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PART ITI

HYDRAULIC TABLES FOR OPEN CHANNEL, GRASSED

WATERWAY, AND SURFA DEATINAGE DITCH
GENERAL v 5

This part contains tables for the most commonly designed for open
channels (Drainage Main or Lateral - 608 or Open Channel - 582) grassed
waterways (412), and surface drainage ditches (Drainage Field Diteh - 607).

In all cases, values are not given where the velocity exceeds 5 ft,/sec.

A detailed use and examples for 1. Open Channel 2. Grassed Waterway
3. Surface Drain follows:

Open Channel

The values for this practice are the table IN-14-4., The headings and
values are self-explanatory.

By the use of a simple two or three point plot, values can be interpolated
between the figures given in the tables.

Example: Design and field information give the following requirements -
channel slope - s = 0.0008 ft/ft.; side slopes = 2:1; toughness coefficient -
n = 0.04; bottom width - b = 4 ft.; and the required discharge - Q = 165 cfs.

Find: The required depth - d and the velocity -V.

Referring to page 14-150, it is noted that the depth of flow must be somewhere
between 5.0 and 5.5 ft. By a plot of depth versus discharge with values of

d =5.0ft. & Q=141 cfs and d = 5.5 ft. & § = 176 cfa (See Fig. 1), an
estimated depth of 5.35 ft. is required for the discharge of 165 cfs.

By plotting the veleocity values on the same graph with values of d = 5.0 ft. &
V=2ft.fsec, and d = 5.5 ft. & V= 2.1 ft./sec., an estimated velocity of
2.07 ft./sec. is given for the depth of 5.35 ft.
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A similar technique may be used to attain values for channel slope - 5 when the
field value is something other than that shown in the tables.

A roughness coefficient of n = 0.04 is a generalized estimate that is not
necessarily true for all the depth ranges shown in the open channel tables.
Other factors are important for the final determination of "n" such as the
lining (whether in earth, gravel, rock, etc.); roughness of the wetted perimeter
(rough slopes, etc.); changing cross-sections; obstructions (log jams, etec.);
degree of vegetative retardance; and channel meander. Since the wvalues for
velocity and discharge are inversely proportional to the roughness coefficient
it is easy to correct them for other than 0.04 "roughness" values.

Example: Standard Practice 582 - Open Channel states that channels must be
stable under the following conditions:

1. As-built condition - Bankfull flow, design discharge, or 10 vear
frequency flow, whichever is smallest but not less than 50% of design
discharge. . -

2. Aged condition - Bankfuil flow or design discharge, whichever is
larger, except that it is not necessary to check stability for dis-
charges greater than the 100-year frequency.

Given and required: Channel slope - 5 = 0.001; bottom width - b = .4 ft.;
n = 0.04; side slope = 2:1; and Q = 71 cfs. From the data on page 14-150,
it is noted that the design depth - d = 3.5 ft. However, to meet the need
for an adequate tile outlet, the constructed depth will be 5.5 ft.

Find: The velocities for the as - built and aged conditionms.

The following procedure to find the as-built wvelocity will give results within
acceptable tolerance.

For the as-built condition, the design discharge would be the smallest wvalue.

An n = 0.025 (bare soil) will be used along with the design discharge of 71 ecfs.

Since our charts are for n = 0.04, the equivalent discharge from our tables

would be — 0.025 x 71 = 44.4 efs (discharge at the as-built depth, would n = 0.025).
0.04

With a two-point plot of depth versus discharge values of d = 2,5 & Q = 34 and
d = 3.0 & Q= 51, the as-built design depth of 2.80 ft. is required for the
discharge of 44.4 cfs (See Fig. 2).

By plotting the table velocities on the same graph, the velocity (for m = 0.04)
for a depth of 2.B0 ft. would be approx. 1l.62 ft./sec.

The as-built velocity would then be -_0.04 x 1.62 = 2.59 ft./sec.
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For the aged condition, it is apparent that the bankfull flow will be larger
than the design discharge of 71 cfs. We shall also assume that the aged
"roughness" will be 0,045,

From the table, it is noted that the velocity is 2.4 ft/sec. for the constructed
depth of 5.5 ft. The aged velocity for bankfull flow would be - 0.04 x 2.4 =
2,13 ft./sec. ' 0.045

Grassed Waterway

The tables for this practice are contained on pages 14-152 and 14-153, The wvalues
are given for "C" retardance (moderate vegetal retardance) which is considered
the best average condition for grassed waterway design in the state.

As may be noted, the channel slopes are flatter than normal for grassed water-
way design. However, it is possible that a grassed watercourse may be required
for flat grades such as in an urban setting., These tables are also needed for
decision-making for a choice between a grassed waterway and a bare-earth surface
drain.

The roughness coefficient for a grassed waterway is extremely variable with
depth changes. The relationship of Manning's n and VR (the product of velocity
and hydraulic radius) may be noted on Fig. 13 of SC5-TP-61 - Handbook of Channel
Design for Soil and Water Comservation. Therefore, when values are given or
needed between the given depth increments, a three point plot should be used.

Example: Channel slope - S = 0.0035; side slopes = 6:1; bottom width - b = 4 fr;
and discharge -Q = 100 efs

Find: Design depth - d and desipgn velocity -V.

Plot the values of d = 2.0 ft. & Q = 52 cfs; d = 2,5 & Q = 110; and d = 3.0 &
Q = 198 (See Fig. 3).

