavy sity clay.  Condition, practically
Mar. 2, 1026 5. .4 BG.T | 1180 T3 3.21 | . O0OL1R JME | eatirs section filled with 1 siznd growth of trees muah'tig]g- prr:nuipnﬂg
Jan, 23, 1824 65| 303 1251 | 1567 LB .70 [ . 0O0152 ] of willows and cotton . Comatructed, June, 1918. (FL 17, B an
Jan. 7, 1925 67| 401 WE A | 182 5| .67 | 4.75| . 000108 | .0S57 | g 14, B)
Mar. 17, 1925 TR 6 WG| 45| LO0A 4.42 | . 000ALT il
D, 17,1925 a1 455 17T | E35.5 .75 4 55 | (TR 0iT
Dec. 15, &ﬂ] 43.'."] 4 | 2660 .81 .90 | 000290 | 089




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

Aver- A Coelfi-
vEr- Aver- Mean z
B8 Mean Blope of |cient of
D ation " | maxt- | S| charge | conas | eloo-| gruyy| water | rough- Desaription of chanael
w rading
tiapml.h idth saction [ 1LY Burtace pﬂn
Jam. 26,10m | 82| 177 e 00| oed| 200 pooooose | ools mﬂ,ammauomum Croaz section, very little variati
Yoo 2w | 4| odd | el @1) .| 258 owom | o tor vieiation insim see g 15, D) il e e ]
'xﬂm ﬂ ;ﬁ gg-g gﬂ -g %3 - DNNNER ﬁ Tairly . Sall, 3 , bonmcious clay, Conditin, newl
&I g 4 - DO0E0 . cleared Miﬂil mvmh.tm mmnm 191
Ape. 13,1098 52| m3o 0.6 | FEE[ 118 201000106 L0728 (le,nmd.ﬂg.u,n}? it
Jan, 2,108 ae| w2 0.9 | 48| .m| 3|, 05
Jan. 31,1823 B4 2T 140, B 7.8 1.31 67 | L0010 ]
13, 1021 BE| 2|2 a2 1m.6 | L2 | aT|. .oz
Feb. %103 7.6 &2 184,2 | 1483 | 120 | 4.08 | 000100 i1l
Jan, 22,1893 7T 0.4 1821 148. 3 1.3 410 (. L
Mar. 12, 1821 76| a0k 20,1 | ME2| 1.49 | 413 | ooon4s .oEl
Feb. 1,100 7.9 A 0,8 | 1628 | 151 | 421 (. 000130 il
Jan. 1,103 B0 L0 2.0 156. 5 1.47 426 | 000128 L1

Ditch No. 1 of Little River Drainage District near Chaffee, Misauuri Approximate
bottom width 10 feet. Picture taken December 1925.

Aver- Coedfl-
Aver. Avir- Mean
Trate of obeer- | 299 D= agn | Mesn| Tpo Slope af | elent of i
maxi- | &89 veloe- water | rough- Drescription of channal
wation s chargs | cross draulio
Jouth | widin sotion | 'Y | mains | Surfaes | mem
Cioterss, atraight; B00 feet long, E‘rmuuﬂm wr'.n'l:ltl]n variation in shape;
Ear wnrintion in ai =oq fi 18, T, Side. sﬁmu.q te regular.
fairly E heavy, ous clay.  Condifion, pw]iv
nal, Mﬁﬂ! no vegatation, Comstrucied, Decombar, 1914,
.‘Nurr. 2, 1025 68| o4 BLT | 150| 0T a0 7,2 | 0060 | Same channel as above with about 2 years' growth of willows. (FL 21,00
Nowv. 28, 1035 :;:: .7 WG| 1866 73| B398 6.4 T3

1 Average masimum depth at bankful atage.




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

width 15 feet. Picture taken 1917.
Aver-
Fraiaich thiss Aver: | AT | ngean | Me88 | gione of | cient of
vﬁi[onh hi.f.:i- ﬁ]l)ﬁféﬁ ;& 'I"ﬂlﬂﬂ-mgﬁn water | rough- Deseription of channel
mmm width soction| ¥ | madis | SUrlee h;‘w
Becond- er
Faet Faet Jest Spft | s,
Juns 4,187 | 7.1 423 WE0LE | 1062 | 474 430 [0o002e0T | 0,014 | Churse, steaight; T feet long. prwdﬂllym hthnl:n
i O e T.18 42 4 83T 1 197.4 4.M 4. 32 | . 0002382 .14 mhvmmmui“.mﬁtﬂ smpoth and
_______________ TR ] o e i e B i m | i L R DGR vy, dark, uili loam. Com
practically no bottom eow with 34 to 1 foot
m'u.d dmmcmdwtthalllnfﬂimrmdwwmw feh wad Do
ined pnll,yal';lamnslblehlu Compiructed, summer of
mm E’Lu, fig. 8, A)

1Avmmmﬂep¢hllbanﬂlﬂm

The perimeter of the channel was coated with slippery mud.

Pigeon Creek Dredged Channel near Cresent, Jowa. Approximate bottom width

15 feet. Picture taken in 1917.
Aver- Ol
Aver- Aver- Menn
Mean Blope of | cient of
Dateof obser- | W% Dis- | age |yope | DY | “water | rough- Deseription of channel
wation mazi- | i | chargs | erss |V dranlic s
T | i h soction | I | radiug | S0rface | mess
depth 0
June 4, 1817 1.7 #8.85| 1,8851] .8 | 511 618 D.MIHZ 0026 | Couree, scraight; 858 foet long,  Croas , Slight wariation in shape; for
et B 3 (ol ot Mgl i e |2 | Gariation i sise, ses fg. 9, D Sds o , laft side Talrly regular) right
Juna & 1817 124 5.8 M1 3887 5,63 6,12 22 uiﬂumughmimg Huttom, 3 Jﬁﬂfﬁ Sl henvy, dark,
by loam. Condibion, very little iom in el. bottom co
wlt to 1 foot of mud; sides coa coated with slippery zilt, Constructed,
Fl. 12, A and Fig. 8, D)

I dverage maximuarn depth at banklul stage.



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

Aver- | l Coeffi-
ver- Aver | gy Mean 1
enn Slope of | chent of
Datgotobser-| off | age | Dis- | see |gion BY- | “Giier |rough. Description of channel
mum |furisee | charge | erces | TpoT | draulic T
depth | Fidth seetion n
Jan. 18, 1926 63| ane 40,1 | 1806 LM 3,15 | 0.000EE3 | 0,033 | Courae, crooked; 600 feet long. Cross section, considerabls wasiation in
Feb, 26, 1924 8.2 43.0 2.0 | 180.6| 189 A58 |, DOO4EE -4l mu for wasintion lusu,mﬂ 2, H. Bidutopu, wery | and
Feh, 25 1924 7.1 471 A58 | 210.0| 1.BE d.0d | . 000515 4 uneven, [Botbem, lairly even an :raguJa.r Heil, lower part, light blalsh
Apr, T, 1928 8] 40.2 454,04 | 236, 8| 1,82 4.35| 00463 | .48 | gray clay, which l= hard, waxy, and K]Eppurﬁlnt. the battom: 'uppgl; part,
grgoall.t loarn, Condition, vwm and stubble om upper part
[ slopes, none om lower part; in Beptember, 1925 ﬂ
atriceled, 1007; vegetation cut B.Bﬂul.lavuyﬂym (Pl 28, Cm:u:lﬁgl!a Ha
June 12, 1936 2.8 2.6 7| S| L26| 202 56| U080 | Condifion, loft slope covered with weeds, right slope with willows, axsept
Bapt, 17, 1928 3.2 20, 8 9.8 66.8 | LM 1.8 44. 4 U7 near bottom.
Bept. 7, 1026 4.2 3L & o3 8.1 L4 2.7 =7 -4
Bept, 13, 1936 4.9 B6.2 1384 | 1206 L16( 30 a1 S48
Sap‘t, 6, 1528 8.4 4.8 9.1 177. & L11 3.68 352 Nl
5§, 1924 7.4 48.3 0.2 | 2254 115 4, 22 =8 - 063
BHP!. 11, 1926 1&: BL& .8 | FAZ| LIT| 476 ®ma| .72

1 Average maximum depth st bankiul stage,

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

1 Average marimum depth at bank-fall stage.

Mean lop i
Data of ohser- sge | Dis- | ses hy. - Drsceiption of channsl
vation maxi- surface | charge | cross vf]t;“' draulic m rm P
depth width seatlon radius ﬂ

Secerd Cloicrse, atraight; 861 feet lang, Creas seclion, very ]it.t!avnr]nhm in alape;
Feet Pt | Test St j‘l&:?u- Fast for variation in sive, see flg. ), 1. Side slopes, fairly regular Bﬂ‘ﬁ
sept. 11006 | 44| el g NG| 060 23| oomes | o0 st e mﬂ e, ﬁuﬂﬁaﬁhﬂﬂww :
196 | 3| MO0 10| 1FAT] 94)] AST) OWGE| AM G gy i g S ot T, sidos covered with trees =
R e e G 1 vines without follage. Comstrucied, 1908 cleaned, winter of 1925-24.

Mhﬂ, side slogss coversd with heavy growth of poplar trees 2 to 3 i
diameter, large willows, and elimbing vines; thick growth of wa
wead on botom:® (F1. B, )




Two Mile Slough Dredged Channel near Sadorus, Illinois. Approximate bottom

width 15 feet. Picture taken April 1925.

