ORANGE COUNTY HYDROLOGY WORKBOOK



PREFACE

The County of Orange Hydrology Workbook was prepared under a
contract with Williamson and Schmid, Irvine, California. Although all possible
care has been taken in the preparation of this Workbook, this material is supplied
without representation or warranty of any kind. Orange County and Williamson
and Schmid, therefore, assumes no responsibility and shall have no liability,
consequential or otherwise, of any kind arising from the use of this Workbook or
any part thereof.

Prepared under

the supervision of TVl U—
T.V. Hromadka II, Ph.D., Ph.D., RCE
Williamson and Schmid, Irvine, CA
RCE #29281 Expires March 31, 1991

Approved by 6?\ Q W

R.R. Sehmid, BS
Prineipal, Williamson and Schmid, Irvine, CA
RCE #12261 Expires March 31, 1989

WILLIAMSON AND SCHMID, CIVIL ENGINEERS, IRVINE, CALIFORNIA

SEPTEMBER 1987

WILLIAMSON AND SCHMID




Problem
Number

10
11
12
13
14
15
16
17
18

TABLE OF CONTENTS

Description

Rational Method Initial Subarea and Street Flow Routing

Proposed Pipe Flow Routing

Existing Pipe Flow Routing

Rational Method Addition of Subarea

Rational Method Confluence

Proposed Pipe Flow Routing with Change in Grade
Rational Method Effective Area

Rational Method Effective Area at Confluence
Rational Method Multi-Confluence

Rational Method Effective Area for Two Flowpaths
Small Area Runoff Hydrograph

Synthetie Unit Hydrograph

Flow-through Detention Basin Hydrograph Routing
Convex Channel Routing

Flow-through Basin Multi-day Storm

Flow-by Basin Multi-day Storm

Peak Flow Rate Curves

Watershed Response to Urbanization

Glossary

Page

10
13
18
28
33
36
40
48
62
66
83
92
97
100
103
107
129

WILLIAMSON AND SCHMID




Figure
Number

TABLE OF CONTENTS

List of Figures

Description

Problem 1 Schematie
Streetflow Hydraulic Data for Example
Problem 2 Schematie
Problem 4 Schematic
Problem 5 Schematie

Data Requirements for Flow Traveltime
Calculations

Problem 6 Schematic

Contributing Area vs. Time Diagram

Time Area Diagram

Confluence Schematic

Actual Effective Area for T, of 30 Minutes
Effective Area for T, of 45 Minutes

Problem 9 Schematic

Problem 10 Schematic (Part 1)

Problem 10 Schematic (Part 2)

Problem 11 Design Storm Runoff Hydrograph

Valley: Developed S-Graph

ii

Page

13

19

20
28
33
33
36
37
38
40
48
54
65

75

WILLIAMSON AND SCHMID




Figure

Number
18.
19.
20.
21.
22.
23.
24.
25.
26.
217.
28.

29.

30.

31.
32.
33.
34.

TABLE OF CONTENTS

List of Figures

Description

Unit Distribution Graph

Mass Rainfall Plot

3-Hour Critical Storm Pattern

Flood Hydrograph Calculation Form
3-Hour Runoff Hydrograph

Unit Hydrograph Study Report Format
Basin Volume vs. Depth

Basin Outflow vs. Depth
Storage-Indication Curve
Flow-through Basin Extended Design Storm
Flow-by Basin Extended Design Storm

One Square Mile Tributary Area Peak Flowrate
Curves

Five Square Mile Tributary Area Peak Flowrate
Curves

Existing Condition Hydrology Map
Developed Condition Hydrology Map
OCEMA Loss Rate Calculation Form

Nodal Locations

iii

Page

76
77
78
79-80
81
82
84
85
90
99

102

105

106
114-116
117-118

119

120

WILLIAMSON AND SCHMID




Figure

Number
35.
36.
37.
38.
39.
40.
41.

42.

TABLE OF CONTENTS

List of Figures

Description

Existing Condition Schematic

Developed Condition Schematic

Flood Frequency Curve

Mitigated Condition Scematic

Mitigated Condition Flood Frequency Curve
Mitigated Condition Flood Frequency Curve
Mitigated Condition Flood Frequency Curve

Mitigated Condition Flood Frequency Curve

iv

Page

121
122
123
124
125
126
127

128

WILLIAMSON AND SCHMID




Table
Number

10.

11.

12.

13.

14.

TABLE OF CONTENTS

List of Tables

Description

Demonstration of Effective Area
Confluence Data

Effective Area Data

Runoff Calculations

Design Storm Runoff

Unit Distribution Graph

Unit Hydrograph Ordinates

Unit Hydrograph Study: Example
Problem Unit Rainfall Determination

Unit Hydrograph Study: Example
Problem Watershed Loss Determinations
(Maximum Loss Rate, F,)

Unit Hydrograph Study: Example
Problem Watershed Loss Determinations
(Low Loss Rate Fraction, Y)

Unit Hydrograph Study: Example
Problem 3-Hour Storm Effective
Rainfall Determination

Flood Hydrograph

Basin Inflow Hydrograph vs. Time

Average Inflow Volume

Page

34
36
37
63
64
67

68

69

71

72

73

74

83
87

WILLIAMSON AND SCHMID




Table
Number

15.

16.

17.

18.

19.

20.

21.

220

23.

24.

25.

TABLE OF CONTENTS

List of Tables

Description
Example Problem Storage-Indication
Curve Development
Basin Hydrograph Sequence

Example Problem Basin Routing
Tabulation

Example Problem Inflow Hydrograph

Convex Routing Example Problem
Solution

Flow-Through Basin 3-Day Unit Hydrograph
Rainfall Depths

Flow-By Basin 3-Day Unit Hydrograph
Rainfall Depths

Existing and Developed Conditions Times
of Concentration

Existing and Developed Conditions Loss Rates

Existing and Developed Conditions S-Graph
Fractions

Rainfall (Inches) for Existing and
Developed Conditions

vi

Page

87

89

91

94

96

98

101

110

111

112

113

WILLIAMSON AND SCHMID




PROBLEM 1
Rational Method Initial Subarea and Street Flow Routing

Determine the peak flow rates for the catchment shown in Fig. 1. Note that the
initial subarea time of concentration (Te) is often the most significant factor
leading to the To computation of a watershed. The Kirpich formula (which is
used here) relates an initial subarea T¢ to subarea slope, and development type.
It is assumed that overland flow effects dominate the travel time hydraulics of
the initial subarea.The data required for the initial subarea T, calculation are:
upstream elevation, downstream elevation, initial subarea flow-length, soil type,

development type and area.

The data needed for streetflow travel time computations can be divided into
two groups: streetflow hydraulic data, and subarea runoff data. In addition to
the upstream elevation, downstream elevation, street length, symmetrical street
half width (from crown to top of curb) and curb height (e.g., six inches or 8
inches), other hydraulic information includes the definition of the half-street
section with two crossfalls (as shown in Fig. 2) by specifying the distance from
the crown to the crossfall grade break and the interior and exterior crossfalls.
Note that if the street has a raised median, it may be assumed that the crown is
located at the median curb face. The second group of data describes the
tributary subarea runoff characteristics. The needed information ineludes soil
type, development type, and subarea acreage. An iteration process is used to
estimate the average peak flowrate through the subarea until a good mean value
is determined. Based on this average flowrate, the normal depth and velocity is
calculated using Manning's Equation. The streetflow travel time is then
calculated and added to the upstream T, to obtain the T, at the downstream
point of concentration. The end-of-the-subarea peak flowrate and corresponding
streetflow hydraulic data (i.e., depth, veloeity, ete.) are then calculated based on
the downstream peak flow rate.
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T S R e T T T TR R S L S 2 S22 S S22 s et 2
RATIONAL METHOD HYDROLOGY COMPUTER PROGRAM PACHKAGE
(Referencey 986 DCEMA HYDROCOGY CRITERIONY — — —  ~

EXAMPLE PROBLEM 1

USER SPECIFIED STORM EVENT(YEAR) = 102,22
SPECIFIED MINIMUM PIPE SIZE(INCH) = 18.2@2
——SPECIFIED PERCENT OF GRADIENTS(DECIMAL) —TO UBE FOR FRICTION- SLOPE =95

*DATA BANK RAINFALL USED*

IR LRI T TR TSR Ry Y R e R R R T IR I T L X e S S E T S S X S E L St s i
FLLOW PROCESS FROM NODE 1.2 TO NODE .22 IS CODE = Z

]

T DEVELOPMENT IS SINGLE FAMILY RESIDENTIAL =) 34 DWELLINGS/ACRE

TC = K*[(LENGTH#** 3Z.2@)/(ELEVATION CHANGE) l%* .Z@
— INITIAC SUBAREA FLOW=LENGTH = ZS0@.ad

UPRSTREAM ELEVATION = 12@. 2
DOWNSTREAM ELEVATION = 37. a4
——ELCEVATIONDIFFERENCE = 3. -
TC = . 412%{( zp@, 2a%% 3.00Q) /(¢ S.22)1%*% =@ = 7.34%5
12 YEAR RAINFALL INTENSITY (INCH/HOUR) = 4,768

—SOIC CCLASSIFICATION IS MEB"

RESIDENTIAL-Y 3-4 DWELLINGS/ACRE SUBAREA LOSS RATE, Fm(INCH/HR) = . 18022
SUBAREA RUNOFF (CFS) = . 60
IO TRETARERTACRES T = . G PEAK FIIOW RATEXCFSY =~ 2760

TR E R F R TR R EFFEE RN FEFFFEFR FHRFREFTTFR R W HFTINTHR R TR R R R FXRREF AR XX NHHN
FLOW PROCESS FROM NODE Z. 0@ TO NODE 3.8 I8 CODE = &

Yy Yy Y COMPUTE STREETFLOW TRAVELCTIME THRU SUBRARERA({{IT

UPSTREAM ELEVATION = 97. 1R DOWNSTREAM ELEVATION = 9€.
— STREET LENGTHIFEETI = 130,00 ~CURB HEIGTH(INCHES) =63
STREET HALFWIDTH(FEET) = ZQ.2d

T DISTANCE FROM CTROWN TUO CROSSFALCL GRADERREAK = IS @@

INTERIOR STREET CROSSFALL (DECIMAL) = L2182
OQUTSIDE STREET CROSSFALL (DECIMAL) = . A3a
SPECIFIED NUMEBER OF HRALFSTREETS CARRYING RUNOFF = 1




*»*TRAVELTIME COMPUTED USING MEAN FLOW(CFS) = Z. 61
STREETFLOW MODEL RESULTS:

STREET FIL.OWDEPTH(FEET) = « 41
ROLFSTREET FLOODWIDTHIFEET) = 3,73 ==
AVERAGE FLOW VELOCITY(FEET/SEC.) = 2. 37
PRODUCT OF DEPTHRVELOCITY = .95
TTSTREETFLOW TRAVELTIME(MINY = L. 3% TC(MINy = — 8.86 - o

12 YEAR RAINFALL INTENSITY (INCH/HOUR) = 4.497
SO COASSIFICATIONT IS BY - -

RESIDENTIAL-)> 3-4 DWELLINGS/ACRE SUBAREA LOSS RATE, Fm(INCH/HR) = .18@2
SUBAREA AREA(ACRES) = .52 SUBAREA RUNOFF (CFG) = 2. 82
TTTTTTTEFFECTIVE AREATACRESY = 1.19 N B
AVERAGED Fm(INCH/HR) = . 182
TOTAL AREA{ACRES) = 1.15 PEAK FLOW RATE(CFS) = 4. 47
— ENDOF SUBARER STREETFLOW HYDRAULICS: T T
DEPTH(FEET) = .43 HALFSTREET FLOODWIDTH(FEET) = 1@.357
FLOW VELOCITY(FEET/SEC.) = 2.31 DEPTH*VELOCITY = 1.@7

696 3696 336 3 0 06 36 0 0 36 0 9 B0 I B I 9 3626 3 36T K I I K I T I NI I I NN KN H WK H AN
FLOW PROCESS FROM NODE —— 37Q@ TO NODE™ - o IS CODE™= — 6§ T

UPSTREAM ELEVATION = 36. 2 DOWNSTREAM ELEVATION = 93. 02
STREET LENGTH(FEET) = 240, 29 CUREB HEIGTH(INCHES) = &.

STREET HALFWIDTHI(FEET) = 3@, 002 I

DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK = 15.12@
INTERTOR STREET CRUSSFHLLIDELINMRAL) = . L1
OQUTSIDE STREET CROSSFALL (DECIMAL) . D32

—SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF =1~

**TRAVELTIME COMPUTED USING MEAN FLOW(CFS) = 6. 27

- STREETFLOW MUDEL RESULTS: o -
STREET FLOWDERTH(FEET) = . 44
HALFSTREET FLOODWIDTH(FEET) = 1@2.39

AVERAGE FLOW VELOCITY(FEET/SEC. ) = Tl ' T
PRODUCT OF DEPTH&VELOCITY = 1. 44
STREETFLOW TRAVELTIME (MIN) = 1.22 TEC(MINY = 10@.08

122 YEAR RAINFALL INTENSITY (INCH/HOUR) = 4.143
SOIL CLASSIFICATION IS "BY

RESTIDENT A=)y 3=4 DWELCLCINGS7ACRE SUBAREALOSS RATE, FmCINCH/7HR) = [180@

SUBAREA AREA(ACRES) = 1.21 SUBAREA RUNOFF(CFS) = 3. 6@

EFFECTIVE AREAR(ACRES) = 2. 16

"AVERAGED Fm (INCH/HR)Y = . 184 T o :
TOTAL ARER(ACRES) = . 16 PEAK FLOW RATE(CFS) = 7.7@

END OF SURAREA STREETFLOW HYDRAULICS:

DEPTHIFEET) = .47  HACFSTREET FLOODWIDTH(FEETY = 11.8%

FLLOW VELOCITY(FEET/SEC.) = 3.49 DEPTH#VELDCITY = 1.63

eI IR I I I I K I U I I I I I I I I I I I I I TN KNI KR H R R R NN KR
FLOW PROCESS FROM NODE 4,22 TO NODE S.0@ IS CODE = &

v v e v Vo Tt . S T o ST T Yo S T ot HeAS S S e S S Y e o A i S e et SPOAS LMD Gl VAl SO SHPD S S et WU OO S S St SYTSD GoLAD 45048 SRS S, s e v St

»>)Y)COMPUTE STREETFLOW TRAVELTIME THRU SUBRRER(( (K




UPSTREAM ELEVATION = 33. 22 DOWNSTREAM ELEVATION = SR, R
STREET LENGTH(FEET) = Z7¢. 22 CURE HEIGTH(INCHES) = &.
STREET HALFWIDTH(FEET) = 2@.1283

DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK = 135.0@
INTERICOR STREET CROSSFALL(DECIMAL) = L2182

UOTHIDE DIREERE T URUSSDFRUILTDETTIMHLY) = a3z

SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF = 1

**TRAVELTIME COMPUTED USING MEAN FLOW(CFS) = 1a. a3
STREETFLOW MODEL RESULTS:

NOTET STREETFLOW EXCEEDSTOP—OF CURE:
THE FOLLOWING STREETFLOW RESULTS ARE BASED ON THE ASSUMPTION
THAT NEGLIBLE FLOW OCCURS OUTSIDE OF THE STREET CHANNEL.