By using a french curve to comnnect the three points, the design depth is approx.
2.42 ft.

A plot of the velocities on the same graph gives a design velocity of approx.

2.2 £t./sec.
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A common problem exists when the grassed waterway is on too flat a grade and
the design velocity is less than 1.5 ft./sec. The following section on surface

drains is available for the selection of a waterway that may be maintained on
bare earth.

Surface Drain

The tables for this practice are contained on pages 14-154 and 14-155. The roughness
coefficient - n = 0.025 is an average figure for bare soil lining. However, n

could be as low an 0.02 for a straight and uniform ditch in clay soil and it

could be as high as 0.033 for cobble lining. The design can be adjusted in the

same manner for varying "roughness" values as was previously noted in the

examples for Open Channel.

The following example is, perhaps, where a landowner has requested cost-sharing
for a grassed waterway. SC5 investigation indicates a flat-grade situation and
a determination must be made for the proper practice.

Example: Channel slope - 8§ = 0.0015; side slopes = 6:1; bottom width = b = 6 ft.;
discharge -Q = 66 cfs; and the channel will be in a sandy clay loam soil.

Find: The proper practice and the design parameters.

Going into page 14-152 for grassed waterway, it is noted that the design gives a
depth - d = 2.5 ft. and a veloecity - V = 1.3 ft./sec.

Going into page 14-154, it is noted that the depth would be somewhere between 1.5
and 2.0 ft. Using a two-point plot (See Fig. 4), the design depth would be
1.69 ft. and the design velocity would be 2.35 ft./sec.
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At this point, Table 14-2 on page 14-26 of the Engineering Field Manual should
be checked to determine whether the permissible velocity for the soll type has
been exceeded. The value for sandy clay loam is 3.5 ft./sec. so this is
satisfactory. However, field experience with the specific soil should be taken
into account as to whether or not it will erode under the design conditioms.

For this example, it is assumed that the surface drain would be acceptable

(with the above design) and the grassed waterway would develop into a silting-
up problem and, therefore, would not be satisfactory.

(EFM Notice IN38, August 1981)
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Table IN-14-4 Open Channel (n = 0.04 - s:;5 = 1
(EFM Notice IN38, August 1981)




B R R e T e - Ll N L X X-T. PP e e - -
;h!aﬁl!h - e e IILH%JHIH 1h!I2T2H Zu?ISDJ Zﬂﬂnaéw
- =l s ] = am e = - - - M
LT T
FrpAnSanEema® B FmE B g~ L L L L T S i R
. P e S e ] Ml R T L e T LR R Eak e I!l__...l__.-..a!
e R T e e RN R B O | LS L L e an R P R
o P D W T L L L
oA nm o D e Ll -k R Ea X ) L - R ] M}BI?
rReoAnRLaNEs fasang 238 m=agsssasana mAndcEnzd S2=EA A
- e Fa o TP .~ L]
oy W L L e L T - T T X R 3 - L T L] el g pib ot B B LR L) B L R,
P L L. L] D L T T T gy - g L
LR R R el 8 K] R - L R L TN o e e sl B EHMH”DFI!? L e e
ZARRE a i3 SnRREzR mRAR SRR ATERSOER
= EZ2R defznzik ln1mmnﬂ - AR TROEREA
w L - N ] R R I L L L L LT LG W L LY o W R P
) B L L L L LY o PP L e T MM AAA Al da SHENAANT TS P o M r ey
AR g T = D e D R R o o134 Et b Lt ) O e S . T
- = - = = = L A =g
i mARZgAn: nERsZzins SRAREZ5EIET BzZRRERT me®nCassy merZZRERTS
-

E] EMOT PN DS D L L L mENA RN R RSN Sn S am L L FE TSN
i L L L L L L L. mmmmN e M Ang g TOTNARAST ST e L ] P P T
LR - 2 - k] - - Rl ol Ea kTl ) Ll Bk - L o L
"HTIRRTISARE CUIRRRRoBAn:E TEIDARZAsnan TRRTSEECERAS nALRERE2iAEn EyRdsEIcETy