I;,f i I

|
AVES A
VET Avwer- Mean
Date of oheer- | 382 Age Dis- ape Mean | Ty, | Slope of | clent of
b maxi- veboc water | rough- Tresoription of chanmel
wnlbon surfaee | charge | cross druulic
ot | width soction | 7 | adius | ¥irfacs | ness
o= 1
Mar. 13,1925 7 18.4 | 56| d28) 070 LE 0. 000356 | 0.056 | Couree, straight; 360 feet long, Cross section, considersble variation in shape;
Jan. 19,1824 4.0 23 4.2 W7 Tl 2 (WS s for varistion |n size, ses fig. 20, L Side slopes, irregular, Holiom, very
Mar. 14, 1925 0.0 0.2 Bi. 4 9.2 BT BB | L 00MEd N ] ar.  Snil, lower - Dblack sll?pm-_-.r cluy; up E{L Eray a!ltt,z
Feb. 25 1028 5E| 21D IDL4 ( 107.0{ .85} 3.41) .00MAT | 076 loasm. Coadition, about 100 feet of coursa oo wi
Mar. 19, 1925 E| 281 e 1 | 16 . 838 | 000422 i nd' v willows, some in bottom; remainder of both ﬂﬂpmmwmd with
Jan, 15 1948 &0 M, 4 G2.7 | 114 N 849 | L 000s3E . 0o weeds and o seattering growth of willows and poplars 1 Lo 6 Inches in
Apr. 7, 106 nLE| BAT 1.5 | 187 L0l 4.3 | 000500 0 digmeter; no folinge; some silting in bottom.  Constructed, Tedredged 1908;
| , 1021, (FL 28, A and g 19, L)

East Lake Fork Dredged Channel near Ivesdale,

width 15 feet. Picture taken July 1927.

Nlincis . Approximate bottom

i
Aver- | o ver Aver- Mean Lol
| nge P Mean | Blope of | cient of
|D3r'$ﬂ'!£fw mazi. | o8 uEaﬁe wﬂ valoe- dr&iﬂc water | rough- Descelption of channel
i ot | width seation | 17 | rading | Turface | mess
Bept, 7, 1026 62 M4 B4.0 | 10L& | 0,63 3,28 | 0000826 | 0,098 | Course, stenight; 800 feet long.  Cross section, very little variation in shape;
Sept, & 1924 81 305 7.2 1A .61 270 . DO0OTT L] far variation in size, see Flgonre I, E. :
el o oni) melmi | on| mml| u|ebdes michhs e ver st prs, )
. 11, 14926 L . \ . owish gray clay; uppar p -:m}.rﬂ AT i
_P_t 1f.5 : £ Hote, dead weeds and stu mw el had been cleared
shortly before March, 1585, rach-bdm about 1904,

1 Averags maximum depth at bankful stage,

Condifion, 1eft side rather steep, showing su to cave; brush
larger on side slops; foliage o all vege.m.thm (Pl 26, B.)




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

Aver Coetl
Avar- Aver- Mean
.| Bge ; Menn Blope of | cient of

nmm maxi- cgjﬁ“ d.'g& 'rﬂw drgﬁjin wamtra‘;ﬁ rough- ‘Duseription of channel

mum ¥ =ur neas

depth wldth sectlon rading -
Bept, 30, 1926 3 17.0 124 19.2 | 085 106 | 0 OoRlED 0,108 | Course, crooked; 360 feet long. Cross aection, considernble wvariation in
Oct. 38,1925 25 1L.EB 187 | 234| .71 LEE | 000406 [ 114 mpqmvmhtmmsd:a.mﬂ; 20, M. Side slopes, irregular,
Sept. 13, 1925 28( 188 21| W4 74| Lan| L0mux( 1k vu'{ﬂm'nsu]ur Eoil, lower past, dark % with snme sand
Bept, 4, 1924 a.4 210, 5 4 .2 LTH 186 [ . 003131 . 148 | pebbles; u,pp-u' part, dsrk.m silty clay ww
Bapt. B, 1828 3T M E 43.2 46, 5 LB O N T .10 wilh densa growth of tall weeds, bushes, and wiry grass; omal bushy
............... Cr o T SRS SRR — RSSO R wﬂlon, and trees Ii 1o B inches in diamete; bottom mg Erassy, except

] strip, Comaructed, about 18590, (Pl 25, C wod g 18, M)

! Averoge maximum depth at bankiul stage.

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

[ Avar- Coaffi-
Awer- Avar- IMean
AR Mean = | Blope of | clent of "
Dmhﬂﬂ‘- Al a&a d?a[.raix ci"g:s velne- drgfﬂls water | pough- Treseription of chanmal
depth | Width section| ¥ | radius | Surtce | ness
Mar, 2, 195 LE| 150 18| 180 ofd| L16| 0000812 | 0034 | Course, straight; 1,000 fest long. C‘m-rm cally mo variation in
Mar. ﬁ:m‘m .8 17.3 08,7 30, 5 R LaG | . O00uEd . CH shape; for variation io site, See wm, quite regular,
=am BB R RE B IR E| e Mg adiety
ar . : i o, V
w %:.“;m i slops,  Conslructed, 1886, ped, 1922, (FL Eﬂ B]:IE
g 19, E.)




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

feet. Picture taken March 1924.
Aver- | 4 ver- | l Avers | o0 Menn | gy o !C-Bm“ﬂ}
e : Mean iy ope of | cient of
Dutsotoser:| e | tge | D | gee |vuiie| v | waier | roneh Descripton o hanoe
U | it | section | 1Y | radins | SUTMee | nes
depth | n
July 12, 19M 8 18,4 10 b 1m 103 [ 00085 | 0030 | Cowrse, straight; 260 feet long.  Crosz section, very little varlation in shape;
Joly 10, 1924 59 16,6 144, 2 42,0 [ 348 D18 | L 001ESE L 31 for varistion in slee, see 18, F. Hide slopes, falrly regular. Hollom,
Jan. 30, 198 8.1 15.8 1568. 9 45,0 | 348 LB0 | . 00LTSD - 050 quite even and lar. Snil, limestone rock.  Condition, snme chonmel
Mar. 18, 1827 1LE 161 2. 3 566 | 407 268 | 002672 a7 u-sabuve enla andmu-ut‘nadhrhmd Thacem bar, 1922,
Feb. 1,102 4.3 6.3 6,2 63| 410 L.88 ) ,00NN0 087 =, C and 15, F)
MB.T lS.l‘Q‘Z'i" 4.3 16.3 280, & 841 438 W | .00Ee3 LT
R RESAC 4.7 & 353, 5 TLE| 494 310 | .003142 . Dag
Mn.r al, 1gey 7.4 7.7 G| NEE| T.10| 400 | 008721 32
Jupe 13, 1987 T.4 17.8 B84.6 | 1164 | T.60 | 408 | L 00G5H 030
Mar. 31. 1eay 7.5 17. 8 B801.2| 1180| 7.57 4.13 | 004198 083
7.8 120 857 5| 1\.e| .| 421 L4128 i ]
7.8 180 e T 1M 1) B02| 4.2 004007 L34
7.9 18,1 | L0M.8| 1300 &M 4.3 | 005018 « (5
B0 18. 2 LODR. 5| 13WE| T.E3 4.51 | .OHA5E L35
E1 182 I,ﬂ??ﬂ 13004 | B 26 453 | O4BST a4

Cypress Creek Dredged Channel near Bethel Springs, Tennessee. Approximate

bottom width 15 feet.

Picture taken 1917.

Drseription of channel

Aver i | i Coedffi-
| Avers Awver Mean
Date of sbser- | oy | Dis | e |MED by | B
vation surface | charge | cros dranlie 0 | TORE
mil width soction | W | padis | SWClRoe | Dess
deptls | : | T
| { |
Feh, 15 1817 oy | 1z 7.9 ;5] = OU&T | 0002050 | 0. M7 alght; 30
July 23,107 23 17.3 T4 i - LT, CO2435 L7 far warintion in sme,hm fig, #, J, Side slopen, ver
ST | T R} 155 | 107 42,1 44 Lam |, 000G 40 Hotfom, uneven; su
. TEE |eeiicie | e A e R W) IR 5 |oceeeee  loam.
1 1 1 1
| |
|

Coirps, straight; 308 feet long. Cross secHon, abropt varlatlons in shape;
irregular n.nﬂ :rnu h.
ject to varistion due to sand deposits, iV
Conditien, sxposed perimeter above low water mantlmlh’ mwrod
E;u; ﬂl&u pod weeds,  Construcled, December, 1015 (FPL 9, A and

b Averags maziom depth &t ha.n.‘zl:u! atage.



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

Aver Co
| Aver- Aver- Mean
| A i Mean | - | Blope of |cient of G
Dﬂﬁ;r.';:m' - cl?:ﬁ e, | veloc Edrﬁlic water | rongh- Drascription of chanmel
| MU | gidth section | ¥ | radius | Furfmee [ oess
depih | n
| Mar, 2, 1917 L# 17,3 | n.1 Ed [ DG LAT [ 0000720 | 0060 | Conre, 0509 oot long; ﬁrst,]:la]fatrﬂshl,]mhnltmrved G‘Nlm very
| Mar, I7. 18917 L1 17,6 | o8 2| 1.0 L53 |, 000326 ] little' variation in shape; for variations in size, see fig. 6, de sape
Tno. 41017 8| 187 .6 | 3809 | L39| L.96| .000870 | .(44 | upper part, smooth and regular; lower part, rather mugh Mm, very
Fab. 151017 4.8 10,4 [ 14510 7.8 [ 256 257 ( . 000232 a8 mn.zi':‘ and |rreg:;1|:dr with numerous holes. Soil, stiff clay loam; does not
Dhirr. 28, 1917 (%3 2| RO 1IAO0| TR 341 | . O0MSG | 087 ition, some roots axtending from sides of channel; very
Jan. 29,1017 G4] 74| ave 2 7.5 320 342 | 001111 . 0ag litele !.b@erql.l.n]n in r.'hp.nun] Conastrcied, 1018, Remarks, very
Jan. 22,1817 i 2.2 L2 | 1209 | 292 L4400 LA raugh condition of hottom i |n mainly responsible for high values of n ok
July 26, 1817 i8] .2 M2 1Mol 271 .48 | 0D0TIR a4 tained. (PL &, Band fig. 5 L)
Jan. & 1017 171 0.9 | dDE. 5 | 1322 | 308 3. 51 | .000855 .83

