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Legislation
(c) The agency shall develop grformance standards, design
standards, or other tools to enable and promote the implementation of
low-impact development and other stormwater management techniques.
For the purposes of this section, "low-impact development” means an
approach to storm water management that mimics a site's natural
hydrology as the landscape is developed. Using the low-impact
development approach, storm water is managed on-site and the rate and
volume of predevelopment storm water reaching receiving waters is
unchanged. The calculation of predevelopment hydrology is based on

native soil and vegetation.
Minnesota Statutes 2009, section 115.03, subdivision 5¢
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The Water Cycle
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Development Impacts on the Water Cycle
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Impacts of Development

Rate
@ Existing Hydrograph
@ Developed, conventional CN, no controls
Vegetation Removal
Pre-development Soil Compaction
Peak Runoff Volume

Drainage Alteration

Impervious Areas
Area under the curve = Volume

T
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Hydrograph Scenarios
@ Existing

@ Developed, conventional CN, no control.

4 Rate

@ Developed, conventional CN and control.

4 MIDS

Pre-development
Peak Runoff Volume

Q | Rate \
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Factors Affecting
Q Runoff

Qrecipitation >
USDA  Urban Hydrology

e Antecedent moisture = 4. Smali
e Watersheds

- Soil permeability >
Enginesring. TR-55
» \Watershed area

Qround cover >

e Storage In watershed

e Time parameters
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Runoff Equations

_ {P B I:I }j

Q=- —
(P—-L, )+S

[eq. 2-1]
where

Q =1unoff (in)

P =rainfall (in)

S = potential maximum retention after runoff
begins (in) and

[, =initial abstraction (in)

I, =0.2S [eq. 2-2]
(P-0.28)°

Q =— — eq. 2-3

? (P +0.8S) [eq 23]
Lo

g = 1__0_ 10 [eq. 2-4]
CN
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Runoff Curve Numbers

Commonly used approach to determine runoff
Based on land cover and solls

Simple regression model that is useful for
quickly assessing stormwater management
practices and assessing impacts of land use
changes
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Hydrological Soil Group:

Soil groups which are classified according to their
drainage potential. Group A soils absorb a lot of
water and are deep, well-drained, and composed
of sand or gravel. Conversely, Group D soils do
not absorb as much water and have a high run-
off potential, and have a layer of high clay
content near the surface or are shallow soils over
bedrock or other material which does not absorb

walter.



Table 2-1.—Hydrologic soll groups {or U.S. soils (continued)

BUCHENAL .
SoLUm
BUCKARDD
BUCKBAY
BUCKCAEEK
BUCKETYE
BUCKHALL
BUCKMOUSE
BUCK ING
BUCKLAKE
BUCKLARD
BUCKLE
ALCKLEBAR

THICK

Hydrologic Soll

Groups

BUCKSKIN
BUCKTON
BUDE
BUD IHOL
BUDLEWIS
BUELL
BUENA YISTA
BUFFARAN
BUFFCREER
SUFFINGTON
BUFFHEYEF
SUFFORK
BUFTON
BUMRIG
euicx
BUIST
BUKD
BUKDs WET
SUKREEX
BULAKE
BULKLEY
BULL RUK
3LLL RUN. HARDPAN
SusSTRATUN
BULL TRATL
BULLARGS
BULLCREEK
BULLFLAT
suLLFOR
BULL ION
BULLNEL
BULLOCK
DULLREY
BULLUNP
BULLYARD
BULLY ENELE
suLLY
swav
SUNCOMBE
BUNDD
YUNDORE
sumpY
BUNGYHAN
BUNEJUG
PUNKER
BUNREAMILL
BUNKWATER
dUNKY
BUNNELL
BUNSELMEIER
BUNTINGYILLE
BUNYAN
BURBANK
BuAcH
BURCHAM
AURCHARD
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BLICHELL
BURDETT
BUREMN
BURGCESS
BURG]
BURIBURI
BURKE
BURKETOVM
BURREVILLE
BURKHARDT
BURLE [SH
BURLESON
BURALEWASH
BLRLINGTON
BURFAH
BURNAL
BURNBOROUGH
sURREL
BURNETTE
BURNHAR
BUANS 10E
BURNSYILLE
BURHSWICK
BURNT LAKE
AURNTRIVER
aueR
BURRITA
BUROWSYILLE
BURSLEY
BLETSON
BuRT
BURTON
BURYELL
Busay

