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1. Introduction

This Drainage Design Manual (DDM) is an official document authorized under the City of El
Paso Subdivision Ordinance Chapter 19.19 Storm Water Management Requirements. Under that
authority, the Chief Technical Officer of the Storm Water Utility (El Paso Water Utilities) and
the City Engineer may revise and/or approve design plans and construction related to the DDM
provisions in their respective areas described in the ordinance. Both entities are committed to
successfully implementing and achieving the goals of the DDM for the benefit of the citizens of
El Paso relative to Storm Water Management.

Adopted on , 2008.

Approved By: _
Bert Juarez, P.E., Chief Technical Officer R. Alan Shubert, P.E., City Engineer
Storm Water Utility — Technical Services Engineering Department |

E1 Paso Water Utilities City of El Paso
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2. Drainage Design Manual User Instructions

Revision sheets to the DDM will be distributed by the City of El Paso-Engineering Department
to all registered holders of the Drainage Design Manual. Contact the City of El Paso-Engineering
Department at (9153) 541-4200 for registration.
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3. Design Criteria

It is the policy of the City of El Paso and El Paso Water Utilities to design drainage structures to
meet certain minimum standards. In general, drainage structures are designed to safely pass a
flood flow, the magnitude of which is commensurate with an appropriate level of public safety
and economic risk. This document establishes minimum standards in terms of design frequency
floods and their effect on a drainage facility. Design frequency floods shall be estimated using
the procedures described in subsequent chapters of this Drainage Design Manual.

Drainage structures must also be designed to meet all applicable laws including those
concerning:

o Alterations of floodplains established in flood insurance studies.
+ Construction in flood hazard areas.

e [ncroachments or effects on the waters of the United States.

e Water pollution control, including sediment control.

e Protection of fish and wildlife.

e Protection of neighboring property owners.

s Prevention of adverse social and economic impacts.

¢ Protection of historic properties and archaeological sites.

Designers should use the flood magnitudes, as presented in Table 3-1, for design, unless
otherwise directed in writing by the City Engineer or El Paso Water Utilities. Maximum water
surface limits shown in this table should also be observed. Hydrologic and Hydraulic analysis of
drainage structures should be performed using the methods identified in the subsequent chapters
of this DDM. : ' - :
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General Design Notes:

1.

Developers are responsible for the additional runoff generated by proposed
development; they must ensure that the historic runoff volume, peak, and duration are
maintained. :

The design frequency flood may be changed when a risk analysis indicates that an
inappropriate design flood has been used.

The duration for all design frequency floods is 24-hours.

Drainage structures must be sized so that the 100-year floodplain is not made worse on
adjacent properties.

Structure sizes should account for sediment bulking of the flow.

In no case shall a culvert size be less than 24 circular pipe culvert or its equivalent
hydraulic capacity.
In no case shall storm drain pipe size be less than 18” circular pipe or its equivalent
hydraulic capacity.

All storm water storage shall drain within 72 hours through infiltration, gravity outlet,
or mechanical means.
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4. Hydrology

Hydrology is the process of quantifying storm water runoff discharge and volume for a
specified drainage basin at a chosen concentration point. Hydrology is a means to define
flood-prone areas, historical conditions, and post-developed conditions. Concentration points
are located at outfall locations (lowest point of the basin) and are commonly located at storm
drain systems, culverts, and detention ponds. Drainage runoff is collected in waterways and
conveyed to concentration points via arroyos, streams, channels, and streets with curb and
gutter.

Natural drainage basins are defined by existing ridgelines and can be delineated from published
topographic maps, such as United States Geological Survey (USGS) topographic maps.
topographic surveys, or available Digital Terrain Models (DTMs). For developed lands,
drainage basins are defined by high and low point grade breaks and are depicted on site
specific topographic surveys.

4.1. Methodology Selection

Hydrology methodology should be chosén in accordance with Figure 4-1 and Figure 4-2 based
on the drainage area and characteristics of the watershed. '
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RURAL CONDITIONS

Drainage Area
greater than
200 acres

Drainage Area
less than
200 acres

Pavement
Drainage
NPDE Sites

Offsite
Watersheds

Ungaged Gaged
Stream Stream*

Regional USGS

Rational
Method

Rational
Method

Unit Regional
Hydrograph Regression
Method Equations**

Figure 4-1: Rural Conditions

"Only gage data from USGS gages will be allowed for use on City projects.
"The City may require designers to provide a supplementary Unit Hydrograph caleulation for comparison purposes.
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URBAN CONDITIONS

J, _‘
.

) Drai Ar : Detenti
Drainage Area rzgx;ta:f :en ca Drainage Area P?enlzio?ln
é%sg than 200 ac. & grf zterﬂtilian Facility or
acres 3 sq. - 5G- ML Pump Station
: Unit Regional Unit
ﬁtgnzl Hydrograph Regression Hydrograph
ctho Method Equations Method

Figure 4-2: Urban Conditions

The decision for rural and urban design condition relies on if the project is within the
incorporate regions of the City of El Paso. If so, then the urban condition will be used and all
others will be designed under the rural condition. It is recommended that users of this manual
check the reasonableness of their calculation values by the use of two methods.

4.2. Drainage Basins with Gage Data

Stream gage data must come from either a local, state, or federal governing agency. Where
gage data is available for a watershed, statistical analysis to develop frequency estimates is
preferable to other hydrologic analysis methods. Results of this type of analysis will provide
the most realistic estimation of runoff values for a watershed. Development of runoff
frequency events should conform to the procedures outlined in Guidelines for Determining
Flood Flow Frequency, Bulletin #17B (USGS, 1981). It is recommended that at least 10 years
of non-zero data be used to ensure more accurate statistical analysis.

4.3. Drainage Basins without Gage Data
4.3.1. General Data for Hydrologic Analysis
4.3.1.1. Basin Delineation

Many factors determine the hydraulic character of the natural drainage system such as drainage
area, slope, hydraulic roughness, natural and channel storage, drainage density, channel length,
antecedent moisture conditions, urbanization, and other factors. The effect that each of these
factors has on the important characteristics of runoff is often difficult to quantify. Figure 4-3
shows the effects of the hydraulic character of a given drainage system.
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{a) Relationship of discharge and area
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(e) Relationship of discharge and drainage density
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{f) Relationship of discharge and channel length
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Figure 4-3: Effects of Basin Characteristics on Flood Hydrograph
The following procedure outlines basin delineation:
1. Obtain a viable source of maps that shows the project with contours.