1 Average maximum depth at bankful stage.

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

Aovers | CowlTi-
Aver- | AvVer- Mean
BEE | i Mean . Slope of | cient of
| Dat:&g&aar— et s.uarsr:ne. Tris rl.ls& veloe- drr;ﬂhc water | rough- Deaeription of channel
l g::;th width gection | 1Y | mdins | Sinel "f!
Dac 20 | 188 | 4.1 4| 1,30 1,72 . 0000735 | OL040 | Course, stenight; 618 fest long; of 1016 course. Conditien, chansel in
& Ejﬂﬁ 23 15. 8 l B3 2 45| 158 1. 87 | . DOOTL3 LET mﬁ';i'dembf worse condition than when first saries of measurements woms
Dee, 28, 1016 155 A L2 460 | 162 n06 | L 000SER | 08T I.rmzulnr and rough duuwcavuﬁ banks pod & great deal more
Feb. 16, 107 2 80 md HHL 4 47.0 [ 1,88 200 | . OO0HE L ﬂ@:ol..uhun inchannel. (PLE, A and fig. 6, H.)
Diec. 28, 1016 .0 oIl 1152 | 559 | 08 2.3 | 000835 | 088
am, 18, 1807 3.2 2.1 123, 6 M4 210 242 | L000E3Z .0
Mar. 3,197 l%g 2 143, 6 4.8 ) 2233 2 55 | .O0008TT | L3

1 Avernge mazimum depth at bankful stege.




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

b

|
Aver- Copdlis
| Aver- Aver- Menn ]
| Diate of obser- | _BF2 | Dis- age | Mean | 7y " | Slope of |cient of )
I Al veloc- ! water | rough- Trescription of channel
| vatlon priiuint Is:EEa:-:Ee chargs -sgzﬁn ity dﬂl:ﬂ: st | o
| depth I= i
Apr. 22, 1918 8 s M. 5 253 113 038 | Coures, s 1 250 feat . Cross section, abrupd varintions in shape; for
Feh, 10,1910 | 2o | 31 0| a0 L 043 | Cranation slus, gee 8z, 11, B, Side slopes m:i‘;r‘muu. Bettom, falrly
May 17, 1815 il .3 LN 866 | L5 R régular, some holes, , zandy clay. mat of overhanging
Feb. 3, 1915 4.4 el 178 B0 | LB6 034 roots on both slde slopes; o wesds or in channel; spme poots
Jan, M, 1915 al 5.2 1718 81| Lo « 136 in tom. Comatricted, winter 1913, (PL 18, C and fig. 10, B.)
May 13, 1815 %) 2.8 e h WEH| 235 .38
Jan. 285 1915 6.25 2.0 =N | B3| 237 ]
R —— Y e o s e cmmasas wosa

1 Average maximum depth at bankful stage.

Chawappah Creek Dredged Channel near Shannon, Mississippi. Approximate

bottom width 15 feet.

£

i
2 e
e

s ;

i

g
T
e
; "?:-.g‘k
i S b

T

Picture taken 1913,

izt

i e

i

i

| Aver | | : Coefli-
| Aver- Aver- | oo | Mean | o i
] " _ pe of | cient of
D“#ﬂriu.gﬂ"' maxi- | 208 nhDB- e | veloe dhijc- waler | rough- Deacription af channel
TR | btk ion | I ius Y
depth | ]
Feb. & 1913 E 8 | 187 0.030 | Coicrse, straight; 330 feet Jong.  Crows secfion, vory little variation in shape;
Aps, 51018 | {% | ;16.2 m far variation In sise, see fig, 2, D, Side alopes, quite rogular sxoept near
120 ;

Feb. 25103 | 1

___________ B LA

top and along edge of bottom,  Hottom, quimrﬁu. ! varies from a

sandy lomm 8t top to & waxy olay at bottom. ditien, very little vege-

tation in channel: irregularity of upper part of channel doa to erosion.
, May, 1911, (FL'2, B and fig, 1, D)

¥ Average moximum depth at bankful stage,
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Coonewah Creek Dredged Channel near Shannon, Mississippi. Approximate
bottom width 15 feet. Picture taken in 1913.

Aver- " Cowli-
ver- Aver- MMean
.| ama Iean : Blope of | cient of
D":&i“m maxi- m D e | rolge. | B water | rough- Duseription of channel
bon mnmn |59 clarga | cross i draulic surtae wipgs
depth width section | 1LF radins e
Apr. 4,1003 | 1004 8.7 BSO.0 | AD| 247 6,95 | 0000620 | 0.043 | Couwrsr, straight; 450 feet long, Croas section, rather variations in
ISR RNl 10 | N1 B SRR i | A e a A R e - o e thnm; for varintions in size, mﬁﬁ. 2, E. Side very irregular.
it e, ot o, s
and other tation on abds i botbom free from growth,
stricled, Muy, 1005, (Fl, %, C and fig. 1, E.)

1 Average mazimom depth at banktnl stage.

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

it
i

Aver- | Coaffi-
VEr- Aver- Mean
Dt of obaer- | 8BS, : Mean " | 8lope of | clent of
s tasi- cfu“ia il vﬂ-;n- i JFater | rough- Duseription of chanrel
ness

depth width St bom rading .
My, 1,104 3.4 204 148, 4 B4 | L86( .50 | 0.000108 ( 00048 | Cowrer, straight; 550 feet long. Crozs secfion, soms varlatlon [n shape; for
Apr, o, 1924 3.8 aLn 152 BOLd | L&B 265 | .00I216 L0ET varlatlon in size, see fg. 20, D Hide wlapes, frregular.  Foffom, rather
Sept. 14, 125 8.9 8xd 151 | LB 27| 000838 - a3 frregular.  Sodl, lower part, probably elay originally but now mized with
Bept. 28, 16248 42 B4 6.3 | 1Ml | 209 R D004 N 8 large percentage of =and; upper part, bowlder clay, quite stony. -
Jan. 1% 192 4.4 A5 2028 148 L77 205 DOLCET . 056 ditlon, aide sl ooversd with rather thick growth of small trees and
Mar. 20, 1035 45 8.7 286.1 | 193] 240| 8.0 noninl 04 apronts of gnurs_ i, elm, poplar, box elder, and some willow, from M inch
Feb. 1, 1025 [N 358 B0L1| 1284 | 283 ( 308 | 000240 T to & inches in dismeter; no grass; stones on bottom up to 1 foot in diameter;
Mar, 2, 1034 A1 4.1 R0 148 TR | 820 | ,00LEET SM7 | om0 ]isp bla silting. Constructed, sbout 1908, (PL 2, C and fig.
Bept. 14, 1825 55| 4o4 BTG | 1408 | h47 | H.25 | L0010 J046 |18, T,
Mar, 14, 1025 AT dbE 48L5 | 1658 | ZBO | 3.43 | L 0OL4ZT -4
Oot. 11,1028 Lo 47 4623 171 | L6 | .66 | 00184 047
Mar. 14, 1025 [ ] 40.4 483.1 | 1B5B | 240 389 | DA4EE N
Feb. 24, 103 6.0 481 BEA0 | MED | 00| 391 L O0IEZS 05
Apr. H, 1828 6.8 482 6667 | 085 8.20 dowd | (000631 4
Do, 18, 1924 6.8 -IE.!-; 898.7 | ZB5T | 310 41| (LTI 052
Bept. 4, 1926 0 6000 Aoel | 2278 3.06 [ 4.12 | 001282 <M
Oot. %mﬂﬂ- 84| 545 00930 | MWT.E| 34| 491 .001885 L
Ape. T,1828 1%3 805 | 14020 | 405.2 | 348 BB | . OOLEES i

! Average mazimam depth at bankful stage,




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

| Aver- Mean f
| .| Bge : Mean 3 Elope of |clent af
| Dab:ﬁgg&et maxl suﬁ;wl chD£& ‘:_% valne- drtﬁﬂn whater | rough. Deseription of channel
Hm width gection iy rading surface TS
depth n
May 1, 1924 Ly .2 145, 4 5.5 2.58 184 | 0000844 | 0,025 | Coirse, straight; 480 lest rmﬁ-z_ Crosa sectiom, very Hitle variation in ahaps;
Apr. i, 1024 29 3B 1512 G4 | 231 200 | (dM0maE - Oa for varlation in size, see fig. 20, ', Side lepes, Tnirly regular.  Hottom,
ar. M), 1926 BB 355 e 1 BLE | 313 242 | 000G N guite fat but somewhat irregular in places.  Snil, bottom eovered with
Feh, 0, 1925 4.1 0.4 S0L.1 | ID&T | R85 253 ( 00085 .oa1 stones and gravel; upper part, bowkder clay with oxidized iron.  Condi-
Mar. 18, 1825 4.4 45,5 4815 | 141.4 | 8.41 203 | . 000S0R .2h tiom, some smnnll sprouts, bushes and dead grass on side sla withoat
Mar. 14, 1025 53 4.7 44831 | 1817 | g4 3.20 | 000744 N felinge; bottom coversd with mossy atones at lower end of courss, bt
Apr, #1826 &8 40,8 66, 7 186,83 | 8680 3,82 | (00usE - 0an mozstly with ?‘ETEI ot upper emd.  Constricted, about 1908 (FL M B
Fab. 25, 1004 &9 498 200 | 1362 338 3. 53 | . 000854 - 30 and fig. 18, C,
Dee. 19, W34 6.1 5.0 BT | 2003 | &.48| A7Z| 000704 07
________ 6.8 o4, 4 Be. 4 | 7.1 | 340 4. 14 | L0007 N ]
Apr. T7,1824 n.n| 83.8 | L4020 | Be25 | RST| ATL| (000852 | 082