- —— e g Y - e P AanNNe g o T o P

NEER

[N

e R s R R Tl
[ = B A Bl I
— T S e g W

ITT!I#II#Z!]!I il?ﬁ!!
ﬂ!iﬁ.l F= g f o SHREBEZTACE
== ippheatpd ko

LI Y - LT

14-149

SIDE

1.3:1

e e o LR TR T R R R L e Rt ]
RS- - S PP S R Addrddrinnng T LT
Y EET b [ e IT.!!!!'!#?!!&&
ey = D
RATS L4 e Ll i Y = e
hi?lﬂ
Lol RN o N Y ?.I.-_S_?!_.I?.il_‘!i_ l_.z-l..l.i.ﬂ: lw JJJJJJJJJJJ:
B P ] mm s C s 111L11=2!1 e P T T
3 b ’
- - oA - - L. - e L - L L ] LE-T-1x! e " =
: #ZE2RFANRS NMrERRIRLERAR ARESREEEAE = A G ARRARZEIIER TRATIECOREER
. - = el e — e AT e g & iy
JjJ.—.JJJlIJ!ﬁ ......ﬂ_..]_J...—'D_.I_.._.......-.? Bl R R R I )
tnmaneqgnean  asansdr@assn  eenaanmassnn S Sl ddnng L T JE g pEp i ot e
i k] P e e R Ry e T
Lk L b e e P O O e - Bafmi HETOAOCDOM @ - s o e W
N SZRRTigd g mlﬂﬂﬂ_.r“]u-‘-r ....leillnum =Rizd m .I.IMM_?!_IHH._JB
- =] = - l]lt s i
3 B e A D - - SHNEN TN OB E S = BRoEAAOAES oA L L R L e Lt ] W D
- BT P B P - PN B e P R - . B PR
Ll ] sl o Ll - ] o ey - - - "
L L 1T mmagEnmsgEE® A A i W RERiSRRRH%E =mmAndRIRD !HS;&MH!MqM
=i A R I =T g D O e ] - -
i - - -
nEgsEASA DD ED L E- LR - L L LE L L L T
m i J Lot Sk g b B o bl e bl Hik Hot o fotrbe i B et b i R B B S e i e " o
- e R ] e
- =S D D D B e kL] O -
L L ) - AR R el Tt e SEIRATSEEN, SRR Bl e SRRRERSESE
T ey Y — FEcE - g el g
-
.a.n.l!.ﬂ.l!!.\!in_ {?Bﬂ]?!tﬁl&.? .-....I.Dl.:].n._..._.n.??
Rt L L L L I L S B e D e e g W s o R S o S
VERRARARERSN s m L eyt AWMRERARAE Rt ol -t - P - S L LR S,
- ea o e e e
L L L L L e ] T 1L -
L LT ImReR4BENgas  mmARnmmannoE SEnRARRREE e R -1 E8- 3 L 1
e B e - - - -
m D e P L L L LT e L L L T
Fa g RS AgEL Er-DOCEEOS ML R D e S L e e et S e o S
- 3 - : - - g -
L Amm L AN AL AaeG mAmBRARenanG
AAnamAnSArmG mAmomMARAgAnSO L L s EfnneEanns (B X A
LLTERNNENNNN mikregs=a w0 @ fa A E @D ELr T R O R
. L L Y s a PGB D T STk TRy O S e e @ E = R anhsaYRIlEg meRATRITZES
] o e = Pt i
-‘“n.\.ﬂbusuiu.\.u Mge DA Sm oS LAl I LN =0 I A -
TENCE GG E R L....D}D.JD....D.}D.._.D AENE N GNL YL G e e e R 8 T SR St it e
B s rrim e A R L L e
- = =

s = 1.5:1)
(Sheet 2 of &)

*

Table IN-14-4 Open Channel (n = 0.04 - s
(EFM Notice IN38, August 1981)



14-150

|
codn ]
L
]
5
n
15
1]

i
B
LB
4
L1
Ft
122
167
112
287

TRRIEZEAA —

I

e RS e DS

cnmoaEmnsano M@y mraneaD et Lt L L LT W W el ooy more
B g P P T T e R P T L LT rr O g o 8 o T T
B N e Lt e e e S D e m L e ™ - .
S 2% = =~
5 TTMmEOSARA TmREoARRA THErmSSANR nESLEZARE RIrgEdHER Nﬂ?ﬁﬂMﬂﬂ
-
m T 3 Wy - S L T L
1" nemragranas moemesaomnmann® TS RS N L I g e T T —rd T T
B O O e T e e el pteh o8 L]
) m - Y -
i oG amane ArdSgsEaRnAT SAogmEoso@an 2RARENIARNZ “REISERELRE b HE - et
m - EEEEE = Snmans eEIEZSE - ALHAARS RAHERT SRARES
|ole G M R M @R P A T T DR O e e g D@ (ot e B Ul it o S| e B e i et o ) o Ko Bl Rl
Tl lrimAAAA TS SArebSmnas g a  dorrmne g g g ot T U o ot il et el e
iMESss@mR RGN D MBS RS S g ASOoIANESnAnS T RN EdLEoRn C"RAR DO EGRER g el = e ]
e —mIroaman mHIEZaEaRE —ra mEmnoa g el RAZERES AERNGRYA
mv!i?uﬁﬂnzjlnz —HAMrOMAEESNA MeRATRNgaNAr LA ATNmA® Anemesnoan® it o il i S
AT A A A mm NGRS mmeNNAARS g NIRRT SS AnNNAnAs ST ke et P s B B i e e
Gt FRAE AR Saddn MA3EMSLORNAST AQmcoBAAaaROn A e e e D M O S R e
HAnaa A e i H e B S - R = T4 m rd B i ﬂ - L] i e P T T WD

_BE0

TR R R ]
P T T

mrnmamngaBoNg

.Ll.lnz...sai?_.z...r..-.l-.

A P D = DO g oS Er-mr-m L - =SS Bl R W e W T WA o a0 il P D e e W @
i AN ZERSSE AAREEELELRE ZAFELNREICE 1!L?HSMSQEM ARRERECEINE
o 228K ZIZEAR Z2Z%&55 2ZZAaR e
dlaframsmaranees mmranarsRIeE QUESYERS4SE0 SEENOBoNART A HEGManOg @@ G
2 e L L LT e L e e e R E T e R R R B K e B e I e e T T I e e T Tl
=
AHARFGY=R SRAACREEdAS SATREALHE ARFSEAECZING LZREE ) =3 =
i = ZiZ2A S22HA S22 AR - EERMAR 22SARS T

N
a

HeEAAFINasS

A e AN D S e O WD

-t DR DR e R
g R
o

PG e e n W

] i E]