2. Identify the outfall location or the outlet of the basin, generally the lowest point.
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3. Identify ridgelines that encompass the basin by analyzing the contours. Mark the
ridgelines.

4. Basin should be a closed polyline as to which a device can be used to measure area,
such as a planimeter.

4.3.1.2. Rainfall

Intensity-Duration-Frequency Data for common design storm events for the El Paso Area has
been developed and published in Flood Frequency Determination, El Paso County and
Incorporated Communities, Texas, Task Order 30 dated March 26, 2006, by Mapping Alliance
Partnership. Drainage Regions for the City of El Paso were delineated and are shown in Figure
4-4. The intensity equations for typical storm events are presented following Figure 4-4.

_El Paso County -

Farf Bliss

{Westside |

B Pase Caunty

Horizen

51
I

.

g® Ciry of Socamo

Figure 4-4: Drainage Regions (Revised)

10
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Central Region

Table 4-1: Central Duration Depth Frequency

R-é.tui*n
Frequency 1hr 2

hr

3 hr

4 hr

6

hr

Total Rainfall Depth (inches) by Duration
12 hr

June, 2008

24 hr

1 0.41 0.52 0.57 0.61 0.66 |  0.72 0.80
2 0.70 0.88 0.95 0.99 107 1.18 1.35
5 0.97 1.22 1.30 1.36 146 161 1.83
10 1.15 1.45 1.55 1.62 1731 191 2.16
25 1.41 1.79 1.89 1.99 211 233 2.60
50 1.61 2.06 2.18 2.30 243 |  2.68 2.96
100 1.84] 236 2.49 2.64 278 | 3.06 3.34
250 2.18 2.82 2.96 3.16 330 3.63 3.89
500 247 3.21 3.37 3.62 3.74 | 4.12 435
{Source, FEMA’s Flood Frequency Analysis) '
Central Intensity Equations
_ 22.99 ol
YT+ 2877707
31.46
= 4-2
P(z, +18.323)
44.63
= _ 4-3
* (T, +17.907)%
53.69
® 77 +18.000)" -
70.95
® 7 (7. +19.798)"%" N
91.77
® T 124562 o
111.04
T 1 26.09) " 7
149.73
2 7T 130.146) 7" 8
198.78 49

500

) (T, +35.887)"

11
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Westside Region

_Return
Frequency

1hr

2hr

3hr

4 hr

Table 4-2: Westside Duration Depth Frequency

Total Rainfall Depth (inches) by Duration
12 hr

6 hr

June, 2008

24 hr

1 0.43 0.54 0.59 (.63 0.68 0.83
2 0.73 0.91 (.98 1.03 1.11 122 1.40
5 1.04 1.31 1.40 1.47 1.58 1.74 1.98
10 1.28 1.62 1.72 1.81 1.93 2.13 241
25 1.64 2.08 2.20 2.32 2.46 2.72 3.03
50 195 2.49 2.63 2.77 2.93 3.23 3.57
100 2.31 2.96 3.12 3.31 3.47 3.83 418
250 2.86 3,70 3.89 4.15 4.33 4.76 511
500 3.36 436 4,58 492 5.09 5.60 592
(Source; FEMA’s Flood Frequency Analysis)
Westside Intensity Equations
22.94
1= 0.8924 4-10
(T, +26.034)
31.78
= 4-11
2T +16.944)57
47.71
5= 08750 4-12
(1. +18.323)
59.91
© T +18.202) v
83.70
S 1
105.87
0 (Tc + 22.270)0'9025 +1
140.07
100 = (Tc +26.090)0'9139 4-16
200.41
277, +31.034)" Y
269.76
4-18

500

(T, +35.887)"°%
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Eastsid

¢ Region

Return

Table 4-3: Eastside Duration Depth Frequency
Total Rainfall Depth (inches) by Duration .

June, 2008

Frequency 1hr 2hr 3hr 4hr 6hr 12hr 24hr
1 0.35 (.45 0.49 0.52 0.56 0.61 0.69
2 0.64 (.80 0.87 0.91 (.98 1.08 1.23
5 0.97 1.22 1.30 1.36 1.46 1.61 1.83
10 122 1.54 1.64 1.72 1.84 2.02 2.29
25 i.61 2.05 2.17 228 2.42 2.67 2.98
50 1.96 2.5 2.64 2.79 2.95 3.25 3.59
100 2.38 3.05 3.21 341 3.58 3.94 4.30
250 3.04 3.92 4,12 4.40 4.59 5.05 542
500 3.65 4.73 497 5.34 5.52 6.08 6.42
(Source; FEMA’s Flood Frequency Analysis)
Eastside Intensity Equations
19.37
_ 4-19
YT, +27.833)"
28.58
= 420
2 (:TC + 18‘000)0.8696
44.63
= 4-21
T (T +17.907)%
57.38
= 4-22
(T, +18.202)™
83.76
_ 4-23
2T +21.297)F%
111.89
s0 = 4.24
© (T, +24.562)7
144.20
_ 4-25
100 (T:: + 25 -944)0.9190
20211
= . 4-26
#0(1, +28.777)7F
293,
93.32 127

500

B (T, +35.887)""
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Where:
I+= Rainfall Intensity for a given frequency, in inches per hour.
T, = Computed Time of Concentration, in minutes.
4.3.1.3. Time of Concentration

Time of Concentration is computed using several methods depending on type. Please refer to
Table 4-4. The minimum recommended Time of Concentration is 10 minutes.

Table 4-4: Time of Concentration

Type _of.-Water‘ Way _ Time of Concentration Method
Shallow Concentrated Flow: Arroyos Kirpich Formula

(USGS Blue Steam) P

Unconcentrated Flow _ e .
(commonly areas upstream [approximately 500 feet] gﬁ;ar&d Method utilizing Velocity
of USGS Blue Stream and sheet flow)

Concentrated flows Upland Method utilizing Manning’s
(commonly channels and streets) Equation for Velocity Computation

Kirpich Formula

The Kirpich Formula is used generally for waterways defined in USGS topographic maps as
perennial, intermittent, and disappearing streams. USGS topographic maps show these streams
as blue or light blue continuous lines. The formula is shown below:

0.385

LO,’."T
T = 0.0078[?——] 4-28

Where:

T. = Time for drainage to arrive at concentration point from the uppermost
reach of the basin, in minutes.

L = The longest length for drainage to arrive at concentration point from the
uppermost reach of the basin, in feet.