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

20 feet. Picture taken in 1916.
Aver | Coedh-
5 ST APEr | Mfean | MeD | gy of | ciont of
Date of abser- | |0 Dis- | age |00 hy- e | poutgh Drescription of channel
vali MEAEL | crfane | @ crase | FHS [ graulie | W FOUE: PLiom of channe
o foe | widen | e goction | 1Y | ‘mgins | Surface | ness
| pLh [ |
¥ | - o [ |.
| J 2, 1614 4.4 ar.2 | .0 | 13L8| Lg8 B0 | 000027 | 0027 | Conver, stralght: ME et 1ur§& Cross section, slight varistions in shapa,
May 23, 1016 6.8 4.2 BlL0 | 2708 | 227 418 | 00051 % | abrupt varistions in size. ¢ slopes, quite i s particulacly upper
IR PR B F B i PRl e Bt S cmelimmmmsara|eiememoo|  port.,  Boitom, falely regular. Sodl, dark sity loam, Comdition, con-
| | siderable growth in upper portlon of chansel, none in lower; sllty material
| | | E:pgaitﬁdw bed and sides of channel,  Construcled, 18100 (FL. 13, & and
| 1 |
| | | | S
Jume & 1917 &5 5B 4090 | 08,0 L82 | 482 | 0, 000075 | 0,030 | Practically no change in channel since measursmants wers made in 1016
Jumes 91017 1!%3i 6l % G465 2.1 L 4.92; . DOOR4TS ¢
e S el e i Han it LETEEERE SR (SR R S

1 Avgrage maximum depth at bankful stage.

Sides of channel slightly coated with mud. Bed and flat portions of the channel sides
was coated with silt.
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South Forked Deer River Dredged Channel near Henderson, Tennessee. Approximate |
bottom width 20 feet. Picture taken in 1916.

A var- | Confhi-
A var: A Ve MMean -+
age e Mean 2 Elope of | cient of
| Dategtobon| s | tgx | Die | ams | B Sera o Descipton of ol
MU | it section | ¥ | i | SUFMace | ness
depih | . "
Mar, 30, 1914 52| D41 g2 73| L& T 46 | 0000267 | 0028 | Cowrse, atraight; 024 foet long,  Croas secthon, ve;; little variation in shaps;
Mar. 1,1914 a8 W1 164 | EBERO | 1,60 281 . DO .0a1 far variation in size, zee Fig. 6, C. Side an’oret. ightly irregular. Hodtom,
May 18, 1914 3.1 0.4 183. 2 6| 1 LET , D05 L1256 fairly regular; uneven in places with small depressions.  Soil, heavy clay
May 22,1914 58 0.4 aGg.0 | 1470 43 a, 0 . D361 N near bottorn: clay lwm nenr tngé' Condifion, practically no vegetation in
May 3,1906 | 64| BL6| 4346 | 1683 | 268 | 434 | [000GAS | 020 | ohannel. Comstructed, Novamber, 1814, (Pl 7, B and g 5 0}
............... L RO, EEPeRie ) R LR S —emrrassnss|ansnnaas
|

! Average maximum depth at bankful stage.

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

Aver- Coedli-
Aver- Aver- Mean

e ; Mean 7 Elope of |cient of
D“,.Eﬁm?m maxi | oo i QE“'! 5 :ﬁgs valoe- d:].;a}:tlic water | rough- Deseription of channel

MO | ity soclipn | 17F | padins | Surisce | ness

depth | | n

Second- It per | Cowrse, atreight; 816 teet bong.  Cross secfion, very little variation in shape:

Feet | Feaf Jest %f?‘l aee. | Fee for variation in slze, see fig. 20, B, Sidr elopes, falrly regolar.  Boitom,
Sapd, 17, 1024 6.E | 4BE 1851 8| 034 20| 0LODMI | 0O7S | unevenm and iregpulsr. Soil, lower part, light gray clay; upper part,
Sept. 7.1928 T4 BB 1L 2| 2m7 78 460 | 000244 50 yellowish gray cloy. Coadition, side slopes covered with dense grawth
Ay, 25 1034 80 528 | BT | IR B [ #] 494 | L 0D028E DS of bushy witlows, exeept near bottom; some zmall poplar saplings at
Bapt. 6, 1928 85| B8 44| 3G @ SET ) . 000IER | 06 | intervals slong course; ane sill ber gbout middle of course, ctherwise
Bept. 5, 1924 2 56,21 25| MTT &l &T1 | OO0 <088 | bottom o guite geod condition. Constructed, 1385 redredged, 1909,
Sept, 13, 1924 9.4 58.1)] 39T | a3 8BS 5950 000214 [
Bept. 10, 1924 12,0 il & 4052 5110 BT T « DR 104

Condition, about the same as for above measurements, except that growih
was covered with foliage. This channel wes cleared during fall of 1925,
but there appeared to be ps tmueh growth in channel by the fall of 1928
as previous to clenring, (FPL 25, B.f
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Lake Fork special Dredged Channel near Bement, Illinois. Approximate bottom

width 25 feet. Picture taken November 1925,

|
| Aver- M CrlTh
| Data of obser- | 222 A;H Dise A;;:r Menn h}.tn | Blope of |cient af
| vatlon maxl- e | ol welog- | g flie| W rough- Deseription of channel
mum | Sariace warge | cross | CyT | draolic] poe [UpaE
depth width section radins Ey
| Jan, 14, 1926 4.8 40,8 LS | 1304 ) .31 2,78 | 0000LES | 0.080 | Course, stradphe: 818 feet long, R, W intion i v
Feh, 26, 1926 61| 468 We 1| IET| L5 | ETB | L0000AA | (B0 | for -.-hrimi.'?n in ﬁ;pfﬂmn?ifz_ rg:r %_‘ J{E’::Id?:ﬂ;fh;::. IEE;:;:::‘:: '“;&;‘L‘;’:
Ape. B, 1528 6.5 48,8 Mo | =07 | L 4,10 | L 000148 N ] uneven and irregular,  Sedl, lower part, light gray clay; npper part,
Apr, B, 1245 ; 7.0 02,2 461 | ImLb | 65 4,01 | 000142 - 2 vellawish gray clay, Condition, zide slopes soversd with dense growth
.............. 120 Wicin i Bl et ot koo et e B of bushy willows, except near bottom; some small poplar saplings at
i i | intervals along course; one silt bar about middie of course, (therwise

1 Avernge maximum depth at bankful stage.

bottem o quite good condition, Consfrecied, 1535 redredged, 19806,

Conidition, practically no growth in channel; cleared doring fall of 1925,
) 2&,01.-;1 mil; oles oring af 1925

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

25 feet. Picture taken in 1915.

| Aver- : | Coem. |

| age | ALVEE AV | ppenn | MO0 eng of | cient at |

| Detegioboer| il | aes | Dla | agm, i B, | v || Diecription ofchanoe

;;.Ii;?h widsh saction ity radins surluee L‘le:i

Jan. 5 1915 255 381 5.1 T4.8 | 087 186 | 0000052 | 00685 | Cowrse, straight; 1,089 feet long.  Cross séction, slight and gradonl varistions
Jam. 2, 1915 4, 06 42,3 1506 | 137.0 | L& 01 [ . 0001E3 031 in +; Tor variations In size, see fig. 4, c. g’h‘s alopes, right side very
Feb. 25, 1915 5000 | 47,2 ne4 | ;0| 132 408 [ 00011E L2 mr and caving badly; left side guite regular. Hotfom, rather irrega-
Feh. 22 1915 8578 47.3 I56.8 | ZIOE L. 74 4.0 | . OK0166 K lar. Bedl, upper part, dark gty lonm; lower _;m-t‘;.ai:ght. yellow clay.
Feb. 23, 1915 T.BOO[ 63,8 | GO | 30| 2OT S0 (K188 e Condition, wpper port right side slope covered with g and smoall trea
Jam. 25 18915 | Q.50 58, | TRAG | 4140 | L90 631 | QDAY | 038 | sprouts; beft side s practically free from wvegetatlon, Consfrucied

| | September, 1911 (FL 4, A and fg. &, 0.0
| | |

1 Average maximum depth st bankful stage,
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Bogue Hasty Dredged Channel near Shaw, Mississippi. Approximate bottom width
25 feet. Picture taken March 1926.

Aver- 1 C
Aver- Aver- Mean
nge: Menn Blops of | clant of
Da.t::tl;gmhni‘- maxi- r:lg.r;u ,_:‘g:g veloo- dr];ﬁi.c whter | rough- Dieacription of chanmel
dentn | width ssotion| 17 | rading | FOffsce | nees
Bercond- FE. per
Fest Fuet Jeat Sg.ft. | aee. Fieat
Mar. 13, 1030 4.2 40,4 13 17 [ 115 297 [ 0000130 | 0020 | Cowrse, straight, 1,000 fect long, nearly same &8 above. Crom sefion, slight
9, 1088 G4 44, 5 o laf (1.2 B89 [, 000114 041 variation in nl':uapa: for variation in size, soo fg. 4, D, Side slopes,
Apr. 17, 194 5.0 45.7 e 1584 1.73 378 | 000147 . 028 even amd wﬁrlﬂ. Boftom, rather irre 3 .Egu, same a2 above. Cofidis
Dee. 17,0025 | 7.7 20 31 =4[ 137 Gldl L fiowe, Banks fairly clean and fres trom vegetation. Cosiitructed, Beplember,
Mar, B 19M | 1.7 B0 464 W7 [ L42( G616 | 000040 [ 084 | 1911, (PL 4, B and fig. 5, D.)
May 24, 10 8.4 4.2 588 | 37 | 181 5,55 | 0000120 [
Feb. 25, 1024 lg; i 710 | T3 | Led 604 | . D0OLLS 03z
............... I ) RN ERERREON SRR WSS RRRASN RR JE

! Average mazimom depth at bankiol stage,

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

Avwer Cog |
Aver Avwer Mean 3
Date of abser. | 25 Tis- BEE Moan By Blupe of | cienl of
vation e [surface | charge | cross vﬂ':'" draulic| vatT rﬁgﬁ: Theaprl b ol eharmel

dapeh | Whath section | 1 i =
May 13, 109% 4.1 6.5 552 | 052 O7E [0 O0ATS | 0 DA2 | Comsae, straight; 897 Peel long.  Cross aection, slight varlation in shape; for
May 12,1828 57 42 4 1210 172 .7 3,59 | 0001003 o] variation in size, zee fig. 4, G, Side slopes, very brregular and uneven.

