UNIVERSITY OF NEW ORLEANS
DEPARTMENT OF CIVIL & ENVIRONMENTAL ENGINEERING

ENCE 4321
HYDROLOGY

COURSE DISCRIPTION:
The hydrologic cycle, runoff relations, unit hydrographs, flood routing, probability in
hydrology, hydrologic simulation, and stochastic methods in hydrology.

PREREQUISITES: ENCE 3318 OR ENME 3720 and credit or registration in ENCE 3300.

TEXTBOOK: Bedient, P. B.; and W. C. Huber, "Hydrology and Floodplain Analysis," 3
Edition, Addison-Wesley Publishing Company, 2002

INSTRUCTOR: Donald E. Barbe', Ph.D., P.E., P.H., F.ASCE
Office: EN 813
Phone: 280-7062
CE Office: 280-6668
email: dbarbe@uno.edu

LECTURES: 6:00-7:15PM Thursday
Room SC 2068

OFFICE HOURS: 2:00-3:00PM Monday and Wednesday
Or by appointment



GRADING SCHEME:

1. TESTS: 4 @ 25% each. 100%

2. FINAL EXAM: 25%

3. PAPER/PROJECT: --- (Graduate Students Only)
(I will drop your lowest 25%)

GRADING SYSTEM:
A 90 and up
B 80to 89
C 70t0 79
D 60to 69
F Below 60

Course Objectives

To give the civil engineering student an introduction to the basic principles of hydrology
and its use in solving engineering problems related to water resources systems. The use of
hydrologic techniques to derive design discharges for water resources projects will be stressed.
These techniques include analytical, numerical, and statistical solutions to the basic equations
governing hydrologic systems. Specific skills the student should learn include:

1. Understand the dynamic nature of weather systems-watershed processes to apply
and solve the mass balance equations (hydrologic equation).

2. Understand the assumptions and limitations of the Rational Method and the
Hydrograph Method to solve for estimates of surface runoff.

3. Understand the fundamental of hydrologic and hydraulic Routing methods to
apply and solve simple reservoir routing and Muskingum method for streamflow
routing.



LECTURE TOPIC OUTLINE

TOPIC TEXT CHAPTER CLASSES
Hydrologic Cycle and CHAPTER 1 4
Hydrologic Budget,

Precipitation, Hydrologic

Abstractions, Surface Runoff

and Stream flow

Hydrologic Analysis CHAPTER 2 4
Routing Techniques CHAPTER 4 4
Hydrologic Design and LA DOTD HYDRALIC 4
Applications MANUAL

Frequency Analysis CHAPTER 3 o
Simulations and Synthesis CHAPTER 5 4

Models
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TEST 1

~1. Use the Thiessen Polygon method to determine the Basin Average Precipitation (BAP)
for the watershed on the attached sheet. The average annual precipitation at each rain
{; ) (| gage is as follows:

Number Precipitation
(inches)
39.9
36.41
59.99
63.92
38.4
64.56
63.53
42.62
52.46
44.69
23.27
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2. Compute the streamflow for the following measurement data:

Distance from | Total Depth, d (feet) | Velocity at 0.2d Velocity at
bank (feet) (ft/sec) 0.8d (ft/sec)
10 0 0 0
z |2 2.0 1.0 0.8
714 4.0 1.7 ‘ 1.4
[ 16 6.0 2.6 2.1
o |8 8.0 : s 129 . 2.3
¢ 110 8.0 2.7 ; 23
- |12 8.0 2.4 2.0
© |14 6.0 - *12.3 1.9
7|16 40 23 i 2.0
18 2.0 1.8 1.5
20 0 . " 0 0

Express your answer in cubli feet per second d in cubic meters fr second.
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3. Itis desired to fill a reservoir for a hydropower project by means of a 30 inch RCP
(reinforced concrete pipe). The attached tailwater rating curve gives the flow through the
pipe for various reservoir levels. If the volume in the reservoir between elevations 55 and
60 feet NGVD is 100 acre-ft, how long will it take to raise the level from 55 to 60 feet
NGVD? Use the average pipe discharge between these elevations in your calculations,
BUT USE 1 FOOT INCREMENTS. Give your answer in hours.
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Rain falls at an average intersity of 0.4 in/hr over a 600 acre area for 3 days.
a) Determine the average rate of rainfall in cfs;
b) Determine the 3-day volume of rainfall in acre-ft; and

¢) Determine the 3-day volume of rainfall in inches of equivalent depth over the 600
acre area. /!
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3, A flow of 120 mgd is to be developed from a 175 mi® watershed. At the flow line, P
the area’s reservoir is estimated to cover 4200 acres. The annual rainfall is 38 inches,
’ / ” the annual runoff is 13 mchgs and the annual evapora’aon is 47 inches. Find the net
gain or loss in storage this represents. Calculate the volume of water evaporated in

acre-feet.
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A watershed covering 600 acres had a storm in which rain fell at a rate of 0.5 in./hr
for the first 2 hr, 0.3 in./hr for the next 5 hr, and 0.4 in./hr for the following hour.
Determine (a) the total depth of rain that fell during the storm in inches over the

watershed and the volume of rain that fell, in acre-feet; and (b) the ® index for the
storm if the runoff is 116 acre-feet.
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An ephemeral drainage basin has a drainage area of 91.53 mi®. The accompanying
hydrologic data were obtained for a storm on June 23. The antecedent moisture
conditions are considered to be normal.

Discharge
(cfs)

TIME JUNE 23 JUNE 24 JUNE 25
0100-June 23 2860 25¢7 525 ¢7¢(

0200 3370 3025 450 4oy

0300 3585 32/8| / 375 337

0400 3800 3977/ 300 ;47

0500 3575 s201 225 242

0600 3350 3007 150 ;34

0700 3215 289/ 115 ;03

0800 3080 274¢] 80 7,

0900 3020 27// 40 34

1000 2960 2457 0 o»

1100 2810 777

1200 2660 2339

1300 2480 222¢

1400 2300 ;06c

1500 2175 (952

1600 0 0O 2050 /345

1700 100 97.% 1725 1549

1800 150 {}‘-{.é 1400 (257

1900 275 244.9 1235 109

2000 550 413.7 1070 g,/

2100 975 ¢3¢ 960 g2

2200 1400 [251.7 850 743

2300 1875 (143, 725 450

2400 2350 240 600 537




TIME RAINFALL ON
JUNE 23 (in.)

1600 0

1700 25

1800 50

1900 3.00

2000 2.00

2100 0

Determine the ® index/(in./hr) for the basin.

. 993 \/

Derive the unit hydrograph ordinates (cfs).

See (roal Fuse

What is the duration of the unit hydrograph?