T T D 3D

maNg e e
-k e e

frmmmemesmnnan ] - L ME We g AMSOEO e MO ONIASRTON BMEOEOMIODMS SN DO D D e e
- e L L o e a B R P e e e L ] [ RIS A P PN L QP J- R L P P e e T
I T Tt Tagmoo mgoegranazoo eI
T DABANIRNTE TTLNARRRARE S i g -1 EEEY BRAACEREZSGN *TORRisNREESR

= =a3 AR : g Ao RAA ZRARA

[
7]

s1pe J%&JL_——
L] q
o -

~AGHDENE SO
3G
-

Y jmnrEgmunnarn MrEgAaNmgEErEn orooumgaEems T NTTANURNSS sgaanganidass oRennnEneTa
S iR - TR R e e Sl e e S - N O T - e P . DR SR s
= e e e s e e e e
| ANOEEONNYTOn MOMAMSEOESDSMm MEOk @ @
D g e e e g g P G D T 2 = ps} = b=}
ot S2RRTiEs e R e ] o e e~ ~RER e .0 FAFE WD o . et e e
Q = =32 =83
Bl |navresarnnas aArEs0HMAIIn JEEROANAAINY JOBRE-NmINDE JEBERANNIINEE SEESSNMIRan
= - e - - S S P P y - . L. . Q- . L . L
I - o By CATOEARI M g an s SO o D O D e Dl 0
EEHASNEE SRS INEEEELE s Mans e aTa e L ARRIIEEDY RARIRRRZOE
F =
WTzlﬁbaﬁianfnu MANE N AERO0s MANIRERRED S M NS R BRSO D NS DD S e
] - L T R O T L - SR U7 ke
-l - TETTE R TR = FE SR ERER G
B - - I - - - - - - I - - LT G W - R o nni;Lzlﬂﬁmﬁn [P A B P SR e )
.iﬂ?ilzﬁkiﬂmdz - T P R ey st Bt S| L A e T A S Rt o
) —=hna P38 EErAmaAr .
MomaMoASASNE WAMENEASMOoNS fNeManongaong co IO 2NANans aanpuananana fanananenans
Ju112233+#5!ﬁ Gl Ll RS BmmmEAr tdrdg SO-NNAMIIANS CamNamAS S A S P I P S
e - a & g |

5 = 2:1)

Table IN-14-4 QOpen Channel {n = 0.04 - s

(Sheet 3 of 4)

(EFM Notice IN38, August 1981)




14-151

L DOS0

=

s

O

rnJLaznvm
naEneR

PO G O

e i e A

S L
e R = I W ]

B T e I ek L -
o = SAnAgS MABEaDANEAoon ASARArSWR SRS CARGTERZEAT NESAQRRAR AARSSSEEC
e R Hn:nmb ST R R LRRRY R i - | SIZIRAATE —m Ry SRNma W
m.rn. AF M S @S E R el W@ e § £ S Fa T A O @ L B bl B Ll J.ﬂ.JJJE.B!ﬁ..J ,.._“jt.r.n......_.....n_:mt_i.
SlrrmAmRaad o rmAe e g s gy —eiemmog g g bl s e R I B o bl bl olala R KX L L L. LT TN
SN OGN AN aAGE NG MEDAR DRl ANAQ@mMgaRN&as DEasERSSsao 00 Sgan@eDaRdSn REam e e s e
- - = 4 = | R R R e L £ B D e 3
o oot et ol B Ll S R R R T e AERAAdnE ZoARFALR LSRRG AR
o
-
e I I - e N e - 1 HENSFAAR=JEE NoARQEREMAIES M8g oS E
2] mmmMNmAMRM Oy mmMMNERAR IS SAOMNMAMAS g SEHMNAAAG LS maNERARARITI TN SsmENARA T
I IRELOr O ML B rEoNgrh—E® MAomenmofofre JONENOpOoaima AsooEstOandabn RoSHpoRanoog
e s = el = 1 th e B e e e R T ] R ]
= neRECEQAd moelZ2ERTR M AR R oIARGRD SoASRG AR ZRARTRER
1=
=

+280440R 35S

e e

M mnEmaRanas FARCGANEORNGRR DR IR RE SASHAGRSHNNARS mdRMA@ENO@ON GO NA &0 §
2 e s Wt s B - . e L e e e e e R K R e R e N L L L Kl B R I |
o .
AR AN GNR R ES —dABEISES oA MESEaNo RS o MESAASNENO—n AN EORR@R e SEDE Sy e an
= L] 2 i - G o B e DD B g
1| | e uunmh marZLRRRY MoamOCARES SIZERAZS R ] SEZRAARTR
= .
e
ﬁ B e - T e L B R R T oy EARONAREESAAR IR O0AMTONG SO QF S oo emaoe
| R Rl ' > ettt d o e Bt Ml oot I ERE RS Al ki LR o e obittey et e i i i
e e P T P TR ML P Y L L L] RN NAAA S mEHNEMNNMAA M AT e BN RS S
S MBI g L AT Mg e T I MoSoagdanmaE 4AESEapECnEE nEa@EnenETen
- A5 - - " = = I R ] S e D8 e = -
<] N NﬁﬂHMIHMH 15n1um%34 bt g “oRBARER e A
Bl lermcrvmmanasrne roamarscmneres Scavtcngonesy DEARRAANEREN DHNADSHIS@RoA BRNASOA NS EEGNM
g e L N T . N O i S o o e e e el R K o PSP e
[ o
P EE D R TS e D WP AN e o B S i FE A0 D P D M P D P P e P G P RASR@OR NGNS AsagaNERDaRT T m L et = =}
- - =1 - - W o O an D A e P S e
= ko B RE et i AARRELERE ?»6!uuzmn AR HERRAZ SEARARRY
=
Bl [t mrmr bt g SR st EMA T SR ARREamdn GONIOCRONANG FONIOBE AR a NN ORI R DO NS
Wl Pl 7 7 m e mm i e 7 g T e ot e o T T P4 e P4 T e e T 4T T
B
B Td D T Pd P e om0 D Qe DT P D e M P oo 05 AL A O e D ISJDIDQZ!QIM lﬂtb523]5ﬁmM AN AN O S s
- - - - = 23 R S e B [ e ]
=l |9 shAEEIsd SEFHEnE ARRSZZRIE TEn EEET T A ET S
|
wlE
P P P S

