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TABLE 2.2.2.2
NRCS RUNOFF COEFFICIENTS

Runoff curve numbers for urban areas’
Cover description Curve numbers for
hydrologic soil group
Cover type and hydrologic condition | Average percent
impervious area® | A B C D
Fully developed urban areas (vegetation established)
Open space (lawns, parks, golf
courses,cementeries etc.)3
Poor condition (grass cover<50%) 68 79 | 86 89
Fair (grass cover 50%-75%) 49 169 |79 | 84
Good (grass cover>75%) 30 61 | 74 | 80
Impervious areas
Pavement, roof, etc. 98 98 | 98 | 98
Streets and roads
Paved w/ curb (excluding right- 98 98 | 98 | 98
of-way)
Paved w/ roadside swale 83 89 | 92 | 93
(including right-of-way)
Gravel (including right-of-way) 76 85 | 89 | 91
Dirt (including right-of-way) 72 82 | 87 | 89
Urban Districts
Commercial and business 85 89 92 | 94 | 95
Industrial 72 81 88 | 91 93
Residential districts by avg. lot size
1/8 acre or less 65 77 85 | 90 | 92
1/4 acre 38 61 75 | 83 | 87
1/3 acre 30 57 72 | 81 86
1/2 acre 25 54 79 | 80 | 85
1 acre 20 51 68 | 79 | 84
2 acre 12 46 65 | 77 | 82
Developing urban areas
Newly graded areas
(pervious areas only, no 77 86 | 91 9
vegetation)*

From USDA, TR-55, Urban Hydrology for Small Watersheds, 1986

1Average runoff condition, and Ia=0.2S.

*The average percent impervious area shown was used to develop the composite CN’s. Other assumptions
are as follows: impervious areas are directly connected to the drainage system, impervious areas have a
CN of 98, and pervious are considered equivalent to open space in good hydrologic condition. CN’s for
other combination of conditions may be computed as shown in TR-55, 1986—Figure 2-3 or 2-4.

*CN’s shown are equivalent to those of pasture. Composite DN’s may be computed for other combinations
of open space cover type.

*Composite CN’s to use for the design of temporary measures during grading and construction should be
computed as shown in TR-55, 1986—Figure 2-3 or 2-4.
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TABLE 2.2.2.2 Continued

Runoff curve numbers for undeveloped areas'
Curve numbers for
hydrologic soil group
Cover description Hydrologic A B C D
Condition
Pasture, grassland or range- Poor 68 | 79 86 | 89
continuos grazing’ Fair 49 | 69 | 79 | 84
Good 39 | 61 74 | 80
Meadow-continous grass, protected
from grazing, generally mowed for 30 58 71 78
hay.
Brush-brush/weed/grass mix with
brush the major element’ Poor 48 67 77 83
Fair 35 | 56 70 | 77
Good 30 | 48 | 65 | 73
Woods-grass combination (orchard
or tree farm)’ Poor 57 | 73 | 82 | 86
Fair 43 | 65 76 | 82
Poor 32 | 58 72 |79
Woods* Poor 45 | 66 | 77 | 83
Fair 36 | 60 73 |79
Good 30 | 55 | 70 | 77
Farmsteads-buildings, lanes,
driveways, and surrounding lots 59 74 82 86

' Average runoff condition, and I,=0.2S.
*Poor: <50% fround cover or heavily grazed with no mulch.
Fair: 50 to 75% ground cover and not heavily grazed.
Good: >75% ground cover and not heavily grazed.
*Poor: <50% fround cover
Fair: 50 to 75% ground cover
Good: >75% ground cover
*Actual curve number is less than 30; use CN = 30 for runoff computations.
°CN’s shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other combinations
of conditions may be computed from the CN’s for woods and pasture.
®Poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning.
Fair: Woods are grazed but not burned, and some forest litter covers the soil.
Good: Woods are protected from grazing, and litter and brush adequately cover the soil.
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Table 2.2.2.3

NRCS Type II 24-hour Rainfall Distribution

Accumulated

Time in Hours Rainfall in percent of
24-hour rainfall

0.00 0
2.00 2.20
4.00 4.80
6.00 8.00
8.00 12.00
9.00 14.70
9.50 16.30
10.00 18.10
10.50 20.40
11.00 23.50
11.50 28.30
11.75 38.70
12.00 66.30
12.50 73.50
13.00 77.20
13.50 79.90
14.00 82.00
16.00 88.00
20.00 95.20
24.00 100.00
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Table 2.2.2.4

Median Time Distributions of Heavy Storm Rainfall at a Point

from Bulletin 71, Rainfall Frequency Atlas of the Midwest
(Huff and Angel 1992)

Cumulative Storm Rainfall (%) for Given Storm Type

Cumulative
Storm Time First- Second- Third- Fourth-
(%) Quartile Quartile Quartile Quartile
5 16 3 3 2
10 33 8 6 5
15 43 12 9 8
20 52 16 12 10
25 60 22 15 13
30 66 29 19 16
35 71 39 23 19
40 75 51 27 22
45 79 62 32 25
50 82 70 38 28
55 84 76 45 32
60 86 81 57 35
65 88 85 70 39
70 90 88 79 45
75 92 91 85 51
80 94 93 89 59
85 96 95 92 72
90 97 97 95 84
95 98 98 97 92
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Table 3.1.1.1