——THAT I8, /L FLOWALONG THEPARKWAY;—ETC. , IS NEGLECTED. —
STREET FLOWDEPTH(FEET) = .52
HALFSTREET FLOODWIDTH(FEET) = 13. 32
AVERAGE FLOW VECOCITY(FEET/SECT) = 3754 —
PRODUCT OF DEPTH&VELOCITY = 1.83
STREETFLOW TRAVELTIME(MIN) = 1.2 TCMIN) = 11.35
122 YEAR RAINFALL INTENSITY(INCH/HOUR) = 3.889
S0IL. CLASSIFICATION IS “"RB®
T RESIDENTIAL=) 34 DWELLINGS7ACRE SUBAREA LOSS RATE, FW(INCH7ZHRY = 18220~ — -
SUBAREA AREA(ACRES) = 1.43 SUBAREA RUNOFF (CFS) = 4,77
EFFECTIVE AREA(ACRES) = 3.59
T RAVERAGED FurtINCHZ/HRR)Y = - 18a
TOTAL AREA(ACRES) = 3.89 PEAK FLOW RATE(CFS) = 11.38

END OF SUBAREA STREETFLOW HYDRAULICS:

——DEPTH(FEET) = 5%  HALFSTREET FLOODWIDTH(FEETY =1%.37% =
FLOW VELOCITY(FEET/SEC.) = 3.74 DERPTH*VELOCITY = 2. 43

T ENDOF STUDY SUMMARYT N
TOTAL AREA (ACRES) =
EFFECTIVE AREA(ACRER) =

HERRT FLUW RHRTETLEDS) 11.7378

END OF RATIONAL METHOD ANALYSIS




PROBLEM 2

Proposed Pipe Flow Routing

Using the watershed from problem 1, route the peak runoff through a reinforced
conerete pipe from node 5 to node 6 as shown in Fig. 3. The pipe hydraulic data
required are the upstream elevation, downstream elevation, pipe length, and
Manning's friction factor. The pipe size is estimated by first calculating the
"exact" pipe diameter (using Manning's equation) corresponding to eapacity flow
at 0.82 diameter of the pipe, and then choosing the next largest "logical" pipe
size. For example, storm drain design pipe sizes usually begin with an 18-inch
diameter and increase in 3-inch inerements up to 72-inches, and then in 6-inch or
12-inch increments. The travel time is computed using the normal depth
velocity in the design pipe size. Because the normal depth flow hydraulies
assumes that all available energy is utilized towards friction losses, one may

wish to allow for other losses by reducing the friction slope.

L -—— | D -
|t o |
RES. 4 DU/Ac
V4
0.63 i 052! 100 Ac | 143 Ac |
1 Ac I Ac I | ! |
I I

1= 200’

NOTE: entire catchment is in soil group B

LEGEND
W atershed boundary 3 Catch basin
— — — Subarea boundary O Node
Storm drain 90 Ejevation

—— Street flow
FIGURE 3. PROBLEM 2 SCHEMATIC
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EXAMPLE PROBLEM 2

(SEE EXAMPLE PROBLEM

1 FOR UPSTREAM CALCULATIONS)

3 3 3 I I A K I K K Fe I I I H R I I I I I F I I IR e I I I I I I I K I I KA I I He I I I I N I I I I I I KK KWW N

FLOW PROCESS FROM NODE

S.22 TO NODE

6. @0 IS CODE = 3

St 1

£1.@ INCH PIPE IS

DEPTH OF FLOW IN

14.3 INCHES

PIPEFLOW VELOCITY(FEET/SEC.) = 7.0
UPSTRERAM NODE ELEVATION = — ~39@.d2 o .
DOWNSTREAM NODE ELEVATION = 86. 22

FLOWLENGTH(FEET) = 41Q. 22

PIPEFLOW THRU SUBARER(CFS) =
TRAVEL TIME{(MIN.) = « 37

MANNINGS N =
ESTIMATED PTPEDIAMETERTINCH) = ZI.207 TNUOMBER OF PIPES

La13

0
[

11.38

TC(MIN.) = 12.33

END OF STUDY SUMMARY :

TOTAL AREA (ACRES) = 3. 33
T EFFECTIVE ARERTACREST = 3. o9 -
PEAK FLOW RATE(CFS) = 11.98

END™ OF RATIONALC METHUOD ANALYSIS




PROBLEM 3

Existing Pipe Flow Routing

Again using the watershed from problem 1, route the peak runoff through a
reinforced concrete pipe. However this time assume an existing 24-inch
reinforced concrete pipe is to be used between nodes 5 and 6. The required pipe
hydraulic data are: upstream elevation, downstream elevation, pipe length,
Manning's friction factor, and the number of pipes. If the pipe size specified is
assumed to be flowing under pressure, then the travel time is based on the flow
velocity computed by the entire flow divided by the cross-sectional area of the

pipe.

Note that ground elevations may be used to calculate the pipeflow friction slope
for proposed storm drains. Usually, the storm drain profile and the
corresponding friction slope parallels the ground profile; therefore, the travel
time can be estimated using the land gradient as an estimate of the energy
gradient. In the case of a sump being on the alignment of the storm drain, it
may be necessary to use estimates of the storm drain energy head elevations in
order to develop a friction slope for use in pipe sizing. For studies of existing
storm drains, the friction slopes may be estimated from the as-built plans or
other survey data.

10
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EXAMPLE PROBLEM 3
(SEE EXAMPLE PROBLEM 1 FOR UPSTREAM CALCULATIONS)

36 3 I I K6 I I I I 6 I AT KK I I I TN IE K I I I I K F I I KT KNI KNI KN
FLOW PROCESS FROM NODE S. 22 TO NODE E.2@ IS CODE = 4
»¥ ) >COMPUTE RIPEFLOW TRAVELTIME THRU SUBARER ({{((
Y)Y HIUSING USER—SPECIFIED PIDESIZE(((((

DEPTH OF FLOW IN 24.1 INCH PIPE IS5 12.7 INCHES
PIPEFLOW VELOCITY(FEET/SEC.) = 7.1
OPSTREAM NODE ECEVATION =~ 39¢.02

DOWNSTREAM NODE ELEVATION = 86. aa
FLOWLENGTH(FEET) = 41Q. 22 MANNINGS N = .213

B IVEN PIPEDIAMETER CINCHY 2400  NUOMBER OF PIPES = e
PIPEFLOW THRU SUBAREAR(CFS) = 11.328
TRRVEL TIME(MIN ) = 96 TC(MIN ) = 12. 3_
END 0OF STUDY SUMMARY:
TOTAL AREA (ACRES) = S99
EFFECTIVE AREATACRESY = KPRk ““
PEAK FLOW RATE(CFS) = 11.398

—”*“END'UF“RQTTUNQL METHOD ANALYSIS = -
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PROBLEM 4
Rational Method Addition of Subarea

Using the example catchment from problem 3, add the subarea runoff tributary
to the mainline at node 6. The easiest method is to first add the 7.11 acres of
residential development and then the 2.41 acres of apartments as depicted in
Fig. 4. The input data required are the soil type, development type, and
subarea acreage. Another method is to determine the composite loss rate (F,)
for the total tributary subarea and use only one data set for subarea runoff
calculations. Both approaches are demonstrated in this example problem.

(AREA, x subarea 1 Fm) + (AREA2 x subarea 2 Fm)

1

Composite F
m Area1 + Area 2

[(7.11 Ac x 0.18) + (2.41 Ac x 0.06)]/[7.11 Ac + 2.41 Ac]

Composite Fm

Generally, up to 50% of the total upstream area can be added to the mainline
without confluencing the flows. However you should confluence the catchments
regardless of subarea size if it appears that an effective area calculation is

needed.

l—eo' TYP T

- — | — -
1 \ \
RES. 4 DU/Ac
‘0.63 io.sz LOlAc | .43 Ac
Ac | Ac &' 93' 7
YV g APT
B o — i __._/_D;.. e ——
l : l 2.4| Ac
7.11 Ac o
"2 200" RES. 4DU/Ac |
| ¥ APT.
. —_— _ e 4—;]

NOTE: entire catchment is in soil group B

LEGEND
W atershed boundary O catch basin
— — — Subarea boundary O Node
Storm drain 90" Elevation

—» Street flow
FIGURE 4. PROBLEM 4 SCHEMATIC

12
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EXAMPLE PROBLEM 4A
(SEE EXAMPLE PROBLEM 2 FOR UPSTREAM CALCULATIONS)

A I I 2K I U I I I I IE T I I I I3 I I I I I I I H I I IR RN N
FLOW PROCESS FROM NODE S5.2@2 TO NODE €&.22 1S CODE = 4

DEPTH OF FLOW IN 24.2 INCH PIPE IS 12.7 INCHES
PIPEFLOW VELOCITY(FEET/SEC.) = 7.1

UPSTREAM NODE ELEVATION =~ 90.0@0

DOWNSTREAM NODE ELEVATION = 86. 2

FLOWLENGTH(FEET) = 412, 22 MANNINGS N = .@13

GIVEN PIPE DIAMETERCINCHY = 24.0@ ~~ NUMBER OF PIPES =" 1
PIPEFLOW THRU SUBAREA(CFS) = 11.38

TRAVEL TIME{(MIN.) = . 96 TC(MIN.) = 1&.3&

03 3 3660 0 3 I I I I IR H IR H NN H RN N R HHRRERREERRRER RN
TTTTTFLOW PROCESS FROM NODE™ —  6.@@ TO NODE™ "6.7@@271S CODE = 8 T

12@ YEAR RAINFALL INTENSITY(INCH/HOUR) = 3.697

SOIL CLASSIFICATION IS "R
RESTDENTIAC=) 3=4 DWELCLCINGS7ACRE SUBAREA LOSS RATE; FWUINCH7HR) = T180@

SUBAREA AREA(ACRES) = 7.11 SUBAREA RUNOFF (CFS) = 22. 5@
EFFECTIVE AREA(RACRES) = 12.72

AVERAGED Fm(INCH/HR} = . 182
TOTAL AREA(ACRES) = 12. 7@
PERK FLOW RATE(CFS) = 33. 86

TR I =1 E 3

T R R R R FFFF R FFFEE TR FEF RN TN TR NN T RN ET R NN H RN RHFTTE X TR HR XN
FLOW PROCESS FROM NODE 6.22 TO NODE 6.8 IS CODE = 8

S0 ECASSIFICATION—-IS B
APARTMENTS SUBAREA LOSS RATE, Fm(INCH/HR) = .Q2cQ@
SUBAREA AREA (ACRES) = c. 41 SUBRREA RUNOFF (CFS) = 7.89
EFFECTIVE AREACACRES)——=—13+11
AVERAGED Fm (INCH/HR) = . 158
TOTAL AREA(ACRES) = 13.11

— PEAK FLOW RATEXCFS) = HIT7S

TC(MIN) = 1&.32

—END—OF STUDY SUMMARY:

TOTRAL ARER (ACRES) = 13.11
EFFECTIVE RRERA(ACRES) = 13.11
— PERK TLOW RATEACFS)Y = 175

END OF RATIONAL METHOD ANALYSIS 1r



EXAMPLE PROBLEM 4B
(SEE EXAMPLE PROBLEM 2 FOR UPSTREAM CALCULATIONS)

293 3 336 36 96 9 36 6 3690 96 36 U9 36 96 36 2 090 3 636 K IE I NI W NN KN NH RN NN F W R XX AR XXX RE
FLOW PROCESS FROM NODE S.2@ TO NODE &.2@2 IS5 CODE = 4

DEPTH OF FLOW IN &4.2 INCH PIPE IS 1&.7 INCHES

PIPEFLOW VELOCITY(FEET/SEC.) = 7.1
UPSTREAM NODE ELEVATION = — 98.0&8 )
DOWNSTREAM NODE ELEVATION = 8t.

FLOWLENGTH(FEET) = 41Q. 02 MANNINGS N = .@13

"GIVEN PIPE DIAMETERCINCH) = E4.0@ ~ NUMBER OF PIPES = 1
PIPEFLOW THRU SUBARER(CFS) = 11.38

TRAVEL TIME(MIN.) = . 36 TC(MIN.) = 12,32

233 336 36 3 3 3 3 I I KK 6 T T I I I 3636 I I I F A I NI I I I I A I I I KNI W W NN R

— T FLOW PRUOCESS FROM NODE~ ~ 6&.@0@ TO NODE — &.2@ 1S CODE = 8

122 YEAR RAINFALL INTENSITY(INCH/HOUR) = 3.697

*JSER SPECIFIED(SUBARER) :
RESIDENTIAC=) =4 DWELCLCINGS7ACRE SUBAREA L'OSS RATE, FM(INCH/HR) =" ,.1350@

SUBAREA AREA(ACRES) = 2. 52 SUBAREA RUNOFF (CF8) = 33. 33
EFFECTIVE AREA(ARCRES) = 13.11 '
AVERAGED Fm(INCH/HR) = . 158
TOTAL AREA(ACRES) = 13.11
PEAK FLOW RATE(CFS) = 41.75
T . = s i

e L 1 =

EFFECTIVE AREA(ACRES) = 13.11
PEAK FLOW RATE(CFS) =

END OF RATIONAL METHOD ANALYSIS
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PROBLEM 5
Rational Method Confluence

Route the peak runoff from problem 4 to node 7 and confluence this runoff with
the peak flow rate from the shopping center south of node 6 (see Fig. 5).
Approximately size the reinforced concrete pipe between nodes 6 and 7 using the
gradient of the land as an estimate of the pipe friction slope. Note that between
nodes 11 and 13, a V-gutter is specified as the conveyance section. The data
input required for computing V-gutter flow through a subarea are: upstream
elevation, downstream elevation, length, development type, soil group, and
subarea acreage. The V-gutter geometric features are shown in Fig. 6. Similar
to street flow calculations, V-gutter analysis generally includes the estimation of

an average peak flow rate through the subarea.

From node 13 to node 14, a trapezoidal channel is specified. Unlike the analysis
of streetflow and V-gutter flow, the trapezoidal channel calculations do not
usually account for the addition of runoff from a subarea. If there is a
significant subarea tributary to the trapezoidal channel whose runoff could
affect the trapezoidal channel flow travel time, then one may wish to increase

the number of concentration points along the trapezoidal channel.

18



J’—eo'TYP T
- —— e | —_— -——e
T 100" T
/ RES. 4 DU/Ac
063lo052! 1o1ac | 143 Ac ‘
e | Ao | e~ | o |
N | 8 % 2 APT.
«— __'L_____'L_____7.. - —
l 2.4
7.1l Ac Ac
o RES. 4 DU/Ac 86’
I'=200
APT.
3, \ \
® \ COMM. | BUILDING l
x\ PARKING \\ \'
/ \)/—@ )/—L®
- V. GUTTER B —— /] '
— 2.25 3.42 @M
Ac f’ Ac l
[ Parkine [ 5 55 I ’
/ 068: !
Ac ) 19 (7)
N | hd
o\¥
-~ —_—

Watershed boundary
Subarea boundary
Storm drain

V- Gutter

Trapezoidal channel

(O Node

l

90' Elevation
o= Catch basin

— Street flow direction

— Elevation

entire catchment is in soil group B

FIGURE 5. PROBLEM 5 SCHEMATIC
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W (ft.)

Y

LIP (ft.) HIKE (ft.)