= e P L L L T e L bt e P T e e N DR = R T
i
T L o e e ek e E e b L L -]
I B T S e T LD T T e e e e e T4 D D R T LASEER3ESE e D bpba ta Tk 0 B B
- —— T — T A 3 W — R T e O O D £ AR o, sl il IR L oy e N
o - g ==
|2
e L - e e TR L LT R o ]
oo | - e
I T T T
o T Mo - 0D g R g

e L R

aon?
Y

Bl L e T
g AR
R L L

——

PR i e Rl k- ]
e e

R I N R
- L -]
A D D e D

e i i

T
— e

o e
e m

_I.ﬂ.qr.ﬂ.1rﬂ.1r.ﬂ1 B... ._U
LR T

B i R AT

T T e S ey S
AT A e T 1 A

- - R

L L LT L.

)
C omamricE M gL

5@5@\..ﬂ...._.ﬂ..lﬂ.._!.ﬂ.
e N L LT

-:ﬂ....:ﬂ...}ﬂ.i)h.i).u_-:,ﬂ
..Iu.ll]...-u_].n. 3 WA

Eal- Rl == = -]
P L L LT ]

.....uS.F,.:n__,.JD.Jn..:n.
P e L L]

£=3

1

-4

=

:1)

3

5 =

-

Table IN-14-4 Open Channel (o = 0.04 - =

{Sheet & of 4)

(EFM Notice IN38, August 1981)



lg=154

Vol P § P S - = - -
A tmanm e Ermrann maoAEn L] IHHMMW *n_ﬂ. ~ac= e SR piped e B o
o a1 gt =4 - 2R =] = - - EEL 2aA =
b =
Ea| =mrran Mm@ Mmame LY o MEogma o] =@ r~sa P MEm e i P P B S e
1 £y - - - e kb o ] - - D " g O ST
o @ R [ ) - - wa = - L
of tmmane -1 ~eimosben a1 11 ot 1 ¥ b —“mEman . Awm lem mERA Lt 41 #Hh“m =%
e P2 -—— - = - H - - e m o - - = N
2 |
] mAENRE s o B Hannns annane b B Gl Her i i H o R it ] L Mea s a g mge MEn g E =
- - L] L = LY ) E - - r e = ri - —rim e o “AIUE Zpsn
3 "
L= - [ T L - P =P - B - e e o o |-Amm [ R - ] - L A R - g - DD
HaE SARR = D e e Toees Ul. Jmm limu ARHA o = m TEES
3 - - - - - 5] - - = = ra -~
<
g s mmnaae L L LT -1 W L] L ] (et 0 I i A B L b AL L L L LT L
B e - P - - L £ - = e -, i A - T
ey - - E P m . P il e ~agyeg
= . - i o= oA L] P - e o L = - ¢ L Ll
a4~ Eﬁm Samx H-._m_.l.. Hﬂmm H.lmm = - - [t it d i L Clli
| cmn%2 nme4ne amein. mmcses nencen Aenoes
] e b e b S B nagnas -yt b Bt e o Eir bt fot-bee g R o ok i - - - e
= e sirars o s P i L P TN T I—— . 1
| e P | i e P s B LT Y TY P T T P 9 1 =mamm Ty NPy 0 E g - @8 - =
o o Sam B AR B L LR o o , miEa - ‘RA=E nEIng “REEA
- - - - = = - - =rs - =
G = O W P LT e m MO m_. =—Mara b e Lt T - DB [ —— 0
e ey ——ira L L] L - il [ - - - e g e L
e o EEmm—
[ R =X _.].-l.ln ok S a0 - - e P -
& oy Vo e " e B e B T -1 = e L =mom e 2 b & oo
P e Mﬁu —-wr RAR3 -1 - - - - L B.}Hum.._ e
| Fd oo - - =i ¥ -
w
. R —— e — [ e - S M M —mmogo - DD T A P - A
= gy e o - - PP i ] 4 wl = -y B " g L - s Ek A
™ =
o o
= | oo i e PPy P L § P ey BB i - L-T] - PR — -
5...nq Hﬂ u.-.T e ...._-._.ﬁn _...u._..-..Iu ...‘t_mu & = no= - ﬂﬂ“ _!._a.m-.rn .I..I.-.“Mﬂ 12““““ .I..J_H“u“
=1 - - =1 -
o mmreae Arrmam ] —re e P A ame PLLEL T B B e B B L LR ] - Hraed L L T ]
e = = i . = i i T T ] ] e B ] o o P
s o e - ;
= " o= [ -8 - Wy - e N -
-1 Vo Vo - L L By LT S P = - - Mo s e -
d49 P aag =T - MJ_HU Iiﬂn o = Lt L #h”
-
Al SETLTIMRY. sinrhecie;  mAMeRe: ornnem; oonoaRl oneanen Bl SAMmmn  AAAMQE  SoanEasn AeAeERe CEHMdsee Cdrdess
- - - - e E L i o i (R 8l E e e LR
P e oD | oS @ [ = T T I R R R S e
a8 ) B ARE R A L.~ ng -4 k- ULE 1.5 b T
. | LT L FELT L] T T rr A bbbl & -] e e Ao ame - D L TLL
5 ol e = e Sl = - = - - 4 i
L] LT cooess E-T-E-E-1-] Y- T-T-X-F- So0oso | manaa nQngng Mo awno CE-LY_ .11 @D P
o T e R i I 4 Sl o g Sl L fha el v bl et il Lt S e
Assady Heédggd Fednduad <aspss vddgdy <Siisad o edana SRS  regmpy Jhdddd qiddds dadddd
ol O ML b e B nanans R e e o ] nansna nE NG e o WO D mEnEn O DS
T B S O T ] CE T P o] PP . e o ] L (A S . el e b fal e ot ol S e
al B . s -+ - - = s & e " - - o