MANNING’S ROUGHNESS COEFFICIENT

Type of Channel n
Closed Conduits
Reinforced Concrete Pipe (RCPS) .....coouiiiiiiiiiiiiiietee ettt 0.013
Reinforced Concrete EIptical Pipe........ccccoooiiiiiiiiiiiiiiiiieececeeeeece e 0.013
Corrugated Metal Pipe (CMPs):
2% x Y2in. Annular or Helical Corrugations unpaved - plain ..........ccccoceeverieniencencnncnnnene. 0.024
2% x Y2in. Annular or Helical Corrugations paved inVert ...........ccccoccoeveevienieneeneeneennennenne. 0.021
3x1 in. Annular or Helical Corrugations unpaved - plain ........c..ccccecievieiieniienieeneeneeneeeee 0.027
3x1 in. Annular or Helical Corrugations paved INVErt .........c..ccoceevieciieiiieiienieeneeneeieereeee e 0.023
6x2 in. Corrugations unpaved - PIAIN.........coceviirieiieiiiicicc e e 0.033
6x2 in. Corrugations Paved INVETT..........cccuiviiriiiieiieiieie ettt s 0.028
Vitrified Clay PIPE ......coo.ooiiiiiiiieeee e 0.013
ASbestos Cement PIPe........c.oocuiiiiiiiiiiiiiiii e e e 0.012
Open Channels (Lined)
GADIOMNS. ...ttt et et e st st a et et et e e h e b et e s anesaeesaeeneenneeas 0.025
Concrete
Trowel FINISN.....cc.ooiiiiiiiii e e 0.013
FLoat FINISN ..ottt e s e 0.015
UNFINISNEA ...ttt et e e s 0.017
Concrete, bottom float finished, with sides of
DIrESSEA STOME ....c.eniieiiiiieiie ettt s sttt et e e e 0.017
RANAOM STONE ...ttt et 0.020
Cement RUDDIE MASONTY ......ccuiiiiiiiiiiiiiiiii et 0.025
Dry Rubble OF RIPIAD ...ccviiiiiiiiieiiei e s e e 0.030
Gravel bottom, side of
RANAOM STONE ..eiiiieiiiiiic e ettt e s s 0.023
RIPIAP .t e s sttt et et 0.033
(€ T (o1 | USRS 0.030
RIPTAP et et sttt et et e st e s sa e aeeneea 0.035
Grouted RIPIAD .....oouiiiieiieiie ettt ettt saeeneene e 0.030
Open Channels (Unlined) Excavated or Dredged
Earth, straight and Uniform ............ooiiiiiiiiiii e e 0.027
Earth, winding and sIug@ish..........cc.ccoiiiiiiiiiii e e e 0.035
Channels, not maintained, weeds & brush UNCUL ............coociiviieiiiiiiiiiiiiee e e 0.090
Natural Stream
Clean Stream, STFAIZNT ......cccueiiiiiiiieie e s sttt e 0.030
Stream with pools, sluggish reaches, heavy underbrush ..............ccccooiiiniiniee 0.100
Flood Plains
GIassS, NO DIUSH ...ttt e e e e et e e e e e e e eetaaeeeeeeeeeanraeeeeaeeenans 0.030
With SOME DIUSH......ooiiiiiiiiiiie ettt s 0.090
SEIEEL CUIDINE ..eenveeiieriiieiieete ettt ettt ettt st sttt et et e st esbe e saeesateeaeeeneeen 0.014
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Table 3.1.1.2
HEAD LOSS (so-called minor loss) COEFFICIENT k

2
Condition (Loss = kv—j k
28
Manbhole, junction boxes and inlets with shaped inverts*:
TRIU FTOW..tiiiiitiie ettt e e et e e e et e e e sttae e e enbaeeeensaeeeessaaeennns 0.15
JUNCHION 1t ett e e et e e e et b e e e eetaeeeesaaeeeenraaeesssaeaennns 0.4
CoONtraction trANSIION. ......uvieieiiieeeeciieeeecieeeeeiieeeeestreeeeesereeeeesreeesssseeeessseeessssseeeennsees 0.1
EXPansion transSition.......c.eereerieriierieeiieiteneente sttt et ettt sttt 0.2
90 degree DENd .......c.eeviieniieriiiiiiieee ettt 0.4
45 degree and 188S DENAS ........coueriiriiiiiiiiiiieeee et 0.3

Culvert inlets:
Pipe, Concrete

Projecting from fill, socket end (Zrove end) .......cc.ccocveevienieniencnicniceeeececeeeen 0.2
Projecting from fill, Sq. Cut €nd .......c.cooieiiiiiiniiiieee e 0.5
Headwall or headwall and wingwalls
Socket end of pipe (ZroOVe €Nd) .....c.cccevviriirriiriiiiieierieee et 0.2
SQUATE EAZE ... enveenieiiiieieeeeeeeert ettt sttt et e 0.5
Round (radiuS=1/12D) ....cccuuiiiieiiie ettt e 0.2
Mitered to conform to fill SIOPE.......c.covieiiiiiiiriiiiiii e 0.7
Standard Nd SECLION ......c.eevuiiriiiriiiiieieeeee ettt ettt s enne e 0.5
Beveled edges, 33.7° 0r 45° BEVEIS ....cocueeiiiiiiiiiiiiiieecececncc e 0.2
Side or slope-tapered INIEt ........c.ceoouiriiiiiiiinieiiece et 0.2
Pipe, or Pipe-Arch, Corrugated Metal
Projecting from fill (no headwall)..........ccccooviiniiiiiiniiiiiiecceeee, 0.9
Headwall or headwall and wingwalls square edge .........ccccceeeereeriirnirninneenicneenee. 0.5
Mitered to conform to fill slope, paved or unpaved SIOpe .......c..ccoceervirvernieneeneennee. 0.7
Standard €Nd SECLION .......eevuiiriiiriiriieieeeee ettt ettt ettt st e 0.5
Beveled edges, 33.7° 0r 45° BEVEIS ....cocueiiiiiiiiiiiiieiieececceccec e 0.2
Side or slope-tapered INIEt ........c.ceovuirviiiiiiiniinieneee et 0.2

Box, Reinforced Concrete
Headwall parallel to embankment (no wingwalls)

Square edged 0N 3 €dEES....cccueerviiriiriieriieieeeeeeeee e e 0.5

Rounded on 3 edges to radius of 1/12 barrel dim. or beveled edges on 3 sides....0.2
Wingwalls at 30° to 75° to barrel

Square edged At CIOWI .......eeuiiiiieniinierieete ettt ettt 0.4

Crown edge rounded to radius of 1/12 barrel dimension or beveled top edge ......0.2
Wingwalls at 10° to 25° to barrel - square edged at Crown ..........cocceveeevreenreeneeneennee. 0.5
Wingwalls parallel (extension of sides) - square edged at Crown........c.c.ceceeeveenneennee. 0.7
Side or slope-tapered INIEt ........ccceovuiriiiiiiiiiinieneteeeee et 0.2

*Note: When 50 percent or more of the discharge enters the structure from the surface,
“k’” shall be 1.0.
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Table 5.1.4.1

CRITICAL SHEAR STRESSES FOR CHANNEL MATERIALS
(Solely for use in stream assessments as described in Chapter 5.1.4.
Not to be used as allowable shear stresses for design)

Granular Material

Boulders (100 cm)

Boulders (75 cm)

Boulders (50 cm)

Boulders (25.6 cm)

Rip Rap

Cobbles (6.4 cm)

Cobbles and shingles

Cobbles and shingles, clear water

Coarse sand (1mm)

Coarse sand (1mm)

Coarse gravel, noncolloidal (GW), clear water
Coarse gravel, noncolloidal, (GW)

Gravel (2cm)

Fine gravel

Fine gravel, clear water

Fine sand (0.125 mm)

Fine sand (0.125 mm) (SP)

Fine sand (SW), (SP), colloidal

Fine sand, colloidal, (SW), (SP), clear water
Graded loam to cobbles, noncolloidal (GM)
Graded loam to cobbles, noncolloidal,(GM), clear water
Graded silts to cobbles, colloidal (GC)

Graded silts to cobbles, colloidal, (GC), clear water

Fine Grained

Resistant cohesive (CL), (CH)

Stiff clay, very colloidal, (CL)