XFALL(e.g. .017)

—

\\\\

V - Gutter
_] 7
MAXIMUM 4 -
ALLOWABLE N Y aY
DEPTH OF
FLOW
Y ax ax
I L 2 i WAV
B8
Z=AX/AY

Trapezoidal Channel

FIGURE 6. DATA REQUIREMENTS FOR FLOW TRAVELTIME CALCULATIONS
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EXAMPLE PROBLEM 5
(SEE EXAMPLE PROBLEM 4 FOR UPSTREAM CALCULATIONS)

R I R e e e Y R I I R Sy S S I L S L e R LR R R S L
FL.OW PROCESS FROM NODE S. 22 TO NODE &.0a IS5 CODE = 4

»)>COMPUTE PIPEFLOW TRAVELTIME THRU SUBARREA ( (<L

¥ YUSING USER-SPECIFIED PIPESIZE({((((

DEPTH OF FLOW IN Z1.2 INCH PIPE IS 14.@ INCHES

~
~

PIPEFLOW VELOCITY(FEET/SEC.) = 7.2

UPSTREAM NODE ELEVATION = 8. 22

DOWNSTREAM NODE ELEVATION = 78. 2@

FLOWLENGTH(FEET) = 4118, @ MANNINGS N = .@13

GIVEN PIPE DIAMETER(INCH) = &1.280 NUMBER OF PIPES = 1
PIPEFLOW THRU SUBRAREA(CFS) = 11.398

TRAVEL TIME(MIN.) = .37 TC(MIN.) = 12.33

269 e I K I I I I I I I I 6K I J I I TN IR IR AR WK KRR RRNF K
FLOW PROCESS FROM NODE 6. 2@ TO NODE &.o2 IS CODE = 8

122 YEAR RAINFALL INTENSITY (INCH/HOUR) = 3.694
SOIL CLASSIFICATION IS "R"

RESIDENTIAL-) 3~4 DWELLINGS/ACRE SUBAREA LOSS RATE, Fm(INCH/HR) = . 180@
SUBAREA AREA (ACRES) = 7.11 SUBAREA RUNOFF (CFS) = o2. 49

EFFECTIVE AREA(ACRES) = 1@2.72

AVERAGED Fm(INCH/HR) = . 182

TOTAL AREA(ACRES) = 1.7

PEAK FLOW RATE(CFS) = 33. 84

TCMIN) = 12.33

6936 96 96 36 3 3 336 96 3606 3636 3696 36 36 I 3 3636 3 3 3206 96 I I 3696 669 I 6 I I I I I I I NI IR H N
FLOW PROCESS FROM NODE 6. 22 TO NODE &.02 1S CODE = 8

»»))>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW{ (LK

122 YEAR RAINFALL INTENSITY (INCH/HOUR) = 3.694
SOIL CLASSIFICATION IS "RY
APARTMENTS SUBAREA LOSS RATE, Fm(INCH/HR) = .Q62a
SUBAREA AREA(ACRES) = =y | SUBAREA RUNOFF (CFS) = 7.88
EFFECTIVE ARERA(ACRES) = 13.11
AVERAGED Fm (INCH/HR) = . 138
TOTAL AREA(ACRES) = 13.11
PEAK FLOW RATE(CFS) = 41.73
TCMIN) = 12.33
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PRTEIR IR R E R R TR R Y R L L FEEZE LS LA L E R LR LRl kst

FLOW PROCESS FROM NODE &.2@ TO NODE 7.2@2 15 CODE = 3
> )Y YCOMPUTE PIPEFLOW TRAVELTIME THRU SUBARER (< { (K
>33 YUSING COMPUTER-ESTIMATED PIPESIZE (NON-PRESSURE FLOW) (<<

DERTH OF FLOW IN 33Z.2 INCH PIPE IS &2.6& INCHES

RIPEFLLOW VELOCITY(FEET/SEC.) = 3.6

UPSTREAM NODE ELEVATION = 86. 27

DOWNSTREAM NODE ELEVATION = 79. @&

FLOWLENGTH(FEET) = 705, 2R MANNINGS N = .213

ESTIMATED PIPE DIAMETER(INCH) = 33.0@2 NUMBER OF PIPES = 1
PIPEFLOW THRU SUBAREA(CFS) = 41.73

TRAVEL TIME(MIN.) = 1.28 TCMIN.)Y = 13.3535

DRVETEE RS R R ROE R TS TR TR L L L L2 R Rk Rk ki kLt ok ok

FL.OW PROCESS FROM NODE 7.2 TO NODE 7.2 1S CUDE = 1

CONFLUENCE VALUES USED FOR INDEPENDENT STREAM 1 ARE:
TIME OF CONCENTRATION(MINUTES) = 13.335

RAINFALL INTENSITY (INCH./HOUR) = 3. 31

EFFECTIVE STREAM AREA(ACRES) = 13. 11

TOTAL STREAM AREA(ACRES) = 13.11

PEAK FLOW RATE(CFS) AT CONFLUENCE = 41.73

3633 3 36 3 I I F I 3 I 3 I3 I I I W W I I I I I I I I I I I I I I I I I I I I I I I I I I KW I I I I K

FLOW PROCESS FROM NODE 12.22 TO NODE 11.22 IS CODE = 2

DEVELOPMENT IS COMMERCIAL

TC = M*[(LENGTH*»* 32.22)/ (ELEVATION CHANGE) I1*%* .Z@

INITTAL SUBAREA FLOW-LENGTH = 460. 21
UPSTREAM ELEVATION = 3. 0
DOWNSTRERAM ELEVATION = as. o
ELEVATION DIFFERENCE = 9. Q&
TC = ,304%L( 460.00%% 3.00)/( 5.00)1%% 2@ = B.7&4
122 YEAR RAINFALL INTENSITY (INCH/HOUR) = 4.3538
SOIL CLASSIFICATION IS "B"
COMMERCIAL SUBAREA LOSS RATE, Fm(INCH/HR) = .Q30@
SUBAREA RUNOFF (CFS) = 9.13
TOTAL AREA(ACRES) = 2. 23 PEAK FLOW RATE(CFS) = 3.13

24



B KA I I I I NI I I T K I NI I TN I I I I I I I I I 6 I I I NI I I KK KR
FLOW PROCESS FROM NODE 11.22 TO NODE 18.2d IS5 CODE = 3

UPSTREAM NODE ELEVATION = 88. aa
DOWNSTREAM NODE ELEVATION = 85. a
CHANNEL LENGTH THRU SUBAREA(FEET) =  275.0@2
"W GBUTTER WIDTH(FEET) = 4. 00 GUTTER HIKE(FEET)
PAVEMENT LIPA(FEET) = . Azl MANNIMGS N = .R215@2
PAVEMENT CROSSFALL (DECIMAL NOTATION) = . a2
MAXIMUM DEPTH(FEET) = 1.2@a

122 YEAR RAINFALL INTENSITY(INCH/HOUR) = 4,148
S0IL. CLASSIFICATION IS “RB"
COMMERCIAL SUBRREA LOSS RATE, Fm(INCH/HR) = .@302@
TRAVELTIME THRU SUBAREA EBASED ON VELOCITY(FEET/SEC)
AVERAGE FLOWDEPRPTH(FEET) = .38 FLOODWIDTH(FEET)
"Y' GUTTER FLOW TRAVEL TIME(MIN) = 1.34 TC(MIN)
SUBAREA AREA (ACRES) = 3. 42 SUBAREA RUNOFF (CFS)
EFFECTIVE ARERA(ACRES) = 5.67
AVERAGED Fm(INCH/HR) = B3R
TOTAL AREA(ACRES) = S. 67 PEAK FLOW RATE(CFS) =
END OF SUBAREA "V GUTTER HYDRAULICS:
DEPTH(FEET) = - 42 FLOODWIDTH(FEET) = 33. 43
FLOW VELOCITY(FEET/SEC.) = 3. 63 DEPTH#*VELQOCITY

i n

. 124

. 43

29. 32
12,126

12.67

=1.21

-
£n
o

K I I I I I NI KNI I I I I I I H NI H IR
FLOW PROCESS FROM NODE 12.22 TO NODE 13.22 IS CODE = 9

> COMPUTE "V GBUTTER FLOW TRAVELTIME THRU SUBARERA ({{((

UPSTREAM NODE ELEVATION = 85. 2
DOWNSTRERM NODE ELEVATION = 83. 22
CHANNEL LENGTH THRU SUBAREA(FEET) = 260, 22
"Y' GUTTER WIDTH(FEET) = 4, 0@ BUTTER HIKE(FEET)
PAVEMENT LIP(FEET) = . 2R MANNINGS N = .@215@
PAVEMENT CROSSFALL (DECIMAL NOTATION) = .22
MAXIMUM DEPTH(FEET) = 1.0

122 YEAR RAINFALL INTENSITY (INCH/HOUR) = 3.88&
SOIL CLASSIFICATION IS "B"
COMMERCIAL SUBAREA LOSS RATE, Fm(INCH/HR) = .Q230@
TRAVELTIME THRU SUBAREA BASED ON VELOCITY (FEET/SEC)
AVERAGE FLOWDEPTH(FEET) = « 49 FLOODWIDTH(FEET)
"W GUTTER FLOW TRAVEL TIME(MIN) = 1. 33 TC(MIN)
SUBAREA AREA(ACRES) = 3. 35 SUBAREA RUNOFF (CFS)
EFFECTIVE RARER(ACRES) = 9. 28
AVERAGED Fm(INCH/HR) = - 2312
TOTAL AREA(ACRES) = 9. 828 PEAK FLOW RATE(CFS) =
END OF SURAREA "V" GUTTER HYDRAULICS:
DEPTH(FEET) = - 51 FLOODWIDTH(FEET) = 43. 01
FLOW VELOCITY(FEET/SEC.) = 2. 38 DEPTH*VELOCITY

25
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11.39
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g T R T R e T E TR EE L L I L L L X S SRR R R R bl kR
FLOW PROCESE FROM NODE 13. 22 TO NODE 14.2@ 15 CODE = S
>33 yCOMPUTE TRAPEZOIDAL-~-CHANNEL FLOW (<L
32 TRAVELTIME THRU BUBRRER ({{{(

UPSTREAM NODE ELEVATION = 83. 28

DOWNSTREAM NODE ELEVATION = en. 2@

CHANNEL LENGTH THRU SUBARERA(FEET) = 245. 0@

CHANNEL RASE(FEET) = 1.2 "Z" FACTOR = 1. 2@

MANNINGS FACTOR = .15 MAXIMUM DEPTH(FEET) = 3. 2@
CHANNEL FLOW THRU SUBARREA(CFS) = 31.97

FLOW VELOCITY(FEET/SEC) = 8.63 FLOW DEPTH(FEET) = 1.49
TRAVEL TIME(MIN.) = - 47 TC(MIN.) = 11.86

PP T T R T T T ST TR LTI R LY S 2T L SR R AL SRttt e R ke
FLOW PROCESS FROM NODE 14.22 TO NODE 14,22 IS5 CODE = 8

12@ YEAR RAINFALL INTENSITY(INCH/HOUR) = 3.788
S0IL CLASSIFICATION IS "B"
COMMERCIAL SUBAREA LOSS RATE, Fm(INCH/HR) = .@230@a
SUBAREA AREA(ACRES) = .68 SUBAREA RUNOFF (CFS) = Z. 30
EFFECTIVE RARERA(ACRES) = 9.5a
AVERAGED Fm(INCH/HR) = . B30
TOTAL AREA(ACRES) = 9. 9@
PEAK FLOW RATE(CFS) = 33. 48
TC(MIN) = 11.86

VRSV S R TR P T XX EEX BT S I A R L SRR LRkt Sttt kb
FLOW PROCESS FROM NODE 14. 22 TO NODE 7.22 IS CODE = 3
»3»>)»)YCOMPUTE PIPEFLOW TRAVELTIME THRU SUBAREA{({((

Y)Y ))>USING COMPUTER-ESTIMATED PIPESIZE (NON-PRESSURE FLOW) (<< (K

DEPTH OF FLOW IN 3@2.@ INCH PIPE IS 19.8 INCHES

PIPEFLOW VELOCITY(FEET/SEC.) = 3.8

UPSTREAM NODE ELEVATION = 8@. 12

DOWNSTREAM NODE ELEVATION = 79. &

FLLOWLENGTH(FEET) = 85. ana MANNINGS N = .@13

ESTIMATED PIPE DIAMETER(INCH) = Z@.02a NUMEBER OF PIPES = 1
PIPEFLOW THRU SUBARER(CFS) = 33. 48

TRAVEL. TIME(MIN.) = .15 TC(MIN.) = 12.@1

03 2 2 I 36K I IE 6N I 6 I I A BTN I I I I 66K I F NI NI I I I KK NI KWK IR KRN
FLOW PROCESS FROM NODE 7.22 TO NODE 7.22 IS CODE = 1
Y))))»DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE << <<
>) > YAND COMPUTE VARIOUS CONFLUENCED STREARM VALUES ( (<K

26



TIME OF CONCENTRATION(MINUTES) = 12.@1
RAINFALL INTENSITY (INCH. /HOUR) = 3. 76

EFFECTIVE STREAM ARER(ACRES) = 3. 9@

TOTAL STREAM AREA(ACRES) = 2.9

PEAK FLOW RATE(CFS) AT CONFLUENCE = 33. 48
CONFLUENCE INFORMATION:

STRERAM PEAK FLOW TIME INTENSITY Fm EFFECTIVE
NUMBER RATE (CFB) (MIN.) {(INCH/HOUR) (IN/HR) AREA(RACRES)
1 41.73 13.55 3. 003 - 16 13.11
= 33. 48 1. a1 3. 759 .23 3. 9@

RAINFALL INTENSITY AND TIME OF CONCENTRATION RATIO
CONFLUENCE FDORMULA USED FOR 2 STREAMS.
SUMMARY RESULTS:

STREAM CONFLUENCE EFFECTIVE

NUMBER G(CFS) AREA (ACRES)
1 7. 937 o3. 21
& 73. 22 21.32
COMPUTED CONFLUENCE ESTIMATES ARE QS FOLLOWS:
PEAK FLOW RATE(CFS) = 73. 28 TIME(MINUTES) = 12. a7
EFFECTIVE ARERA(ACRES) = 21. 382
TOTAL AREA(ARCRES) = 23. 21
END OF STUDY SUMMARY:
TOTAL AREA(ACRES) = o3. a1
EFFECTIVE AREA(ACRES) = 21. 58
PEAK FLOW RATE(CFS) = 73. 22

END OF RATIONAL METHOD ANALYSIS
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PROBLEM 6
Proposed Pipe Flow Routing with Change in Grade

Using the catchment of problem 5, route the peak runoff from node 7 to node 9
using estimates of reinforced concrete pipe sizes based upon friction slopes set
equal to the gradient of the land (see Fig. 7). Note the grade break at node 8.

LEGEND

Watershed boundary
— —— —— Subarea boundary

Storm drain

= Catch basin
O Node
20 Elevation
FIGURE 7. PROBLEM 6 SCHEMATIC
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EXAMPLE PROBLEM 6
(SEE EXAMPLE PROBLEM 5 FOR UPSTREAM CALCULATIONS)

FRRRRARERFEREREEREEERXRER TR KRR EERERFERERREEE XX RERELERXERER X R LR F X R RN
FLOW PROCESS FROM NODE 7.22 TO NODE 7.2 IS5 CODE = 1

Y3 3> YDESIGNATE INDEPENDENT STREAM FOR CONFLUEMNCE ¢ (<X
>3 )>AND COMPUTE VARIDUS CONFLUENCED STREAM VALUES (L

CONFLUENCE VALUES USED FOR INDEPENDENT STREAM & ARE:

TIME OF CONCENTRATION(MINUTES) = 12.21
RAINFALL INTENSITY (INCH./HOUR) = 3. 76
EFFECTIVE STREAM AREA(ACRES) = 9. 90

TOTAL STREAM AREA(ACRES) = 9. 92

PEAK FLOW RATE(CFS) AT CONFLUENCE = 33. 48
COMFLUENCE INFORMATION:

STREAM PEAK FLOW TIME INTENSITY Fi EFFECTIVE
NUMEER RATE (CFS) (MIN. )} (INCH/HOUR) (IN/HR) ARER(ACRES)
1 41.73 13.35 3. 509 .16 13.11
2 33. 48 12. 21 3.759 . A3 3. 5@

RAINFALL INTENSITY AND TIME OF CONCENTRATION RATIO
CONFLUENCE FORMULA USED FOR & STREAMS.

SUMMARY RESULTS:

STREAM CONFLUENCE EFFECTIVE

NUMBER QCFS8) AREA (ACRES)
1 7. 97 o3. 21
P 73. 22 £l. 38
COMPUTED CONFLUENCE ESTIMRTES ARE AS FOLLOWS:
PEAK FLOW RATE(CFS) = 73. 28 TIME(MINUTES) = 12. a7
EFFECTIVE AREA(ACRES) = 21.52
TOTAL AREAR(ACRES) = 23. 21

e 3 I I I I I T I T I I I I I N I I KB U B I I I T I I I I T I I I I NI K I
FLOW PROCESS FROM NODE 7.2@ TO NODE 8.2 1S CODE = 3
333> COMPUTE PIPEFLOW TRAVELTIME THRU SUBAREA {((({
22X 2USING COMPUTER-ESTIMATED PIPESIZE (NON-PRESSURE FLOW) ({<{((

DEPTH OF FLOW IN 3&.2 INCH PIPE IS &29.& INCHES

PIPEFLOW VELOCITY(FEET/SEC.) = 11.9

UPSTREAM NODE ELEVATION = 79. &

DOWNSTREAM NODE ELEVATION = 75. Q&

FLOWLENGTHA(FEET) = Slg. 2@ MANNINGS N = .@13

ESTIMATED PIPE DIAMETER(INCH) = 3&.1202 NUMBER OF PIPES = 1
PIPEFLOW THRU SUBRREA(CFS) = 73. 22

TRAVEL TIME(MIN.) = 43 TCMIN.) = 12. 44
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R R S R R R R S 2 SR T T Y Y R L R T T R S Ay
FLOW FROCESS FROM NODE 8.22 TO NODE F.@2 IS5 CODE = 3
2323 COMPUTE PIPEFLOW TRAVELTIME THRU SUBAREA ¢ ( (<<
»2))USING COMPUTER-ESTIMATED PIPESIZE (NON-PRESSURE FLOW) (<{<((

DEPTH OF FLOW IN 32.2 INCH PIPE IS5 £2.6 INCHES
PIPEFLOW VELOCITY(FEET/SEC.) = 18.5

UPSTREAM NODE ELEVATION = 75. 0@

DOWNSTREAM NODE ELEVATION = €3. &

FLOWLENGTH(FEET) = 15@. aa MANNINGS N = .13

ESTIMATED PIPE DIAMETER(INCH) = 32.00 NUMBER OF PIPES = 1
FIPEFLOW THRU SUBAREA(CFS) = 73,28

TRAVEL TIME(MIN.) = <14 TCMIN.) = 12.58

END OF STUDY SUMMARY:
TOTAL AREA (ACRES) = o3. @1
EFFECTIVE AREA(ACRES) = =1l. 32
PEAK FLOW RATE (CFS) = 73.22

END OF RATIONAL METHOD ANALYSIS
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PROBLEM 7

Rational Method Effective Area

[+ ]
O
L

[+4]
o

% OF CATCHMENT AREA
CONTRIBUTING TO ®
H
(o]

.