1 and 6:1)

=4

» August IQSIi

Table IN-14-5 Grassed Waterway "C" Retardance s:s
(EFM Notice IN38 .

{(Sheet 1 of 2)



14-153

B:l SIDE SLOPE " Retardance
L0010 L0015 , 0020 0025 L0030 005 L0040 L0045 LOS0

Q v q v q v g 1v Q - ¥ Q v 1] v '] v 2]

‘a __'L - 0 | - .1 - +l- - .1 - 1 - +1 - hl - 11 -

.0 1 1 .1 1 1 1 .z 1 i3 1 .7 1«2 2 o2 2 i 2

] 2 . 2| 2 3 .2 &) .27 & .2 o 45 9 .6 11 B 14

M) .2 5 . 6| -6 20 LB 27l1.1 s | 1.2 39 1.4 46 1.6 51 | 1.7 55

0|l .6 28 .8 32|1.2 &0 1.4 T2 1.7 B 1.9 96| 2.2 108 2.4 120 | 2.6 128

0] .9 &5 1.3 69 11.7 122 2.0 144 | 2.3 166 2.6 187 2.9 208 *3.1 225 3.6 243

.0 - .1 - 1 - | -] .1 - £ | - 1 - .1 - 2 -

.0 1 o | 1 i 2 2] .2 z L2 2 2 2 o2 2 2 2

.0 3 o2 3|l .2 4 .2 & .2 5 LB 13| .8 16 4 19 |10 21

.0 6 .5 18 .8 27 1.0 k1.2 &3 (L.a 51| 1.6 5B 1.8 65 | 1.9 &9

.0 35 1.0 55 (1.3 71 1.6 B8 (1.9 104 2:1 117] 2.3 129 2.6 14l 2.8 153

.0 78 1.4 111 |1.8 141 2.1 167 |2.5 193 Z.7 214 3.0 237 3.3 257 3.6 278

L0, - +1 =] .1 = .1 - 1 1 .1 1] -2 1 2 1 .2 1

.0 1 Yy | 21 .2 2 L2 2 ) 2 2 2 .2 3 «2 3 wl 3

.0 3 .2 41 .2 5 i 5 N ] 15 .B 12| .9 23 1.1 26 1.2 29

.0 10 B 251 .9 36 1.1 45 1.4 54 |L.5 62(1.7 &9 1.9 77 |2.1 BS

.0 43 1.1 64 |1.4 85 1.7 103 j2.0 120 |2.3 135|2.5 152 2.7 164 |3.0 178

.0 a0 1.5 12f |1.9 159 2,3 189 [2.6 218 2.9 242|3,2 269 |3.5 291 [3.7 311

.0 - P | - i | 1 | 1 oy | 1 .1 1 " ) 1 -] 1 -2 1

.0 2 s | 2 1 .2 2 .2 3 .2 3 .2 3| .2 3 2 3 3 &

.0 & .2 5.2 & .6 15 .8 20 -9 2611.1 29 1.3 34 1.4 a7

L0 17 .7 31 1.0 44 1.3 56 |1.5 66 1.7 1.9 B4 2.1 9& 2.3 100

.0 52 1.2 78 |[1L.5 98 1.8 119 j2.1 139 (2.4 156 | 2.6 - 171 2.9 188 3.1 203

L 101 1.6 144 |2.0 180 2.4 N6 |2.7 243 (3.0 270 |3.3 300 3.6 324 | 3.8 346

.0 - i | 1.].1 1 .1 1| 1 .2 1 7 1 R 1 2 1

0 2 -1 21 .2 3 i 3 ] 3 Y i o2 § 3 & . ] 4

M | 4 ] 5.5 14 .7 20 .8 25 L.l 32 |1.2 36 1.4 &1 [1.5 &5

.0 23 .8 38 1.1 51 1.4 65 fl.& 77 1.8 B& |2.0 97 2.3 108 2.4 117

] 59 1.3 B9 1.6 112 1.9 135 2.3 158 2.5 177 2.8 1%4 3.0 -210 (3.2 227

0 115 1.7 162 R.1 205 2.5 237 R.8 273 PB.1 Jof §3.4 328 3.8 360 ([4&4.0 3B5

7.0 1 % | 1 1 1 1 1 % | 1 .2 1 2l 1 -2 1 2 1

18.0 2 .1 i).2 3 al 3 |.2 & .2 & | .2 & 3 5 5 9
Ji.o 5 ] L |.6 19 .8 25 .9 1 1.1 37 11.4 45 1.3 50 1.6 54
52.0 26 N 46 L1 59 1.4 74 A.7 &8 [.9 ga 12.1 111 2.3 122 |2.6 133
75.0 [1:] .4 101 Q.7 127 2.0 150 2.3 173 2.6 19% [2.9 216 3.1 234 3.4 253
nZ.0 129 L.7 177 p.2 221 2.6 262 R.9 298 B.2 331 (3.6 M3 3.8 393 4.1 419