2hr.

What is the lag time Ty?
U, 45 he:
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2. U ollowing 2-hr unit hydrograph to determine a 5-hr unit hydrograph.

}“}1125: UH (cfs) 5; ,}l?; ;fi /.7{_ §

0 0

1 55

2 220

] 330

4 200

5 150

6 100

7 0 f 2L
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. A highway embankment is to be constructed just downstream of a watershed described as

follows: .
e cusve = 86 lg (= (720 4 -ia
D.A.=3.0 sq. mi. S = (€28 in B= 491 hr
length = 2.8 mi. L= 1478YFrF

slope = 1.0% t.= 2.29 he

land use: med. density res (1/4 acre lots) } 7¢ L~

soils: 70% D and 30% C Tes 2794

Qe = GL20cts
Derive a 1 hour unit hydrograph for this basin by the SCS tringular method.

Derive a design hydrograph for this basin assuming it will have 1.75 inches of
runoff. Use 1 cfs per sq mi for base flow.
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TEST 2
255707752 ¢1°
An ephemeral drainage basin has a drainage area of 91.53 mi®. The accompanying

hydrologic data were obtained for a storm on June 23. The antecedent moisture
conditions are considered to be normal.

Discharge
(cfs)

TIME JLINE. 23 JUNE 24 JUNE 25
0100-June 23 2860 2947 52547

0200 3370 3026 450 Yoy

0300 3585 32(8 375 3% 7

0400 3800 3y 300 2.4 7

0500 3575 v109 225202

0600 3350 3007 150 | 3¢

0700 3215 2384 115 (0%

0800 3080 2779 80 72

0900 3020 27!/ 40 3(

1000 2960 2.6 57 0 O

1100 28102522

1200 2660 23¢¢

1300 248072224

1400 2300 2049

1500 21754 52

1600 0 O 2050 Jg40

1700 100 84,8 1725 1544

1800 150 5%, ¢ 1400 (2 57

1900 275 2441 1235 /[ 01

2000 550 4¢3.7 1070 74/

2100 975 75 960 $ /2

2200 1400 125¢] 850 743

2300 1875 1L %3 725 650

2400 2350 Z( [0 600 539
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TIME RAINFALL ON }L

JUNE 23 (in.) 2054
1600 0 Lz
1700 25 is
1800 50 .25
1900 3.00 na
2000 2.00 oF1- -
2100 0 025 ;\CEL.ﬂL__,, -

Ifpo 1706 k00 1100 2108
(‘7’ e r;’ 5

a) Determine the @ index (in./hr) for the basin. 0# e
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b) Derive the unit hydrograph ordinates (cfs). i | i
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c) What is the duration of the unit hydrograph?
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2. Use the following 2-hr unit hydrograph to determine a 5-hr unit hydrograph.

2" 2he-U
0 0
1 55
2 220
3 330
4 200
5 150
6 100 I —
v 0 154 %055 | 535
7 100 z0da0lo | 50
K O[1solm0lss | |55
) 700 200|170]
150330
106200




v o132
3. A highway embankment is to be constructed just downstream of a watershed described as
follows:
D.A. = 3.0 sq. mi.

Uyt length = 2.8 mi.
' slope = 1.0% Qun o Curve Mo bors \
land use: med. density res (1/4 acre lots) -~ v 27 g vidn (= ex L-§7
soils: 70% D and 30% C : { g Tpcp —w?f—}«%m—%i

1 in

P37

ru nf"hl

a)  Derive a 1 hour unit hydrograph for this basin by the SCS tringular method.

b) Derive a design hydrograph for this basin assuming it will have 1.75 inches of

runoff. Use 1 cfs per sq mi for base flow. 77,4 7 g7, éé
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R At . RER e B
Map 2 Mean Annual Precipitation 1951-1980

; wv.?':f. o

i 0 ‘Great urban expansion in 1950s and 60s - led to demand
flitor better water supply and predmtlon (after WW )
e 'EPA formed in 1970 W|th a mission to clean up the rivers

and engineering as we know it !oday

+ USGS and EPA actively involved in Iargé;scale samphng
programs at the national level - : (Major Rivers & Lakes)

= %fv?u.‘ﬁ&“w =

major water quality issues in streams and lakes, and
stuarine bays.

T

.0 Stanford watershed Model of 1966 - flrst dlglta code

¢ US Army Corps of Englneers Hydrologic Engmeenng
Center (HEC) models - 1970s to the present

+ HEC-HMS and HEC-RAS (1990s release)

+ EPA In 1969 - Storm Water Mgt Model (SWMM)
+ USDA and others developed codes in mid 1970s

& EPA currently supports a suite of advanced models for
analyzing water quality in streams a

|+ Development of FEMA (1970s) - floodplain mapping and |
the federal flood insurance program - HEC models |













QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

KEWX NEXRAD over Onion Creek
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+ Highly Devq!oped\(urbémze_d) Area

- Iﬁte‘rjsity:a'ﬁa Duration of E{a nfall

+ Flat Topography with Lift[e'Sto'rage

+ Poor Building Practices in floodprone areas

+ No replacement of lost storage as area grows

Fannin at H lcombe Overpass
6/9/01- 568 AM

ST
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= Length 1o connoid

- Longest fuswpaih
Centrokd

[Sub E] Sub waicished E

- Overland flow direction
Figure 1.2b
Watershed with elevation contours indicated.
Water flows at right angles to elevation contours
and from higher to lower elevations

» Convective Storms - Radiational
» Low Pressure Systems -
tropical storms and hurricanes

« Frontal Systems - Cold or Warm

Dew and Fog
Hail and Ice Storms
Condensation

Thunderstorm cell with lightning.
Characterized by updrafts and downcﬁ_fafts
Strong convergence and divergence

Most Ftense rainfall possible

Height (km)

o Wake of Cool Air

~——25km

F gure 1.3b

ical tF 3 derstorm ﬁllem, o
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ource of moisture

Lifting mechanism (orographic or heating)

i [' hase change from vapor to water - Energy

i
. iﬂhmali nuclei or dust for droplet formation
i

b

roplets must grow as they fall to earth

Convective mcke e
Cold/Warm Front

Frontal

g Oragraphic Lifting/Condensation
S 30 e .
- 5 = High and Low Pres
= - % \ |
2 @ T Fr?fntn] ¢ : , |- Rainfall Zone
W Lo— SULlAce iy |
|

+ Circulation Issues

P S
j},.,, { [ 27 Cold air
f';'# Y rriio

Main weather makers ‘

Figure 1.4

Precipitation lifting mechanisms. f
i Figure |30
| Frontal system for the U.S.