S e 52 4.0 ML 180 . 4.0 | . 0000814 . 050 Bttom, very reegular.  Soif, dark enlored, waxy clay with thin ]uﬁ:ff
May 11, 16 | B2 47,9 258, 0 284 M bty ] fine sand which eauses alides,  Cowdition, very poor, due to caving ]
M 1824 ] 48.0 3130 318 a 5Tal. 44 |  apnd weeds and grass. Comsbruced, May, 1911 redredged, Apell, 1933
Feh. 27, 193 : %3 [N 402, a4d L17 5.81 | . DOOO713 mE | {FL 5, B and fig. 3, G.)
............... {11 e e e | e mm
|

! Avernge maximum depth st bankful stage,
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South Forked Deer River-Old Straight Channel-Jackson, Tennessee. Approximate
bottom width 25 feet. Picture taken in 1916.

T ;
| | | e
AVEr- = Crpedli-

| Aver- Avar- Mean i

| Date of ohoar- | B8 i Mean - | Blope of |eient of

i ot mu:nl- ﬁ:m I:IPEIIIERE ﬁgs weloge dI:}IJ]Le waler | roogh- | Dreseription of channel

| dr.:ui}tl:l width gection | 1M | rading | Surtace ':'?55
Mar. 0, 1918 7-0 410 5.2 16,2 ool 4,44 Iﬂ.ﬂ{m&d 0050 | I U—’mm. Eur]:-’stra:lp;ht 407 foet long.  Crosa section, comsiderable variation |
%:Iah ﬁ {g:g &g %g 546, 8 E-'l?. 2| 20 08 (000734 085 | 1 for varlation in size, ses B, f, T Side slopes, Irregular. Bu&mn
MN' e o TE87 | WEO| 288 A 86 | 001088 G2 Irr\eg’u ar with deep holes, Soil, sandy c'la],r loam. Condition, sides of
B Bl-]r 4, 9 93,7 7151 | 28L.8 | 254 566 | . D0NSZ i channel covered with trees, roots, and vines and subject to caving; ]:Eg.

] 3, 1818 s ﬂ.g | 4.8 | L,0SEG | 403,23 264 T 18 | L 000EL -0l branches, and other drift oo pottom of ehannel. (P, 10, A and fig. 5,

t Average muxitnum depth at bankful stape,

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

| Aver-

| Coeli- |
A VER- A Ver- Menn
gy | | e Mean 0| Blope of | cient of
l Date of ohaar- | o | age Diz- BED | yojng- | o BF water | rough- Dwecription of chansel
vatlon o | Eurface | charge | cross Tty drauli | oo res ness
deplh wichtla sectian radiog *
June 26, 1925 41] 334 (06,2 124.2| 085 507 | G0002IS | 0.09 | Couree, stroight: 1,020 foet long.  Cross section, slight variation in shape;
May 11, 1935 40| 382 12004 | 1206 | 1,00 a.00 |, D000 035 for varistion in size, ses fg. 4, 1. Side alopes, moderate rregularities
(s N 48| 401 17680 | 153.0 | L16 456 | 000031 85 pansed by erosion and some eaving of banks, Heffom, rather rongh snd
| FLE-| 48,0 I i) a0 180 565 .IIII'IEI . 0as irregular,  Sodl, =il d.pr_l: clay loam. Condition, » I-ar short weads in
3 (RSN FOUERNSREY S SR s - channel; 2 =mall bars in bottom where laterals enter. Constriccled,
| | I Trecember, 1821. (PL 5, C and fg. 3, L)

1 Average maximmum depth at bankful stage, 1?




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

e e e e e L S

Aver- Coplli
Acver- Aver- Mean | g
Thato of obser- | ™0 i, Dis- Menn ope of |cient of :
Vation | DIk |quri | chargs | orgas | Y598 | arpic| WMlar | roughe Description of chansel
width section | ¥ | madins e
depth n
Hecotid- FY. per
Feet | Ferk Seet Sg.fr. | see. | Feet
veb W0 | &1| do| SR8 | bwo| Bus| hop | “feeccy | 0 | Cpura ity stralght 4 ftlong.  Croesmtion ather gracua varitions
k . = - mn HE L b ‘ . VALY BF.
Mar. &, 1918 7.3 4. 8 TH6.T | B06.0 | 24l 533 | . oDds2 Al Hettom, very rough snd uneven. S%Band clay lopm.  Comdition, very
Mar. 4,1918 7.5 50,3 7151 | 3156 | 227 5,045 | L 0D0G00 T litele ve tion; few ohstructions in channal, &ﬂﬂ?ﬂcm August, 1914,
............... 1130 | (Pl 9, B snd fig. 5, K.)
1 Average maximum depth at bankful stage,

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

| |
Avar- Crefli-
A vers | Aver- Mean "
.| =age Mean - | Blope af |zient of
| Bnl::égmbm muxi. | 588 ﬂ]i'm' ooy |veloe-| % | water | rough- | Drseription of chanmel
| mum |87 ol ity [SPRUNE T pnptace | ness
depth | ®idib saotion | radius Y
|
Mar, & 1028 4B a4 18,0 | 15005 | LO8 | 8,35 | 0000054 [ 0041 | Cowrse, nearly steaight; 985 feet long,  Cross section, some varlation in shape;
Mar. 11, 1828 b 40, 4 .0 | 1770 L 16| %64 | . 000LTE LML for wariation in size, see fg, 4, J. Side slopes, Im:g;:‘ln: vmgh:z [rom
............... 2 ) T PRTRR P NS, SR cmmmmef e e snc e |eeecaan| SRR to almost fat.  Bediom, somewhet irregular, , dark ay loam,
| Condition, of short grass and dead weeds in chnnm!,apcrlmotar
| | | rather raugh, Censfructed, February, 1922, (PL 6, A and fig, 3, J.)
! |

! Average maximum depth ot bankiul stage.



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

W

[ AL Aver- Mean Coefll-
[ aga | MTE- ; Mean I Elope of | elent of
Du.{ af nlsar- ] Dis- agy :
Pa.ul:-u max:; sunrgra.m charge | crues veloe- | ﬂmn_:lic,- ,:;‘b[::a “I'J'g:' Drascription of chansel
g;'];'m wldth | saction | Tadius < |
. 1
|
Mar, 30, 1918 E1 46,5 W2 | MLT| L& 415 | 0.00TTE | QL 152 | Course, very crooked, contalning four distinot curves: 705 lest lang at low
Feb. 26,1018 &S5 [T iR1] 5450 | 811,06 L75 480 | (00GELE . 162 wm:. t}nu mﬁw largen Tumium: in shape; for “wurintion in sln, 50
Mar. 20, 1818 7.6 .0 TERET | A0 | 201 556 | . DIE45D . 150 E] Side slopes, vw:n Botiem, very irregular and fall of
Mar. 4, 1818 T8 550 TLl| 3MAT| L0 568 | . OOIT00 . 14 hilea. Sai: sandy clay loam. di!lnn many roota, trees, and bushes
Feb. &, 1018 1.1 B45| 1,088 6| &STASE| L85 T.60 | . OO148G - 140 on sides, -nd many logs, large Lrees, and ntllnr drift on batiom; Ereses arg
e SRR B |57 Ty [N e SR ISR T I (RO R e %ntslnﬁalgr fnlling into chanoel, due to caviog banks, (Pl 30, B md

Average mazimum depth at bank-full stage.