S = Average slope of the waterway gradient, in foot per foot.

For overland flow on concrete or asphalt surfaces, the time of concentration developed using
the Kirpich Formula can be used if it is multiplied by a factor of 0.4. For concrete channels,
multiply by 0.2. No adjustment is needed for flows over bare soil or in roadside ditches.

Upland Method

The Upland Method is used for waterways of unconcentrated flows, commonly known as sheet
flow. These flows are generally considered a mode of drainage prior to becoming concentrated
in waterways such as an arroyo or stream. The maximum flow length is 500 feet. Common
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land covers for Upland Method are meadows, fallow cultivation, short grass pasture, bare
ground, and paved areas. Figure 4-5 relates the gradient slope of the waterway and type of
cover to obtain velocity. The gencral Time of Concentration equation is as follows:

7=t 4-29
V(60)
Where:
T. = Time for drainage to arrive at concentration point from the uppermost
reach of the basin, in minufes. '
L = The longest length for drainage to arrive ai concentration point from the
uppermost reach of the basin, in feet. .
V = Average velocity of the waterway gradient, in feet/second obtained from
Figure 4-5 (based on Figure 15-2, National Engineering Handbook Section 4)
10 g .
/37
50 /<
157
S
-
- D
o]
& 10
i
wn
[T ]
g 5
>
=
d
&
[TT ]
P
<
=
1
0.5- -
S = N

VELOCITY {FT/SEC)

Figure 4-5: Average Velocity

An alternate way to compute the velocity component of the Upland Method is to apply
Manning’s formula. This equation relates the longitudinal slope of the section, wetted
perimeter, and roughness coefficient for velocity.
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2
V=-—R*5? 4-30

V = Average velocity for section for the entire drainage waterway, in feet per
second.

R = Hydraulic radius = Flow Area divided by Wetted Perimeter, in square foot
per foot. _
S = Average slope of the waterway gradient, in foot per foot.

Use the following procedure for estimating Time of Concentration:

1. Divide the flow path into reach lengths along which flow conditions remain
reasonably consistent. Characterize the runoff along a travel path as either overland
(or sheet) flow, shallow concentrated flow, or concentrated channel.

2. For each identified reach length, estimate the travel time using a method that is
appropriate for the flow conditions.

Determine the total time by adding the individual travel times to determine the total
time.

i}

4. Select the path that results in the longest time, the recommended minimum Time of
Concentration is 10 minutes.

4.3.2. Rational Method

The use of the Rational Method to compute peak discharge is confined to small basins. It can
be applied to either undeveloped or developed lands. This method is a function of the size of
the basin area, time for drainage to traverse the longest route to the concentration point (Time
of Concentration), and land cover.

The Rational Method formula is presented below:
Q,=Cl.A 4-31

Where:
O = Peak discharge for a given frequency, in cubic feet per second.
C = Rational coefficient dependent on land cover and frequency.
I = Intensity for the given frequency, in inch per hour.

A = Computed area of the basin, in acres

The following procedure outlines the Rational Method for estimating peak discharge:

1. Determine the Time of Concentration with consideration for future characteristics
ol the watershed.
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2. Choose and apply the rainfall Intensity-Duration-Frequency (IDF) equation

according to the frequency.

3. Select or develop appropriate runoff coefficients for the watershed. Where the
watershed comprises more than one characteristic, you must estimate C values for

each area segment individually.

4. Apply the appropriate return period multiplier to the runoff coefficient.

June, 2008

5. Calculate the peak discharge for the watershed for the desired frequency using the

Rational Method Equation.
4.3.2.1.  Runoff Coefficient

The El Paso area is unique in natural, urban, and rural landscapes, creating a vast array of

surface roughness that rainfall must saturate before drainage collection. Below, in Table 4-5
are tabulated “C” coefficients related to the surface land use. The coefficient is a function of

land cover and land use.

Table 4-5: Rational Method Developed Condition Coefficient (C)

* The engineer may submit a “weighted” average coefficient on a case by case basis _
subject to the approval of the City Engineer. '

)

Rural Residential 0.42 0.46 0.50 0.53
Single Family Residential 0.48 0.53 0.58 0.60
Multi Family Apartment 0.75 0.83 0.90 0.94
General Commercial 0.85 0.94 0.95 0.95
* Educational 0.75 0.83 0.90 0.94
* Public Facilities 0.85 0.94 0.95 0.95
General Transportation 0.95 0.95 0.95 0.95
Pavement and Rooftops 0.95 0.95 0.95 0.95
Gravel Vehicular Travel Lanes & Shoulders 0.70 0.77 0.84 0.88
Golf Courses & Cemeteries 0.25 0.28 0.30 0.31
General Open Space 0.40 0.44 0.48 0.50
Passive Open Space

{Includes mountain preserves and washes) 0.55 0.61 0.66 0.69
Mountain Terrain (High topographic relief, 0.80 0.88 0.95 0.95
slopes >10%)

Agriculture Flat {0-2% Slope) 0.34 0.39 0.43 0.47
Desert 0.10 0.18 0.25 0.33
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Runoff Coefficient

LAND USE 2-5-,and 10- 25

Year Year

30-Year 100-Year

Landscaping with Impervious Under 0.85 0.94 0.95 0.95
Treatment
Landscaping without Impervious Under 0.40 0.44 0.48 0.50
Treatment

Jilluvial Fan Areas Rational Method not recommended

* The engineer may submit a “weighted” average coefficient on a case by case basis
subject to the approval of the City Engineer.

For a watershed comprising more than one characteristic, the composite C value is a weighted
average dependent upon individual area segments. The composite C value is calculated by the

following equation:

ZCHAH
C=ﬁ“ 432

Where:
C = Weighted runoff coefficient.
n= m:h sub-area.
Cn = Runoff coefficient for nth sub-area.
An = nth sub-area size, in acres.