Stiff clay, very colloidal, (CL), clear water
Moderate cohesive (ML-CL)

Ordinary firm loam (CL-ML)

Ordinary firm loam, (CL-ML), clear water
Alluvial silts, colloidal (CL-ML)

Alluvial silts, colloidal,(CL-ML), clear water
Alluvial silts, noncolloidal (ML)

Alluvial silts, noncolloidal, (ML), clear water

pst

20.295
15.222
10.148
5.196
3.132
1.299
1.100
0.910
0.015
0.015
0.300
0.670
0.406
0.320
0.075
0.002
0.002
0.075
0.027
0.660
0.380
0.800
0.430

1.044
0.460
0.260
0.104
0.150
0.075
0.460
0.260
0.150
0.048
0.075
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Table 5.1.4.1
CRITICAL SHEAR STRESSES FOR CHANNEL MATERIALS
(Solely for use in stream assessments as described in Chapter 5.1.4.
Not to be used as allowable shear stresses for design)

Sandy loam, noncolloidal (ML)

Sandy loam, noncolloidal, (ML), clear water 0.037
Silt loam, noncolloidal (ML) 0.110
Silt loam, noncolloidal, (ML), clear water 0.048
Shales and hardpans 0.67
Others

Jute net 0.46
Plant cuttings 2.09
Well established dense vegetation to the normal low water 2.16
Geotextile (synthetic) 3.01
Large Woody Debris 3.13

Note: For non-cohesive soils, the table values are based on spherical particles and Shield equation, as
follows: 1. = O(ys -y) D where y,is the specific weight of sediment (165 pcf), v is specific weight of
water, D is the reference particle size, and ©® is the Shield’s parameter (0.06 for gravel to cobble,
0.044 for sand). For cohesive soils the values are based on limited testing as reported in Chow (1988)
and USDA (2001).
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Project:

Stream Name and Location:

Evaluated by:

Firm:

Date:

Table 5.1.4.2

CHANNEL CONDITION SCORING MATRIX

(adapted from Johnson, et al 1999 )

along channel bends
and at prominent
constrictions, some
raw banks up to 4
foot

trequent. Cut banks 4
feet high. Root mat
overhangs common.

cut banks, some
over 4 feet high.
Undercut trees with
sod-rootmat
overhangs common.
Bank failures
frequent

Score (WeightRating
Stability S) | (W) |S*W=
Indicator Good (1) [Fair (2) [Poor (3) R)
Bank soil cohesive materials, sandy clay (SC), non-cohesive 0.6
texture and  [clay (CL), silty clay [sandy loam (SM), materials, shale in
coherence (CL-ML), massive (fractured thinly bank, (SM), (SP),
limestone, bedded limestone (SW), (GC), (GM),
continuous concrete, (GP), (GW)
clay loam (ML-CL),
silty clay loam (ML-
CL), thinly bed
limestone
Average bank [slopes <2:1 on one [slopes up tol:1.7 bank slopes more 0.6
slope angle  |or occasionally both [(60°) common on one fthan 60° on one or
banks or both banks both banks
Average bank [less than 6 feet greater than 6 and lessigreater than 15 feet 0.8
height than 15 feet
Vegetative  |wide to medium narrow bank of thin or no band of 0.8
bank band of woody woody vegetation,  woody vegetation,
protection vegetation with 70- poor species diversity,poor health,
90% plant density  [50-70% plant density, monoculture, many
and cover. Majority most vegetation on  frees leaning over
are hardwood, top of bank and not  pank, extensive root
deciduous trees with extending onto bank exposure, turf grass
well-developed slope, some trees to edge of bank
understory layer, leaning over bank,
minimal root root exposure
exposure common
Bank cutting [little to some evident Significant and Almost continuous 0.4
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Table 5.1.4.2

CHANNEL CONDITION SCORING MATRIX

hard clay,

overlap, moderate %

very poorly

(adapted from Johnson, et al 1999 )
Score (WeightRating

Stability (S) | (W) |S*W=
Indicator Good (1) [Fair (2) [Poor (3) R)
Mass wasting [little to some Evidence of frequent [Frequent and 0.8

evidence of slight or jand significant mass extensive mass

infrequent mass wasting events. wasting evident.

wasting, past events [[ndications that higher[Tension cracks,

healed over with flows aggravated massive

vegetation. Channel undercutting and bankundercutting and

width relatively wasting. Channel bank slumping are

uniform with only  width irregular with considerable.

slight scalloping bank scalloping Highly irregular

evident channel width.

Bar narrow relative to  Bar widths wide Bar widths greater 0.6
development [stream width at low [relative to stream than Y2 the stream

flow, well- width with freshly  width at low flow.

consolidated, deposited sand to Bars are composed

vegetated and small cobbles with  of extensive

composed of coarse [sparse vegetation deposits of finer bed

bed material to slight material with little

recent growth of bar vegetation

as indicated by

absence of

vegetation on part of

bar
Debris jam  [slight — small moderate — noticeable significant — 0.2
potential amounts of debris in debris of all sizes moderate to heavy

channel. Small jams present accumulations of

could form debris apparent
Obstructions, [negligible to few or moderately frequent [frequent and 0.2
flow deflectorsjsmall obstructions jand occasionally unstable causing
(walls, bluffs) [present causing unstable obstructions, continual shift of
and sediment [secondary currents [noticeable erosion of sediment and flow
traps and minor bank and channel. Considerable

bottom erosion but sediment

no major influence jaccumulation behind

on meander bend  jobstructions
Channel bed |massive competent [shale in bed, soft silty [silt, weathered, 0.8
material to thinly bed clay, little thinly bedded,
consolidation [limestone, consolidation of fractured shale, high
and armoring [continuous concrete, particles, no apparent slaking potential,
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Table 5.1.4.2

CHANNEL CONDITION SCORING MATRIX
(adapted from Johnson, et al 1999 )
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Score (WeightRating

Stability S) | (W) |S*W=
Indicator Good (1) [Fair (2) [Poor (3) R)

moderately of particles <4mm  consolidated, high

consolidated with % of material <

some overlapping. Amm

IAssorted sizes of

particles, tightly

packed and

overlapped, possibly

imbricated. Small %

of particles < 4mm
Sinuosity 1.2 < Sinuosity < 1.4 [1.1<Sinuosity <1.2  Sinuosity <1.1 0.8
Ratio of radius3 <R/Wy, <5 2 <RJ/Wy < 3, 2 >R, /Wy, 0.8
of curvature to 5 < RJ/W, <7 R. /Wb >7
channel width
Ratio of pool- ¢ <Length/W, <8 [3 <Length/W, <4, [3>Length/Wy, 0.8
riffle spacing 8 < Length/W, <9  [Length/Wb > 9,
to channel unless long pool or
width at run because of
elevation of 2- geologic influence
year flow
Percentage of < 25% 26-50% > 50% 0.8
channel
constriction
Sediment little to no loose scour and/or near continuous 0.8
movement sediment deposition, some scour and/or

loose sediment deposition and/or
loose sediment
TOTAL _




Table 5.2.7.1
Permissible Shear Stresses for Lining Material

Lining Category Lining Type b/ft
Erosion Control Blankets 1.55-2.35
Turf-Reinforced Matrix (TRMs):