. Intéﬁ.se.'ﬁai"ﬁfalis |
* 8 to 15 inches '

+» Severe Flooding

» Billion$ damages |

* Lost productivity :

of Houston and Whise Oak Bay
(Photo courtesy of Houston Chronicle)

Figure 5.9 of & wave cyclono in the Northern Hemisphere.




Hurricane Andrew -1992 i

« Moved to Florida coast
» Winds in excess of 150
» Major damage to Florida

+ Moved over Gulf

and strengthened and hit

LA Figure 1 3¢
Hurricans Andrew aver Florida in August, 1992,

+ Most damaging until 2005

I A I B LY

+ Recording gage

Treiptmon

+ Collector and Funnel

= Bucket and Recorder

= Accurate to .01 ft
B, » Telemetry- computer

e th
®

* HCOEM website

Figure 1.7

Normal sesaibiv isribuion i GONUS

Figure 1.5b

Nornwl munthly distribution of precipitation in the United States (in {1 ir = 25.4 mm).
(LS | Do Service s

= Measured in one gage

» Associated with T.S.
Claudette in July 1979

« Texas accounts for 12

world rainfall records

Annuil Precipitation (CONUSE

ISty

Distribution of a-

1/14/2010



a-

ur Total Rai

Tropical Storm Allson
(Bpm-3am, &/8-6/, 2001)

Camulative rainfall fin.j

Cumulative Mass Carve
Augnst 31, 1951, Gags 4500

Ranfllintensity i hr)

Mux——

Cumlative rainll fin.)

Time (hr)

Rainfall Hyetogaph
August 31, 1981, Gage 4800

Time (hr)

Rainfall Hyetograph
fngust 31, 1981, Gage D3R

Max

Time (hr)

Fiium El.2

Max

10
Time (hry

Center of Mass of
rainfall in time

T=ZtP/ZP,

Avg intensity
I =2ZP;/n

1/14/2010

Direct RO Vol (DRO)} i
Watershed

Design Storm from

HCFCD and NWS
Based on
Statistical Analysis
of Data

5,10, 25, 50, 100
Year Events

Various Durations
of 6 to 24 hours

* |DF design curves
* All major cities
» Based on NWS data

» Various return
periods & durations

* Used for
drainage design of pipes
& roads
« Used for

oodplain designs -
watersheds

Six Hour Rainfall

Winfid ety b

@

Dravasion

Figure 1.8
Intensity-duntion frequency carves for Hooston, Texas |
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Project Brays Project Brayé.
Federal Flood Control Channel Enlargements: (Mid Reach)

$ 455 Million

Channal Channel
Enlargements.

Bridge g
Replacements

Upstream
. Eleme

Downstream
Element

‘Wiliow Waterhole
Bayou Detentlon

Final Solution in HG

The model indicates that under heavy rainfall, 12by 12 Jt Culverts

Final Thoughts...

serious street flooding results
Improve local drainage system
Better manage overland flow thru TMC ey

Better use of advanced flood warning

Brays Bayou Project — reduces tailwater in the
range of 3 - 5 ftin 5 years.

Final Solution in HG ~ Flood Protection Sy

Emergency =
Response - TMC

10
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Modeling the Existing System

= Enter Major and Minor system structure
and connectivity

= |nput rainfall data from Allison
= |nput tailwater data from Allison
= Run SWMM using Allison input data

= Compare Allison results to observed high
water marks near Rice and TMC

= Use calibrated model to analyze various
alternatives for the system

SWMM Model Results and Observed }ﬁg’h Water Marks

'mmy'@sa‘ S

Mitigation Options — Harris Gully | Pos:::’::ﬂ“g:gg‘astm"

= Kirby Dr, MacGreger Dr, Hermann Drive 3 T e

® Use model to evaluate other major culverts

Evaluate natural overland drainage swale and
storage area in the Hermann Park area along
the Bayou

Evaluate all options for Harris Gully including
impact of the depressed SW freeway and
model their impacts on water levels in TMC
area.

Evaluate effect of Brays Federal Project,
which lowers Brays Bayou levels near TMC
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Major System

= All water that cannot flow through the
minor system must:
= Be stored in small or large depressions, or
man-made ponds
= Flow down streets
= Flow overland as sheet flow

= Major system modeled as storage areas
interconnected by weirs.

[Flow Connectivity and Storage

Tailwater Effects

= High tailwater in Brays reduces the flow capacity
of the minor system up to 80%

* When the minor system is full, the major system
(streets) starts to fill

® High tailwater will flood some areas near the
bayou directly, and cause others to flood due to
reduction of flow in the minor system

® Flevation and Duration of Elevation are
extremely important

Rainfall and Stormwater Models

Why a Computer Model?

= Analysis tool = US Army Corps of Engineers’ HEC-HMS
u Why did it flood in the first plaCE? = Convert rainfall to flows
= Approximates effects of inlets and leads
= Predictive tool ;
= How much rain will cause flooding in the = Storm Water Management Model (SWMM)
future?
= Dynamic hydraulic model of pipes and
overland flow and storage

= Design tool : * Includes tailwater conditions in bayou
* What can we do to reduce flooding danger?
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Brays Bayou and Harris
Engineering Research

* This research was funded by: ‘fla‘";‘ﬁ ‘\*lfﬂ}’i i” 86l i
SHudy Area: S 8. mil.
= City of Houston : o

Brays Bayou: 129 sq. mi. 5
= Rice University — q

= Texas Medical Center
= Harris County Flood Control District

= Special thanks to Walter P. Moore Associates, Inc.
and JF Thompson, Inc. for their assistance on the
project

Stormwater Modeling

Four Key Elements

= Rainfall
= Minor Drainage System
= Pipes, culverts, inlets, leads
= Major Drainage System
= Streets, sheet flow, open channels, storage
= Tailwater Conditions — Brays Bayou

\lumni Drive facing South - 8 am |
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FAS2 will add 482 radar rain
gauges over Brays

TSI e :
Prospects for Flood Modeling L |
in the Future data at 200 n{el_ter:scale'-ax:turacy

!" _Fo-recastlngmljrban streams that respond pi
to heavy rainfall is difficult.

P

Such forecasts can easily underpredict the river
stage with little or no lead time

CASA radars may help revolutionize our ability
to see and predict rainfall

CASA funded as an NSF ERC to several
universities including UMass, OU, CSU, Rice

NETRAD Sites and coverage over Houst(_}fi'. Texas.

Philip B. Bedient
Civil and Environmental Engineering
Rice University



Weather Radar Systems

Recently deployed weather radar systems suchT
as NEXRAD offer accurate and reliable
precipitation estimation

Increased sensitivity coupled with improved
processing provides high-resolution radar data
sets for a variety of applications.