Table IN-14-5 Grassed Waterway - "C" Retardance (s:s = 8:1)

(Sheet 2 of 2)




14-154

Faoad e T e o el - i o] meaoe - .
o da - - [ ans - a o 22Es gy = SRER nEER a4RS
= - =2 AA | - jart == b g
]
b it R Lt b Hor b b oA ol K Bl meane  aana b b oo 28 7 e i v
R Bal B ek ] 4 g L ] wa ] ELLE R e ri T e r 8 o .
R Nt B P P R - - R o Pl ._ O oo R Ll ) P e ol e = - e 4=
=Y LR ] - - Ll |
m = EE T Bﬁm o SR ]imﬂ i - AiEe ah3g H?mm “!H lumm EEEY
=]
o e S L o o R i mrme nanm e ][] 4mnaa mevinm, ‘geesae  domin el nmen
= e " LT LR LR L L r] Fi R e L] T
= Ny REN T—dC o = r EE] ) L
Jo| ~*s&s2 <s2322 -3ngg <*asny  =REi 43P e CmENER THAZE: TRERE TAAIX (2385) A%
5 35 - gD o - iTE 3
=] -
TRl gnaens aen o e GSngo  Aeme rma [Zla] MASGAE SARER. Andas  BedAw AERnE  soed
el T T i ] P P G o Fislal B EhanEa T bt SOt Lt . s Ll A ] ikl o ] caiachia i M WY B
- “TARE=S "ORARE TRRAs® URIZ22 EAREE  AZAZni |71 TEGHER "HRTAZ SREIE HTERZ
= as HA a8 =41 jais) - B bl - TARE =8 HegRs
= ANAMANT mUmeRAgE Sanhedo 8 b B N ! b T B mr it o Bt P R T e T o B | e
el T e R B I o HE e v g M RAT S eleler e e S
AEA SRS Mg EER NS o dD R AOBN S NS AEM 4 mea = BAmPNE B0 em e S s
4 - 3-8 P B ARARE =RIIAE =3 =
o 2 58 TRIS3g S5R q5s 41 ) B AROEE TRERQR SRE¥EE NYSERY
£
z TARANT MAseEs nodeae REhbae BeREgR Sodoad "™ MR guan EasSgsaLeNgRe Nenaoe
PR TIPS P S e r el PR o s PP e o P T e A T T T i T T ]
- A AR P MBS O @ MO e S AW mm o e | T T P
H4 T m HRA3E % = gt HeZ=2 SaeRE H
r - s a8 BE E3-H A&R g nagRg "RIFRE TARZRR SRR
i vt o o W o B b e o B B L o B b Bl S B e i B L o e L ] 1= e B o o L e Lol e S g e A o ROl L
DOMHGY SRanag onenns SN SNARSS ndan o HNBOnS s CNGEES e e
NrEENAD Ao@dEn wOEoBE SRha0 ] o o 1 =
EZESR = -4 2
o - i = - TRIR B3] ha= -1 elm Smﬂ“mm &hﬂmnm uﬂ“mMm TRERHZ
=1 =
Bl 24neet Amsane asngan dgeman aneces anenaed =
PP TP B - g . B - S e o o - 1= AEMens Cguoam LH@na®R aoanoa
L L T T T o T
Ao “OBS2E ~SAtH “SA3ER “3ERHY °ASBEE "LALSR o *5588S Hefg: "NRS0Z SRI2:E
g - = =3 43 3 -1 naH msan g =4
1 ot o e e i B S R Rl B s B T R B B e e b e L b 1= AnRANan AeRnannoananen ananad
bk e I R N e e e e kT e N T T T L L L L L L e R
L1 B L] - L = ~
B EEEe RY%E TORRLE TIREsE UESPALE CHYZAER =1 TEAADOR THRIESE UHASEID "EAERA
_N =1 fa] - - -1 = - b =} =1 -
=1
l fAENARS aanand Semeaw Sdkonn Qnanas Soanee = RaROAE SqEean OfRMaR Qoo
= A e AT " d ek 0 PP e e p P Pl b e T P e ek el P s b T PR ” s Sries e el pipil e e P E il ed b e ee
= o
B e -~ L - a
I | DASE ARG - IM!Im Sluﬁmm “RYAGE == o THBREEY TossEcR "ATRER inﬂﬂﬂm
ol = a5 | o8 . 1 HE 2
’ TRMAMAN manman SfaEde SRESEHS maoQRS oK he B mamaaT EASRge EANeEE e o
™ Lol i Ho =K Bo KKl e Hemmn L= e A, ] oocirie _ ooden  cedeie Cioioarn oo
a . SR TMOoRRER, "OARRY TEZARRZEL “EYEns
~l= MH SRS md S E A Mm s mam Mo d e S R e T T oy ™ - - =] oo
& - SRR RRiE aREE3 ZRAEA ARESS =
2 = ] EF E
L MAMNAS mRAafnEs Aqeené Eddhae @ssbon e s = AhHaAne renane Eeavaa Soddho Sann Bed ERE
o e o e T e L [ - = kol -4 ) e ol i ol e ek R e
L MR PR R F T B
= T sRA - “HEe S ARSE H M mermman cnmnme RN Er mHn Do S EOA N e
- b e e m aRades HIES ARYEN SRAER - e 4
NERAse ammawpcgeconee WS RN a o i 2 -
- b o et B B TR o o QR T Ie| wm@nen wegnes weanne emanasn eRAden aonToem
- et et e T e ko
BT - O R - -
i ] TEERT TTOEHGR “mae TTARGE TEARSS N TTTRAR TCORSE TPLRER MUEARE TTRAER TIOAIRS
M AMEELES JorEOn FOBEAS NEBOMN AREOES O Oan = M DO Ao EA TEDAGN S e e TS NS
bl - - - - " ot oy o B | B | - * R e
=L ROS0 pOoOSO0OS Boocca o0 =
b o e o b R o b e | bty LLJWJJ.MJJJJI MONONE NONCNE MONGnNS ASnSnc NONOA0 nEne
“.__ ZEA SRBY nmwonasy *EERSE oy o s | L2893 HE mdaded dddsno Aoeoes Sdengnn mdades sdmand
o . Y = = ] =] = 2
MEMNOAL fLACHG AGAORE NEASNO NOAGNO MOADAS o MBAGAE nowooo MOoncne senonn UNONG A0aSas
L - e - e e e L L L L L T T s = - S e - e i T T T T T ]
a - T = e : vl R
- - sl = L = i b= o