Unvegetated: 3.0

Vegetated: 8.0

Geosynthetic Materials 3.01

Cellular Containment 8.1

Woven Paper Net 0.15

General Jut Net 0.45

Fiberglass Roving:

Single 0.60

Double 0.85

Straw With Net 1.45

Curled Wood Mat 1.55

Synthetic Mat 2.00

Class A (see Table 5606-2) 3.70

Class B (see Table 5606-2) 2.10

Vegetative Class C (see Table 5606-2) 1.00
Class D (see Table 5606-2) 0.60

Class E (see Table 5606-2) 0.35

) 25 mm 0.33

Gravel Riprap 50 mm 0.67
. 150 mm 2.00

Rock Riprap 300 mm 4.00

Bare Soil Non-Cohesive See Figure 5606-2
Cohesive See Figure 5606-3
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FIGURES

Appendix F, Page F12



PER HOUR

>l

NCHES

SITY IN

INTENS

RAINFALI

FIGURE 2.2.1.1
RAINFALL/INTENSITY/DURATION

FREQUENCY CURVES

20
=
10 =
—_ ™~
9 —_— ~d
I
8 [T— [T
7 ™
[
6 ™
i
e \\
2% \\
5 L]
4 \
b
z | N
\;%(70/»
s /50%?
2 ‘0 Qﬁj
= R
20,70
Os /@&@
(&
\50% )
>,
) G
Yo,
. %
1.0 ‘o
0.9 /OO}
0.8 (7,
o %)
U./
0.6
0.5
0.4
0.3
0.2
0.1
5 10 15 20 30 40 50 60 2 3 4
MINUTES HOURS

RAINFALL DURATION

Appendix F, Page F13



Figure 2.2.1.2
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Figure 2.3.1
UNIT PEAK DISCHARGE IN CFS/SQUARE MILE/INCH OF RUNOFF
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Figure 3.1.2.2
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2 ~ g [ 100 o I
= ~  xfs0 z
5| IC =l
O ka2 5 — :g it 1.0 | 1
w C
o o F 20 MWgcae  ENTRANCE rh10 T L
x — 4V D TYPE w
w 36 B ) E - — .9 L9
u'_J — 30 1) Square edge with s
C headwall - .9 L
Zh33 - ] -
g 20 ) Groove end with ﬁ L
L 30 E headwall T — .8 L 8
E (3) Groove end .8 i
| 27 - projecting L
T 10 L
- =77
L 24 — 8 e
o 6 To use scale (2) or (3) project - |
L 24 — 5 horizontally to scale (1), then -
r 4 use straight inclined line through
L D and Q scales, or reverse as - 6
L 3 illustrated. - 6 — .6
— 18 E
2 | - i
15 - i
- l L 5 .5 L 5
— 1.0 -
—12 HEADWATER DEPTH FOR

CONCRETE PIPE CULVERTS
WITH INLET CONTROL

BUREAU OF PUBLIC ROADS

Ji
TFR SCAI FS 2R 3R

HFADWATFR SCAIFS 2R 3

AN. 1963
=

N MAY 19R4
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— 151 X 97

— 136 X 87

— 121 X 77
— 113 X 72

— 106 X 68

— 98 X 63

— 91X58

— 83X53

/
=76 X 48

— 68 X 43

— 60 X 38

— 53 X34

— 49 X 32

— 45X 29

SIZE (SPAN X RISE) OF OVAL PIPE IN INCHES

— 42X 27

—38X24

—30X19

—23X14

BUREAU OF PUBLIC ROADS JAN. 1963

DISCHARGE (Q) IN CFS
T

1
%
=3
=3
=3

N
(=
(=3
o

TTT T[T T ITT

I
-
=)
=]
=)

- 800

— 600
— 500
— 400

N
)
S
)

N
(=
o

T
® =
o o

o

T
w b OO
© © ©o

N
o

TT T T[T rroT

I
-
o

-8

N

[TIrrrr T

-
o

Figure 3.1.2.3

EXAMPLE
Size: 76" x 48"
Q=300 cfs (2) (3)
HW * HW — 4.0 —40
D (feet) (1) = .
1) 2.8 11.2 40 30 r
() 2.2 8.8 : L 3.0
3) 23 9.2 i r N
*D in feet ,_:3L IR o
— - — 2.0 B
. — - - - 2.0
r—)ﬁf*‘& r L +
— — 2.0 L o
C 15 [ 45
°Tas |
=L L
E L
w
To use scale (2) or (3) draw a @ar + |
straight line through known values o N
of size and discharge to intersect LOL
scale (1). pt 1.0 1.0
From point on scale (1) project sr 1.0 L |
horizontally to solution on either x | 9
scale (2) or (3). E L, . —.9
Z b -
e - .8 - .8
o= .8
w L L
(SRS
o
UI—J 7 - .7 - .7
P .
; - L
HW/D ENTRANCE 2 B
SCALE TYPE L 6 -
Sl : 6
1) Square edge with -6
headwall - L
(2) Groove end with B
headwall
3) Groove end _+=.5 -5 S
projecting
L 4 — 4 — 4

- O

HEADWATER DEPTH FOR
OVAL CONCRETE PIPE CULVERTS
LONG AXIS HORIZONTAL

WITH INLET CONTROL
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Figure 3.1.2.4

— 97 x 151
— 5000
— 4000
L 87 x 136 C EXAMPLE (2)
PR PO (3)
— éuuu OiZE. 00 X VU \T7
— Q=200 cfs —6
I M  Es F°
— 77 x 121 = 2000 HW*  HW C L5
E D (feet) C 6 L4 L
—72x 113 = ™ 26 13.0 L 5 E - 4
| 68 x 106 E ) 2.0 10.0 B - C
— 1000 ®3) 2.1 10.5 = 4 L E 3
- 63 x 98 — 800 D in feet . L -
| saxot - 600 I i o e B
- 500 7t - C
@ 53x83 [ 400 s arz2 X
L € ot =155
o L 300 = st i .
z C — B B
Z|-48x7e - Ihis L
w / ; % [ r -
o — F @[
O —43x68 - LF To use scale (2) or (3) draw a w - L
3:' _— OF straight line through known values O
> zZ[ of size and discharge to intersect wnr |
o — =L 100 scale (1). 5 1.0 — 1.0
L(’j =38 x 60 OG-80  From point on scale (1) project L1 -
b w horizontally to solution on either = .9 -9
(l-/'-') 8 |- 60 scale (2)or(3) ZlL 9 L R
= r I
© L 34x53 IS0 =) s 8
x oL o
z o [ 40 w8 K
288 a r
< 32x49 3 ot
2 — 30 E _ .7 —.7
Wl C HW/D ENTRANCE < .
N [~ 29x 45 [ 50 SCALE TYPE =L i i
» E o
L 27 x 42 E 1) Square edge with | - 6 - 6
F headwall T .6
r ) Groove end with | B r
— 24 x 38 — 10 headwall
-8 3) Groove end — 5 — .5 .5
L projecting .
— 6 | L
5 "
L4
— 19 x 30 . . Ly L4 Ly
E2
L 14x23 - 10
HEADWATER DEPTH FOR
BUREAU OF PUBLIC ROADS JAN. 1963 OVAL CONCRETE PIPE CULVERTS