Provides another source of rainfall information in |

| addition to rain gauges

Users of Radarréﬁ:d
Meteorological Data

Real-time access to radar and other
meteorological data is now provided to
users outside of the NWS

NEXRAD has spawned a private sector
meteorological services industry

Now other users are beginning to experience the
benefits within the hydrologic community

level precision image vs.

__25_§-lgvel_ data

ision of 16 or 256 level product

- 256 level rain inches/hour + 16 level rainfall inches/hour|

.

1/14/2010

WSR-88D - NEXRAD

® The first op.erationa! WSR-88D was
installed in May 1990 at Twin Lakes, OK
= 160 + deployed nationwide and overseas.
® |s now being used for much more than
‘weather forecasts. e
* Most significant advancement in hydrology
inlast 20 years!" i :

' Low Precision 16-level Image

Uncalibrated Subbasin Storm Total for 12-hour period from 8/8 5:00 PM to 6/9 4:00 AM CDT

T.S. ALLISON RADAR RAINFALL
OVER BRAYS BAYOU WATERSHED
12 HOUR TOTALS BY SUBAREA

o

4 8 12 Miles

Storm Total (in)
o

[ |
2]
B
[
[
=
|
]
Bl
|
[ ]
|
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NEXRAD Radar Data Radar Provides Visual Effects

=
i
prEge:

. 7

Recent Innovation

Uses radar - NWS

£ 00—

DPA every 5 minutes
Accurate to 230 km

|* Provides better
ispatial detail than
“gages -

Miclnight

Radar;Gége Calibration

Radar-Rainfall Relationships October 17, 1994

Z=300R"* Standard

y = 0.8891% - 0.038:
R?=0.9033

Z=250R"? Tropical

Z. = radar reflectivity in dBZ
R = rainfall rate in in/hr

Total Rainfall Radar (in)

Ratio of gage value to radar value = BLAS '5 Total Rainfall me

Rain Gage and Radar Rainfall Estimates

October, 1994 Calibration

500/ O Main St. Radar Pixel, 12.21 inches Total

@ Main St. Gage - HCOEM, 12.13 inches Total

O Rice University Gage, 14.74 inches Total

ol 4
= z e = ] b
2 f: = 3. 03 32"3 &
© ~ © a 2z £ 25 = o o - @
] L] 2 2 = Fa Fx T =2 2 2 2
o
&g f £ £ 2 @ = ¢ 3 @ =
0 © ~ o - ~ = -
June 8 - 9, 2001
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Exampl_e of @ Index .  Brays Bayou at Main St
".»'\ﬁsl'.llne:.-l.‘) in.of'T}RO from a 560 acre Ba : iR . Bfidge

Set up a general Eqn for & fin

fm& @ by trial dt‘id error b
ia value and solving - fry ¢
{And it only accounts fo;
fb— 0.5 in/hr vields 9 _

tream Cross-Section for Q
Measure v at 0.2 and 0.8 of depth =

1:- Average v and multiply by AW*D

|+ Sum up across stream to get total Q + Determined from
stream measurements of V

» Plotofzvs. Q

* Unique for each stream

+ Changes with development

*+ Available for all USGS gages | i ¢

Tigure 1.20

"
N AW,
Lo
i 1

" Use of NEXRAD Rainfall for |
_Hydrologic Prediction

Use measured rainfall

Predict hydrologic
Response in x,y, @

Alert various agencies
and emergency mgrs
Save lives and damages

Hase station
and computer

Work in Cooperation with
Dr. Baxter Vieux, University of Oklahoma
National Severe Storm Laboratory
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Soil Moisture Cycle
o | Very Complex Soil Physics
i+ Autumn - rainfall recharge

+ Winter - max soil storage

|+ Spring - some evap loss
|

' |+ Summer - most
% depleted conditi

PET = Passisd sxop dramspirstivn
R = Bl

Figure .13
Wealized annual suil mobsture cycké for three vepetation types

Horton’s Infiltration Conce,
f(t) = Rate of water loss into soll

e e ) W—
fc + (fo . fc) exp ("kt} - lnitial loss 1o storage
| ! ?‘;:«:: ;)rcc&pimiinn

‘fc= final rate value -l & o T

7 rate ()
g |

f,= initial rate value : -

|K = decay rate 3 ;

Figure 1.14

| Can integrate to get

Horton's infiluation concept

= Vol of infiltration

|rate over time of rainfall

.~ Grass precipitation rate ()
e ‘r:m:j_Lﬂ . * Volume above line

i ] - index =
//!: lis DRO

Volurme of |_‘ *Volume below line is F(t)
infiltration I

§ | » Trial and error computed |

Figure 1.15
i index method.
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Surface Flow_Distribution

Rmn[%li rate (i) s -~ Depression storage

.- Runoff from storage

Rate (in./hr)

!

|

!

!

g Direcl}

runoff |
Detention storage i

Figure 1.16

Surface flow distribution.

Hortor's Eqn

Yolume of 6-hr period

/’

4 5 6
Time (hr)

Time (hour)

Figure E1.7
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Lake Energy Budget

Hydrologic Losses and Al Shel
Radar Measurement | Q= sensible heat

i Q, = stored energy
Dr. Philip B. Bedient , Q, = advected energy

Rice University ] Qy, = net radiation
| absorbed by water body

| €, = reflected shorwie rudizten
l Qi = longwiwe radiition Back toamosphers

Mass Transfer

i{i* Function of wind speel
Fand humidity gradient

E=e.,-e,(a+by)

+ Energy source - solar energy Where E = evaporation {cm/day)

]

§: Mass uansfer, energy e. = Sat vapor pressure (T)
{ibudget, and pan evaporation

e,= Vapor pres at fixed z

+ Penman's combined (1948)
; u = wind speed in misec

a,b = constants

Shallow Lake | Evaporatioh'Pans

t 7,7

2l ﬁf// o

.,{’

Stillg well 464 hesk 15

v waler kel e s = Anemometer - wind

|+ Rain Gage - precip.

e |

e A__:)W |* Pan for water - evap
4 |

|* Level measured daily

|- Refilled as necessary |

Figre 14
Stumband Cians e yuratin pon 1 1) neeeencier a1 e v

Figure |.12

Shallow-lake evaporation as a Tuaction of solar cadiation. air temperatire, dew point, and wind movenent.
Adapied from Kohler et al.. 1955.)
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Hydrograph Fipod Routing to

Next Downst

Travel
Time
| Attenuation

Inflow
Hydrograph

QuishTima™ o a
TIFF (2w dscompnmn or
e naede ta 10 toh P T3

Routed
Hydrograph

2

Flood wave is lagged and

LA L

attenuated as it moves downstream

California - Temecula

s 1-45 over Clear Creek - 1979
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Time Area Hydrograph