Cummins Lake Dredged Channel near Gould, Arkansas. Approximate bottom
width 30 feet. Picture taken March 1926.

| Aver. | [ | | Coeffi-

| AVER- Aver- IMean :
| age | T hiean A0 | glope of |cient of .
| Dulﬁ;ﬁgym maxi- | M é’m cl?a.?l;e ;5:5 veloes JirEJiliE water | rough- Dreseription of channel
OO | poction | V¥ | padins | SUFfwee | ness
depth n
Felb, 18,1928 4.2 4.1 128,56 | 1186 | L11| &G0 | 0.000674 | 0067 | Course, stralght; 710 fest b Crosa séction, vary littie variation in shapa;
Apr, 4, 1926 RO 48,2 2007 | 1645 | LA0| 202 | LOMMTE| 061 for warintion in sles, oo lﬁ. E. Side plopea, falely regular.  Botfom,
Died. 14, 1926 6,0 54,7 245.9 | 2000 | L322 4, 61 . AS 82 tairly lar. Soil, upper, sandy loam; lower, =ilty elay. Mm,
Tan. 2 1928 a2 e31 6704 | ap04 | .48 TR 000284 | 059 wth of willows in channel ﬁ tn 10 fvet. high exrept on uppar part of side
Jan, I, 1926 | 63 7B4.1 | #4R8 | LYY f.22 | . 000304 N pest wod narrow stelp of channel, wil]m about one year old. Con-
..... do______| @e| e43] TETL.4| 4385 | LeR | 6.3 | 000000 | .02 atraicted sumimer 1924 [Pl 15, B and fig. 14, E
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Cummins Lake Dredged Channel near Gould, Arkansas. Approximate bottom
width 30 feet. Picture taken June 1926.

| |
Aver | Coaffi-
Dateotober-| % | “ees | Dis Au::‘_ | Mo hﬁ;ﬁn ERNDICLE | ik ot
vation RS au:ﬁu charge | cross | VEIOS| gpapip| WMEr | roughe Description of channel
rj.ampm | width section | ¥ | pading | SUTce L.
|
May 12, 1628 | 4.0 4L 8 BB M5 0.53 .41 | DLD00ETE | 0078 | Course, straight; 710 feet long.  Croas secti littln waription in shaps;
Nov. 11,10% | 71| &.8| 31| 2626| 190 4.34| .000300| .068| for variation in size, ses Ag. 15, E. Sﬂﬁm fairly regular, Buuo;’::
Nov. 7,192% A4 6l 1 410,7 | B38| L2 522 00016 70 Talrly lsr, Seil, upper, sandy loam: lower, sfty clay. Condition,
............... DOVERS | e e ||| m e e n e e meea | ETOWED of willows in channel & to 10 feet high except on npper part of side
| i alopas a;x.j nmmu{p of channel. willows about ona year obd, Con-
| Averags mazimum depth at banktul stage. TRRAL!
Clorerge, same a8 above, Condition, practically the same, exeept that wl:lj
hows god other vegetation are in full tollage, (FL. 18, 0.) o

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

Aver- | Coaffl-
VET- | Aver- Mean
Dateof obeer- | _BE% | “gpn Dig- age | DMvan| 57" | Blope of | eient ol
tian maxi- valoe- in| water | rough- Description of channel
b mum a:u'l«rliﬂme ORETE, st | it d, T hl:; surtace | mes pt
depth 1
j |
| Ft. per
Feet Fest Ject | Spoft | mec. Faet
Feb. 26,1016 | 7.7| 5.0| ‘6143 | 384 L87| G676 0.000004 [ 0.020 | Course. straight; 1,412 feet long, Cross section, very littls variation in
Feh. 10, 1916 a4 ki 4 TOe. 2| 000 | 204 A8.50 | 000024 i) shape; for varlation in =les, see Fig. 8, A. Side stoper, regulnr and smooth.
Mar. 4, 1814 a5 53 4 918.4 | 421L.B | 2,18 684 |, D000 R Bolfots, even and Tnirly smoath,  Soil, lower part, hard elay; upper :
ﬂlh 40906 (10,8 | M6 12821 | #4660 70| 7.3 | (000024 | 024 | clayloam, Condition, no vegetatlon or obatroctions of any sort in m‘a
ar, 4, 1918 . ;giﬁ 562 | L5028 | 4.0 LW T55 | L DOOESE 035 Comatructed, Oetober, 1815, (FL 6, C and fAg, & A.)

L Avernge mazimurn deptl ot bankful stage.
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Boyer River Dredged Channel near Missouri Valley, Iowa. Approximate bottom
width 40 feet. Picture taken in 1917.

Aver | . Coaffi-
wirs Aver- Mann
.| aem ) Mean = | Blope of |céent of
n% ohaer- | o, B&;ﬂ g0 | veloo- mgzm water | rongh- Deseription of chanmel
mum | ridib seetion | 1Y | radins | Filace | new
depth n
June & 1917 08 40 WM. 5 | =R0| 814 4.29 |0, OOOEE40 | 00023 | Courae, !h‘&ﬁﬁht 258 fest long. Cross section, conswderabba but. mmjﬂ
June 7, 1917 7.0 G000 [ L4386 | 41009 | 3.50 BOES |, 0002825 | 0@l variations naﬁa]:-a.tormladﬂn mﬂm,m&gﬂ C.  Side slopes, fairly
Jume £ 1917 | 105 To.0 | 2,074 | 66T | 408 | V.80 [.0000883 | 020 | regular. Holftow, sormewhat upeven and ar. Soil, upper part,
Jume 4,0007 | 1% o) 3,034 TEAS) 4.35 E 50 | 0001278 | LO0I8 dark silty loam; Jowar part, hard yellow clay. Conditien, practically no
NG | IO S 22 BO.O | F7HE.0 | THRD | 47D B.0G |, 0000255 | . OLS vml:atmn in channel; bottom and sides coated with Iﬂru: of slippery
|ECERE e T3 T A D EoenEti | FRE Fai s i T Cunatructed, 1910, {PL 11, C and Fig. §, C.)

1 Average marimum depth at bankful stage.

Main Dredged Channel near Vero, Florida. Approximate bottom width 40 feet.
Picture taken in 1917.

| | Aver- | Coeffi-

| ) Aners | Aver- | pronn | MERD | g1 na of | clent ot

i D“fy?égqm ngci. SR 1:1]!}“-?-&'3 ety | Vel dt&i}l‘ic- water rougi- Drezeription of channel

-:EEE width | soction iy | rndins | Forfee u:‘"
!
Aug. 14,1916 1.3 4.7 | 4.1 4.6 | 092 00T | OLOME2S | 003 | Course, stralght; 1 feat lomg. Cross section, slight variations in sh
Nog- 21, 1914 22 BL B 13L2 9l 4 1.44 L7 | TR .0z Tor variation in sﬂ?ﬂa fig. 1&. Iy, Side 1y uniform mﬁ
Dot & 16l6 28| 549 20L4 | 1286 L5 225 ( 000005 | .028 | Jor lowest thres s i rénnq.‘?h and "for highest twa o,
Ok, 28, 1916 63 67.2 0.8 2857 LB 4. 11 | 000470 (43 {airly even and re s L sand on bottom, clay on sides, Condilion,
ok, 29, 1916 B8 31 a65.2 | 3078 | .40 6o | L OO0SER R sorme vegetatlon in lower part of channel;, flat sand bars, Cenafructed,
i e o e A P e b v e D ------.i----_ ce|esscooes|  Diecember, 1912 (P 16, A, and fig. 12, D)
Zapt. 12, 17 3.2 514 0.2 | 1869 | 12 E.BSIQIIIII-H]E 0,024 | Condition of channel, about the same a5 for the 1916 messurements, For
0 113'191': 7| 66 §33.2 | 29| RE7| %41 0007 | .080 | veriation in sles of chanmel see fig. 13, E.
SEpLZ‘l' 1917 &1 (o8 .2 00| 22 368 | . OO41E 033
Bept. 25, 1817 ”&E .3 TIZ 5| 307.1| 232 418 [ 000671 0
[-=-emommasanan et e e oo FHL R

1 Average marimum depth at bankful atage,




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

Aver- Cpeffl-
Aver- Avers M Mean
) Slope of | clent of
Date of obser- | 98¢ e | Dis- | age |yem | by | SgERs h o
vatlon maxi- (oo | charge | ernss | V2 dranlic B rough- Description of channel
mum | section | ¥ | mding | OISR | mess
depih | n
May 13,1026 0| 9489 447.1 [ B85 | OUE2 | 539 [0 00OCSEL | 0002 | Cowrse, straight; 1,600, feat long.  Crosr sestion, some variation in sha
May 12, 1825 B3| 100.2 6.8 | &sTT.E | L9 5E0 | . DOODSET - O for variation in aize, See fig. 15, (0. Side slopes, irregular,  Hottom, rather
Jam, 29, 1026 ILT | 1182 | 138565 | SMO.7| L4 T84 | L (a7 43 irregular. Seil, upper, eloy and sandy loam; lower, silty clay. Condi-
Jam. I35, 1628 1L7 | 1163 | L4841 | @618 | L53 T ES | 0000444 | D41 tion, some silting in channel: thick growth of willows and eottonwood
Now, B, 19325 10| 1249 | L5362 (L1106 | L38 802 | 000ne2 L s trees cover most of left bank wnd about hall of right hank; very lictle under-
SRR T e N T | ST IS RS I EVPSril PR ) TP g_mwih. dne to posturing; grass on slopes; lower part of channel sormpana.
ivaly fres from vegetation, except for sorme willows on gmall islands near
| | | ilzll’.g‘ﬂ‘jmd of eourse. Conatructed, February, 1918, (FL 18, A and fig.
e

L Average muximum depth ot bankial stage,

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

| Aver I I
| T Aver- Avor- Mean |
ape Mean | Blaps of |clent af
Dar.:;fwnnbur- maxi. | M Driz- BRS | walne |dr];f|-!ic water | rough Deseription of channel
&’;.‘;E width section | 1Y | radius | Surtace o
1 1 1
Second- Ft.per|
Feet | Feet | feet | Sp | aee, | Fed
Jan. 14,1016 4. E7. 6 468,56 | 1020 | 244 8,11 |0.000297 | 0,022 | Course, straight; 1,003 feet long.  Croas section, very litile variation in shape;
Feb, 131815 | 6.20 [ 6754 | zM0| 212 481 | - (00158 .25 for variation in &ize, seo HEJ 4, A. Side left side, guite mg':fu-e;
Feb, 1L 106 | 808 | 085 D& [ A0, 0| 206 B TR LD00LAZ L28 | right side, fairly regular, . smooth and even. Sm? lower part,
Fab. 14,1815 B45 TL5 | 1,101 | 5350 | 208 | 6.85 | .000118 N Ba.l:ul:’li:'e clay loam; upper part, clay loam of close texture, Condition,
Feb. 9 1005 [ 10.85 T8 | L3632 | 600 213 148 | . O00LM L excellent, very little v?ﬁaﬂl:liun of any sort; bower part of channel more
Jan, T IMG | 110 5.3 | LA3GG | 660 249 | TOAT 000137 L7 | uniform and regular t upper part. Constructed, May, 1813 (FL
Feb. & 1815 | 1220 TE.8 | La5.0 ) THLO0| T30 B 38 | 000102 o 3, A and g 3, A
Feb. 2, 1815 14, &) 861 3, MEE | 090.0 | 3.2 | 10.00 | ,000I85 031
| Feb, 4,1008 | 1480 | 861 2,000.4 | 970.0 | 3.02 | 10.00 | 000165 a1
TR T e e U R ) R SRR R T T L St g (TR R
| |
! Average meximum depth ot bankinl stage. a2




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

h:’q{"

! Average marimum depth st bankfal siase.