LONG AXIS VERTICAL
WITH INLET CONTROL
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Figure 3.1.2.5

— 180 — C 10,000 (1)
B — 8,000
- 168 L EXAMPLE
— 156 — 6,000 D = 36 inches (3.0 feet) _ 6 )
B n 5,000 Q=66 cfs [ (3)
144 L 4,000 awe hw s — 6.
L 432 B D (feet) | o
| E 3,000 1) 1.8 5.4 — 5. r &
L 120 E @ 2.1 6.3 -4 i r
I = L 2,000 @ 22 66 - 4 - S
o E - — 4. L
— 108 & E “Diin feet L r
3 C — 3. N - 4
I Z C i - -
T 9% 2 - 1,000 . L 5 L
s g - 800 I -3
— 84 - 600 L, - 3
L — 500 i | L
— 72 L I - 2.
- 300 - - F o E
- : —_ — 15 -
- 200 - S - I
(720 =~ 2 [ r
o e — wE X3 L 15
w O E N < L . - 1.5
5 z [ = 2 N I
Z - =~ L
= # S ~ Er o
z w 100 w C
5| 81 o 2 | -
& <t 2 I
z
w - z
= > /8 - 60 T ~ 1.0 — 1.0 i
S 5 4 o 50 = :
g0 - i oo -
S w - C 40 a - 1.0
£ 9 = -9 — .9
x L-"36 - 30 HW o0 p ENTRANCE = r
g C D TYPE g - - -
§ — 33 = 20 ™) Headwall % Y | 5
[a) E . L
— 30 — . T
E (2) Mitered to conform | s
C to slope r -
— 27 T 10 3) Projecting
— - 7 | -
C s 7
— 24 o I L -
r 5 To use scale (2) or (3) project |
— 21 - 4 horizontally to scale (1), then —
L use straight inclined line through : — .6
- 3 D and Q scales, or reverse as
= illustrated. — .6
— 18 - L
E 2 i
L F l =5
15 E L — 5
— 1.0 — 5
HEADWATER DEPTH FOR
L 12 C.M. PIPE CULVERTS

WITH INLET CONTROL

RURFALI OF PURI IC ROADS .JAN 1963
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16'-7" x 10"1"

15'-4" x 93"

12'-10" x 8'-4"

11'-5" x 73"

9'-6" x 6'-5"

18-IN.CORNER RADIUS
STRUCTURAL PLATE C.M.*

8'-2" x 59"

L L L B B L B L LR LB LR

70" x 51"

1 - 61" x 47"

L 72" x 44"
— 65" x 40"

— 58" x 36"

DISCHARGE (Q) IN CFS

— 50" x 31"

\

SIZE (SPAN X RISE) OF PIPE - ARCH

— 43" x 27" /

~

e

K 36" x 22"

STANDARD C.M.

- 29" x 18"

— 25" x 16"

22" x 13"

-— — 18" x 11"

-
[=3
o

=3
o

a0
o o

o

Figure 3.1.2.6

300

N
[=3
o

30

N
o

10

N

o =
=)

)

* ADDITIONAL SIZES NOT DIMENSIONED ARE

LISTED IN FABRICATOR'S CATALOG

RIIRFALI OF PLIRIIC. ROADS IAN 1943

(1)
)
EXAMPLE _
_ -4 (3
Size: 36" x 22"
Q=20cfs 3 L — 4
HW*  HW - L3 i
D (feet) L L 3
1) 1.10 2.0 | L L
(2) 1.15 21 | 2 L -
3) 122 22 L L r
*D in feet L _— 2 L 2
15 L
L 15 15
s -_—
Lo L
/ —1.0
e ol g T - 1.0
,{ﬁ\?&/ % —.9 L
?/ = r .9
e 5 .8 .8 L
o
/ L - o - .8
o
Sk -
" S 1 I
ENTRANCE =
—_ = T
D SCALE TYPE - - |
1) Headwall E | 6 r
& .6
] .
2) Mitered to conform (=) - .6
to slope PI:I
(3) Projecting = r
< L
=
2
. e L5 5
To use scale (2) or (3) project T
horizontally to scale (1), then use
straight inclined line through D and
Q scales, or reverse as illustrated. L | |
ﬁaﬂ .4 L 4 — .4
L 35 L 35 - .35
HEADWATER DEPTH FOR

Y=Y AN ==

C. M. PIPE - ARCH CULVERTS
WITH INLET CONTROL
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— 60

— 54

- 48

42

DIAMETER OF CULVERT (D) IN INCHES

— 24

— 21

— 18

— 15

=12

DISCHARGE (Q) IN CFS

FEDERAL HIGHWAY ADMINISTRATION

MAY 1973

Figure 3.1.2.7

C

D

g

D

ENTRANCE
TYPE

0.042

0.063

0.042

0.083

A

0.083

0.125

0.042

0.125

B

— 800

L 400
300

N
o
o

T T T T [T T

I
-
o
=)

— 80

LA RRRLE LA
N

I
-
o

-8

N

[Trrr[rraprrorg

-
o

8

BEVELED RING
MINIMUM 300°

DIAMETER =D

e O —|

TURNING LINE

90°

A B
L 3.6 — 3.0
- 3.0 i
I - 2.0

af
20 =T
L Tl
L o L
- &
L = 1.k
jin]
15 =
| &)
zt
- T
L
o
L L
o
x |
L
i <
%—u
1.0 < ’
L
- I_
| 8 — .8
L5 — .7
- 6 — .6
L 52 L 52

HEADWATER DEPTH FOR
CIRCULAR PIPE CULVERTS
WITH BEVELED RING

INLET CONTROL
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DISCHARGE (Q) IN CFS