-
= Graph of discharge vs. time at a single location

= Rising Limb, Crest Segment, Falling Limb,and

Recession

= Base Flow is usually subtracted to yield DRO

R . - - ® Peak gives the maximum flow rate for the event
HAt time step 2, P, over A, i ;
| arrive at the same time - | = Area under curve yields volume of runoff

{inches)

Peak Flow and time to : . ety v
i Ty eed g P . Lag or time to peak dirde Hurris Gully
peak relate to area/shape e e
of watershed

5 Hydrograph
Aren under curve is the
volunie of DRO Volaue of Ruliof

ime Base is time that BRQ

flow exceeds baseflow e Basy

Lime to peak or Lag is
measured from center of \ e February 12, 1997 on Harsis Gully
mass of rainfall pattern Nei Rainfall * Avea = integration of direct runoff hydrograph

E
‘\Eul uader blue bars * Area = Yolume under red line (hydrograph}

Hydrograph Flood Routing  |Ml{ Hydrograph Flood Routing
from Point 1 to Point2 . frompPt1 to Pt 4 in the Stream

1Once overland flow arrives at a ‘ . j . i ’
istream ~ becomes channel flow ‘
!
|

| Channel flow begins as low flow
| and increases with accumulation
|

| Flood wave moves downstream

[ at a predictable velocit

. Subarea flows contribute to the
flood wave along the stream
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Lin.= 39 mi Connect gages with lines

Form triangles as shown
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| of the triangles
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Table 1.1 - Project Design Storm Frequencies for Culverts and Bridgét

Design Storm Freguency

25 Years | 50 years

ADT_ =< 3000* 3 "> 3000

* A 50 year frequency may be Justsfxod at individual sxtnn on a
project where.

1.

4,
5.

6.

The product of the ADT and the miles of detour which would
be required in the event of road closure at the site is greater
than 15000.

The site is on a primary route for emergency vehicles or
community evacuation.

. Major drainage structures in wetlands (see chapter 1II).

Urban arterial roads and streets.
Roads and streets with féur or more lanes.

Ramps und approaeh roadways within control of access boundaries
of freeways.

A 10 year storm frequency may be used for culverts (not bridges) in
rural areas when ADT is less than 400 and the product of the ADT and
the miles of detour which would be required in the event of road
closure at the site is less than 4000.

B. Methods of conputing runoff -

The Department uses two methods to estimate peak runoff rates
essential to the hydraulic design of culverts and bridges. The methods
vary according to the size of the srea contributing rumnoff to the

structure.
Drainage Area Method and Source
Soil Conservation Service (S.C.S.)
2000 scres or less procedure -
' Reference Number 1
: ' Un;ted States Geoclogical Survey
2000 acres to 3000 ; (U.S.G.S.) procedure -

square miles References Numbers 6 And 7




#
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The United States Geological Survey carries on a continuous
program of stream gaging to which the Department of Transportation snd
Development contributes financially. This stream gaging dats (gaging
station locations, high water stages, and discharge records) is avail-
able to the Department through United States Geological Survey publi-
cations and should be used whenever it is applicable to the problem at
hand. '

1.32 Design Procedure

Design peak rates of runoff are to be based upon conditions which
may be expected to exist 20 years in the future. Following discussions
establish procedure for estimating pesk rates of runoff from ungaged
watersheds for use in designing highway drainage structures.

A. Soil Conservation Service ts;c;s.) proceduro‘-‘

This method is to be used to estimate peak rates of runoff for
ungaged rural and urban watersheds of 2000 acres or less. "~ The pesak
discharge versus time of concentration chart (Figure 1.1) in this
Manual was developed by the Louisiana Department of Transportation and
Development using Soil Conservation Service method of determining peak
rates of runoff. This chart provides 8 quick and reliable way of
estimating peak rates of runoff for s range of factors affecting the
peak runoff such as: soil type, land use, cover conditions, rainfall
amounts, size of watershed, hydraulic length of watershed, average
watershed slope, etc.. 24-hour rainfall with type II rainfall
distribution (all areas of U.S. except for parts of Pacific Coast
States) and average watershed slopes of between 0.1 and 10 percent were
used to develop this chart (Figure 1.1). SENEND. '

The factors affecting pesk rate of runoff may be divided into
those factors associated with the rainfall and those associated with
the watershed. i ‘ 2 ‘ ]
The rainfall depth (inches), duration, distribution over the duration
period, and antecedent rainfall events influence the rate and volume of
runoff. 24-hour rainfall maps for 2, 5, 10, 25, 50, and 100 year
return intervals were developed for Louisiana from United States
Weather Bureau Technical Paper Number 40 and are presented in Figures
1.2 through 1.7. Type II rainfall distribution, which represents all
areas of the United States except for parts of Pacific Coast States, is
used in peak rate of runoff computations. Peak runoff rate also
depends on antecedent moisture condition (AMC) which is determined by
the total rainfall in the 5-day period preceding a storm.. Average
condition (AMC-II) will be used for estimating peak runoff rate in
design of highway drainage structures.




Hydrauliecs Manual Chapter I Page:

e

2 r 1 I X111 R 8

; )
¥ I “H E

B >
| - =ﬂ eSS
{ i o 2
= it 3 z CZz
T 1T o 5
* =
| £
i i 5 Y =
THiH it : %)
| i z
< 3 o o

o
i L] 5
o i
o =
:ﬁ - ¥

1 - L]

= e
1

823888 ¢ 8 &
440NNY 4O HONI ¥3d JYOV ¥3d

ANOJ3S ¥3d 1334 Ji8ND NI 39YVHISIC Nv3d

2885828 ¥ §

g

11

FIGURE- I.| - PEAK DISCHARGE VS. TIME OF CONCENTRATION



14

Page:

Chapter I

Hydraulics Manual

- - A .*1 D ._1 A s - &% I
! T [ 779
2 M_ ", e megimeess fowt 5L na.zeca RAINFALL (INCHES)
QI| Y n (1)

(1 1Ny

r-.al-lAillK\

I_

A

a-.-:.-\- -ro- o

maBiBON

FOR

10-YEAR achzz INTERVAL

{SOURCE W. $. WEATHER BUREAY
TECHNICAL PAPER 80 40)

STATE OF

LOUISIANA

A | S n........a..-. .n
.‘ .-b-.l-i“. 'll...l[.ll
* = M 3
v l\ —ll =
v . J | ;
- Ry Viorors Wis s 18.81P P
o ' : s i .
, ¢ S ._|..... -n”...l%..:..po- o1 mantng)
e —

10

“FIGURE 14




16

Page:.