Example: Determine the weighted C coefficient for unimproved arca

Existing conditions (unimproved):

Land Use Area, ha (ac) Runoff Coefficient, C
Unimproved Grass  8.95 (22.1) 0.25
Grass 8.6, (212} 0.22

Total = 17.55 (43.3)

Solution:
Determine Weighted C for existing (unimproved) conditions:
Cc.4  [22.1x025)+(21.2x0.22)]

Weighted C = ¥ —*7% = = 0235 433
cighted C= 3 A 433 33
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4.3.3. USGS Regression Equations

4.3.3.1. Regional Regression Equations

The following regional regression equation applies to rural, uncontrolled watersheds within the
El Paso area and is used to compare validity of results obtained from using the Unit
Hydrograph Method. This equation was developed by the Texas Department of Transportation
(TXDOT). El Paso County is located well within Region 2 of the State of Texas. Table 4-6
provides coefficient values necessary for the use of the regression equations.
QT = aA"SH"SL? 4-34

Where:

OT = T-vear discharge, in cubic feet per second.

A = Contributing drainage area, in square miles.

SH = Basin-shape factor defined as the ratio of main channel length squared to
conrributing drainage area, unitless. -

SL = Mean channel slope defined as the ratio of headwater elevation of the
longest chanmel minus main channel elevation at site to main channel length,
unitless. ' o :

a b, ¢, d = Multiple linear regression coefficients dependent on region number
and frequency.

Table 4-6: Regression Coefficients and Limits
Wt Error

Freq. (yrs) a : ' o Limits
] 1]

2 826 |0.376 | 0.869 | -0.689 120 Alower: | 0.32
5 6500 | 0.372 | 0.738 | -0.933 92 A upper: 4305
10 18100 | 0.369 | 0.673 | -1.050 88 SH lower: | 0.51
25 55300 | 0.366 | 0.604 | -1.190 92 SH upper: | 14.8
50 108000 | 0.363 | 0.566 ;1 -1.270 99 SL lower: | 9.67
100 199000 | 0.361 | 0.531 | -1.340 107 SL upper: | 130

4.3.3.2. Nationwide Equations

The Nationwide Urban Regression Equations are based on multiple regression analyses of
urban flood frequency data from 199 urbanized basins. The following seven-parameter
equations are valid for urbanized areas that do not contain peak controlling structures and
should not be used if any of the seven variables are larger or smaller than those used in the
original regression study. No other applicability restrictions exist for use of these equations.
The equations are as follows:

UQ, =2.354"SL™Y (RI2+3)*™ (ST +8) > (13 - BDF)™"* 4" RQ2" 435
UQ, = 2.70A%3SI™ (RI2+3)* (ST +8) ** (13— BDF)** 14" RQ5*™ 436
UQ,, =2.994°2SI" (RI2+3)'7* (ST +8)°% (13— BDF)™* I4*” RO10"* 4-37
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UQ,, =2.784°SI™* (RI2+3) (ST +8)** (13— BDF)™¥ 4" RO25° 4-38
19 o = 2.67A0.ZQSLD.15 (RIQ + 3)1.74 (ST + 8)—0.53 (13 . BDF)—O.BS IAD.GGRQSOO,ﬁz 4-39
Dr " — 2.50.40'298_[:0‘15 (R[2 + 3)1.76 (ST + 8)-—0.52 (13 _ BDF)—O.ZS IAO.DGRQI 000.63 4_40
UQSOO — 2-27A0.ZQSLD,16 (RIQ + 3)1.86 (ST + 8)—0.54 (]3 _ BDF)—D.Z‘] IAD,OSRQSU()O.GS 4_41
Where:

UQr = Urban T-year Peak Discharge, in cubic feet per second.

A = Drainage Area, in square miles.

SL = Main Channel Slope, in feet per mile.

RI2 = Rainfall for the 2-hour, 2-year recurrence interval, in inches.
ST = Basin Storage, in percent.

BDF = Basin Development Factor, unitless.

14 = Impervious Surfaces, in percent.

ROT = Peak discharges for an equivalent rural drainage basin in the same
hydrologic area as the urban basin for a recurrence interval of T years, in cubic
Jeet per second

Source: United State Geological Survey-National Flood Frequency Program Version 3,
" Updated 2002, Chapter “Urban Flood - Frequency Estimating Techniques” by. V.B. Sauer

4.3.4. Unit Hydrograph Methods

4.3.4.1. Rauaneff Curve Number

Soil properties influence the relationship between rainfall and runoff by affecting the rate of
infiltration. Runoff Curve Number is a function of the hydrologic soil group and land cover
condition. TXDOT general definitions for the four hydrologic soil groups are described in
Table 4-7.

Table 4-7: Hydrologic Soil Groups

Soil
Group

Description

Group A soils have a low runoff potential due to high infiltration rates even when
Group A | saturated (0.30 in/hr to 0.45 in/hr). These soils primarily consist of deep sands, deep
loess, and aggregated silts.
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Group B

Description

Group B soils have a moderately low runoff potential due to moderate infiltration
rates when saturated (0.15 in/hr to 0.30 in/hr). These seoils primarily consist of
moderately deep to deep, and moderately well to well drained soils with moderately
fine to moderately coarse textures (shallow loess, sandy loam).

Group C

Group C soils have a moderately high runoff potential due to slow infiltration rates
(0.05 in/hr to 0.5 in/hr). These soils primarily consist of soils in which a layer near
the surface impedes the downward movement of water or soils with moderately fine
to fine texture, such as clay loams, shallow sandy loams, soils low in organic
content, and soils usually high in clay.

Group D

Group D soils have a high runoff potential due to very slow infiltration rates (less
than 0.05 in/hr if saturated). These soils primarily consist of clays with high
swelling potential, soils with permanently high water tabies, soils with a clay pan or
clay layer at or near the surface, and shallow soils over nearly impervious parent
material, such as soils that swell significantly when wet or heavy plastic clays or
certain saline soils.

Effects of Urbanization

Consider the effects of urbanization on the natural hydroiogic soil group. If heavy equipment
can be expected to compact the soil during construction or if grading will mix the surface and
subsurface soils, appropriate changes should be made in the selected soil group.