Dredged Ditch No. 43 of Cypress Creek Drainage District near Arkansas City,

C
Aver- =
A of |cientof
Date of abser- [ Dis- nee by. | Blope
vation MET | gnrtace | charge cross 7‘:1‘;, | drailie L Description of ehannel
| dapth width section IJ ius i 0
—
Beporeds FL. per
Fuel Faet Jfeet Sg. fb. | wee. | Fest )
Oct, 12, 1018 LD | 455 38| 482 LM L06 | 0L000328 | 0.025 | Course, stralght; 2,000 feet long. Cress section, slight varistions In shape;
Dee. 5§ 1816 L7 46, 4 64,7 63,1 102 L32[ . 000060 U for varistion in size, soo fig. 13, A. Side slopes, lower, fRirly regular; upper,
Bapt, 'H. 1!}]5 -9 TiA 508.2 | 288.0 | LT0 EX - N . 032 rather irregular. Botfom, regular and even, Sﬂﬂ canrst snmd on botiom,
d -5 Th 5 R0 | M22| L77 BAS | 000108 ] cluy on sides, Mhﬂ. S0MME '-e.mab:b:-n lpally d.oo: feuane] fucr
575 765 5EAG | 348 LIT| aer| . | .m0 | higher stages; practically no vegstation for Enm- stages,
IR |emeniicl R 7 IS IR R I S el |-mmmmema]  Neovember, 1911, (Fl 1 1
] |
Le| 458 44.2 481 o 105 | po00oese | 0,028 | Condition af channel practically the same ns during the 1916 messuraments,
23| 43 9.7 | BR1| LI4| LG8 | .o00Es| .027 | For variation in size of channel see fig. .B Buoe fig. 12, B, for cross seo-
&2 535 1864 127.7 -} ol < O ) ] 2T ton.
RO| 688 A0 1 ML4 | LET 15 | . 000200 027
11;:" B&b T4E.8 | 440.9 | Led 4. 86 II!.‘.IIFE « 36
am—— ------! i‘ rrmmmrmree|rrasasas LT TT PETN PRy, S TERE

Arkansas. Approximate bottom width 55 feet. Picture taken July 1926.
G
e
! Aver- | Coeffi
Avar- Aver Mean
Mean | Blope of |clentof
m::tggutm' el ""' ¢E§b ::?& waloc- drg.;iiu water | rough- Dresoription of channal
mum | i | saction ity rading surface | ness
deptl | n
Feet | Feet ufd- it Fest
May 3183 41| &2 Im].? ‘g)ﬁﬂs 078 | 292 |n0ooos30 | 0.002 | Course , straight; 1,700 feet long.  Cross section, Dot mueh varmummhnms
Feb, 19, 192§ 47| T4 2501 | 2506 | LOOD| 3542 |.0000807 | 080 | for variation in size, see fg. 15, A Siué slopes, Eomewhat |
May 11, 1996 60| 744 7L 2 &36.20 L10| 434 | . 0000008 . a1 Hottom, rather irregular uneven. Soil, heavy silty clay.
Mar, 7,126 0.9 BS0| 1,078.2| 680.0 ) L.78 | 7.18(.000082¢ | .040 | diom, practically no vegetation or ohatrootions in channel; nowly drﬁdlﬂ'i
Jan. 2, 14 i | 0L G | G D) L34 T.07 | . 00068 LD Mudﬁ. Beptember, 1904, (PL 17, A and fg. 14, ..l:
Jan, 23,1926 | 103 | BAO| L40LZ | BOS.W| 242 | T.47 | 0001000 | 030
Mar, 7, 1526 1.9 R0 LAY | TR0 222 T.87 | . OO0HIAS L =
Mar. B 1925 | 1L.2| B7.7| L3740 7883 | L6 | &.06 [ (0000707 | .08
Do, 16,1925 | 124 | o4 | 17885 =860 | L9 | S99 |.0000737 | .080
Nov. b, 1925 162 6 | 3,460.8 |1,266.0 | 76| 1L27 | .00000EE ]
Nov. 13,1925 | 1AE| 97| 30631 (15143 | 2.33 | 1L61 | .0000640 | .02
Nov., 1, 1025 12| 1008 [ 3,386 56 1L,348.0 | 261 | 1LT7 | . 000072 ]
Nov. 10, 1825 1%&3 I00.8 | 8,407.5 |1,348.7 | 2.58 | 1L76 | 0000830 ; .30
e mn o e s e ik e o =endesveene frasenes

1 Averags mazimum depth at bankful stags,




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

Avers
Avar- AvEr. Mean r
aga Mean =% | Blope of | cient
Date of ohser-| o0 gm ufui;.ga gt | veloe- ﬂl'tllfuiﬂ' water | rough Dreseription of channel

it e e gpotion | WY | padips | FArlee | Dess

depith n
Mar. 15, 1098 A 121 jT 766 | 1, % A.08 0000072 0.086 | Cowrse, nearly straight, slight corve st lower end; 1,50 feet lon% Crosa
Maov, 17,1825 | 10.4 1,080 865 | L12| 710 | 000058 041 | aection, very little varistion in shepe; for varlation in size, mﬂ,ﬁ 4, B.
Mar, 7,104 118 143 2 867 | 1.15'?5 246 7.0 | L 000214 047 | . Side slopes, wery irregular.  Fottom, irmgular and wbeven, , clay
Mar. 9, 1058 125 147 2,383 | 1,260 | L80| 832 000108 ‘098 | loam, sandy bottom. Conditien, weeds and small trees along benks;
Jun. 22,1098 124 1560 2875 1,310 219 | 461 .000130 s nat channel; was cleaned of ell growth and obstructions in 1915,
Mar. 8,193 | 115 154 3,084 | L40& | ZIR| B84 00032 L8 | (PL 3, Boand fig. 3 B
Feb. 20, 193 4.3 160 2,102 1,62 208 0I5 I . 000109 .nan
Dea. 17, 1925 145 162 a,000 | 1,550 | 104 0,32 | . 000112 (W |
Feh., 28, 1934 l%g 108 4,060 | 1,751 | .30 | 10.06 | 000138 048 |

e Wy SRR R i T FIRaE, QR CRf So i

1 Average mazimum depih at t;uktul atage.
Matural Channel of Embarrass River near Charleston, Illinois. Approximate
bottom width 100 feet. Picture taken in 1926.

Dt of obaer- A] o | Aree Dis-
o |
vakion m:u:t m:?gca chargs
e

1 I

1 Seeomd- IF#.. per

| Feat Feet Jeet Bpft. | eec. | Feel
Apr. 13,1026 | BT 199.8 | 1,574.0 | @483 | 200 | 6.52 | 0.000036 | 0.080 ( Course, straight; 1,000 feat . Crass seciion, very little variation in
Feb. 27,1096 0.9 | 1464 | 2050007 (1,118.2 | 2.23 7.82 | .0D0128 . Oy shage; for variation o size, see flg. 20, A.  Side slopes, somewhat irregular.
Apr, 10,1826 | 13.5 | 18000 | 42664 (L7001 | 280 @04 | 000128 | .031 | Bodom, fairly even and regular. Soil, lower part, fight gray silty clay;
Sept. 14, 1035 13.7 | 1821 | 45189 (1, 7407 | 2.48 | 815 | .000128 a2 E‘{ng part, [ght tan silt loam, Condition, bettem comparatively clean
Sept. 12, 1926 16.2 | 291 | 58688 |2,275.5 | 2.68 & 05 |, D001eD _0E4 smaath uginr part of zide slopes covered with lnrge trees; natural
Bem, 9.1076 | 176 | 9374 | 62574 (Z00ME | 235 | 10045 | .OO00RT | .030 | channmel. (Pl 34, A and fig. 19, A)
Oet. 516826 | 110.3 2| B857.0 (30116 | &9 11,72 000175 038 |

! Average mazrimom depth at hankful stage.

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

Y- 19 A30 18- 64 24 USDA-SCS-LINCOLK, WEBA. 1967




FREFACE
SUFFLEMENT B

HYDRAULICS

This supplement expands and augments subsection L.k 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 drainage 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 streams. The procedure proposed applies
to the estimation of n in Manning's formula. This formula is now widely
used, it is simpler to spply than other widely recognized formulas and
has been shown to be relisble.

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

There seems to have developed a tendency to regard the selection of
n for natural channels as either an arbitrary or an intuitive process.
This probably results from the rather cursory treatment of the roughness
coefflcient in most of the more widely used hydraulic textbooks and hand-
books. The fact is that the estimation of n requires the exercise of
critical Jjudgment in the evaluation of the primary factors affecting n.
These factors are: d1rregularity of the surfaces of the channmel sides
and bottom; variatlions in shape and size of cross sections; obstructions;
vegetation; meandering of the channel.

The need for realistic estimates of n justifies the adoption of a
systematic procedure for making the estimates.