Chapter 1

Hydraulics Manual

i

& IS & & -
- A ] K A | ] A ] -
B — T )
el “iisonry ot = 24-HOUR RAINFALL (INCHES)
r—— i Y Ak - FOR
i\.:: C; 90-YEAR RETURN INTERVAL
e AN e & (SOURCE U.S. WEATHER BUREAU
ZARTTTYYTY S Y TECHNICAL PAPER NO.40)
: : Ii'..... :’“ﬂ g
Y g e > LOUISIANA
o N ] S .-ht-.h-. .-
A \ e o i
13




17

‘Pugoz

Chapter I

Hydraulics Manual

(S3HONI) TIV4NIVY UNOH-v2

[YTTTIN Y A
e +w

-..-!.:—

1 ]

VNVISINOT

40 31vis

(0¥ ON U3dvd WIINHIZL
 (Y3UNG UINLVIA ‘SN 3IUN0S)

TVANILNI NUOLIY YV3A-00




Hannahatchee

Hydraulics Manual Chapter I Page: 19
Table 1.2 - Hydrologic Classification of Seils in Louisiana
. % *
Series Hydrologic Series Hydrologic
name group name group
 Acadia D Commerce (o
Acy . C Convent C
Alaga - A Coteau Cc
Allemands D Coushatta B
Alligator D Crevasse A
Amagon D Crowley D
Amite B Cuthbert Cc
Anacoco - D Cypremort c
Andry D Darco A
Angie C Deerford o
Armisteéad (o Delcomb D
Baldwin D Dexter B
Barbary . D Dossman B
Basile D Dundee (o
Beaumont D Duralde Cc
Beauregard (o Elysian B
Bennedale B Essen C
Bernaldo B Eustis A
Bibb B/D Eutaw D
Bienville A Evangeline c
Blaney B Falaya D
Bonn D Falkner o
Boswell D Fausse D
Bowie B Foley D
- Bruin B Forestdale ‘D,
Bruno A Fountain D
Bude C Fred C
Buxin D Freeland C
Caddo D Frizzell ol
Cadeville -D Frost D
Cahaba B Gallion B
Calhoun D Galvez o
Calloway c Gentilly D
Cane C - Gilead c
Carlin D Glenmora C
Carroll - D Goldman Cc
Cascilla B Gore D
Caspiana B Grenada Cc
Chastian D Guyton D
Collins Cc c
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Table 1.2 - .Hyd“i'_'pio;ic C;l,.u:"i'.fi,cg_tionjoif  Soils in Louisians
_ - *
Series ‘Hydrologic Series Hydrologie
name . group . name - "group

Harris D - . Mashulaville B/D _
Hebert C . Masurepss D
Henry D Mayhew D
Hollywood D Mckamie D
Hortman- D Mclaurin B
Houston b - Memphis - B
Huckabee A " Mer rouge B
Iberia D - Messer C
Ijem D Meth C
Independence A - Mhoon b
Tuks c " Midland D
Izagora C " Miller D
Jeanerette D _ Moreland D
Jena B . Morey b
Johnston B/D . Morse D
Kalmia B . -Houatn‘- D
Kaufman D Muskogee C
‘Kenner D Myatt B/D
Kenny A Nacogdoches B

~ Keo B ~ Natchitoches D
Kirvin c " Newellton D
Kisatchie D Norfolk B
Kolin - Cc Norwood B
Rullit B ‘Nugent A
Lafe D Ochlockones B
Lafitte D . Okenee D
Lakeland A Oktibbeha D
Latanier b Oliver Cc
Leaf D Ora . C
Lexington B Orangeburg B
Libuse . c Osier : B/D
Lintonia B Palm beach Y\
Loreauville { e Patoutville c
Loring. c Pelham B/D
Luey A Perry - . D

. Lufkin D . Pheba C
Luverne 'C .  Placedo ‘D
Malbis B . Pledger D
Msmou - C Portland D
Mantachie Cc Prentiss . c
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Table 1.2 - Hydfologic Classification of Soils in Louisiana

]
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Series Hydrologic Series. Hydrologic
ngms group © name group
Providence - C Susquehanna D
Ragley - - D . Tenot c
Red bay . - - B . Tensas D
" Rexor - A - Tilden B
Richland - C Trebloc D
Rilla . B Tunica D
Robinsonville B Una - D
Rosbuck D - Urbo D
Rosebloom D Vacherie c
Roxana B Vif&.g D
Ruston B Vacluse c
Sscul - C "~ Verdun D
Savannah (o Verrett D
Sawyer o Vicksburg B
Scatlake D Vidrine c
Severn B Waller B/D
-Sharkey D Waverly B/D
Shatta - C Woodtell D
Shubuta c Wrightsville D
Smithdale ‘B Yahola B
Springfield D Zachary D
Sterlington B
Stough” C
Summerfield c
Sumter (o

* Dual hydrolo;:c soil groups sre given for cnrta:n wet soils
The £irst letter applies to
the drained condition and the second to the undraznod from

that can be adequately drained.

a2 lurfaeo drsann;o standpo;nt.
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Table 1.3 - Runoff Curve Number (CN) for Selected Agriculturasl,
Suburban, and Urban Land Uses (Antecedent Moisture
Condition II) - 7 :

Land Use : TS Hydrologic Soil Group

' A B C D

Woods or forest land - 3 61 74 80
Pasture or range land : 54 70 80 84
Cultivated land | - 67 76 83 86

Open spaces, lawns, parks, golf courses,
cemeteries, etc. B
Good condition: grass cover om 751

or more of the area 39 61 74 80

fair condition: grass cover of 50% p
.~ to 75% of the area 49 69 79 84
Residential . _ DY
sverage lot size average % impervious
1/8 scre or less 65 ; : 77 85 - 90 92
1/4 acre -38 61 35" 83 87 .
1/3 acre (daT o) - 57 72 81 86
1/2 scre ., . . 25 5 70 80 85
1 acre 20 51 68 79 84
Commercial and business areas
(85% impervious) BFTY 89 92 - 9 95
Industrial districts (72% impervious) 81 8 91 93

Paved parkin; lots, :oofs.'driVQNhyn,‘otc. 95 95 95 95

Paved streets and roads
streets with curbs and storm sewers 95 95 95 . 95
roads |, - " 76 8 90 92

22
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The following de:xgn procedure is provided to estimate peak rates
of runoff for ungaged watersheds.

1. Prepare a drainage map indicating the following for each
drainage area.

(A) Drainage area in acres.

(B) Hydraulic length of watershed in feet.
Hydrsulic length of watershed is the
distance the runoff must traverse from
the most distant portion of the watershed
to the point under consideration.