(o]

o
(<]

20 30 40

TIME
(MINUTES)

-5- =5 MINUTE
TRAVEL TIME TO\4
STREAM GAGE,® T

FIGURE 8. CONTRIBUTING AREA FIGURE 9. TIME AREA DIAGRAM
VS. TIME DIAGRAM

Effective Area

The rational method assumes that the peak flow rate corresponding to a T-year
return frequency flood is related to a T-year return frequency rainfall of a
uniform and constant intensity. For such a constant rainfall intensity, the timing
for runoff throughout the catchment to reach the stream gage can be visualized
by means of a time-area diagram (see Figs. 8 and 9). From the figures, it is seen
that the entire catchment is contributing runoff to the stream gage by time 37
minutes.

A closer look at the time-area diagram reveals that the majority of the area is
contributing runoff by time 30 minutes, and that a small fraction of additional
catchment area is included during the next 7 minutes. However in the estimate
of the peak flow rate, the rainfall intensity corresponding to the 37-minute
critical duration is significantly less than a 30-minute rainfall intensity.
Consequently, the peak flow rate may occur at a time of less than the 37
minutes needed for the entire catchment to deliver runoff to the stream gage;
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that is, the effective area (or contributary area) associated to the peak flow

rate is that area which contributes to the peak flow rate at its time of

concentration.

Consider the following Table which includes the previous time-area diagram, the
rainfall intensity (I) versus time, and the effective rainfall intensity (I-Fm) where
the loss rate, Fm, is assumed to be 0.20 inch/hour. The peak flow rate, Q, is
given by Q = 0.9 (I - 0.20) A where (A) is the effective area being considered.
The tabulation of Q versus time is also included in the Table. In the Table, the
catehment area is assumed to be 200 acres.

TABLE 1
DEMONSTRATION OF EFFECTIVE AREA

Time Effective Area Intensity Effective Q
(Minutes) (percent)/(acres) (in./hr.) Intensity (efs)

5 5% 10 Ac 4.06 3.86 35

10 14% 28 Ac 2.73 2.53 64

15 28% 56 Ac 2.16 1.96 99

20 52% 104 Aec 1.83 1.63 153

30 88% 176 Ac 1.45 1.25 198

35 99% 198 Ac 1.33 1.13 201

37 100% 200 Ac 1.29 1.09 196

From the Table, the peak Q occurs at about a time of concentration of 35
minutes, which has a eorresponding effective area of 198 acres.
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The rational method is a fast approximation of the time-area diagram technique.
In the rational method confluence analyses, it is assumed that the percent of
contributing catchment area (i.e., effective area) is a simple ratio with respect
to time (see the confluence formulae); consequently, the analysis must include a
verification of the effective area derived by the simple application of the peak
flow rate and confluence formulae. Example problems 8, 9, and 10 demonstrate
the effective area concept.
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PROBLEM 8
Rational Method Effective Area at Confluence

Determine the effective area, peak discharge rate, and time of concentration, at
the confluence of the three watersheds shown below in Fig. 10.

A B Cc
FIGURE 10. CONFLUENCE SCHEMATIC

TABLE 2
CONFLUENCE DATA

Watershed Area time of intensity maximum discharge
(acres) concentration (in./hr.) loss rate (cfs)
(Minutes) (in./hr.)
A 100 30 2.22 0.2 182
B 100 45 1.76 0.2 140 -
C 100 60 1.45 0.4 95
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8.1 Effective Area

The effective area at the confluence is dependent on the time of concentration.
For example, only a portion of watersheds B and C are contributing runoff to the
confluence at a 30 minute time of concentration. In the following are shown the
calculations for the three watershed Ty's. It is noted that the estimation of the
effective catchment area is only an approximation, and should be verified by the
hydrologist by field inspection or a time-area diagram (see Figs. 11 and 12) if

necessary
TABLE 3
EFFECTIVE AREA DATA
Time of Watershed A Watershed B Watershed C Total
Concentration Effective Effective Effective Effective
(min.) Area (acres) Area (acres) Area (acres) Area (acres)
30 100 (30M/45M)100 (30M/60M)100 217
45 100 100 (45M/60M)100 275
60 100 100 100 300

FIGURE 11. ACTUAL EFFECTIVE AREA FOR T, OF 30 MINUTES

37



FIGURE 12. EFFECTIVE AREA FOR T, OF 45 MINUTES
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8.2. Runoff Flow Rate

The runoff flow rates are also calculated for the three times of concentration as

shown below.

Watershed A Watershed B Watershed C Confluenced
Time of peak peak peak peak
Concentration flow flow flow flow
(min) rate (cfs) rate (cfs) rate (cfs) rate (cfs)
2.22 - 0.2}{30 2.22 - 0.4](30 -
30 182 ¥ [_1.7_6 -'—o.z] {4—5J(140)+ [———1.45 —0.4) |50) (%) 385
- 1.76 - 0.4} (45 _
45 [“—‘%;g - g:g](lsz) * 140 + [‘1.‘45—- 0.4] [35](95) = 373
1.45 - 0.2 1.45 - 0.2 -
60 [—2?——2-2' 0 ](182) + [——1.76 — 0.2](140) + 95 319

8.3. Time of Conecentration

Generally the time of concentration corresponding to the largest confluenced
flow rate is chosen for subsequent use in downstream calculations. However, the
hydrologist should inspect the entire catchment's hydrology to ensure that the
most critical confluence data are used. For example, if a large subarea is to be
added immediately downstream of a confluence, then it may be appropriate to
select the confluence data with a slightly smaller peak discharge rate and a
significantly smaller time of concentration rather than the confluence data with
the slightly larger peak discharge rate and the significantly larger time of
concentration because the addition of the large subarea immediately downstream
of the confluence will generate a higher peak discharge rate with the smaller
time of concentration. Consequently, each point of concentration needs to be
reviewed to guarantee that the most critical combination of confluence values
are used to develop the design peak flow rates.
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PROBLEM 9

Rational Method Multi-Confluence

Using the catchment shown in Fig. 13, determine the peak flow rate at the

confluence of storm drain lines A and B. Because of the rational method's

"eascading logic", confluences must be solved as one proceeds downstream. For

example, the confluence at node 9 can only be solved when the peak flow rates in

storm drain lines A and B are known. Consequently, the confluences at nodes 7

and 20 must be solved first.

|
A=8.54 Ac | A=10.0
LO'JD\ tc= Rmin. | tc=1S min.
@ A=80A l A'=9.5Ac
Q= 22.9cfs l 3 "26'_' cf§
Fm=.27in/hr / Fm=25in/hr
S % == o

76 @

LINE B

o—LtinE 2
75

Watershed boundary

———— Subarea boundary
Storm drain

o
O
20!

Al

FIGURE 13. PROBLEM 9 SCHEMATIC
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EXAMPLE PROBLEM 9
(SEE EXAMPLE PROBLEM 6 FOR UPSTREAM CALCULATIONS)

96 29 236 N I 3 I I 6 IE T I I I T I 36K 66266 3 I 6T I I I TN IEIE NI I I I I I I I I I I IR
FLOW PROCESS FROM NODE 7.@2 TO NODE 7.@2a 15 CODE = 1

>3)))DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE (¢ <{(
Y)>))AND COMPUTE VARIOUS CONFLUENCED STREAM VALUES ¢ ( (<«

CONFLUENCE VALUES USED FOR INDEPENDENT STREAM 2 ARE:

TIME OF CONCENTRATION(MINUTES) = 12.01
RAINFALL INTENSITY (INCH./HOUR) = 3. 76
EFFECTIVE STREAM ARER(ACRES) = 3. %@

TOTAL STREAM AREA(ACRES) = 9.92

PEAK FLOW RATE(CFS) AT CONFLUENCE = 33. 48

CONFLUENCE INFORMATION:

STRERAM PEAK FLOW TIME INTENSITY FM™ EFFECTIVE
NUMEBER RATE (CFS) (MIN. ) (INCH/HOUR) (IN/HR) AREA(ACRES)
1 41.73 13.55 3. 529 .16 13.11
2 33. 48 12. a1 3.759 .03 9. 3@

RAINFALL INTENSITY AND TIME OF CONCENTRATION RATIO
CONFLUENCE FORMULA USED FOR 2 STREAMS.

SUMMARY RESULTS:

STREAM CONFLUENCE EFFECTIVE

NUMEER QA (CFS) AREA (RCRES)
1 72. 37 23. a1
= 73. 22 21.
COMPUTED CONFLUENCE ESTIMATES ARE AS FOLLOWS:
PEAK FLLOW RATE(CFS) = 73. 22 TIME(MINUTES) = 12. 6@7
EFFECTIVE AREA(ACRES) = 21. 52
TOTAL. AREA(ACRES) = 23. 01

36 6363 3636 396 2636 I 3 3 36U 366 I I 6T I I I I I 6 M I I I I I I I I I I I 6 I I IE I IEIE I I 26U I I I 60 I I I I I I I I 6
FLOW PRDCESS FROM NODE 7.2 TO NODE 8.82 IS CODE = 3

)))))CDMPUTE PIPEFLOW TRAVELTIME THRU SUBARREA{({{((

>>1)>>USING COMPUTER-ESTIMATED PIPESIZE (NON- PRESSURE FLOW) (<<

e e DD T ————
B -+ 3 -1+ 3t 3 ==== ==

DEPTH OF FLOW IN 36.@ INCH PIPE IS 29.2 INCHES

PIPEFLOW VELOCITY(FEET/SEC.) = 11.9

UPSTREAM NODE ELEVATION = 79. 2@

DOWNSTREAM NODE ELEVATION = 75. @&

FLOWLENGTH(FEET) = Sla. 29 MANNINGS N = .013

ESTIMATED PIPE DIAMETER(INCH) = 36.00 NUMBER OF PIPES = 1
PIPEFLOW THRU SUBAREA(CFS) = 73. 22

TRAVEL TIME(MIN.) = - 43 TC(MIN.) = 12.44

44



3 U 363K I I I K I I I I I I I I I I I I I K I I I I I I I I I A I I I I 366 I I I I 9 2 I
FLOW PROCESS FROM NODE 8.20 TO NODE 3.0@ IS CODE = 3
>332 COMPUTE PIPEFLOW TRAVELTIME THRU SUBARER( (¢ ((
»)))YUSING COMPUTER- ESTIMQTED PIPESIZE (NON-PRESSURE FLOW) < ((((

ey e T L —— o
ettt m== === 4+t 4t 413 3] =

DEPTH OF FLOW IN 3@.@ INCH PIPE IS 22.6& INCHES

PIPEFLOW VELOCITY(FEET/SEC.) = 18.5

UPSTREAM NODE ELEVATION = 75. 0@

DOWNSTREAM NODE ELEVATION = £9. @&

FLOWLENGTH(FEET) = 150. 22 MANNINGS N = .@13

ESTIMATED PIPE DIAMETER(INCH) = 3@.0Q2 NUMBER OF PIPES = 1
PIPEFLOW THRU SUBARER(CFS) = 73. 22

TRAVEL TIME(MIN.) = <14 TC(MIN.) = 12.58

FLOW PROCESS FROM NODE 20@0. 22 TO NODE £0.28 IS CODE = 7

225> )USER SPECIFIED HYDROLOGY INFDRMQTIDN AT NODE (< (< ¢

USER-SPECIFIED VQLUES ARE AS FOLLOWS:

a——

TC(MIN) = 14,00 RAIN INTENSITY(INCH/HOUR) = 3.44

EFFECTIVE AREA(ACRES) = 8. 22

TOTAL AREA(ACRES) = 8.54 PEAK FLOW RATE(CFS) = 22. 90
AVERAGED LOSS RATE, Fm(IN/HR) = £ 27@

TR NI 36366363603 I I I I 3636366 363636 363636696 39696363636 36 963636 3636369636 0696 96 96 96 96 36 36 36 36 3696 36 969696 36 36 96 36 96 9 36 3636 36 36
FLOW PROCESS FROM NODE 20.22 TO NODE 28.00 IS CODE = 1

>2)2>DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE ¢ (¢ <<
CONFLUENCE VALUES USED FOR INDEPENDENT STREAM 1 ARE:
TIME OF CONCENTRATION(MINUTES) = 14.080

RAINFALL INTENSITY (INCH./HOUR) = 3. 44

EFFECTIVE STREAM AREA(ACRES) = 8.0

TOTAL STREAM AREA (RCRES) = 8. 54

PEAK FLOW RATE(CFS) AT CONFLUENCE = 22. 90

F 600 IEIEIE I NI I I I 6666 I I3 I I I I I I I I I 36 6 636 3636 36 36 36 36 696 I 269636 36 96 6 6 I I 36 36 9696 96 36 9696 9696 %
FLOW PROCESS FROM NODE £0.2@ TO NODE 2@.8a IS CDDE = 7

}3>>>)USER SPECIFIED HYDROLOGY INFORMATION AT NODE (¢ (<<

USER-SPECIFIED VALUES ARE AS FOLLOWS:

TC(MIN) = 15.00 RAIN INTENSITY(INCH/HOUR) = 3.30@

EFFECTIVE AREA(ACRES) = 9. 50

TOTAL AREA(ACRES) = 12. 02 PEAK FLOW RATE(CFS) = c6. 1@
AVERAGED LOSS RATE, Fm(IN/HR) = » 250
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32696 3 9 36 369 3 36 36 96 3 36 I3 6 I 6 93636 3 I 36 336 I I I I I I NI NN R RN HHRERHERNRER
FLOW PROCESS FROM NODE 20.22 TO NODE c@.2@ 1S CODE = 1
»))»)»)DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE (({((
>3 )¥)XYAND CDMPUTE VQRIDUS CONFLUENCED STREAM VALUES ({({(

CONFLUENCE VALUES USED FOR INDEPENDENT STREQM 2 ARE:
TIME OF CONCENTRATION(MINUTES) = 15.00

RAINFALL INTENSITY (INCH./HOUR) = 3. 3@

"EFFECTIVE STREAM AREA(ACRES) = 9. 50

TOTAL STREAM AREA (ACRES) = 18. 20

PEAK FLOW RATE(CFS) AT CONFLUENCE = 26. 12

CONFLUENCE INFORMATION:
STREAM PERK FLOW TIME INTENSITY FM EFFECTIVE
NUMBER RATE (CFS) (MIN.) (INCH/HOUR) (IN/HR) AREA(ACRES)
1 22. 90 14.00 3. 444 .27 a8.0a
2 £6. 10 15. 2@ 3. 300 « 29 9.5

RAINFALL INTENSITY AND TIME OF CONCENTRATION RATIO
CONFLUENCE FORMULA USED FOR 2 STRERAMS.