1
N
=3
=3
S

1000

-
(=3
o

[
o
(%]

| IFTTTN
w A o O
=] © o© o

A\

Y

(=4

DIAMETER (D) IN IN%HES

— 120
— 108

— 96

— 84

- 72
- 66
— 60
— 54
—48

= 42

— 36
— 33
— 30

— 27

— 24

— 21

— 18

— 15

— 12

D =48

TURNING LINE

RURFALI OF PURIIC ROADS .IAN 1963

Figure 3.1.2.8

Il
I

W

| W

Il

> ho
S N y — .4
TR Slope So —— 4
SUBMERGED OUTLET CULVERT FLOWING FULL ~-5
HW=H+h(-LS, r
For outlet crown not submerged, compute HW by ~ -6
methods described in the design procedure -
.8
o2 1
~ [
w =2
L
Tl
zt
i L
a3
< L
w L
I L
— 4
-5
— 6
-8
Y -
2, = 10
C 20
D
HEAD FOR

CONCRETE PIPE CULVERTS
FLOWING FULL
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DISCHARGE (Q) IN CFS

RIIRFALI OF PLIRI IC. ROADS .IAN 1963

— 5000
— 4000

= 3000

- 2000

- 12x 12 —
— 1000

— 800 10x10
L 600 9"9_:
- 8 x8 —
500 I L
L g F
= 400 = X7
o X -
300 O 6x6—
B w —
C < C
| ) 5X5—:
200 3 r
r w

C w -
r z 4x4 L
L o C
o ) o
100 3 35%35
= = r
—8 O 3x3
- 60 L
50 2.5x2.5
= Q=70 __r
—40 ~
B 2x2
- 30

L 20

— 10

-8

—6

L5

100
80

60
50

40

30

N
o

-
o

©

o

AREA OF RECTANGULAR BOX IN SQUARE FEET

\

LR |

%

TURNING LINE

Figure 3.1.2.9

Il
I

W
ho

o

Slope S —

TR 3
RO

SUBMERGED OUTLET CULVERT FLOWING FULL
HW=H+ho-LS,

For outlet crown not submerged, compute HW by
methods described in the design procedure

HEAD FOR
CONCRETE BOX CULVERTS
FLOWING FULL
n=0.012

| W

il

N

HEAD (H) IN FEET

| BLLELELEN LN L I L L

1.0

N

w

©o

-
o

N
o
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DISCHARGE (Q) IN CFS

1
N
o
=]
=)

LI L L

TTTTTTTT
©
=]
=3

200

TT [ TTrIT]

L Qs
[~ 2
— 100

— 80
— 60
— 50

— 40

I
w
o

20

10

—6

—5

BUREAU OF PUBLIC ROADS JAN. 1963

SIZE (SPAN X RISE/IN INCHES

— 151 x 97
— 136 x 87

- 121 x 77
- 113 x 72
- 106 x 68
— 98 x 63
— 91 x 58
- 83 x 53

— 76 x 48

- 68 x 43

— 60 x 38
_—

—
— 53 x34
SZE —

=49 x 32

— 45x 29
—42x27

— 38 x24

—30x19

—23x14

TURNING LINE

Figure 3.1.2.10

| H

|
I

W =
» T ho
{ > 3 — 0.4
> Slope S¢ —— 7 B
— 0.f
SUBMERGED OUTLET CULVERT FLOWING FULL -
HW=H+hy-LS, L 0.
For outlet crown not submerged, compute HW by
methods described in the design procedure — 0.7
— 0.§
— 0.¢
—1.C
— 2
-
wk
w
e
zr
/ ~
— L N 3
oL
~ 5 L
— r
Thgs
—5
NOTE: B 6
Dimensions on size scale are — -_ 7
orderded for long axis horisontal |
installation. They should be L8
reverse for long axis vertical. L
—9
— 10
C 20

HEAD FOR
OVAL CONCRETE PIPE CULVERTS
LONG AXIS HORIZONTAL OR VERTICAL
FLOWING FULL
n=0.012
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DISCHARGE (Q) IN CFS

— 2000

-
o
(=3
o

TTTTTTT
[+
(=3
o

T
a o
S o
S o

LN
H
(=3
o

T

300

N
(=
o

0 =
o o
o

T [ [ PP rrQrrrr rrrrj

T
a o
S o

T
IS
S

BUREAU OF PUBLIC ROADS JAN. 1963

ER (D) IN INCHES

o]

]

&
DIAMET‘

— 120
— 108

— 96

— 84

72
- 66
- 60
L 54

— 48

— 42

21

18

— 15

—12

TURNING LINE

Figure 3.1.2.11

— H 4
HW h = |
) ° ~.5
1 - 1 \ .
Slope S5 —= r
.6
SUBMERGED OUTLET CULVERT FLOWING FULL |
HW =H+hg-LSg
For outlet crown not submerged, compute HW by -8
methods described in the design procedure —
—1.C
~ [
LlLuJ L
o2
zr
[
ar
<r-3
w
T |+
— 4
5
-6
75 [
—8
— 10
500 [
C 20

HEAD FOR

STANDARD

C. M. PIPE CULVERTS
FLOWING FULI

n=0.024
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DISCHARGE (Q) IN CFS

LI LR |

N
o

SIZE (SPAN x RISE) OF PIPE-AF{CH

TURNING LINE

— 72' x 44"
— 65" x 40"

<.58" x 36"

sz~
|

— 50" x 31"

_

— 43" x 27"

— 36" x 22"

29" x 18"

— 25" x 16"

Figure 3.1.2.12

S~ —— _EXAMPLE

~

RIIRFALI OF PLIRI IC. ROADS .IAN 19A83

t

Il
I

w

—»

R

Slope Sy —

H

ho

l

SUBMERGED OUTLET CULVERT FLOWING FULL

For outlet crown not submerged, compute HW by

HW=H+hg - LS,

methods described in the design procedure

™~
™~
™~

HEAD FOR

STANDARD C.M. PIPE-ARCH CULVERTS

FLOWING FULL
n=0.024
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DISCHARGE (Q) IN CFS

LA L L L L L L L I

— 5000

T

I
IS
1=
=3
=3

TT

3000

2000

L L L L

L RN AR L B R

I

N
(=
o

— 100

— 50

NOMINAL DIAMETER (D) IN INCHES

— 180
- 168
— 156

- 144
— 132

120
— 114
— 108
- 102
— 96
- 90
84
—

— 78

7

— 66

— 60

TURNING LINE

RUIRFALI OF PLIRI IC ROADS .IAN 1963

Figure 3.1.2.13

= z H
HW =
S
-— = —1
A Slope S; —— 2 P L
SUBMERGED OUTLET CULVERT FLOWING FULL i
HW=H+h;-LS, B
For outlet crown not submerged, compute HW by [
methods described in the design procedure L
-2
-3
- |k
w L
W
z[4
TF
ol
<[ 5
w F
ITF
_'__ 6
7
8
-9
- 1C
o
— 1£
- 2
F 3c
n L ac
0.0328 L
0.0320 r
00302 -5
’ HEAD FOR
STRUCTURAL PLATE