(C) Hatorahed‘boundariqs.”

(D) Average watershed land slope in percent.
The weighted average slope should be
calculated using elevations along the
hydraulic length of watershed.

(E) Predicted (for 20 years in future) land use.

(F) Soil type(s) and hydrologic soil group(s)
forming the drainage area. The so0il type
can be determined from Soil Conservation
Service parish soil survey maps. Hydro-
logie grouping for the various soil types
are included in Table 1.2.

o G{? Determine the runoff curve number (CN) to be assigned to each
drainage area by using the information in steps 1-E and 1-F
with the curve number guide (see Table 1.3). A weighted curve
number (CN) may be required for watersheds having different
s0il types and/or land use.

3. Use the 24-hour rainfall maps to determine the inches of
rainfall sssociated thh thn design frequency storm (Figures

1.2 - 1.7).
4. Compute runoff from folloging equation: ‘
~ag .
N2
{ P - 0.2 (1000/CN - 10) } LT
R = ' 2. - ad (1.1)
. P+0.8 (IOOO/CN - 10) S
L ...uh“e
R T nmff in‘l...i;nc”l;;s. e o
[ G O colET et

[

P = Prec;p:tat:on in ;nchas (Erom Fxguros 1. 2-1~7)

CN = Weighted runoff curve number (future-condition)
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5. Compute time of concentration from following equation:
0.8 0.7
L  (1000/CN - 9) ;

. 0.5
1140 (8)

Where
" TC = Time of concentration in hours

Hyd;aulic lonith of watershed

e
"

Weighted runoff curve number (future-condition)

2

§ = Aversge watershed land slope in percent
(2 minimum slope of.O.l'percont will be used)

6. Determine peak discharge in cubic feet por second per
acre per inch of runoff (Q) from Figure 1.1 using the
time of concontrg;;pn (prcviously computed in step 5).

7. Compute design peak rate of runoff from following equation:
Qp = ARQ - " | (1.3)
Where

Qp = Peak rate of runoff in cubic feet per second

Q = Peak discharge in cubic feet per second per acre
per inch of runoff
A -‘Drninago area in acres

R = Runoff in inches

Modification of peak rate of runoff where pondzng or swampy areas oceur
in the watershed -

‘Peak rates of runoff. a&ydetara:nod by the use of the previously *
-described procoduro ‘assume e ;opa;rlphy is such that you have,
approximstely uniform lnrfase“?ioukén;o chunnols. dra:ns. and streams.
+The peak rttn:;ﬂt ~rumoff are apprdﬁfhatoly the same as those obtuxnod

r.g;g;ﬁiﬁ! y0d hydrographi iﬁd.vaJloy slool zoﬁ"
™HE VEI f_ﬁ%tdfhtﬁ"iyz ‘

rt;holaﬁe fivodd
n;?'all, but for-at
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Table 1.4 contains adjustment factors to be used when the ponding
or swampy areas are located in the path of flow in the vicinity of the
design point.. Table 1.5 contains adjustment factors to be used when a
significant amount of the flow from the complete watershed passes
through ponding or swampy areas and these areas are spread throughout
the watershed. Table 1.6 contains adjustment factors to be used when a
significant amount of the flow from the complete watershed passes
through ponding or swampy areas which are located only in the upper
reaches of the watershed. )

Whenever ponding modification is applicable the factor is applied
to the peak runoff rates as follows:

Qp = Qp { Factor } 3 (1.4)

mod pon

Where

Qp = Modified peak rate of runoff in cfs
mod

Qp . = Peak rate of runoff in cfs

Factor = Ponding adjustment factor
pon
* It should be emphasized that sound judgement must be exercised in
adjusting peak rates of runoff where ponding or swampy areas occur in
a watershed. It cannot be used blindly for the purpose of obtaining
_smaller peak discharge values.

Table 1.4 - Adjustment Factors Where Ponding and Swampy Areas
: Occur at Design Point

Ratio Percent Return Period

D.A./Pond and Pond and (year)

Swampy Ares Swamp in D.A. 2 5 10 25 S0 100
500 0.2 .92 .94 .95 .96 .97 .98
200 0.5 .86 .87 .88 .90 .92 .93
100 1.0 .80 .81 .83 .85 .87 .89
50 2.0 .74 .75 - .76 .79 .82 .86
40 2.5 .69 .70 .72 .75 .78 .82
30 3.3 64 .65 .67 .71 .75 .78
20 5.0 .59 .61 .63 .67 .71 .75
15 6.7 .57 .58 .60 .64 .67 .71
10 10.0 .53 .56 .56 .60 .63 .68
5 20.0 48 .49 .51 .55 .59 .64
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Table 1 5 = Adjustment Factors Where Ponding and Swanpy Areas Are
Spread Throughout Watershed or Occur in Ccntral Parts
of Watershed

Ratio Percent & ' Return Period

D.A./Pond and Pond and swampy (year)
Swampy Area  Areas in D.A. 2 5 10 25 50 100
500 0.2 94 .95 .96 .97 .98 .99
200 0.5 .88 .89 .90 .91 .92 .94
100 1.0 .83 .84 .86 .87 .88 .90
50 200 -78 -79 -81 -83 -85 .87 i
40 2.3 .73 .74 .76 .78 .81 .84
30 3 .69 .70 .71 .74 .77 .81
20 5.0 .65 .66 .68 .72 .75 .78
15 6.7 .62 .63 .65 .69 .72 .75
10 10.0 .58 .59 .61 .65 .68 .71
5 20.0 .53 .54 .56 .60 .63 .68
& 25.0 .50 .51 .53 .57 .61 .66
3 33.3 47 .49 .50 .54 .59 .64
2 50.0 45 .47 .48 .52 .57 .62
1 100.0 43 .45 .46 .50 .55 .61

Table 1.6 - Adjustment Factor Where Ponding and Swampy Areas Are
Located in Upper Reaches of Watershed

Ratio Percent ' . Return Period

D.A./Pond and Pond and Swampy (year)

Swampy Area Areas in D.A. 2 5 10 25 50 100
500 0.2 .96 .97 .98 .98 .99 .99
200 0.5 93 .94 .94 .95 .96 .97
100 1.0 .90 .91 .92 .93 .9 .95
50 2.0 .87 .88 .88 .90 .91 .93
40 2.5 .85 .85 .86 .88 .89 .91
30 3.3 .82 .83 .84 .86 .88 .89
20 5.0 .80 .81 .82 .B4 .86 .88
15 6.7 .78 .79 .80 .82 .84 .86
10 - 10.0 .77 .77 .78 .80 .82 .84
5 20.0

74 .75 .76 .78 .80 .82
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Modification of peak rate of runoff for rice fields -

Basic discharges computed for rice field areas will be reduced by
a factor to be selected from Table 1.5, sssuming a ratio of D.A./pond
and swampy ares of 5. The factor so selected is to be applied only to
that portion of the watershed being used for rice cultivation. In the
event that only a portion of the total area is in rice cultivation, a
weighted reduction factor (K) will be used.