SUMMARY RESULTS:

STREAM CONFLUENCE EFFECTIVE

NUMBER Q(CFS8) AREA (ACRES)
1 48. 41 16. 87
2 47.96 17. 5@
COMPUTED CONFLUENCE ESTIMATES ARE AS FOLLOWS:
PEAK FLOW RATE(CFS8) = 48. 41 TIME (MINUTES) = 14, 202
EFFECTIVE ARER(ACRES) = 16. 87
TOTAL AREAR(ACRES) = 18.54

39636 36 36 3630 36 30636 6696 3696369636396 36 96366 6 36 36 96 36 36 96 36 36 36 36 3636 96 3696 30 66 6 2669609096 0696 06 9 I 006 30 06 9600 6 00 636 90 0
FLOW PROCESS FROM NODE £0.2@ TO NODE 9.0@ IS CODE = 3

Y2 COMPUTE PIPEFLOW TRAVELTIME THRU SUBARER ({(((
YII)>USING COMPUTER-ESTIMATED PIPESIZE (NON-PRESSURE FLOW) ¢ {({(((

DEPTH OF FLOW IN 3@.2 INCH PIPE IS 22.2 INCHES

PIPEFLOW VELODCITY(FEET/SEC.) = 128.6

UPSTREAM NODE ELEVATION = 76. 22

DOWNSTREAM NODE ELEVATION = 69. 20

FLOWLENGTH(FEET) = 375. 0@ MANNINGS N = .@13

ESTIMATED PIPE DIRMETER(INCH) = 3@.20 NUMBER OF PIPES = 1
PIPEFLOW THRU SUBRRER(CFS) = 48. 41

TRAVEL TIME(MIN.) = « 0 TC(MIN.) = 14.50

223 6636660630 263696333696 36 36 36 36 96 36 36 36 36 36 36 96 36 36 36 36 36 36 6 6 6 36 3030096 9 T 6 3696363636363 30 963636 6 36
FLOW PROCESS FROM NODE 9.00 TO NODE 9.00 18 CODE = 1

CONFLUENCE VQLUES USED FOR INDEPENDENT STRERAM 1 ARE:
TIME OF CONCENTRATION(MINUTES) = 14.580

RAINFALL INTENSITY (INCH./HOUR) = Se 37

EFFECTIVE STREAM AREAR(ACRES) = 16. 87

TOTAL STREAM AREA(ACRES) = 18. 54

PERK FLOW RATE(CFS) AT CONFLUENCE = 48. 41
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%%

¥ 3%

TN KA IEIEIE I I I I I IEIE I I IEIE I IEIE I I I 69263636 3 I I 3636 36 36 36 I 9696 26 36 36 9696 3696 96 36 96 36 96 96 96 9636 6 36
FLLOW PROCESS FROM NODE 3. @@ TO NODE 9.0@ IS5 CODE = 7

=t 4 = S SN NS T S T s s S S e T s s e e e e e e

USER~- SPECIFIED VALUES ARE QS FDLLDWS'

TC(MIN) = 12.58 RAIN INTENSITY(INCH/HOUR) = 3.65

EFFECTIVE AREA(ACRES) = 21.52

TOTAL AREA(ACRES) = =3.01 PERK FLOW RATE(CFS) = 73. 22

AVERAGED {L.08S RATE, Fm(IN/HR) = . 123

TN IK NI I I IEN I TN T I6 363636 63636236 362636369636 369696 96 96969636 9696 369636 36 26 36 96 96 369696 6 %

FLOW PROCESS FROM NODE 9.20 TO NODE 9.0@ IS CODE = 1

?))))DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE(((((
?23))YAND COMPUTE VQRIDUS CDNFLUENCED STREAM VQLUES(((((

CDNFLUENCE VALUES USED FOR INDEPENDENT STREAM 2 ARE:
TIME OF CONCENTRATION(MINUTES) = 12.58

RAINFALL INTENSITY (INCH./HOUR) = 3. 63

EFFECTIVE STREAM AREA(ACRES) = 21.382

TOTAL STREAM AREA(ACRES) = 23. 21

PEAK FLOW RATE(CFS) AT CONFLUENCE = 73.22

CONFLUENCE INFORMATION:

STREAM PEAK FLOW TIME INTENSITY FM EFFECTIVE

NUMEER RATE (CFS) (MIN.) (INCH/HOUR) (IN/HR) AREA(ACRES)
1 48. 41 14,506 3. 372 « 26 16.87
2 73.22 12.58 3. €48 .10 2l.32

RAINFALL INTENSITY AND TIME OF CONCENTRATION RATIO
CONFLUENCE FORMULA USED FOR 2 STREAMS.

SUMMARY RESULTS:

STRERM CONFLUENCE EFFECTIVE

NUMBER G (CFS) AREA (ACRES)
1 115.93 38. 39
2 118.95 36. 16
COMPUTED CONFLUENCE ESTIMATES ARE AS FOLLOWS:
PEAK FLOW RATE(CFS) = 118.95 TIME (MINUTES) = 12. 584
EFFECTIVE AREA(ACRES) = 36. 16
TOTAL AREA(ACRES) = 41.53

]
]

END OF STUDY SUMMQRY'

TOTAL AREA(ACRES) = 41.35
EFFECTIVE AREA(ACRES) = 36. 16
PEAK FLDW RATE (CFS) = 118.95

END OF RATIONAL METHOD QNQLYSIS
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PROBLEM 10 - Part 1

Rational Method Effective Area for Two Flowpaths

Determine the peak flow rates within the watershed shown below in Fig. 14.
This example problem further demonstrates the concept of effective area in
rational method peak flow rate calculations. The example problem also
demonstrates the importance of the initial subarea assumptions used in the link-
node model.

1140
RES 40U/Ac |
273 Ac l
|
l |  RES 4DU/Ac
| 3.75Ac
= . —
l \ NS . \ g @
LEGEND
COMM e Watershed Boundary
8.87Ac -—— Suborea Boundary
—+=— Soil Group Boundary
l ——COMM — Street Flow Boundary
04iAc —--— Trapezoidal Channel
— = a Catch Basin
E Node
\_1092 @ 1130 Elevation
SCHOOL “D" Soil Group Designation
362 Ac

FIGURE 14. PROBLEM 10 SCHEMATIC (PART 1)
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33636 3 36 3 I 36 3 W 3 I I I 36 I I I I 69696 I 96 96 96 3 3 I 3 I I I 9 I I I I I I I I I He I Ko 36 I I I H U U K Ko I I e W W K
RATIONAL METHOD HYDROLOGY COMPUTER PROGRAM PACHKAGE
(Reference: 138& OCEMA HYDROLOGY CRITERION)

EXAMPLE PROBLEM 10 (PART 1)

FILE NAME: TRW.NOZ
TIME/DATE OF STUDY: 13:43 4/16/71387

——*TIME-OF—~ CDNCENTRQTIDN MODEL #*——

USER SPECIFIED STORM EVENT(YEARR) = . 22
SPECIFIED MINIMUM PIPE SIZE(INCH) = 18.@@
SPECIFIED PERCENT OF GRADIENTS(DECIMAL) TO USE FOR FRICTION SLOPE = .90

*DATA BANK RAINFALL USED#

H 36 36 I3 I K I I I I I I T I I I IE I I I I I I I I I 6T NI I I K I I I
FLOW PROCESS FROM NODE 1@2.2@2 TO NODE 11.2@ IS CODE = 2

oot (e coem e Pt i e S . OV SRR U S P S ey LS P e Grere S SO S S S i S ST S M S v WOV et SO e Aas e (apn e S S S s 000 CHMID (U000 90008 S NS FLAMS S S S S S S S M Sk A e Srafe VAS0 GUNED SRS SUARS ERAEY CUTD S S G St e e

— T 1 e o
—4—1 34—t == —_——= s===x=

DEVELOPMENT IS PUBLIC PARK

TC = K*[(LENGTH** 3.2@)/(ELEVATION CHANGE) I*% .20

INITIAL SUBAREA FLOW-LENGTH = S53@. B2
UPSTREAM ELEVATION = 114@. 0@
DOWNSTREAM ELEVATION = 1135. a@
ELEVATION DIFFERENCE = 5. 02
TC = .483%[( 3530.00%% 3.08) /( S.82)1%% .2Q = 15. @31
25 YEAR RAINFALL INTENSITY(INCH/HOUR) = 2.358&
SOIL CLASSIFICATION IS "D"
PUBLIC PARK SUBAREA LOSS RATE, Fm(INCH/HR) = .170@@
SUBAREA RUNOFF (CFS) = 4.38
TOTAL AREA(ACRES) = 2. 02 PEAK FLOW RATE(CFS) = 4.38

e I I 3696 3 2 I 6K I I H I I I I IEIE I H I I I I I I I I I 3 I I 2 I I I IR
FLOW PROCESS FRDM NDDE 11.922 7O NDDE iz. @@ 15 CODE = S

e ——— P ] ——— — — e — —— — —— " #4092 T T = o > Souis D ST 9000 et o S e S

322 YCOMPUTE TRQPEZDIDQL—CHQNNEL FLDN(((((
333 2)TRAVELTIME THRU SUBRREA({{(((

UPSTREAM NODE ELEVATION = 1135. 0@

DOWNSTREAM NODE ELEVATION = 1130. 00

CHANNEL LENGTH THRU SUBRREA(FEET) = 380. da

CHANNEL BASE(FEET) = 1. 02 "Z" FACTOR = 3. aaa

MANNINGS FACTOR = .@32 MAXIMUM DEPTH(FEET) = 2.
CHANNEL FLOW THRU SUBAREA(CFS) = 4. 38

FLOW VELOCITY(FEET/SEC) = 2. 77 FLOW DEPTH(FEET) = .08
TRAVEL TIME(MIN.). = 2.28 TC(MIN.)Y = 17.37
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FLOW PROCESS FROM NODE 1Z. 22 TO NODE iz.@a2 IS CODE = 8

»22))ADDITION OF SUBAREA TO MAINLINE PEARK FLOW((((L

25 YEAR RAINFALL INTENSITY (INCH/HOUR) = &.381
SO0IL CLASSIFICATION IS “D"
PUBLIC PARK SUBAREA LOSS RATE, Fm(INCH/HR) = .170@
SUBAREA AREA(ACRES) = 1.67 SUBAREA RUNOFF (CFS) = 3. 32
EFFECTIVE AREA(ACRES) = 3. 69
AVERAGED Fm(INCH/HR) = 172
TOTAL AREAR(ACRES) = 3. 69
PEAK FLOW RATE(CFS) = 734
TC(MIN) = 17.37

3 36 3 36 I I I I I I I I I I e K I I I I I I I I I I I I I I I I W I I I I e I I I IE I I I I I I I I K A K I I A I6 I K

FLOW PROCESS FROM NODE 12.2@ TO NODE 13.82 IS CODE = 6

Y e

UPSTREAM ELEVATION = 1130. 2@ DOWNSTREAM ELEVATION = 1119. 6@
STREET LENGTH(FEET) = &20. 2@ CURB HEIGTH(INCHES) = 8.
STREET HALFWIDTH(FEET) = =0.Q0

DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK = 10@.282
INTERIOR STREET CROSSFALL (DECIMAL) .01
OUTSIDE STREET CROSSFALL (DECIMAL) . 020

SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF = 1

**TRAVELTIME COMPUTED USING MEAN FLOW(CFS) = 10.79
STREETFLOW MODEL RESULTS:
STREET FLOWDERTH(FEET) = - 48
HALFSTREET FLOODWIDTH(FEET) = 18.13
AVERAGE FLOW VELOCITY(FEET/SEC.) = 3.7
PRODUCT OF DEPTH&VELOCITY = 1.79
STREETFLOW TRAVELTIME (MIN) = 2.78 TC(MIN) = 28.15

25 YEAR RAINFALL INTENSITY (INCH/HOUR) = 2.191
SOIL CLASSIFICATION IS “"C*
RESIDENTIAL-> 3—4 DWELLINGS/ACRE SUBARREA LOSS RATE, Fm(INCH/HR)

SUBRAREA AREA(ACRES) = 3. 73S SUBAREAR RUNOFF (CFS) = 6. 89
EFFECTIVE AREA(ACRES) = 7. 44

AVERAGED Fm{INCH/HR) = . 160

TOTAL ARER(ACRES) = 7+ 44 PEAK FLOW RATE(CFS) = 12.6@
END OF SUBRREAR STREETFLOW HYDRAULICS:

DEPTH(FEET) = .3@ HALFSTREET FLOODWIDTH(FEET) = 19. 38
FLLOW VELOCITY(FEET/SEC.) = 4.18 DEPTH+#VELOCITY = c. 28

63 36 36 I I I I I I I I I I W I I I I I I I I I W I K I I I I W I I I I I I I H W He e I I I I W W I I I I I I I F WA XX

FLOW PROCESS FROM NODE 13.2@ TO NODE i4. 2@ IS CODE = &

UPSTREAM ELEVATION = 1119 ] DOWNSTREAM ELEVATION = 1115. 2@
STREET LENGTH(FEET) = 33@. 22 CURB HEIGTH(INCHES)
STREET HALFWIDTH(FEET) = Z@.02@

n
&
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DISTANCE FROM CROWN TO CROSSFALL GRADEEREAK = 1@.102@
INTERIOR STREET CROSSFALL (DECIMAL) L2155
OUTSIDE STREET CROSSFALL (DECIMAL) . Q2@

SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF = 1

**TRAVELTIME COMPUTED USING MEAN FLOW(CFS) = 16. 2a
*¥#STREETFLOW SPLITS OVER STREET-CROWN#**%*
FULL DEPTH(FEET) = -1 FLOODWIDTH(FEET) = 2R, 2@
FULL HALF-STREET VELOCITY(FEET/SEC.) = 3. 31
SPLIT DEPTH(FEET) = « 41 SPLIT FLOODWIDTH(FEET) = 1
SPLIT VELOCITY(FEET/SEC.) = 2. 66
STREETFLOW MODEL RESULTS:
STREET FLOWDEPTH(FEET) = - 91
HALFSTREET FLOODWIDTH(FEET) = cl. 2@
AVERAGE FLOW VELOCITY(FEET/SEC.) = 3. 31
PRODUCT OF DEPTH&VELOCITY = 1.8
STREETFLOW TRAVELTIME(MIN) = 1.66 TC(MIN) = 21.81

S
fars
(4

25 YEAR RAINFALL INTENSITY(INCH/HOUR) = £.038
S0IL CLASSIFICATION IS "C"
RESIDENTIAL-) 3-4 DWELLINGS/ACRE SUBRREA LOSS RATE, Fm{(INCH/HR) = .150@
SUBAREA AREA (ARCRES) = 2.73 SUBRAREA RUNOFF (CF8) = 4.79
EFFECTIVE AREA(ACRES) = 12.17
AVERAGED Fm(INCH/HR) = . 157
TOTAL AREAR(ACRES) = 12.17 PEAK FLOW RATE(CFS) = 17.77
END OF SUBRRER STREETFLOW HYDRAULICS:
DEPTH(FEET) = .051 HALFSTREET FLOODWIDTH(FEET) = 2@.a@
FLOW VELOCITY(FEET/SEC.) = 3.31 DEPTH#VELOCITY = 1.68

2336 3696 336 36 26 I 30 I 6 I 6 I 66 I IE I I I I I TN N I IE I N KR RN RH NN NN
FLOW PROCESS FROM NODE 14.020 TO NODE 185. 2@ IS CODE = &

o e e . o s S oo S S s S St —— —— - o - —— o e o i e T o s e T o e S o S0

4y oo vwon e S e e i e e i e = b T SR Srvel $GR SMD SIS SEHS T SPLAR S S FEmS S Serw S s S MM EeM RS SAav damm Smwke S SOTem Sk Tt Sou Suiem Smes A Gmme Sem S S S S Stvi WS TS 40r K0P S0 U SAr SP Sam Senm S SW fowm S T s m vy $eem v S e
== = Bt

URPSTREAM ELEVATION = 1115. 2@ DOWNSTREAM ELEVATION = i@%z. 2@
STREET LENGTH(FEET) = SS@. 22 CURB HEIGTH (INCHES)
STREET HALFWIDTH(FEET) = 30.0@

i
&

DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK = 15.0@
INTERIOR STREET CROSSFALL (DECIMAL) . @15
OUTSIDE STREET CROSSFALL (DECIMAL) . Q2S5

SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF = 1

**TRAVELTIME COMPUTED USING MEAN FLOW(CFS) = 18.14
STREETFLOW MODEL RESULTS:
STREET FILLOWDEPTH(FEET) = - 31
HALFSTREET FLOODWIDTH(FEET) = 14.39
AVERAGE FLOW VELOCITY(FEET/SEC.) = 6.55
PRODUCT OF DEPTH&VELOCITY = 3. 33
STREETFLOW TRAVELTIME (MIN) = 1. 40 TC(MIN) = 23,1