The hydrologic soil group 1s available online for the entire El Paso area on the Natural
* Resources Conservation Service (NCRS) Web Soil Survey. Once the hydrologic soil group and
cover type is determined, the Runoff Curve Number (CN) can be estimated using the following

tables.
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Table 4-8: Runoff Curve Numbers for Arid and Semi Arid Rangelands'

Curve number for

Cover description L
_ ' hydrologic soil group

S Hydrelogic 3
Cover Type Condition? A B C
Herbaceous--mixture of Poor 80 87 93
grass, weeds, and low- Fair 71 81 89
growing brush, with brush
the minor element Good 62 74 85
Oak-aspen--mountain Poor 66 74 71
brush mixture of oak brush, |
aspen, mountain Fair 48 57 63
mahogany, bitter brush,
maple, and other brush Good 30 41 48
Pifion, junip both Poor 75 85 89
ifion, ] er, or ; .
grass understory Fair >8 3 80
Good 41 61 71
. Poor 67 80 - 85
Eﬁﬁ:];;sr?f with grass Fair 51 63 70
Good 35 47 55
Desert shrub — major plants | Poor 63 77 85 88
include salt brush, “Fair 33 7 31 86
greasewood, creosote-bush,
black brush, bursage, palo | Good 49 68 79 84
verde mesquite, and cactus
Noies:
! Average runoff condition, Ia = (.25, For range in humid regions use Table 4-11
2 Poor is < 30% ground cover (litter, grass, and brush overstory)
Fair is 30% to 70% ground cover
Good is >70% ground cover
*Curve numbers for Group A have been developed only for desert shrub.
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Table 4-9: Runoff Curve Numbers for Urban Areas’

Curve number
for hydrologic
soil group

A B C D

- Percent

Cover Type and Hydrologic Conditions )
T developed

Fully developed urban areas (vegetation established)
Open Space: (lawns, parks, golf courses, cemeteries, etc.)3
Poor condition (grass cover < 50%) 68 |79 86 | 89
Fair condition (grass cover 50% to 75%) 49 | 6979 | 84
Good condition (grass cover > 75%) 39 |61]74 180
Impervious Areas:
Paved parking lots, roofs, driveways, etc. 98 |98 198 | 98
(excluding right-of-way)
Streets and roads: ‘
Paved: curbs and storm drains (excluding right-of-way) ' 98 | 98|98 |98
Paved; open ditches (including right-of-way) 83 | 89|92 |93
Gravel (including right-of-way) : 76 | 85|89 |91
Dirt (including right-of-way) 72 18287 |89
Western desert urban areas:
Natural desert landscaping (pervious areas only)’ 63 | 77|85 |88
Artificial desert landscaping (impervious weed barrier, | 96 196196 |96
desert shrub with 1- to 2-inch sand or gravel mulch and
basin borders)
Urban districts:
Commercial and business 8 |89 [92194 {95
Industrial 72 81 | 88191 |93
Residential districts by average lot size:
1/8 acre or less (town houses) 65 77 | 85|90 | 92
1/4 acre 3 61 |75|83 | 87
1/3 acre 30 57 |72 81 | 86
1/2 acre 25 s4 |70 180 185
1 acre 20 51 | 6879 | 84
2 acres 12 46 | 65|77 | 82
Developing urban areas
Newly graded areas (pervious areas only, no vegetation)® | 177 [86]91 [94
Notes:

! Average runoff conditien, la=0.25. For range in humid regions use Table 4-11
2 The average percent impervious area shown was used to develop the composite CNs. Other assumptions are as follows:
impervious areas are directly connected to the drainage system,
impervious areas have a CN of 98,
and pervious areas are constdered equivalent to open space in good hydrologic condition.
3 CNs shown are equivalent to those of pasture. Composite CNs may be computed for other combinations of open space cover
type.
* Composite CNs for naturai desert landscaping should be computed based on the impervious area percentage (CN=58) and the
precious area CN. The pervious area CNs are assumed equivalent to desert shrub in poor hydrologic condition.
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Table 4-10: Runoff Curve Numbers for Cultivated Agricultural Land"

June, 2008

T . > - Hydrologic
.CQV et T}_pe | Treatment | Condition’
Bare soil 77189194
Fallow Crop residue Poor 76 | 85|90 | 93
cover (CR) Good 74| 83 | 88 | 90
) Poor 721 81|88 |91
Straight row (SR) Good 676885 89
Poor 71 | BO | 87| 90
SRHCR Good 647582 85
Poor 70|79 | 84| 88
R Contoured (C) Good 65|75 |82 | 86
oW LTops CLCR Poor 69 | 78 | 83 | 87
Good 6474|811 85
Contoured & terraced | Poor 66174 | 80 | 82
(C&T) Good 62171 78| 81
- Poor 65173179 81
C&T-CR Good 6170 |77 | 80
SR Poor 65176 | 84 | 88
Good 63 | 75| 83 | 87
Poor 64 |75 83| 86
SR+CR Good 60 | 72 80 | 84
C Poor 63 | 74 | B2 | 85
Small erain Good 6173 81|84
g CHCR Poor 62 |73 | 81 | 84
Good 60 | 72 1 80 | 93
Poor 61 |72 179 | 82
C&T Good 58|70 78 | 81
Poor 60 1 71|78 | 81
C&T+CR Good 58 69 | 77 | 80
Poor 66 | 77| 85 | 89
Elosg‘sejded or SR Good 58 72| 8185
Lfeoa cas ) c Poor 64 175 | 83| 85
gumes o Good 55169 | 78 | 83
Rotation —
Meadow C&T Poor 63|73 80|83
Good 51 |67 176 | 80
Notes:

! Average runoff condition, and [a=0.28.

2Crop residue cover applies only if residue is on at least 5 percent of the surface throughout the year.

*Hydrologic condition is based on a combination of factors affecting infiltration and runoff: including, {a)
density and canopy of vegetative areas, {b) amount of year-round cover, (c) amount of grass or closed-
seeded legume in rotations, (d) percent of residue cover on land surface (good > 20 percent), and (¢) degree

of roughness.

Poor: Factors impair infiltration and tend to increase runoff.

Good: Factors encourage average and better infiitration and tend to decrease runoff.
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Table 4-11: Runeff Curve Numbers for Other Agriculture Land

S Hydrologic

COV er 1y pe . Condition I

Pasture, grassland, or Poor 68 79 86 89

range-continuous forage | Fair 49 69 79 84

for grazing2 Good 39 61 74 80

Meadow - continuous -

grass, protected from 30 53 7 73

grazing and generally

mowed for hay

Brush - brush-weeds- Poor 48 67 77 83

grass mixture, with brush | Fair 35 56 70 77

the major element’ Good 307 48 65 73

Woods - grass Poor 57 73 82 86

combination Fair 43 65 76 82

(orchard or tree farm)’ Good 32 58 72 79
Poor 45 66 77 83

Woods" Fair 36 60 73 79
Good 30° 55 70 77

Farmsteads - Buildings,

lanes, driveways and 59 74 82 86

surrounding lots

TAverage runoff condition

*Poor: <50% ground cover or heavily grazed with ne mulch.
Fair: 50 to 75% ground cover and not heavily grazed.
Good: >75% ground cover and lightly or only occasionally grazed.