:1)

1 and 6

(Sheet 1 of 2)

(EFM Notice IN38, August 1981)

Table IN-14-6 Surface Drain (o= 0.025 - 4




14-155

R ] -] - e - P
od Y G“Hﬂ O ] W ..M.-._l_!
o = - =1 = - —rd
2 e wh PO L == —— RN - -
g e o e LT g g L
w - e — e - — £
£ P L o CE TR - e -
et L R ] T4 EA T R ] ]
L N Y e et ] o T D P - Rl
= LEE853 N3RS R noEg HEBE2n 1525“
= o - e - ]
m LT P PR e wr -z A e e [ o e
L LT 4y LR ey T
Mo e T A PSS Q@AW e WD R o S i
-] ] O wRme Seod= T T
-.-u-.-. . - e e [ - Bl Rt
wﬂ € A D - JJJJ}E BJJ!&.J ‘.J..-.ﬂ..! i_....:-_ﬂj
R I R e T e e e R I T e e e e I g ey v T T
- o R N B T TR S Mo w
MMMBM .F_-._.y-!_.ﬂq ﬁ“?]]? JB!HM .ﬂl.n._?j..ur.ﬁ liﬂﬂﬁl
” - — e i - -T g - T
= MEMMEM aAMEana anonon J40deE RnonNe b L LY
Ea s Re X ull o i ) 124‘11-“1.-. Ll B R o it o ) LR B B e T T LS W B

TN

B W (=] — R N I TR e T o [ e

2ol ®23282 v8angs ea3insg rasIvr "2533% H98RES
= - g T - T3 Xz
= feP T EdF MO aAE IR e AW et DR oL - Y
1= SEA AR SN ST SRR S P m e e

a MOZENE YSYram aocans mpp@es opooo T -]

el T e e =4 =T & P- = ﬂ.-.l}ll.'-m o - j?ﬁ!m -y N1

5 = - - - = -
T. R ) S T Mk .y WS SO N & S v S W R
e R L T e T o R T T T T g g P S S S

g OAD AnRHeED 9000 en SEAEDADS A@mOaon Seg e

kad e m e o O W T LR B U= e e D Lo =) e e -

m Ealel ] e R tal - o

e L L B e E R R R T S o R T i et S St -

S D R T T @ e m Ll L e LT e
R332 nARRE ATER T e - R

(= = . T — e == =1

PLOFE

o e o Dk - Mo
= e e g o i a0 - e T Sl
- ' L] Mo m m-a Lni - 4 P P e e Ll Ll =] L -
™ i 4 Rag2 A&EOZ i - R
- — o el o ==t
m fMARON DaARO0f DAGSC SNOGAd EAoenT o
i L L T L e T
4| HiaR MSEzaoo - “ARZE RARRAE wRASEET
3 - = =1 e -] =
= CBHEH R OEMA R MOMODG o S0 S 0 db R e T Fe o
it T s v = et e e e ML= e R ety - e Mo
- Ll ™S O i i P - =] - -F -3 ]
"AREN tenayEs P HELRLES ThRARSR
=1 3 - " AA

.00

- i_.l_.J.:r_J_ﬁ O e R ] r- T e

e o s e e o s e o8 et o

e e N W W C4 P @0 D T -I’]ti-nm I._n_.r._s..?u L - k]

= 4T - o e ] o e BT

iy o -

MENWMO S A RS o SREREON TOmm e WM 0 e

- e — - ot e

R e LD COHLLEL LOCLOL LLLLLL LLEGELO OLLooD
TAMI M IS P ML s oE @ Cen ) of g ; 3o L]

- ALY “zAanR *nissg fdngfs disdsEd Peddng

1)

Table IN-14-6 Surface Drain ( m = 0.025 - s:s = 8

(Sheet 2 of 2)

{(EFM Notice IN38, August 1981)