25 YEAR RAINFALL INTENSITY (INCH/HOUR) = 2.026
S0IL CLASSIFICATION IS "C"
COMMERCIAL SUBAREA LOSS RATE, Fm(INCH/HR) = .@25@
SUBAREA AREA(ACRES) = <41 SUBAREA RUNOFF (CF5)
EFFECTIVE AREA(ARCRES) = 12.358

» 74
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AVERAGED Fm(INCH/HR) = . 152
TOTAL AREA(ACRES) = 12.58 PEAK FLOW RATE(CFS) = 17.84
END OF SUBRREA STREETFLOW HYDRAULICS:

DEPTH(FEET) = .51 HALFSTREET FLOODWIDTH(FEET) = 14.39
FLOW VELOCITY(FEET/SEC.) = 6E.435 DEPTH*VELOCITY = 3

F 3636 I 6 I K I I I I3 I I I I I I I I I I I I IE I IE I I I I KT I I IEIE I I I
FLOW PROCESS FROM NODE 1S5. 02 TO NODE 15.2@ I8 CODE = 8

25 YEAR RAINFALL INTENSITY(INCH/HOUR) = Z.8236
S0IL CLASSIFICATION IS "C*
COMMERCIAL SUBAREA LLOSS RATE, Fm(INCH/HR) = .@25@
SUBARER AREA(ACRES) = 8.87 SUBAREA RUNOFF (CFS) = 15.97
EFFECTIVE AREA(RCRES) = 19. 435
AVERAGED Fm (INCH/HR) = . 294
TOTAL ARER(ACRES) = 19. 45
PEAK FLOW RATE(CFS) = 33.81
TCMIN) = Z3.21

36336 36 26 39 3 3636 I 36 3303 I I I 3 I I I 36N I 36 I I I T KH I I AT I 6T TN I I NI NN
FLOW PROCESS FROM NODE 15. 2@ TO NODE 15.22 IS8 CODE = a8

»»2)>YADDITION DF SUBAREA TO MAINLINE PERAK FLOW(({({((

25 YEAR RAINFALL INTENSITY (INCH/HOUR) = 2.026
SOIL CLASSIFICATION IS “C"
SCHOOL SUBAREA LOSS RATE, Fm(INCH/HR) = .150@@
SUBAREA ARERA(ACRES) = 3. 62 SUBAREA RUNOFF(CFS) = 6.11
EFFECTIVE RARER(ACRES) = 23. 07
AVERAGED Fm(INCH/HR) = . 183
TOTAL ARERA(ACRES) = 23.a7
PEAK FLOW RATE(CFS) = 39.92
TC(MIN) = 23.&1

T Y Yy Y e R IR e S I e R Y Y Y e
FLOW PROCESS FRDM NODE 15.20 TO NODE 15.92@ IS CODE = 8

== =t 14— === meem—_—= == 3+t -+ 12 3133

£5 YERAR RAINFALL INTENSITY(INCH/HOUR) = 2.056
S0IL CLASSIFICATION IS "C*

RESIDENTIAL-> 3-4 DWELLINGS/ACRE SUBAREA LOSS RATE, Fm(INCH/HR) = .150@
SUBAREA AREA (ACRES) = 1.89 SURAREA RUNOFF (CFS) = 3.19

EFFECTIVE ARER(ACRES) = £4. 96

AVERAGED Fm(INCH/HR) = . 126

TOTAL AREA(ACRES) = 24. 36

PEAK FLOW RATE(CFS) = 43.11

TC(MIN) = 23.21

END OF STUDY SUMMARY:

TOTAL AREA (ACRES) = 4. 96
EFFECTIVE AREA(ACRES) = 24. 36
PEAK FLOW RATE(CFS) = 43.11

END OF RATIONAL METHDD QNQLYSIS
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PROBLEM 10 - Part 2

From part 1 it is seen that the initial area time of concentration is somewhat
high. Recalculate the peak discharge rate for the watershed from problem 1
with 2 flow paths as shown below in Fig. 15. Note that by having two flow paths,
the peak flow rate increases while the time of concentration decreases. This
problem demonstrates that the peak flow rate can increase with a smaller
effective area. Also note that the initial subarea is dominating the hydrology in

part 1.

RES. 4DU/Ac
273Ac

RES 4DU/Ac

LEGEND
Watershed Boundary
—-—— Subarea Boundary
—-— Soil Group Boundary
— Street Flow Direction

O Catch Basin

Node
_1130 Elevation

"D" Soil Group Designation
— - — Trapezoidal Channel

FIGURE 15. PROBLEM 10 SCHEMATIC (PART 2)
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R I IR F I K I IE I I I IE I I I I I I I I I I I I I KNI NN
RATIONAL METHOD HYDROLOGY COMPUTER PROGRAM PACKAGE
{(Reference: 198& OCEMA HYDROLOGY CRITERION)

EXAMPLE PROBLEM 10 (PART 2)

—-—#TIME-OF-CONCENTRATION MODEL *——

USER SPECIFIED STORM EVENT(YEAR) = 25. va
SPECIFIED MINIMUM PIPE SIZE(INCH) = 18.0@
SPECIFIED PERCENT OF GRADIENTS(DECIMAL) TO USE FOR FRICTION SLOPE = .90

*DATA BANK RAINFALL USED*

FH 3 I 62 I 36 36 3626 H I 6 I IE I I T K I I K I IE 6 I TN I T I I KT I3 I NI I KN
FLOW PROCESS FROM NODE 12.22 TO NODE 11.8@ 1S CODE = 2

TC = K*[(LENGTH*%* 3.0Q0)/(ELEVATION CHANGE) l1** .2@

INITIAL SUBRAREA FLOW-LENGTH = S30. 20
UPSTREAM ELEVATION = 1142. 2@
DOWNSTREAM ELEVATION = 1135. @2
ELEVATION DIFFERENCE = 5. 00
TC = .483%[( S30.00x% 3.04)/( 5.00)1%% .20 = 15. 231
2% YEAR RAINFALL INTENSITY(INCH/HOUR) = Z.382
SOIL CLASSIFICATION IS "D"
PUBLIC PARK SUBAREA LOSS RATE, Fm(INCH/HR) = .1700
SUBAREA RUNOFF (CFS8) = 4. 38
TOTAL AREA(ACRES) = 2. a2 PEAK FLOW RATE(CFS) = 4. 38

3 236 I e W I e I I I K I W H I W I I I I I I I e I I I I I I I I I I I I I I F I I F I I NI W I I e K I I I WKW

FLOW PROCESS FROM NODE 11.22 TO NODE 12.2@ 1S CODE = S

s B . v oo e ot St Smiat Sdane S e S SRV SR LMY SR PR S T SO S 4O e S e T S e b0 SHHS SR S A e e P S S e e i it Suee Subet SO LS ST S ey S e G G S Sl S (AP S A S P Y00 $OOP) O ek ke ahemt i P S

>)))»)>COMPUTE TRAPEZOIDAL-CHANNEL FLOW({((((
YIPIYTRAVELTIME THRU SUBAREA (((((

UPSTREAM NODE ELEVATION = 1135. 0@

DOWNSTREAM MODE ELEVATION = 1132. 02

CHANNEL LENGTH THRU SUBAREA(FEET) = 38@. 2@

CHANNEL BASE(FEET) = 1.0@ "Z" FACTOR = 3. 0o

MANNINGS FACTOR = .0@3Q MAXIMUM DEPTH(FEET) = 2. 2@
CHANNEL FLOW THRU SUBAREAR(CFS) = 4,38

FLOW VELOCITY(FEET/SEL) = 2. 77 FLOW DEPTH(FEET) = . 08
TRAVEL TIME (MIN.) = 2. 28 TC(MIN.)Y = 17.37
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T Y Yy S R e Ty e i e e eI e sl
FLOW PROCESS FROM NODE 1. 22 TO NODE iz.2@ 1S CODE = 8

o s S o s v v —— (" — S T ——— —— 0 006 b} e i S S o S o4 R S H e o S v e Se00% S0 S 40 GLMR MM MaFS S S A T Gare S e YRS SRS CALMD SOLPS LA GamO AA SASIS TS HESH PN Sl M SO TS PR S At $SUVY SANS T e S S

R S T N T T S N L T T T T T T N N R S N S R R N N T N N N L R S S T T N N N RS o mmEm=esxT

2% YEAR RAINFALL INTENSITY (INCH/HDOUR) = 2.381
SOIL CLASSIFICATION IS "D"
PUBLIC PARK SUBAREA LOSS RATE, Fm{INCH/HR) = .170@
SUBAREA AREA(ACRES) = 1.67 SUBAREA RUNOFF (CFS) = 3. 32
EFFECTIVE AREA(ACRES) = 3. 69
AVERAGED Fm (INCH/HR) = . 178
TOTAL AREA(ACRES) = 3.69
PEAK FLOW RATE{(CFS) = 7.34
TC(MIN)Y = 17.37

A3 A6 U I 26T 66T 636 I 366 I I I I I I I I 696 I 3636 I I 36 I I I I I I I I I NI NN
FLOW PROCESS FROM NODE 12.2a TO NODE 13.28 I5 CODE = &

UPSTREQM ELEVATION = 1132. 22 DOWNSTREAM ELEVATION = 1115. 22
STREET LENGTH(FEET) = &6cQ. 2@ CURB HEIGTH(INCHES) = 8.
STREET HALFWIDTH(FEET) = =2@. @@
DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK = 1Q.02@
INTERIOR STREET CROSSFALL (DECIMAL) = 015
OUTSIDE STREET CROSSFALL(DECIMAL) = . 020
SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF = 1
*#TRAVELTIME COMPUTED USING MEAN FLOW(CFS) = 12.79
STREETFLOW MODEL RESULTS:
STREET FLOWDEPTH(FEET) = « 48
HALFSTREET FLOODWIDTH(FEET) = 18.13
AVERAGE FLOW VELOCITY(FEET/SEC.) = 3.72
PRODUCT OF DEPTHEVELOCITY = 1.79
STREETFLOW TRAVELTIME (MIN) = C.78 TC(MIN) = 20.15
=5 YEAR RAINFALL INTENSITY(INCH/HOUR) = 2.191
S0OIL CLASSIFICATION IS "C“
RESIDENTIAL-) 3~4 DWELLINGS/ACRE SUBAREA LOSS RATE, Fm(INCH/HR) = .l150@@
SURAREA AREA(ACRES) = 3.75 SUBAREA RUNOFF (CFS) = &.89
EFFECTIVE ARER(ACRES) = 7.44
AVERAGED Fm(INCH/HR) = . 16@
TOTAL AREA(ACRES) = 7. 44 PEAK FLOW RATE(CFS) = 13. 6@
END OF SUBRREA STREETFLOW HYDRAULICS:
DEPTH(FEET) = .52 HALFSTREET FLOODWIDTH(FEET) = 19.38
FLOW VELOCITY(FEET/SEC.) = 4.18 DEPTH*VELDOCITY = c. 28

2333 I 36 36 36369636 3636 3 36 3 36 33696 6 I0 6 KU I I I I T F I I I A6 I6 I IEIE NI I I NI I NN
FLOW PROCESS FROM NDDE 1¢.mm TO NODE 14,00 I8 CDDE = &

UPSTREAM ELEVATION = 1119. 00 DOWNSTRERM ELEVRTIDN = 1115. 22
STREET LENGTH(FEET) = 330. 02 CURB HEIGTH(INCHES)
STREET HALFWIDTH(FEET) = Z£0.02@

u
&
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DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK = 1@.@@
INTERIDR STREET CROSSFALL (DECIMAL) = .15
OUTSIDE STREET CROSSFALL(DECIMAL) = . aee

SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF = 1

**TRAVELTIME COMPUTED USING MEAN FLOW(CFS) = 16. 2@
**#STREETFLOW SPLITS OVER STREET-CROWN®*¥**
FULL DEPTH(FEET) = « 31 FLOODWIDTH(FEET) = cih. 2@
FUuLLL HALF-STREET VELOCITY(FEET/SEC.) = 3.31
SPLIT DEPTH(FEET) = - 41 SPLIT FLOODWIDTH(FEET) = 13.13
SPLIT VELDCITY(FEET/SEC.) = 2. 66
STREETFLOW MODEL RESULTS:
STREET FLOWDEPTH(FEET) = « ol
HALFSTREET FLOODWIDTH(FEET) = £d. Q@
AVERAGE FLOW VELOCITY(FEET/SEC.) = 3. 31
PRODUCT OF DEPTH&VELOCITY = 1.68
STREETFLOW TRAVELTIME (MIN) = 1.66 TC(MIN) = 21.81

25 YERR RAINFALL INTENSITY(INCH/HOUR) = &.098
S0IL CLASSIFICATION IS "C"
RESIDENTIAL-) 3-4 DWELLINGS/ACRE SUBAREA LOSS RATE, Fm(INCH/HR) = .15@@
SUBAREA ARER (ACRES) = .73 SUBAREA RUNOFF (CFS) = 4.79
EFFECTIVE AREAR(ACRES) = 1@.17
AVERAGED Fm (INCH/HR) = . 157
TOTAL AREA(ACRES) = 12.17 PEAK FLOW RATE(CFS) = 17.77
END OF SUBRAREA STREETFLOW HYDRAULICS:
DEPTH(FEET) = .51 HALFSTREET FLOODWIDTH(FEET) = 2@.2@
FLOW VELOCITY(FEET/SEC.) = 3.31 DEPTH*VELOCITY = 1.68

F 332 I I I I I I I 66 I NI T T I I I I I I I I I TN IEIE N I I I I NI N I KN
FLOW PROCESS FROM NODE 14.@@ TO NODE 15.92 IS CODE = &

UPSTREAM ELEVATION

1115, 2@ DOWNSTREAM ELEVATION = 129z2. 2

STREET LENGTH(FEET) = S550. 09 CUREB HEIGTH(INCHES) = 8.
STREET HALFWIDTH(FEET) = 2@.Q@@
DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK = 15.02@
INTERIOR STREET CROSSFALL (DECIMAL) = @15
OUTSIDE STREET CROSSFALL(DECIMAL) = . 225
SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF = 1
**TRAVELTIME COMPUTED USING MEAN FLOW(CFS) = 18. 14
STREETFLOW MODEL RESULTS:
STREET FLOWDERPTH(FEET) = 51
HALFSTREET FLOODWIDTH(FEET) = 14.39
AVERAGE FLOW VELOCITY(FEET/SEC.) = 6. 55
PRODUCT OF DEPTH&VELOCITY = 3. 33
STREETFLOW TRAVELTIME (MIN) = 1. 4@ TC(MIN) = 23.21
259 YEAR RAINFALL INTENSITY(INCH/HOUR) = g&.@az6
SOIL CLASSIFICATION IS "C™
COMMERCIAL SUBAREA LOSS RATE, Fm(INCH/HR) = .Q250@
SUBAREA AREA(ACRES) = . 41 SUBAREA RUNOFF (CFS) = - 74
EFFECTIVE ARER(ACRES) = 12.58
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AVERAGED Fm (INCH/HR) = . 152

TOTAL AREA(ACRES) = 12. 58 PEAK FLOW RATE(CFS) = 17.84
END OF SURAREA STREETFLOW HYDRAULICS:

DEPTH(FEET) = .51 HALFSTREET FLOODWIDTH(FEET) = 14.3%9

FLOW VELOCITY(FEET/SEC.) = 6.45 DEPTH*VELOCITY = 3. 27

B 33636 6 I K I I IE I 66 I 6 KT I I IR I 6 J I I I I K IEIE I HIE I I I NI I NI
FLOW PROCESS FROM NODE i5.8@ TO NODE 15.02 IS CODE = 1

ettt 3+ 3 == == = = ===

CONFLUENCE VALUES USED FOR INDEPENDENT STREAM 1 QRE:

TIME OF CONCENTRATION(MINUTES) = 9‘.c1
RAINFALL INTENSITY (INCH. /HOUR) = - a3
EFFECTIVE STREAM AREA(ACRES) = 1@.58

TOTAL STREAM AREA (ACRES) = 12.58

PERK FLOW RATE(CFS) AT CONFLUENCE = 17.84

F I3 I I I I I I I I I I I I I I T I I M I I I I NI I I I I
FLOW PROCESS FROM NODE 21.0@ TO NODE 22.0@ I5 CODE = =

DEVELOPMENT IS8 SINGLE FAMILY RESIDENTIAL -) Z2-4 DNELLINGS/QCRE

TC = K*[ (LENGTH#** 3.28)/(ELEVATION CHANGE) 1%* .Z@

INITIAL SUBAREA FLOW-LENGTH = S60. 00
UPSTREAM ELEVATION = 1125, 2@
DOWNSTREAM ELLEVATION = 111&. 22
ELEVATION DIFFERENCE = 15. @@
TC = .412%[0( SeD.020*x 3.00)/( 15.020) 1%% .20 = 12. 681
25 YEAR RAINFALL INTENSITY (INCH/HOUR) = 3.134
S0IL CLASSIFICATION IS "C“
RESIDENTIAL-} 3-4 DWELLINGS/ACRE SUBAREA LOSS RATE, Fm(INCH/HR) = .1350@@
SUBARERA RUNOFF (CFS) = 5.11
TOTAL AREA(ACRES) = 1.89 PERK FLLOW RATE(CFS) = S.11

36 369 36 36 3 3 36 369 36 36 36 369 3696 I 3K H6 36 6 I I 3696 963 3696 IE 6 I 96 6T KB I I I I I IEIE NI I I I
FLOW PROCESS FROM NODE EE.@@ TO NODE 1S5.0@ IS CODE = &

1@392. 22

UPSTREAM ELEVATION 111@.@@ DOWNSTRERM ELEVQTIDN
STREET LENGTH(FEET) = 630. 20 CURE HEIGTH (INCHES)
STREET HALFWIDTH(FEET) = Z0.12@

i
e

DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK = 10@.022
INTERIOR STREET CROSSFALL (DECIMAL) - 018
OUTSIDE STREET CROSSFALL (DECIMAL) . 222

SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF = &

**TRAVELTIME COMPUTED USING MEAN FLOW(CFS) = £0. 68
STREETFLOW MODEL RESULTS:

STREET FLOWDEPTH(FEET) = - 44

HALFSTREET FLOODWIDTH(FEET) = 15.63

AVERAGE FLOW VELOCITY(FEET/SEC.) = 4.35
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PRODUCT OF DEPTH&VELOCITY = 2. 82
STREETFLOW TRAVELTIME (MIN) = c. 31 TC(MIN) = 12.99

£5 YEAR RAINFALL INTENSITY (INCH/HOUR) = &.816
*USER SPECIFIED (SURARERA) :
COMMERCIAL SUBAREA LOSS RATE, Fm(INCH/HR) = .Q61@
SUBAREA AREA{(ACRES) = 12. 49 SUBAREA RUNOFF (CFS)
EFFECTIVE ARER(ACRES) = 14. 38
AVERAGED Fm(INCH/HR) = .73
TOTAL AREA(ARCRES) = 14.38 PEAK FLOW RATE(CFS) = 35. 5@
END OF SUBAREA STREETFLOW HYDRAULICS:
DEPTH(FEET) = .32 HALFSTREET FLOODWIDTH(FEET) = Z@.@aa
FLOW VELOCITY(FEET/SEC.) = 4.88 DEPTH*VELOCITY = 2.53

"
0
e
0
o

F 936 6 I3 I I K I I I I I I I I I I I 6T I I I I I I NI NI I I H I I I NN IR
FLLOW PROCESS FROM NODE 15.20 TO NODE 15.08@ 1S CODE = 1
»>32))DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE<((((
>33 )AND CDMPUTE VARIOUS CONFLUENCED STREAM VALUES({{((

CONFLUENCE VALUES USED FOR INDEPENDENT STREAM 2 ARE:
TIME OF CONCENTRATION(MINUTES) = 12.99

RAINFALL INTENSITY (INCH. /7HOUR) = 2. 82

EFFECTIVE STREAM ARER(ACRES) = 14. 38

TOTAL STREAM AREA(ACRES) = 14,38

PEAK FLOW RATE(CFS) AT CONFLUENCE = 35.32

CONFLUENCE INFORMATION:
STREAM PEAK FLOW TIME INTENSITY FM EFFECTIVE
NUMBER RATE (CFS) (MIN.) (INCH/HOUR) (IN/HR) AREA (RCRES)
1 17.84 23. 21 2. 226 .15 18.58
= 35. 58 12.99 2.816 . @7 14. 38

RAINFALL INTENSITY AND TIME OF CONCENTRATION RATIO
CONFLUENCE FORMULA USED FOR & STREAMS.

SUMMARY RESULTS:

STREAM CONFLUENCE EFFECTIVE

NUMEER G(CFS) AREA (ACRES)
1 43. 12 24. 96
e 49. 69 20. 32
COMPUTED CONFLUENCE ESTIMATES ARE AS FOLLOWS:
PEAK FLOW RATE(CFS) = 49. 69 TIME (MINUTES) = 12. 986
EFFECTIVE AREA(ACRES) = 20. 3@
TOTAL AREA(ACRES) = 24. 96
END OF STUDY SUMMARY:
TOTAL AREAR(ACRES) = £24. 36
EFFECTIVE AREA(ACRES) = . 3
PEAK FLOW RATE(CFS) = 43.63

END OF RQTIONQL METHDD QNQLYSIS
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PROBLEM 11
Small Area Runoff Hydrograph

Determine the runoff hydrograph from a 15 acre residential site for a 25-year
design storm event. The runoff hydrograph will be used to test a detention basin
located adjacent to the residential site. Because the catchment is small, the
time of concentration will probably be less than 25 minutes, therefore the
design storm runoff hydrograph can be developed using the rational method for
flow rate estimates. The procedure to be used in constructing a runoff
hydrograph for small areas includes: 1) determine watershed acreage, time of
concentration, maximum loss rate (Fm), and low loss fraction (i‘); 2) set the unit
interval equal to the T, and determine the rainfall depth for the significant unit
periods when "rounding off" the unit interval size, always use a unit interval at
least as large as the T,. For example for a T, of 13-minutes a unit interval of
15-minutes is acceptable whereas a 10-minute unit interval is unacceptable (due
to runoff volume discrepancies); 3) determine the loss rate, net rainfall,
effective rainfall, and flow rate for each unit period; 4) develop the runoff
hydrograph. It is noted that for the small area runoff hydrograph method, the
total catchment area shall be used in the calculations even though the T, used

corresponds to an effective area.
1) Assume that from a rational method study the following is determined:

total area = 15 acres

effective area = 12 acres

time of concentration = 13 minutes (for effective area of 12 acres)
soil group B

curve number”* = 56

single family residential, 4 DU/Ac

Fmq = 0.18 inches/hour or 0.05 inches/unit period

Y =0.82

(see example problem #12 for F, and Y caleulations)

* Note: Use AMC 1 for the 2- and 5-year storm events; AMC II for the 10-,
25-, and 50-year storm events; and AMC Il for the 100-year storm event.
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2) unit interval= time of concentration
= 13 minutes, say 15 minutes

TABLE 4.
RUNOFF CALCULATIONS

Rainfall. Massl  Unit2  Unit3 Net?  Effectived  Flowb
Unit Rainfall Rainfall Loss Rainfall &%ler:ﬁg Rate
Number (inches) (inches) (inches) (inches) (inch/hr) (efs)

1 0.65 0.65 0.05 0.60 2.40 32.4

2 0.88 0.23 0.05 0.18 0.72 9.7

3 1.04 0.16 0.05 0.11 0.44 5.9

4 1.18 0.14 0.05 0.09 0.36 4.9

5 1.30 0.12 0.05 0.07 0.28 3.8

6 1.41 0.11 0.05 0.06 0.24 3.2

7 1.51 0.10 0.05 0.05 0.20 2.7

8 1.60 0.09 0.05 0.04 0.16 2.2

9 1.68 0.08 0.05 0.03 0.12 1.6
10 1.76 0.08 0.05 0.03 0.12 1.6
11 1.83 0.07 0.05 0.02 0.08 1.1
12 1.90 0.07 0.05 0.02 0.08 1.1
13 1.97 0.07 0.05 0.02 0.08 1.1
14 2.04 0.07 0.05 0.02 0.08 1.1
15 2.10 0.06 0.05 0.01 0.04 0.5

1 mass rainfall = Dgg = 0.200T0-434

2 unit rainfall = unit rainfall for that period (e.g., for unit number 2, mass
rainfally - mass rainfally = unit rainfallg)
unit loss = Fp,(0.05 in./hr.) or Y(0.82) x unit rainfall , whichever is lower

effective rainfall (in./hr.) =net rainfall x 60 min./unit period (minutes)
flow rate =0.9(I-Fp A
= 0.9 (effective rainfall intensity) (15 Acres)

3
4 net rainfall = unit rainfall - unit loss
5
6
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The design storm pattern is composed of unit rainfalls nested in a symmetrical
2/3 to 1/3 distribution about hour 16 of the 24-hour storm pattern. The unit
hydrograph is defined to be a triangle with a base of 2T, and a peak oceurring at
time Te. The following tabulation demonstrates the nesting distribution for this
example problem. The runoff hydrograph is plotted in Figure 16 for the
calculations included in Table 5.

TABLE 5.
DESIGN STORM RUNOFF

Peak Start of Peak of End of Peak
Rainfall Unit Unit Unit Flow
Unit Runoff Runoff Runoff Rate
Number (Hr.) (Hr.) (Hr.) (efs)

1 16.00 16.25 16.50 32.4

2 15.75 16.00 16.25 9.7

3 15.50 15.75 16.00 5.9

4 16.25 16.50 16.75 4.9

5 15.25 15.50 15.75 3.8

6 15.00 15.25 15.50 3.2

7 16.50 16.75 17.00 2.7

8 14.75 15.00 15.25 2.2

9 14.50 14.75 15.00 1.6

10 16.75 17.00 17.25 1.6

11 14.25 14.50 14.75 1.1

12 14.00 14.25 14.50 1.1

13 17.00 17.25 17.50 1.1

14 13.75 14.00 14.25 1.1

15 13.50 13.75 14.00 0.5
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FIGURE 16. PROBLEM 11 DESIGN STORM RUNOFF HYDROGRAPH
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PROBLEM 12

Synthetic Unit Hydrograph

INSTRUCTIONS FOR SYNTHETIC UNIT HYDROGRAPH METHOD
HYDROLOGY CALCULATIONS (FROM HYDROLOGY MANUAL TEXT)

L. Synthetic Unit Hydrograph Development

A.

where

On a USGS topographic quadrangle sheet or other topographic map of
suitable scale, outline the watershed boundary.

Calculate the catchment time of concentration (T,) by using either a
rational method analysis for the T-year storm, or by using the peak
flowrate curves of section L.
1. Catechment lag is computed by

lag = 0.8T¢
2. For certain large scale natural condition eatchment studies, the

Agency may use the lag relationship given by
lag (hours) = 241(L+Lqg/S0-50)0-38

A = drainage area (square miles)

L = length of longest watercourse (miles)

Leg = length along the longest watercourse, measured upstream to
point opposite the centroid of the area (miles)

H = difference in elevation between the concentration point and
the most remote point of the basin (feet)

S = overall slope of longest watercourse between headwaters
and concentration point (S = H/L, feet per mile)

n = visually estimated average basin factor from Hydrology

Manual Figure E-2.

Select a unit time period. To adequately define the unit hydrograph the
unit time period should be about 20 percent of lag time, and never more
than 25 percent of lag time. If possible, use the unit time of the
synthetic critical storm pattern of 5-minutes.

Select the S-graph applicable to the drainage basin (Hydrology Manual
Figures E-3a,b,e,d). Determine the average percentage of the ultimate
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discharge for each unit period. In reading the percentage of ultimate
discharge from the S-graph, the average ordinate over the time
inerement should be determined rather than the mean of the ordinates

at the beginning and end of the time increment (see Figure 17).

Compute the unit distribution graph by subtracting from the percentage
of ultimate discharge for each unit time period, the percentage of
ultimate discharge for the previous time period (see Figure 18). The

first five values of the unit distribution graph are calculated below.

TABLE 6.
UNIT DISTRIBUTION GRAPH

Unit S-graph unit distribution graph
Interval mean value percent of ultimate discharge
1 0.635 0.635 -0 = 0.835
2 1.965 1.965 - 0.635 = 1.330
3 3.911 3.911 - 1.965 = 1.946
4 7.648 7.648 - 3,911 = 3.737
5 13.300 13.300 - 7.648 = 5.652

Compute the ordinates of the synthetic unit hydrograph (unit graph) by
multiplying the distribution graph values by the ultimate discharge K,

using:
K(efs) = 645A/T

where
A = drainage area (square miles)
T = unit time period (hours)

A summary of the unit hydrograph ordinates are shown in figure 17.
The calculations for the first five unit hdyrograph ordinates are shown
below in Table 7.
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Interval

IL.

(2B AV -

G.

TABLE 7.
UNIT HYDROGRAPH ORDINATES

unit distribution

graph percent of unit hydrograph

ultimate discharge k. ordinate (cfs)
0.635 X 38,700 = 245.7
1.330 X 38,700 = 514.7
1.946 X 38,700 = 753.1
3.737 X 38,700 = 1,446.2
5.652 X 38,700 = 2,187.3

Enter the unit hydrograph ordinates calculated in step F in the first
column of the flood hydrograph calculation form, as shown in Figure 21.

T-Year Design Storm Pattern Development

A.

Using the appropriate T-year point precipitation values from the
Hydrology Manual Table B.2, compute the area-averaged precipitation
values for the 5-minute, 30-minute, 1-hour, 3-hour, 6-hour, and 24-hour
durations. Area averaging of precipitation depths is only required when
the study catchment contains areas both above and below 2000 feet in
elevation. Otherwise, the point precipitation data of the Hydrology
Manual's Table B.2 can be used directly for catchments which are

entirely above or entirely below 2000 feet in elevation.

Adjust all point precipitation values for areal effect by using the
Hydrology Manual Figure B-6.

Develop a synthetic critical storm peak rainfall mass plot using Figure
B-7 from the Hydrology Manual (see Figure 19 for demonstration).

Using the unit interval duration for the unit hydrograph development,
calculate the synthetic storm unit interval rainfall quantities by
successive subtraction of mass peak rainfall values, each offset in time

by one unit period as shown in Table 8.
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TABLE 8

UNIT HYDROGRAPH STUDY:
EXAMPLE PROBLEM UNIT RAINFALL DETERMINATION

(Example Unit Period = 5 minutes)

Peak Rainfall Adjusted Mass Unit Rainfall
Unit Number Rainfall (inches) (inches)
1 0.45 0.45
2 0.60 0.15
3 0.71 0.11
4 0.80 0.09
5 0.88 0.08
6 0.95 0.07
7 1.02 0.07
8 1.08 0.06
9 1.13 0.05
10 1.19 0.06
11 1.24 0.05
12 1.28 0.04
13 1.33 0.05
14 1.39 0.05
15 1.45 0.06
16 1.50 0.05
17 1.55 0.05
18 1.60 0.05
19 1.65 0.05
20 1.70 0.05
21 1.74 0.04
22 1.79 0.05
23 1.84 0.05
24 1.89 0.05
25 1.93 0.04
26 1.97 0.04
27 2.01 0.04
28 2.05 0.04
29 2.09 0.04
30 2.13 0.04
31 2.17 0.04
32 2.21 0.04
33 2.25 0.04
34 2.29 0.04
35 2.33 0.04
36 2.38 0.04
TIME = 3 HOURS TOTAL = 2.38 INCHES
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III.

Arrange the unit rainfall quantities determined in step D into the
critical storm pattern using Figures B-5a,b,c of the Hydrology Manual
as shown in Figure 20. For most hydrology studies, only the peak 3-
hours of the synthetic critical storm need consideration.

Runoff Hydrograph Development

A.

Find the pervious area loss rates for subareas within the drainage area
using Figures C-3 and C-4 of the Hydrology Manual. Adjust these rates
to account for impervious area using the relationship below, and then

compute an area-averaged maximum loss rate for the catchment.

Fm = apfp
where
F, = maximum loss rate (inches/hour)
ap = pervious area fraction (decimal percent of total
area). See Hydrology Manual Figure C-4.
Fp = maximum loss rate for pervious areas fraction.

See Section Hydrology Manual C.6.4.
Table 9 contains the Fy, calculations for the example problem.
Compute the low loss fraction, Y. Use F* in each unit time period
where the maximum loss rate Fp, exceeds the low rate F*, (F* = Y-1).