3Poor: <50% ground cover.
Fair: 50 to 75% ground cover.
Good: >75% ground cover.

4 Actual curve number is less than 30; use CN = 30 for runeff computations.

SCN'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.

The above tables include CN values for numerous of urban land uses. For urban land use the
CN is based on a specific percentage of imperviousness. For example, the CN values for
commercial land use are based on an imperviousness of 85 percent. Curve numbers for other
percentages of imperviousness can be computed using a weighted CN approach, with a CN of
98 used for the impervious areas and the CN for open space (good condition) used for the
pervious portion of the area. Thus CN values of 39, 61, 74, and 80 are used for hydrologic soil
groups A, B, C, and D, respectively. These are the same CN values for pasture in good
condition. Thus, the following equation can be used to compute a weighted CN:
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CN, =CN,(1- f)+ F(98) 4-42
in which T is the fraction (not percentage) of imperviousness. To show the use of
Equation 4-42, '
the CN values for commercial land use with 85 percent imperviousness are:

A soil: 39(0.15) + 98(0.85) = 89
B soil: 61(0.15) + 98(0.85) = 92
C soil: 74(0.15) + 98(0.85) = 94
D soil: 80(0.15) + 98(0.85) =95

For a commercial land area with 60 percent imperviousness of a B soil, the composite CN
would be:

CN, =61(0.4)+98(0.60)=83

The same values can be obtained from the figure below:
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Figure 4-6: Composite Curve Number Estimation
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Antecedent Moisture Condition

Rainfall infiltration losses depend primarily on soil characteristics and land use (surface cover).
The NRCS method uses a combination of soil conditions and land use to assign runoff factors
known as runoff curve numbers. These represent the runoff potential of an area when the soil is
not frozen. The higher the CN, the higher the runoff potential. The following tables provide an
extensive list of suggested runoff curve numbers. The CN values assume medium antecedent
moisture conditions (CN II). If necessary, adjust the Runoff CN for wet or dry antecedent
moisture conditions. Use a five-day period as the minimum for estimating antecedent moisture
conditions. Antecedent soil moisture conditions also vary during a storm; heavy rain falling on
a dry soil can change the soil moisture condition from dry to average to wet during the storm
period. Equation 4-43 adjusts values for expected dry soil conditions (CN I). Use Equation
4-44 to accommodate wet soils (CN II). For help determining which moisture condition
applies, see the table titled Rainfall Groups for Antecedent Soil Moisture Conditions during
Growing and Dormant Seasons.

4.2CN(H)

N([)= . 4-4
CN (1) 10 — 0.058CN (1) .
CN(IT )= 23CN () 4-44

10 +0.13CN(1T)

Table 4-12: Rainfall Groups for Antecedent Soil Moisture Conditions
during Growing and Dormant Seasons

Growing Season Dormant Season
5-Day 5-Day
Antecedent Antecedent
Rainfall Rainfall

Antecedent

Moisture Description
Condition

An optimum condition of
watershed soils, where
‘soils are dry but not to the Less than 1.4 in. Less than 0.05 in
wilting point, and when or 35 mm. or 12 mm.
satisfactory plowing or
cultivation takes pace.

Dry AMC1T
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43.42. LagTime

SCS Equation

The most commonly used equation for lag time is the SCS equation. This equation may be
used when computing the unit hydrograph.

T = L w 4-45
1900V
Where:
T146 = Lag time, in hours.
L = Hydraulic length of watershed, in feet.
S = Maximum retention in the watershed, in inches as defined by:
S = 1000 _ 10 4-46
. CN
Where:
Y = Watershed slope, in percent.
CN = SCS curve number for the watershed as defined by the loss method.
Snyder’s Equation

Snyder developed an equation, which has been widely used, to determine the lag time for a
watershed. Snyder’s study was based on data from the Appalachian Mountain region for large
natural watersheds.

i = Cr (LCGL)G'B ' 4-47
Where:
t; = Lag Time, in hours.

L., = Distance along the main stream from the base to a point nearest the
center of gravity of the basin, in miles.

L = Length of main stream channel from the base outlet to the upstream end of
the stream and including the additional distance fo the watershed divide, in
miles.

C, = Coefficient representing variations of types and locations of streams.

Typical values for Snyder’s coefficient are provided in the following table:

Table 4-13: Snyder's Stream Variance Coefficients

Location Range of C, Average C,

Southern California )
Central Texas 0.4-2.3 1.1
Sewered Urban Areas 02-05 0.3
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Location Range of C, Average C,
Mountainous Watersheds - 1.2
Foothill Areas - 0.7
Valley Areas - 0.4

| SW Desert 0.7-1.9 1.4

4.34.3. SCS (NRCS) Unit Hydrograph Method

For drainage basins larger than 200 acres, the unit hydrograph method must be used for peak
discharge calculations. A project specific hydrograph is a plot of discharge versus time. For a
particular drainage basin, the project specific hydrograph is an adjustment of the unit
hydrograph. The area beneath the hydrograph curve is equal to the volume of direct runoff of

the entire drainage basin. Figure 4-7 and Tc = Time of Concentration Tr=
Duration of Rainfall Excess
'Tp = Time of Peak Tb = Base Time

Figure 4-8 shows a dimensionless unit hydrograph and its associated curnulative mass curve.
The NRCS unit hydrograph was developed through the analysis of a large number of natural
unit hydrographs from a broad cross section of geographic locations and hydrologic regions.
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Figure 4-7; NRCS Dimensionless Unit Hydrograph and Mass Curve
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Figure 4-8: Dimensionless Curvilinear Unit Hydrograph

June, 2008
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Manual construction of unit hydrograph can be tedious, and designers are encouraged to use
computer models capable of computing an NRCS synthetlc unit hydrograph. Computer
models acceptable to the City of El Paso include:

HEC-HMS: United States Army Corp of Engineers (USACE) Hydrologic Engineering
Center Version 3.1.0

HEC-1: USACE Flood Hydrograph Package, 1981

TR-20: United States Department of Agriculture (USDA) Soil Conservation Service,
SCS 1983

TR-55: NRCS Technical Release 55

-

These computation programs make addition and routing of multiple hydrographs a relatively
easy task. In addition, these programs have the capability of computing runoff hydrographs
from several drainage basins, adding hydrographs together and estimating travel time for
hydrographs once they have entered defined conveyance channels. Different rainfall
distributions and total rainfall depths may be used in the model. All of the computer models
require the same basic input data to compute an NRCS synthetic unit hydrograph, including:

Drainage Basin Area

Time of Concentration or Lag Time
Runoff Curve Number

Total Rainfall Depth

Rainfall Distribution

The precise input format for each of these elements varies with each computer program used.
Guidelines for the use of a particular computer model are beyond the scope of this manual.
Drainage designers wishing to use computer models for hydrologic analysis are encouraged to
obtain license copies of the software.