BUSE
QUSHER
BUSHMAMN
BUSHNELL
BUSHYALLEY
BUSKA
BuUsSsY
BUSTER
Bus¥l
BUSYWILY
BUTANG
BUTCHE
BUTLER
BUTLERTOWN
BUTTERF LELD
EUTTERMEILK
BUTTERS
EUTTON
BUTTONHOOR
BUTTONWILLOY
EUXIN
EUXTON.
POORLY
BUXTON. STONY
BUXTOM, MODERATELY
MELL ORATNED
BUZIN

BYARS

BYBEE

EYINGTON

BYLER

BYLU

BYRUM

BYRAM

BYAHIE

CapatLo

CASARTIM

CABBA

CABBART

CASBART, STONY
CAFBART, WARM
CABEZICHN

CABIN

CABINET

cABLE

SOHEWHAT
DRAINED
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| CagD POJO
| Crc00ST

| capOy

} capgiLLD
1 caBsTON

1 CacHE

| £agicuE

| CACTUSFLAT
1 capOO

| CADEYILLE
) CADILLAC

] canilz

b CaDMuUs
| CA00KA
I CaLsanr
1 CageY

I CacLE

I caGyaBo
} CaGwIn
1 Carana
1 CaHONA
1 carp

} catnHOY
} CaIRG

} CauaLco
1 cageTe
| CAJON, OVERWASH
| €AJON. LOAMY

}  SUBSTRATUM

] CAJON. SILTY

| SUBSTRATUH

| CAJGNs ALKALE.
| CVERWASM

Y CAJOH.

| SALINE-ALKALI
| CAJON. COOL.

| OvERWASH

| CAJON. CRAVELLY
| CAJCM, LOOL
§ CAJONs WARM
| CaLapar
! CALARASAS
| caLAPriINE
| CaLawyTY
| cavamts
| CALAYERAS o -
| CaLAwaM
t CaLco

| CaLCOusSTA
| CALCROSS
1 CMD

| CALOER

| CALBERWOOD

| CALOWELL

| CALOWELL. DRALINED
| cave .

} CALEAST

i caee ’

| CALECONIA

| CALENCAR

| CALERA

1 CALMI

| CALHOUN

1 caLico

§ CALICOTT

| caLtrom

1 CALIMUS

1 caLtTa

| CALIZA

| CALKINMNS

{ CaLLaeO

] CaLLaMan

§ OCALLAM

| CALLEGUAS
) CALLINGS

| CALLISOUAG
| CaLLONAY

1 CaALMAR

| CALNEVA

nunnﬂohoﬂnun!ﬂ‘nvbnnmonaanaonnﬂnnﬂbouln)-)

-bflﬂub"ﬂﬂoﬂﬂbﬂ."bﬂﬂﬂﬂoﬂﬂﬂﬂﬂ

»

NN
L~

§
1
1
!
1
§
t
1
i
]
I
|
]
|
b
t

|
]
|
1
1
1
1
1
I
|
|
i
1
1
!
|
'
t
1
t
1

3
|
1
1
1
1
|
i
3
1
1
1
|
I
1
t
!
|
1
|
I
1
!
1
I
1
|
3
1
1
I
I
[
|
|
]
!
1
1
1

CALODO

CAlLOOSA

CaLOouUSr

CALPAC

CaLPEAK
CALPINE

CALROY

CALUNE

CALVERTON

CALY N

CALYISTA
CALvQODS

CAL PACORTA

CamAGUEY

CAMARGD

CaAMARTLLO

CAMARILLG,

CAMAS

CAMAS,.
CAMATTA
CAMBARGE

CAMBERN

CaMBERT

CAMBETH .

CANBRIA

CAMBRIDGE

CAMDEN

CAMEEK

CAMELBACK

CAMED

CAMERDON

CAMILLUS .

CAmIND

CAMPANA

CAMPEELL ¢ MUCK
SUBSTRATUM

CAMPBELL « DRAINED

CAMPBELLTON

CAMPCREEK

CamMpla

Cand g

CAMPONE

CAMPSPASS

CAMPUS

CAYRODEN

CANA

CANAAM

CANADIAN

CANADICE

CAMALQY

CANANDATIGUA

CANASERAGA

CANAYERAL

CANBURN

CAMDELARIA

CANDELERD

CANBERLY

CANCLER

CANOLESTICK

CANOOR

CANE

CANEADEA

CANEEX

CANELD

CAMEST

CANEYYILLE

CANEZ

CANFIELD

CANTSTEQ

CAMISTEO, STONY

CANINE

CANLON

CANNELL

CANNING

CANNON

CANNDNYILLE

CANOE

CANOVA

CANTALA

DRAINED

stony

THE DRAINED/UNGRAS INED SITUATIOM.
BREDROCK SUBSTRATUM. REFER TO A SPECIFIC SOIL SEPIES PHASE FOUND 1IN SOTL MAP LEGEND.
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Runoff Hydrology 101

Hydrologic Condition:

A rating (good, fair, poor) that is based on a

combination of factors that affect infiltration and

runoff, including:

e density and canopy of vegetative areas

e amount of year-round ground cover

e amount of grass or close-seeded legumes In
rotations

e percent of residue cover on the land surface
(good is more than 20%)

e degree of surface roughness



Table 2-2a.—Runoff curve numbers for urban areas!