CORR. METAL PIPE CULVERTS
FLOWING FULL
n =0.0328 TO 0.0302
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DISCHARGE (Q) IN CFS

o

3000

2000

I
w
=3
S

N

SIZE (SPAN x RISE) OF PIPE-ARCH IN FEET

L L R LR RLL |
N
[=3
o

— 100

- 50

— 16.6 x 10.1

15.3x9.2

129x 8.3

11.4x7.2

Figure 3.1.2.14

—_ ‘ H
HW —
> ho
s Son S
~ Slope S, — AL

SUBMERGED OUTLET CULVERT FLOWING FULL
HW=H +ho-LSg

For outlet crown not submerged, compute HW by
methods described in the design procedure

e
o
_0%
Yse’
[ —
19
_ EXAMPLE
Q=260 CFS
a Size n
2 6.1x 4.6 0.0327
z 8.1x5.8 0.0321
z 11.4x72  0.0315
= 16.6x10.1  0.0306
HEAD FOR
STRUCTURAL PLATE

CORRUGATED METAL
PIPE ARCH CULVERTS
18 IN. CORNER RADIUS
FLOWING FULL
n =0.0327 TO 0.0306

RIIRFALI OF PLIRI IC. ROADS .IAN 1983
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Figure 4.3.3.2

1012
+ 10
11 >
094 8 4
T10 6 -
o8-t 5 -3
= X
-9 8 4
0.717 w5 -2
18 » - F
'S f L
B ©
1.5
0.6-‘_7 z 2 E/_
{ 3 -2 [
S Al
0516 Q 1.0 i % B
3 Z Fos - » L [0
3 w ol 5 oo
] o Foe oIV e
4 -,
0ad 5-Fos G [os
. 3 \S/ //I 04 L:‘EJ -
i o Qe L o7
R o707 2 FO3 s L
w }4 O -7 al - %)
w ] Zz e w o2 s [F06
- : x
P4 ] Z //5 © w [
S o " tos
= 1 =N S z [~
o ] o o’ ” - 0.1 F
2 172 W - =L
z T3 = REFERENCE: a Fo.08 [
g i o BUREAU OF PUBLIC ROADS. £ a8t
° i © INTENDED FOR OFFSTREET k= : ar
W o) APPLICATIONS g Foos wor
S T ° ' a fooa Sr
— 0.24 ; g OO_ —0.3
5 1 © 0.03 g
w ) lj-l:J -
I 1 2 .
HEIGHT OF CURB SURFACE OF :
-0.2
" L » PONDED WATER :
) 0}

S TR

T

R LOCAL DEPRESSION(a)

ELEVATION SECTION

CAPACITY OF CURB OPENING INLET
AT LOW POINT IN GRADE.
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Zin

RATIO

— 10000
— 9000
— 8000
— 7000

— 6000
— 5000

I
I
=)
=]
=)

(23
(=3
(=3
(=]

T T[T T TT[TTTI[ImTT
I [rerrr
N
(=3
o
o

\

LB LR R L
N
(=3
o

T
© 0
ocoo

1)

[Trorrprrroprrr o
N
o

-
o

REFERENCE

FEDERAL HIGHWAY ADMINISTRATION 1979

TURNING LINE

Figure 4.4.1.1

Equation: Q=056 (%) s"? q8? {
n is roughness coeffiecient in Manning formula
appropriate to material in bottom of channel.
Z is reciprocal of cross slope.
Reference: H.H.B. Proceedings 1946,

page 150, equation (14).

Exampie (see dashed iines):

. . — 100
Given:  s=0.03 E 70
z=24
n=.02 — 50
d=0.22 - 30
. — 20
Find: Q=20cfs. -
. — — k7
—_— — =7
T — nCS
— L
T — or 3
T =12
ar .
E!
OF.7
EE 5
% -
oF 3
D= .2
[a) =
INSTRUCTIONS: L1
= .07
1. Connect z/n ratio with slope (s) — .05
and connect discharge ( Q) with —
depth (d). These two lines must - 03
intersect at turning line. — .02
— .01
| ' |
2. For shallow V-shaped ~ — ‘ —
channel as shown use d
nomograph with z = T/d.
4 ¢
Y4 /7N M
d

3. To determine discharge

Q, in portion of channel MY

having width x: =—x—
Determine depth d for total discharge in entire
section a. Then use nomograph to determine

Qy, in section b for depth d'=d - (%)

4. To determine discharge
in composite section:
follow instruction 3.

To obtain discharge
in section a at assumed
depth d' , obtain Qy, for

Z(d-d")
siope ratio z,, and depth d' . Then Q7 =Q,+ Q,, .

SLOPE OF CHANNEL (S) IN FT./FT.

.10

.08
.07
.06

.05

.04

.03

.02

.01

.008
.007
.006

.005

.004

.003

.002

.001

NOMOGRAPH FOR FLOW

IN TRIANGULAR CHANNELS

— 2.0

1.0

- .60

.40

.30

N
(<]

I

10

.07

DEPTH AT CURB OR DEEPEST POINT (d/ INFT.
T

— .06

.04

.03

.02
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Figure 4.6.2.1

Values of f ang 1
tull gl
101,(.) 12 14 16 18 20 22 24 26 28 30 32 34 36
Al
09 n, { variable with depth | / / ,1 \‘
~— == = — n, f constant y \
A HIA
08— -
\ 7/ /i
| 9% R
07 \ e e . ’f / Vi
¢, rd
S %
}; AT P A
306 ‘? ‘*b\@ & e 4
: FRAN R ) P2 / V%
o E 4
Sosll nal N1 | KA /4
g |2 N 1Y N
v /' N /
04 Paly & JARRD2
) N\
5 K %
.3 P / AY
3 paPy \ v
03 'S [/
r v s
// ‘ o A" e Velocity for
02 ]/ 20 N / equal cleansing
/ “‘6"\:\7\‘- /1 ] “\
Vi ] "
4 JI - / "~4<
P X ~X-1_X_ M
0 | 11°T¢
0 0.1 02 03 04 05 06 0.7 08 09 1.0 1.1 1.2 1.3
v q A r
Hydraulic elements —, ——, , and
Yo' Qe Arun Ry,
v = Actual velocity of flow (fps) A : Area occupied by flow (f19
Vi, ° Velocity flowing tull (fps) A, = Area of pipe (£42)
q = Actual quantity of flow (cfs) r = Actual hydrautic rodius (ft.)
Q.. = Capacity tlowing full (cfs) R, = Hydraulic radius of full pipe(ft.)