Modification of peak rate of runoff due to urbanization -

The method of estimating peak runoff rates which has been des-
cribed in this section was developed primarily from-agricultural water-
sheds data. However, urbanization commonly increases the volume of
runoff and the velocity st which water can flow from its point of
impact on the watershed to the watershed outliet. The inecrease in the
volume of runoff due to urbanization depends more on the percentage of
‘impervious ares whereas the reduction in the watershed lag depends more
on the percentage of hydraulic length modified. Lag is the time from
. the center of mass of excess rainfall to the time to peak.

Figures 1.8 and 1.9 give factors for adjusting peak runoff rates
cslculated by the method previously described in this section. The
factors are applied to the peak runoff rates using future-condition
runoff curve numbers as follows:

Qp = Qp { Factor } { Factor } (1.5
mod © imp him
_Hharn |
Qp = Modified peak runoff rate due to urbanization in efs
mod : '
Qp = Peak runoff rate for future CN in ecfs
Factor = Factor based on the total percentsge of the

imp watershed area which is likely to be impervious
(Figure 1.8). The percentage of impervious ares
in watershed could be determined using United
States Geological Survey topographic maps, land
use maps, aerial photographs, and field re- -
connaissance.

Factor = Factor based on the percentage of the liydraulic
him length of the watershed which is likely to be

(or has been) modified as a result of urbaniza-
tion (Figure 1.9).
Hydraulic length modification factor is applied
when parts or the entire watershed is served by
storm sewers or a stream (usually the major
water course in the watershed) has been changed
over natural conditions by straightening or by
enlarging stream capacity.
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Application of Soil Conservation Service procedure for estimating
peak runoff values is illustrated in the following examples.

Example 1.1

A 250 acre drainage area with a hydraulic length of 6000 feet in
Jackson Parish is composed of soils of the Boswell-Bowie-Sawyer
association. It is estimated that the soil composition of the water-
shed is 40% Boswell (D), 302 Bowie (B), and 30% Sawyer (C). The land
usage is estimated to be approximately 402 pasture and 60% woodland.

Using values in Table 1.2, the weighted CN is computed as
follows:

cN = { (.40) (80) + (.30) (74) + (.30) (61) ]} (.60) +
{ (.40) (84) + (.30) (80) + (.30) (70) } (.40) = = 74.94

Use CN = 75
‘The average watershed slope is estimated from the topo map to
be 0.6%. For a 50~year design storm, the 24~hour rainfall is found in
Figure 1.6 to be nine inches.

Following the ltopi outlined previously, the above information is
used to compute peak rate of runoff.

Compute runoff from Equation 1.1: s
2
{9 - 0.2 (1000/75 - 10) }

Re= = 5,95 inches
9 + 0.8 (1000775 - 10)

Compute time of concentration from Equatién 1.2;
0.8 0.7
(6000) (1000/75 - 9)
€ = = 3.33 hours

1140 (0.6)

0.5

Find Q £rel.Fi;uro 1.1 (as shown on Figure 1.10): N

Q = 0.21 c.f.s. per acre per inches of runmoff

Compute peak rate of runoff from Equation 1.3: . *

Qp = 250 x 5.95 x 0.21 = 313 c.f.s.

Example 1.2:
Assume that in the watershed in Example 1.1, there are swampy and
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ponding areas located in the upper reaches of the watershed comprising
approximately 10% of the total watershed area. From Table 1.6, the
adjustment factor is found to be .82. The adjusted design dzschnr;e
1'0

Qp = (.82) (313) = 257 c.f.s.

-od
Examp le 1.3;

Allult that in the Exanple ) (9 100 acres is used for rice cul-
tivation. From Table 1.5, the adjust-ent factor for the rice fz.ld
portzon o! the watershed is found to be 0.63. :

St e, T EEoa L, I T Taea e gpet 3 il s I
rice rice + not rice not rice.
K= : A ;s i
A
total
( 0.63)( 100 )+( 1.0 )¢ 150 )
- 7 ; ; o f‘0.85

~ 250

Qo = (.85)(313) = 266 c.f.s.
‘mod

.Exl-gle 1. A-

250 Acres of pulturolund watershed is to be dtvolopcd into a
residential subdivision with 1/3 acre average lot sizes. Hydraulic
length of this watershed is measured to be 6000 feet. It is estimated
that the soil composition. of the watershed is 100% Boswell (D).

- Approximately 50 percent of the hydraulic length will be modified by
the installation of street gutters and storm drains to the watershed

" outlet. Approximately 30 porcont of the watershed will be impervious.
The average watershed slope is estimated to be 1 percent. Compute the
present-condition and anticipated future-condition peak discharge for a
750-ysar Zh-hour storm event with 10 inches o! rainfall.

1 o Table 1.3, coaputc moE curve number for
prosent and future eond:txonl.,

Present curve nuabcr.- CN : = 84.
i i ARG 4 aEkiag prelont"-

-

‘ %
' Future curve #unbor. assume 80% 1/3 scre residential lots
(Fil T - 20% pavod park:n; lots and roads

-

‘N =0.80 x 86 + 0.20 x 95 = 87.8
_future ) '
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4,

- 6.

Following the same procoduril as in Example 1.1,

‘compute the runoff, time of concentration and

then peak rate of runoff for prosent-conﬁxt:on.

CN- = 84
present

R = 8.03 inches
TC = 1.95 Eourl we> Q = 0.313 (Figure 1.1)

Q = 0.31 x 8.03 x 250 = 629 Cefo8e
present

Following the same proccdur- as in step 2,

compute the runoff, time of concentration
and then base peak rate of ruaoff for
futurt-condztxon.

CN = 87.8
future

R = 8.51 inches

€ = 1.70 Hours w=> Q= 0.340 (Figure 1.1)

. _ = 0.345 x 8.51 x 250 = 734 c.f.s.
base future

From Figure 1.8, with 30 percent impervious area
and future-condition runoff curve number of 87 8,
read peak flctot = 1.10.

From Figure 1.9, thh 50 percent of hydraulic length
modified and future-condition runoff curve

number 87.8, read peak factor = 1.18.

The future-condition pesk rate of runoff is:
734 (1.10)( 1,18 ) = 953 c.f.s.

The effect of this proposed dcvqlbpnont is to .
increase the peak discharge from 629 to 953 c.f.s.