Cover deseription

Curve numbers for
hydralogic seil group—

Average percent
- Cover type and hydrologic condition impervious area? A B C D
Fully developed urban areas (vegetation established)
Open space (lawns, parks, golf courses, cerneteries,
ete. )t
Poor condition (grass cover < 50%) .............. 68 79 86 89
Fair condition (grass cover 50% to 75%)........... 49 69 ki) 84
Good condition (grass cover > 75%) .............. 39 61 74 80
Impervious areas:
Paved parking lots, roofs, driveways, ete.
{excluding right-of-way). .............. ... ... 88 98 98 98
Streets and roads:
Paved; curbs and storm sewers (excluding
rght-of-way) .. ..ot 98 98 98 98
Paved: open ditches (including right-oftway) ....... 83 8g 92 93
Gravel (including right-of-way) ................... 76 85 89 91
Dirt {including right-of-way) ..................... 2 82 87 89
Western desert urban areas:
Natural desert landseaping {pervious areas onlyM*... 63 il 85 88
Artificial desert landscaping (impervious weed
barrier, desert shrub with 1- to 2-inch sand
or gravel mulch and basin borders). .............. 96 96 96 96
Urban districts:
Commercial and business 8 8% 92 94 95
Industrial. ... e T2 81 88 91 93
Residential districts by average lot size:
1/8 acre or less (town houses)...................... 65 ki 85 80 92
0 s R a8 61 5 3 &7
T3acre oo 3o 57 72 81 86
N2acre ... 25 4 70 8¢ 85
T ACre oo 20 51 63 79 84
AR T ¢ T 12 46 85 7_’7_ B2
Dereloping urban areas
Newly graded areas (pervious areas only,
MO Vegetation)® ... ... ...t K 86 91 94

ldle lands (CN’s are determined using cover types

similar to those in table 2-2¢).

Runoff Curve
Numbers for
urban areas

a, and [, = 0.2S.
2pvious area shown was used to develop the composite CN's. Other assumptions are as follows: impervious areus
the drainuge system, impervicus areus huve a CN of 38, and pervious areas are considered equivalent to open
nndition. EN’s for other combinations of conditions may be computed using figure 2.3 or 24,
nt o thase of pasture. Composite CN's may be computed for other combinations of open spuce cover type.
ral desert landscaping should be computed using figures 23 or 24 bused on the impervious area percentage (CN
2a CN. The pervious area CN's are aysumed equivalent to desert shrub in poor hydrolegic condition.

r the desigrn of temporary measures during gruding and construction should be computed using figure 2-3 or 24,
velopment (impervious area percentage} and the TN for the newly graded pervious areas.

(210-V1-TR-55, Second Ed., June 1986)

25
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Initial Abstraction

all of the losses that occur before runoff
begins, including interception, evaporation,
and infiltration.

I, =0.2S [eq. 2-2]

000
S = 1_—0— 10 [eq. 2-4]
CN

S is the potential maximum retention after runoff begins



Runoff Hydrology 101

Development Impacts on the Water Cycle

| represents all of the water
that hits the ground that is
unavailable for runoff.

Some of the water from rainfall
IS absorbed by plants, some of
It sits in puddles or lands right
In a lake or pond, some of it
evaporates back into the
atmosphere, and some of it
soaks into the ground.




Runoff Hydrology 101

Table 2-2a.—Runoff curve cumber

Curve numbers for

Cover deseription hydrologic soil group—
Average percent
- Cover type and hydrologic condition impervious area? A B c D
Residential districts by average lot size: N E— ~ ’
1/8 acre or less (town houses}...................... 65 kil 92
I aEre o e e 8 61 83 T
2 2T 30 57 81 86
S T 25 M 70 80 85
I acre 20 51 68 79 84
2 acres 12 46 [:5) T_‘T_ 82
Woads.* Paor 45 66 7 83
Fair 36 T3 79
Gaod 30 @ T0 7
S - [ [y
[, =0.28 [eq. 2-2]
~ 1000
H:W—IU [':"q _}—1-]
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Rainfall Distribution
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