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

In the selection of the modifying vamlues assccilated with the 5
primary factors it 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 messure or indiecator
of retardance. Therefore, in each case, more critical judgment may be ex-
ercised if i1t 1s recognized that as conditions assocciated with any factor
change 80 as to Induce greater turbulence, there should be an increase in
the modifying value. A discusalon and tabulated guide to the selection
of modifying values for each factor is given under the following procedur-
al steps. .
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lst step. ©GSelection of basic n value. This step requires the selec-
tion of a basic n value for a straight, uniform, smooth channel in the
natural materials lnvolved. The selectlon involves conslderation of what
may be regarded as a hypothetical chammel. The conditions of straight
alignment, uniform eross section, and smooth side and bottom surfaces with-
out vegetation should be kept in mind. Thus the basic n will be visualized
as varying only with the materials forming the sides and bottom of the
channel. 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. Practieal
limitations associated with maintaining smooth and uniform charnnels in
earth for any spprecisble pericd indicate that 0.02 is a realistic basic n.
The basic n, as it is intended for use ln this procedure, for natural or
excavated channels, may be selected from the table below. Where the bottom
and sides of a channel are of different materials 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 0.024
Channels in cosrse gravel 0.028

2nd step. Belection of modifying value for surface irregularity. The
selection is to be based on the degree of roughness or lrregularity of the
surfaces of channel sides and bottom. Consider the actual surface irregulari-
ty; first, in relation to the degree of surface smoothness cbtainable with
the natural materials involved, and second, in relation to the depths of flow
under considerstion. Actual surface irregularity comparable to the best sur-
face to be expected of the natural materials 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
gelection.

Degree of irregularity Surfaces comparable to Modifying value
Smooth The best obtainable for the
materials inveolved. 0.000
Minor Good dredged channels; slightly

eroded or scoured side slopes
of canals or dralnage channels. 0.005

Moderate Fair to poor dredged channels:
moderately sloughed or eroded side
glopes of canals or drainage
channels. 0.010

Severe Badly sloughed banks of natural
chanmels; badly eroded or sloughed
gldes of canals or dralnage channels;
unshaped, Jjagged and irregular sur-
faces of channels excavated in
rock. 0.020
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3rd step. ©Selection of modifying value for variations in shape
and size of cross sections. In considering changes In ailze of cross
sections judge the approximate magnitude of increase and decreass in
successive cross sections as compared to the average. Changes of con-
siderable magnitude, if they are gradual and uniform, do not cause
significant turbulence. The greater turbulence is associated with
alternating large and small sectlons where the changes are abrupt. The
degree of effect of size changes may be best visuallzed by considering
it as depending primarily on the frequency with which large and small
sections alternate and secondarily on the magnitude of the changes.

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

ing guide:

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

Changes in size or shape occurring
gradually 0.000

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

Large and small sections alternating

frequently or shape changes causing

frequent shifting of main flow fro

slde to side : 0.010 to
0.015

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

In Judging the relative effect of obstructions, consider: the
degree to which the cobstructions occupy or reduce the average cross
sectional area at various stages; the character of obstructions,
(sharp-edged or angular objects induce greater turbulence than curved,
smooth-surfaced objects); the position and spacing of obstructions
transversely and longitudinally in the reach under consideration.

The followlng table may be used as & gulde to the selection.
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Relative effect of cbstructions Modifying value

Negligible 0.000

Minor 0.010 to 0.015
Appreciable 0.020 to 0.030
Severe 0.040 to 0.060

oth step. Gelection of modifyling value for vegetation. The re-
tarding effect of vegetation 1s probably due primarily to the turbulence
induced as the water flows around and between the limbs, stems and foliage,
and secondarlly to reduction in cross section. As depth and velocity in-
crease, the force of the flowing water tends to bend the vegetation.
Therefore, the ability of vegetation to cause turbulence is partly relat-
ed to ite resistance to bending force. Furthermore, the amount and
character of foliage; that i1s, the growing season condition versus dormant
season condition is important. In judging the retarding effect of vegeta-
tion, eritical 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 ecross section is occupied or blocked out; the transverse and
longitudinal distribution of vegetmtion of different types, demsities 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 FRange in modify-
comparable to: : effeect on n  ing value

Dense growths of flexible turf grasses

or weeds, of which Bermuda and blue grasses

are examples, where the average depth of

flow is 2 to 3 times the height of vegetation. Low 0.005 to 0.010

Supple seedling tree switches such as willow,
cottonwood or salt cedar where the average
depth of flow 1s 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 tree seedlings with
moderate cover where the average depth of
flow is 2 to 3 times the height of vegetation. Medium 0.010 to 0.025

Brushy growths, moderatély 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 hydraulie radius 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. g

Dormant seascon, willow or cotton-

wood trees 8 to 10 years old, inter-

grown with some weeds and brush, none

of the vegetation 1n foliage, where

the hydraulic radius is greater

than 2 feet. High 0.025 to 0.050

Growing season, bushy willows about

1l year old intergrown with some weeds
in full foliage along side slopes, no
significant vegetation along channel
bottom, where hydraulie 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 slong side slopes; dense

growth of cattails along channel

bottom; any value of hydraulic radius

up to 10 or 15 feet. Very high 0.050 to
0.100

Growing season; trees intergrown

with weeds and brush, all in full

foliage; any velue of hydraulic

radius up to 10 or 15 feet.

A further baslse for Jjudgment in the selection of the modifying
value for vegetation may be found in Table 1 which contains desecrip-
tions and data for actusl 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 ressonably close
limits.

6th step. Determination of the modifying value for meandering
of channel. The modifying value for measndering may be estimated as
follows: Add the baslic n for Step 1 and the modlifying values of
Steps 2 through 5 to obtain the subtotal of n.
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Let £é = the straight length of the reach under considerationm.
£h = the meander length of the channel In the reach.

Compute modifying value for meandering in amccordance with the following table

Ratio {m;"{s Degree of Modifying

meandering value
1.0 to 1.2 Minor 0.000
1.2 to 1.5 Apprecisble 0.15 ng
1.5 and Severe 0.3%0 ng
greater

Where lengths for computing the approximate value of £mf{g are not readily
obtainable the degree of meandering can usually be judged reasonably well.

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

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

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

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

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

In the case of flood plain subdivisions, the estimate of n would con-
sider all factors except meandering. That is, the estimate would employ
all of the procedural steps except Step 6. Flood plain n values will
normally be somewhat greater than the channel values. Agricultural flood
plain conditions are not likely to indicate an n less than 0.05 to 0.06.
Many cases will Justify wvalues 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 consideration are obstructions and vege-
tation. Many agricultural flood plains have fairly dense networks of
fences to be evaluated as obstructions in Step L. Vegetation probably
would be judged on the basis of growlng season conditlons.

Field and office work.

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

Figure B.2 shows a sample set of notes that illustrate the type
of field information to be recorded as a basls for estimating n.
Field men should be tralned 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 £.

Fxample 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 chamnnel near Seymour, Illinols;
see USDA Technical Bulletin No. 129, Flate 29-C for photo-
graph and Table 9, page 86, for data.

Deseription: 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. 3Soil,
lower part yellowish gray clay; upper part, light
gray silty clay loam. Condition, slde slopes cover-
ed with heavy growth of poplar trees 2 to 3 inches in
diameter, large willows and climbing vines; thick
growth of water weed on bottom; summer condition with
vegetation in full foliage.

Average cross section approximates a trapezold with
side slopes sbout 1.5 to 1 and bottom width sbout 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 Soll materials indicate minipmim basie n. 0.02
2 Deseription indicates moderate irregularity. D.01
B Changes in size and shape Judged insignificant. 0.00
, No obastruetions indicated. 0.00
B Description indicates very high effect of 0.08

vegetation.

6. Reach described as straight. 0.00
Total eatimated n c.11

USDA Technical Bulletin No. 129, Tsble 9, page 96, gives the following
determined values for n for this channel: for average depth of 4.6
feet n = 0.095; for average depth of 7.3 feet n = 0.10k,

Example 2. Effect of subdividing cross sections.

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

This i1llustration is based on the following:

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

2. The conditions of uniform, steady flow are assumed.
Manning's formula i1s handled in accordance with Leach's

method. See Handbook of Hydraulics, McGraw-Hill Book
Company, 3rd edition, page 534; Lth edition, page 5-65.

Notation:
Q = discharge - cfs
a = cross section area - ft.Z
r = hydraulie radius, ft.
P = wetted perimeter, ft.

Sp= channel slope, ft. per ft.
n = roughness coefficient
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Q= 1'336 ar2/® Y 1/2 (B.1)
Let K, = 1.1585 ar 22, then
Q=Kys, ¥2 (B.2)

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

From equation B.Z2

q’(Kdl‘*‘Kda"'Kda"' "“Kd.n) o le‘EKdE‘D /2 (B.3)

Also:
g _1.486
o
. 1.486 at Tt EKS
Ty

Teble B.2 shows the computations for Example 2 and Figure B.3
shows a plot of roughness coefficlient for the complete section verdus
depth.

84 Ty 2{3; therefore

(B.4)

In natural streams n normally shows a minor decrease as stage in-
ereases up to, or somewhat sbove, the bankfull stage, then appreciably
increases as overbank stage increases. When n is significantly dif-
ferent for different parts of the cross section, subdivision of the
cross section, as a basis for making the computations, automatically
causes ny to vary with stage above the bankfull stage. This is true
although ng is not computed in methods for determining water gurface
profiles. Note on Figure B.3 that n¢, which has been computed in
Example 2 for illustrative purposes, shows considerable increase with
stage above the 10-foot depth and that this Increase 1s automatically
recognized by subdivision of the cross sectlon.

The plot of hydraulic radius on Figure B.3 illustrates a typiecal
characteristic of natural streams. HNote that the hydraulle radius for
the complete sectlon 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, ny, to be unreasonsbly high. In
this case, the chamnel and flood plaln are assigned n values of 0.04
and 0.08. The value of ng ranges up to 0.072 as shown by Table B.2 and
Figure B.5.
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