SCS (NRCS) Type II-75 Rainfall Distribution

NRCS dimensionless rainfall distributions for Texas are shown to be Type II. However,
discussions with NRCS representatives indicate that a Type II-75 distribution is more
applicable to the El Paso Area. Adjusted Type II distributions were developed for the state of
New Mexico based on rainfall patterns.

Figure 4-9 displays Type II-75 unit hydrograph and mass curve rainfall distribution.
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Figure 4-9: SCS (NCRS) Type II-75 Unit Hydrograph and Mass Curve
Table 4-14 provides a tabular format of Figure 4-9.

Table 4-14: SCS (NRCS) 24-Hour Type 1I-75 Rainfall Distribution

Time, t (houfs)

Fraction of 24-hour Rainfall

1.00 0.0080
2.00 0.0177
3.00 0.0301
4.00 0.0475
4.60 0.0591
5.00 0.0754
5.25 0.0863
5.50 0.1018
575 0.1280
6.00 0.7895
6.25 0.8323
6.50 0.8516
8.75 0.8644
7.00 0.8740
7.60 0.8875
8.00 0.8977
8.00 0.9122
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Time, t (hours) Fraction of 24-hour Rainfall
10.00 0.9230
11.00 0.9318
12.00 0.9392
14.00 0.9524
16.00 0.9640
18.00 0.9743
20.00 0.9836
22.00 0.9922
24.00 1.0000

4.3.4.4. Snyder’s Method

A methodology commonly employed by the USACE and many others in El Paso is the Snyder
Method. A unit hydrograph is developed by computing seven data points based on lag time,
time base, unit hydrograph duration, peak discharge, and hydrograph time widths at 50 and 75
percent of peak flow.

Time Base

The time base of a Snyder’s method synthetic unit hydrograph can be computed using the
following equation. This equation provides reasonable estimates for large watersheds, but has
a tendency to overestimate smaller areas. It is suggested to use three to five times the time to
peak as the base time for smaller watersheds.

t x3+r—’ 4-48

1y = Base time, in days.

ty= Lag time, in hours.

Duration

The duration of rainfall excess for Snyder’s synthetic unit hydrograph method is a function of
lag time. Since changes in lag time occur with changes in duration of the unit hydrograph, the
following equation was developed to allow for these adjustments.

Ly =1, +025(, —£) 4-49
Where:

tir = Adjusted lag time, in hours.

ty = Original lag time, in hours.

tr = Desired unit hydrograph duration, in hours.

t, = Original unit hydrograph duration, in hours.
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Peak Discharge

Snyder’s method utilizes the assumption that if a duration rainfall will produce one inch of
direct runoff, then the outflow volume is a relative constant percentage of the inflow volume.
Therefore, the equation for peak discharge can be written as follows:

640C A
— s 4-50
£
rIR

Where:
Q, = Peak discharge, in cubic feet per second.
C,, = Coefficient of peak discharges.
A = Watershed area, in square miles.
tir = Adjusted lag time, in hours.

Values of C, range from 0.4 to 0.8 and generally indicate retention or storage capacity of the
watershed. Larger values of C, are generally associated with smaller values of C;. Typical
values are tabulated below.

Table 4-15: Snyder’s Peak Discharge Coefficient Variance

Location Range of C,  Average Cp
Sewered Urban Areas 0.1-0.6 0.3
West Texas 0.4-0.94 0.61

Hydrograph Construction

Using the equations for lag time, base time, duration, and peak discharge, plot three points for
the unit hydrograph, remembering the total direct runoff amounts to one inch. The USACE
gives additional assistance in plotting time widths for points on the hydrograph located at 50
and 75 percent of peak discharges. 'As a general rule of thumb, the time width at Ws, and W5

- ordinates should be proportioned on each side of the peak in a ratio of 1:2 with the shorter time
side on the left of the synthetic unit hydrograph peak. As noted earlier, for smaller areas the
base time should be adjusted by similar factors. '

830
(Q,/4)
470

W - 4-52
75 [Qp /'A jl_l

The seven points formed through the use of these equations can be plotted and a smooth curve
drawn. To assure a unit hydrograph, the curve shape and ordinates should be adjusted until the
arca beneath the curve is equivalent to one unit of direct runoff depth over the watershed area.

451
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4.3.4.5. Hydrograph Routing

Hydrograph routing is a procedure by which a hydrograph at any downstream point is
determined from a known hydrograph at some upstream point. As a flood hydrograph moves
down a channel, its shape is modified due to flow resistance along the channel boundaries and
the storage of water in the channel and floodplain. An example of inflow and outflow
hydrographs from a stream reach is provided in Figure 4-10 and Figure 4-11. Note that the
hydrograph is attenuated and translated as it moves downstream.

FLOW

4——— UPSTREAM HYDROGRAPH

4——— DOWNSTREAM HYDROGRAPH {after channel routing)=
RESERVOIR INFLOW HYDROGRAPH :

4—————— RESERVOIR QUTFLOW
HYDROGRAPH

{after reservoir routing )

P TIME

Figure 4-10: Effects of Hydrograph Routing to Defined Hydrograph
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‘ Inflow

Paak
discharge

Attenuation

Peak Discharge (m%s or ft*/s)

Time (h)

Figure 4-11: Inflow and Outflow Hydrographs from a Stream Reach

The general equation for hydrograph routing is based on continuity and represents an
accounting of all flow within a reach. Mathematically, the continuity of mass can be written in
terms of storage as:

ds

$_, 0 4-53
dt

Where;
1 = inflow, in cubic feet per second.
O = outflow, in cubic feet per second.
t = time, in seconds.
S = channel storage, in feet per second.

Clearly, the continuity of mass equation does not account for lateral or tributary inflow. A
number of techniques are available for routing hydrographs through channels. Four commonly
used methods are Muskingum, kinematic wave, Muskingum-Cunge, and the modified At-Kin
method. The method to choose for a given reach depends on the amount and type of data
available, as well as the nature of the hydrograph to be routed. The most widely used method
is the Muskingum, which is presented below.