HYDRAULIC ELEMENTS OF CIRCULAR CONDUITS (2)
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RIP RAP APRON

Figure 4.6.4.1

Pipe [ Maximum |Length | Bottom Width [ Top Width | Thickness

Size| Pipe L BW ™ T

(in)| Slope (t) Minimum Minimum | Minimum
(%) (ft) (ft) (ft)

12| 3.50 12 4 8 2

15| 260 15 9

18| 2.00 16 4 10 2

24 | 1.70 20 4 12 2

30| 1.40 24 6 16 2

36| 1.00 28 6 18 2

42 | 0.80 32 6 20 3

48 | 0.65 36 6 22 3

54 | 0.55 40 8 26 3

60 | 0.45 44 8 28 3

72 | 0.40 48 8 32 3

Rip rap to be MoDOT Type I: 50% of particles greater
than or equal to 1 foot in diamenter. Rock must be
angular, hard and durable.

Rock Liner Fabric shall consist of a non—woven
polypropylene type fabrice: Amoco 4553 or SI
Geosolutions Geotex 801 or approved equal. Alternatively,
an 8 inch bed of well graded sand and gravel with
gravel up to 3" is acceptable.

FINISHED GRO?

TOEWALL —

ROCK LINER FABRIC

WRAP ROCK AROUND

END SECTION.

THICKNESS=1.5".

TRANSITION TO

EXISTING CHANNEL

ALLOWABLE SIDE
SLOPES 2:1-4:1

BW

W
6\( 3
U B 5
z
PLAN g
Il

!

~N

\L ROCK TOE
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Natural Channel Assessment

Figure 5.1.4.1A
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: Natural Channel

Figure 5.1.4.1B
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Figure 5.1.4.2
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Figure 5.1.4.3
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Figure 5.1.8.1: Grade Control Structure

TOP EDGE OF CREST AND
EDGE OF KEY TRENCH V/ I

FLOW
F
“77——,,, —
3

GRADE

e | |
KEY/ Hot K | EXISTING

>

STREAM BANK ANGLE
(50°<A < 80°)

CREST RADIUS

TAIL ANGLE(50° <A <80°)
END OF RAMP RADIUS
CREST WIDTH

CREST HEIGHT

KEY THICKNESS ~1.5Dg0
KEY WIDTH =1.5Dgo
RAMP GRADE 20H:1V
RAMP THICKNESS =1.5D100
RAMP LENGTH

CREST SIDE SLOPE
CREST SIDE SLOPE
EMBANKMENT KEY

EXISTING
GRADE

SECTION THROUGH KEY / B
NTS

~

ZZ M X< 7T Ommoo|m

TN ‘ a - b
- | 7 oL
LA* " EXISTING

GRADE

SECTION THROUGH RAMP/ C \
NTS

~—

Notes
The depth of key trench shall be a minimum of 1.5 Dyy The crest shall slope downward from the stream
bank to the center of the structure to focus the flow to the channel center. The tail ramp is generally
sloped at 20 horizontal to 1 vertical and dissipates energy gradually over it length. The upstream face is
not perpendicular to the flow but has an upstream oriented “V” or arch shape in plan form.
For item A, Stream Bank Angle, and item C Tail Angle, the lower end of the range should be used for
softer soils.
For items L and M, crest angle, the typical range is 5 to 1 to 10 to 1.
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EXAMPLE:

TRIBUTARYAREA= 20 ACRES

RATIONAL METHOD RUNOFF COEFFICIENT "C"= 0.6

SEDIMENT STORAGE =120 CU.FT. PER ACRE PER YEAR

TOTAL SEDIMENT STORAGE =120 X 20 = 2400 CU.FT. PER YEAR.
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Area Name: Overland Flow Hydrology Gutter and Inlet Hydraulics
Length of | Time of Per Cent Width of | Depth of | Theoret. | Design
Ground | Overland | Concen-| Runoff Imper- Rainfall Gutter | Gutter | Gutter | Gutter Inlet Inlet Inlet
Area | To Inlet |Inlet Slope Flow tration | Coeff. | Area | viousness | Intensity | Runoff Flow Slope Flow Flow | Capacity | Capacity | Bypass
No. No. |Type S L Tc C A CA i Qr Qg Sg W Yg Q k Qi Flow q
ft/ft ft min acres acres in/hr cfs cfs ft/ft ft ft cfs cfs cfs

:109l01d
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Area Name: Storm Drain Hydraulics
Time of Percent Storm | Storm | Storm | Capacity | Velocity | Time in Ground
Manhole or| Concen- | Imperviousness | Rainfall Drain Drain Drain | Flowing | Flowing | Storm Head- | Manhole or Junction | Surface
Junction tration CA Intensity | Runoff | Length | Slope [ Diameter Full Full Drain Losses Invert Elevation Elev. @
Area NO. NO. Tc Added  Cumul. i Q L S D Qf Vi t hL Upstm  Downstm | Manhole
min acres acres in/hr cfs ft ft/ft in cfs fps min ft ft ft ft

:100l01d

:Ag pare|noen
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Hydrology -80
S
Q
Percent Time of
Imperviousness | Concentr
Culvert CA ation | Rainfall | Discharge -
Area NO.| NO. Added Cumul Tc Intensity Q / \
acres acres min in/hr cfs = / \
H
HW .
r
4 —=q+-
AR e - T T
7 1 (@)
4 t ?’-)
Ls, d.t D 2
h,* GREATER OF: TW or -z o
8
W
=
Inlet Control Qutlet Control
Culvert Dimensions
Culvert | Culvert | Discharge | Lngth Slope Dia.
NO. Type Q L So D HW/D HW Ke H dc (dc+d)2| TW ho LSo HW  |Remarks|Q
cfs ft ft/ft in ft ft ft ft ft ft ft ft §
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Figure 7.3.4

Calculation Form D

Project: Calculated By:

Date: Checked By:

Columbia, Missouri
Storm Drain Calculations
Calculation Form A

Area Name:
Runoff Coefficient Calculations: (Either May Be Used)

Method A Method B
Land Use Surface
Area NO. Category C Area NO. Characteristics C
Street Configuration:
Width: O 32 O 38 Cross Slope: [0 4" Para O 5" Para
O 44 O 6" Para O 2%
L1 Other, Specify 0 Other, Specify:
Curb Type: [ 6" High Straight Back [ Other, Specify:
Storm Drain Material: [0 Concrete Pipe: n=

[J Corrugated Metal Pipe: n=
[ Other, Specify: n=

Rainfall Return Frequency Years

Appendix F, F46



Ly 93ed °J x1puaddy

Open Channel Calculations

Hydrology Channel Parameters
Runoff | Percent Rainfall Rainfall . Right .
D it Area NO. Afa Coeff. Imperv- Return Intensity | Q (total) Cgle;nr;el Mannings Lesfltosfe Side ?:ITL?L“ Depth | Velocity Capgcny
escription C iousness | Frequency i P P Slope
Acres C CA Year in/hr cfs ft/ft n X:1 X:1 ft ft fps cfs
Project: Calculated By: Checked By: Date:
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