The Muskingum routing method is based on two equations; the continuity equation and a
relationship of the storage, inflow, and outflow of the reach shown below.

x At x AF=82-51 4-54

n+2 . 01+02
2
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S=K{x1+(1-X)0] 4-55
Where:
Il and I2 = Inflow discharges at time I and time 2, in cubic feet per second.
O1 and 02 = Outflow discharges at time 1 and time 2, in cubic feet per second.
Al — Time difference between time 1 and time 2, in seconds.
S1 and S2= Values of reach storage af time 1 and time 2, in cubic feet.
S = Reach storage, in cubic feet.
[ = Inflow discharge, in cubic feet per second.
O = Outflow discharge, in cubic feet per second.
K = Storage constant, in seconds.

Combining and simplification of the two equation yields:

02 =ClxI1+C2xI2+C3x 01 4-56
Where:

C0= — KX +0.5A1 457

K — KX +0.5At
C1= KX +0.5A 4.58

K — KX +0.5At

- -~ 0.5A
C2:K KX - 05At 4.59

K - KX +0.5A1
CO+Cl+C2=1 4-60

The development of equations to estimate K and X is a trial and error process following these
procedures:

1. For each point in time, compute the storage S2 by rearranging Equation 4-54.

II+I2_01+02]

4-61

SZ:SI+Ar(
2

§1=Is assumed to be Zero for the initial condition

2. Using the value of X, compute [XI+(1-X)O] for each point in time.

Plot the computed storage S from Step 1 versus [XI+(1-X)O] from Step 2 for each
point in time. This will result in a closed loop.

(8]

4. Revise the value of X and repeat Steps 1 to 3 until the plot shows a minimum
amount of deviation from a straight line drawn through the center of the loop.

5. Use the slope of the line as the best estimate of K and the value of X that produced
the minimum deviation line in Step 4 as the estimate of X.
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When data is not available, K is estimated to be the average travel time through the reach. The
discharge used in determining a value for K is the average discharge for the hydrograph. Using
Manning’s equation to derive an expression for wave speed ( celerity)=dQ/dA and assuming a
wide channel, then celerity, c=pV, where V=tflow velocity and =5/3. It must be noted that the
value of X must be between 0 and 0.5.

Muskingum Method Example: Consider a river reach as shown in Figure 4-12. A hydrograph
developed at point A is to be routed along the 15,750 ft reach of river. What effect will this
hydrograph routing have on the peak discharge experienced at the roadway at point B?

15,750 ft

RN\

‘ 10 m {
33

§ =0.00085

Figure 4-12: Muskingum Routing Example Problem Schematic

A synthetic hydrograph is developed at Point A using the procedures presented in Section 4 for
a 25-year design discharge. The upstream hydrograph, which is used as the inflow, is given in
Table 4-16. The peak discharge is 3,090 ft'/s. Tt is assumed that the routing coefficients are
constant and based on the reference discharge for this hydrograph at 1,200 ft’/s.
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. Kinematic L Modified
Time Inflow | Muskingum Wave Muskingum- Att-Kin
3 Outflow Cunge Outflow
{h) {m-/s) (m’fs) Outflow (m®ls) Outflow
{m¥s) (m?fs)
0.0 0 0.a 0.0 0.0 0.0
0.5 7 1.4 0.0 0.4 0.0
1.0 13 6.5 6.2 8.2 4.3
1.5 23 13.0 11.9 12.4 9.6
2.0 32 21.9 21.7 21.7 17.8
25 49 32.4 30.3 31.2 26.4
3.0 68 47.9 46.6 47.0 40.2
3.5 76 63.7 66.1 64.9 57.1
4.0 84 74.0 749 746 68.6
4.5 78 80.0 83.8 82.1 78.0
5.0 71 77.3 78.8 78.3 78.0
55 60 70.8 72.2 71.8 73.7
6.0 52 61.7 61.3 61.5 65.4
6.5 46 53.7 53.0 53.3 57.2
7.0 40 471 46.8 46.9 50.4
7.5 36 41.4 40.7 40.9 44 1
8.0 32 36.8 36.6 36.6 39.2
8.5 28 32.7 325 326 34.8
9.0 24 28.6 285 285 30.7
0.5 20 24 6 245 245 266"
10.0 16 20.6 205 205 226
10.5 13 16.8 16.5 16.6 18.6
11.0 11 13.7 13.4 135 15.2
11.5 7 11.0 11.4 11.2 12.6
12.0 6 8.0 73 76 92
12.5 3 6.0 6.3 6.1 7.3
13.0 0 3.3 34 34 4.7
13.5 0 1.0 a2 06 1.8
14.0 0 0.3 0.0 0.1 0.7
14.5 0 0.1 0.0 0.0 0.3
15.0 0 0.0 0.0 0.0 0.1
15.5 0 0.0 0.0 0.0 0.0
16.0 0 0.0 0.0 0.0 0.0
18.5 0 0.0 0.0 0.0 0.0
17.0 0 0.0 0.0 0.0 0.0

Table 4-16: Muskingum Routing Example Problem Inflow Hydrograph

The given data of the trapezoidal cross-section of the reach can be calculated for the discharge:

depth = 6.6 feet

cross-sectional area = 261 ft?

average velocity = 4.6 fps
wave velocity (celerity) = (5/3) V="7.7 ips
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wave travel time = K=15,750 feet / [7.7 fps (3,600 s/h)] = 0.57 hour.

For the Muskingum method, the coefficients CO, C1, and C2 are first computed from equations
below using At = 0.5 hour and assumed values of X =0.2 and K = 0.57 hour as

follows:

. —057(02)+0.50.5)  _
0.57-0.57(0.2) + 0.5(0.5)

_0.57(0.2) +0.5(0.5)
T 057-057(02)+0.5(0.5)

_ 0.57-0.57(0.2)=0.50.5) _ 59,
T 0.57-057(02) +0.5(0.5)

The outflow hydrograph ordinates can now be computed with t=0.5 hours.
02=C0xI2+ClxI1+C2x0l

=0.193(247) + 0.516(0) + 0.291 (0) = 48 cubic feet

At t=1

02=0.193(459)+0.516(247)+0.291(48)=230 cubic féet per second

The results for this example problem are provided in Table 4-17.
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