Table 10 demonstrates the Y calculations for the example problem.

Compute the unit effective rainfall for each unit time period by
subtracting the unit loss from the unit rainfall as shown in Table 11.

List the unit effective rainfall calculated in step C in the first row of
the flood hdyrograph caleulation form as shown in Figure 21.
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TABLE 9

UNIT HYDROGRAPH STUDY:
EXAMPLE PROBLEM WATERSHED LOSS DETERMINATIONS

Area-Averaged Maximum Loss Rate, Fry

1. Using the watershed soil and development characteristics, estimate the
area-averaged maximum loss rate:

F,

P
Land Use Area Soil (inch/hour) ap Fm
and Condition Fraction Group (Table C.2.) (Fig. C4) (inch/hour)

Woodland;
good cover
(100% pervious) .15 B 0.30 1.0 0.30

Woodland;
ood cover
100% pervious) .15 D 0.20 1.0 0.20

Residential:S.F.

(1/2 acre) Lots

(60% pervious*) .42 A 0.40 0.60 0.24
Residential:S.F.

(1/2 acre) Lots

(60% pervious*) .03 B 0.30 0.60 0.18

Commercial:
(10% pervious) .23 A 0.40 0.10 0.04

Commercial:
(10% pervious) .02 B 0.30 0.10 0.03

Area-Averaged Adjusted Loss Rate (ineh/hour) = 0.19

* Field conditions indicate use of the lower end of the suggested
percent pervious range.
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TABLE 10

UNIT HYDROGRAPH STUDY:
EXAMPLE PROBLEM WATERSHED LOSS DETERMINATIONS

Area-Averaged Low Loss Rate Fraction, Y

£ Referring to watershed soil group maps, estimate area-averaged composite
eurve numbers (see Section C):

Pervious
Curve b{ugnber Area
Land Use Area Soil cN(1 Yield
and Condition Fraction  Group (Fig. C-3) s(2) Fraction Y(3)
Woodland;
good cover
(100% pervious) .15 B 55 (75) 3.33 0.53
Woodland;
good cover
(100% pervious) .15 D 77 (93) 0.75 0.86
Residential: S.F.
(1/2 acre) Lots
(60% pervious)(3) .25 A 32 (52) 9.23 0.20
.17 A 98 0.20 0.96
Residential: S.F.
(1/2 acre) Lots
(60% pervious)(5) .018 B 56 (76) 3.16 0.54
.012 B 98 0.20 0.96
Commercial:
(10% pervious) .023 A 32 (52) 9.23 0.20
.207 A 98 0.20 0.96
Commercial:
(10% pervious) .002 B 56 (76) 3.16 0.54
.018 B 98 0.20 0.96
Area-Averaged Catchment Yield Fraction (Y) = 0.663
Area-Averaged Low Loss Fraction ()4 = 0.337
NOTES:
(1):  (75) indiecates AMC III CN (Table C.1)
(2): S =(1000/CN)-10
(3): Y =(P24-0.28)2/((P24+0.85)P24)
(4): Y=1-Y
(5):  Field conditions indicate use of the lower end of the suggested pervious
range

(6): impervious areas are assigned CN 98 for all AMC

72



TABLE 11

UNIT HYDROGRAPH STUDY:
EXAMPLE PROBLEM 3-HOUR STORM
EFFECTIVE RAINFALL DETERMINATION

(Example Unit Period = 5 minutes)

Unit Period Unit Unit Loss Effective
Number Rainfall (inches) (inches) Rainfall (inches)
1 .04 .013 .025
2 .04 013 .026
3 .04 .013 .026
4 .04 .014 027
5 .04 .014 .027
6 .04 .014 .028
7 .04 015 .029
8 .04 .015 .029
9 .05 .015 .030
10 .05 .016 * 031
11 .04 .015 .029
12 .05 .016 * .034
13 .05 .016 * .036
14 .05 .016 * .037
15 .06 .016 * .040
16 .05 .016 * .042
17 .04 .015 .029
18 .05 016 * 031
19 .05 .016 * 037
20 .06 .016 * .042
21 .07 .016 * .053
22 .08 .016 * .062
23 .11 .016 * .094
24 .15 016 * .135
25 .45 .016 * .438
26 .09 .016 * .074
27 .07 .016 * .054
28 .06 .016 * .034
29 .05 .016 * .044
30 .05 .016 * .039
31 .05 .016 * .035
32 .05 .016 * .032
33 .04 .015 .030
34 .04 .014 .028
35 .04 .014 027
36 .04 .013 .026
TOTAL = 2.38 0.55 1.83

*Unit low loss exceeds unit adjusted loss
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Iv.

E. Compute the flood hydrograph.

1. Multiply the effective unit rainfall for the first unit time period
by each synthetic unit hydrograph value to determine the flood
hydrograph which would result from that rainfall inerement.

2. Repeat the above process for each succeeding effective rainfall
value, advancing the resultant flood hydrograph one unit time
period for each computation cycle as shown in Figure 21. Shown
below are the calculations for the first five flood hydrograph

values.
TABLE 12.
FLOOD HYDROGRAPH
unit flood
period convolution process hydrograph(efs)
1 0.025 x 246 = 6
2 0.025 x 515 + 0.026 x 246 =19
3 0.025 x 753 + 0.26 x 515 + 0.026 x 246 = 38
4 0.025 x 1,446 + 0.026 x 515 +
0.026 x 753 + 0.027 x 246 = 76
5 0.025 x 2,187 + 0.026 x 1,446 +
+0.026 x 753 + 0.027 x 515 +
+0.027 x 246 =134

3. Sum the flow ordinates found in the steps above to determine the
average flow ordinate per unit period for the design storm flood
hydrograph.

F. Add the appropriate base flow to the flood hydrograph ordinates
determined in Step E.

G. Plot the runoff hydrograph values calculated in step F as shown in
Figure 22.

Required Format

A. Figure 23 illustrate the required format for submitting unit hydrograph

study results for review.
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PROBLEM 13

Flow-through Detention Basin Hydrograph Routing

Detention Basin Hydrograph Routing (Flow-through Basin)

Required information:

1 Known initial conditions of basin storage and outflow.
2. A routing timestep, At.

3. The basin inflow hydrograph.

4

. Basin volume vs. depth and outflow vs. depth relationships.

For the example problem, assume we have the following:

1. The initial conditions of basin storage is zero storage, therefore, the
outflow is zero efs.

2. A timestep of 60 minutes is used for caleulations.

3. The basin inflow hydrograph is tabulated in Table 13.

4, Basin volume vs. depth and outflow vs. depth are depicted in Figs. 24 and
25, respectively.

TABLE 13.
BASIN INFLOW HYDROGRAPH VERSUS TIME

Time (min). Inflow (cfs)
0 0
60 60
120 120
180 280
240 250
300 220
360 120
420 100
480 60
540
600
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Solution Procedures:

1. Determine the average inflow volume from the inflow hydrograph during
the timestep t (60 minute.); i.e., caleulate (I; + Ip) At/2. The average
inflow volume is determined by calculating the average inflow rate for the
timestep and converting it to a volume. Using the first 60 minutes of the

example problem inflow hydrogi'aph, the procedure is as follows:

Ft.®
SEC

0 Ft.® . 60 Ft.? i
SEC * T SEC } /2 =30

Ft.> 60 SEC  _ 1 Ac-Ft

SEC * T WMIN. * 73.560 Ft.3 © 60 MIN = 2.48 Ac-Ft

30

This procedure is carried out for the entire inflow hydrograph. The
example results are tabulated in Table 14.
Notes: I; = preceding inflow rate

I9 = following inflow rate

86



TABLE 14.
AVERAGE INFLOW VOLUME

Average
Time Inflow Inflow (I3 +I9)At/2
(min.) (cfs) (efs) (AF)
0 0
30 2.48
60 60
90 7.44
120 120
200 16.53
180 280
265 21.90
240 250
235 19.42
300 220
170 14.05
360 120
110 9.09
420 100
80 6.61
480 60
30 2.48
540 0
0 0
600 _ 0
0 0
2. Construct basin storage-indication relationship as shown in Table 15 using

the detention basin outflow (0) from Fig. 25 and detention basin storage
data from Fig. 24.

TABLE 15.

EXAMPLE PROBLEM STORAGE-INDICATION CURVE DEVELOPMENT
Depth 0 S S-0 At/2 S+OAt/2
(ft.) (cfs) (AF) (AF) (AF)

0 0 0 0 0

1 4,2 14.4 14.22 14,57
2 12.0 28.8 28.30 29.30
3 51.7 43.2 41.06 45.34
4 114.7 57.6 52.86 62.34
5 186.8 72.0 64.28 79.72
6 263.2 86.4 75.52 97.28
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The storage-indication curve is developed for a depth of 2 feet (i.e., outflow 0 =

12 efs) as follows:

At
S-O———2
At
5-0—2
At
S'*‘OT

12.0 Ft.® [ 60 SEC _ 1 Ac-Ft
28.8 Ac-Ft - =5 [ MIN * 43,560 Ft.5 QO MIN | /2
28.8 Ac-Ft - 0.5 Ac-Ft - 28.3 Ac-Ft
28.8 Ac-Ft + 0.5 Ac-Ft - 29.3 Ac-Ft.

Figure 26 depicts the basin storage-indication curve.

3. The basin hydrograph routing procedure is schematically illustrated in

Table 16.

Note:

1. Og and Sy indicate the initial basin outflow and storage, respectively.

2.  Value of column (2) is calculated by taking value of column (6) minus
the product of column (4) (converted to volume) and t/2.

3. Value of eolumn 3 is caleculated by use of the following equation:

Sg + 09 %’L= (S1 - 01 At/2) + (I3+ Ip)/ At

(i.e., sum of ecolumn (1) and (2).

4. Using the value of eolumn 3, the basin outflow (ecol. 4) can be directly
obtained from Fig. 26.

5. Then the basin depth (col. 5) can be obtained from Fig. 25 for the
corresponding basin outflow (col. 4).

6. Finally, the basin storage can be obtained from Fig. 24 for the

corresponding basin depth (col. 5).

This procedure is repeated until the basin inflow hydrograph has been completely

analyzed and basin outflow becomes negligible.
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TABLE 16.

BASIN HYDROGRAPH SEQUENCE

Co1.(1) Col.(2) Co1.(3) Col.(4) Col.(5) Col.(6)
(I,+1,)At/2 S,-D, At/2 S, +0,At/2 Outflow Depth Storage
(AF) (AF) (AF) (cfs) (cfs) (AF)
0 SI
At ' pe (1)+(2) At L
(Il+12)—2“- SI_OIT SZ+02-2— Fig. 3
N\ Fig. 1 Fig. 2
0, ——— » D1 _— S1
; : o )
1)+(2)
At At ( At .
(II+IZ)T 51-01 z SZ+02T Fig. 3
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The basin inflow hydrograph (unit period of 60 minutes) is routed using the
modified Pul's method in the tabulation of Table 17. The 60-minute timestep is
used for demonstration purposes only. Typiecally, a 5-minute timestep is needed

in order to adequately deseribe the runoff hydrograph peak flow rates.

TABLE 17.
EXAMPLE PROBLEM BASIN ROUTING TABLULATION

Average
Time Inflow Inflow (11 +I9)At/2 S1-04At/2 S9+09At/2  Outflow  Storage
(min.) (efs) (efs) (AF) (AF) (AF) (cfs) (AF)
0 0 0 0

30 2.48 0 2.48

60 60 N 2.45
90 7.44 2.42 9.86

120 120 2.8 9.74
200 16.53 9.62 26.16

180 280 : 10.3 25.73
265 21.90 25.31 47.21

240 250 58.6 44.79
235 19.42 42.37 61.79

300 220 112.7 57.14
170 14.05 52.48 66.53

360 120 132.1 61.07
110 9.09 55.61 64.70

420 100 124.5 59.56
80 6.61 54.41 61.02

480 60 109.8 56.48
30 2.48 51.94 54.42

540 0 85.4 50.89
0 0 47.36 47.36

600 0 59.20  44.91
0 0 42.46 42.46
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PROBLEM 14

Convex Channel Routing

Convex Channel Routing

Required Information:
Inflow hydrograph, channel geometries, and reach length of the channel.
Example Problem:
The example problem channel is a rectangular concrete section with a base of 10
feet, a Manning frietion factor of 0.015, length of 3000 feet, and a mean slope of
0.005 ft./ft. The problem inflow hydrograph is tabulated in Table 18. From this
table, the average flow rate in excess of the 50-percent peak flow rate value is
783.2 efs which is caleulated as follows:
1. Calculate the 50 percent peak flowrate:

Qs50% = 1186.7 x 0.50 = 593.35 cfs
2. Sum the inflow hydrograph ordinates that are greater than Q5o

SUM = 602.9 + 653.7 + 600.9 + 608.0 + 917.1

+1186.7 + 1001.2 + 763.6 + 714.9
= 7049.0 cfs (for 9 unit intervals)

3. The average flowrate in excess of the 50-percent peak flow rate (Q50%) is

Qayg = SUM/9 = 783.2 cfs

Next, a normal depth flow velocity is calculated by using the Manning's equation
and the Qavg!

V =(1.486 Rh0'67800°50)/n
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where Ry is the hydraulic radius, and S, is the channel slope. For the example
problem, the average flowrate in excess of Q509 (Qayg = 783.2 cfs) corresponds
to a normal depth flow velocity of 13.5 fps.
The routing coefficient C may be estimated by

C =V/(V + 1.7) = (13.5)/(13.5 + 1.7) = 0.89
The average travel time (K) through the channel is estimated by

K = L/V =(3000 ft)/(13.5 fps) (3600 sec/hr) = 0.062 hr.

The routing timestep, dT, is given by

CL

9T = 3500V

= CK =(0.89) (0.062) = 0.055 hr.

The value dT is used as the timing offset between inflow and outflow.

The modified routing coefficient, C*, is obtained from
C*=1-@1-C)E

where E = (dT* + 0.5dT)/(1.5dT) in which dT* = (0.0833 hr.) is the unit period of
inflow hydrograph (say 5 minutes in this example problem). Therefore,

E= (0.0833 + 0.5 x 0.055)/(1.5 x 0.055)
= 0.1108/0.0825
=  1.343

and
C*=1-(1-0.89)1.343

= 0.948
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Finally, the appropriate convex method routing approximation statement is

OT+dT = (1-C*)OT+dT-dT* + C*IT

where for the example problem,

Oq4gT = (0.052)O4gr-gT* + (0.948)IT

Table 19 illustrates convex channel routing computation procedure.

TABLE 18.
EXAMPLE PROBLEM INFLOW HYDROGRAPH

Storm Time Inflow
(minutes) (efs)

0 .0

5 .8

10 .9

15 40.5

20 202.7

25 445.1

30 602.9

35 653.7

40 600.9

45 608.0

50 917.1

55 1186.7

60 1001.1

65 763.6

70 714.9
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The detailed calculation of the convex routing is illustrated as follows:

First we use the routing timestep dT (0.055 hr.) to determine the travel
time for each of the inflow hydrograph unit runoffs of duration, dT*
(0.0833 hr.). In this example, the ratio of dT/dT* is 0.6568. Therefore,
about 66 percent of the outflow calculated at time interval T is forwarded
to time interval T+dT and 34 percent of the outflow remains in time
interval T. Repeat the above process for each unit time interval, and sum
up the outflow at each time interval to obtain the outflow hydrograph.

Table 19 shows the outflow hydrograph. For storm time T = 5 minutes, the total
outflow rate is calculated as
O5 0.052 Og + 0.948I5
(0.052) (0) + 0.948(0.8)
0.7584 cfs
Then Oy is distributed into the intervals 5 min. and 10 min as follows:
O's = DA (0.7584) = 0.26 cfs

and
0'1 o = DB (0.7584) = 0.50 cfs
where DB = 0.6568 and DA = 0.3432.
Next, the 10 minutes storm interval outflow is calculated as
010 =1(0.052) Og + (0.948) 119
= (0.052)(.7584) + (0.948)(0.9)
= 0.89 efs
The new outflow for time intervals 10 min. and 15 min. are:
O'tyg =0.50 + DA (0.89) = 0.80 cfs
and
O'y5 = DB (0.89) = 0.59 cfs
For storm interval 15 minutes,
O15 =1(0.052) O1¢ +(0.948) I35
= (0.052)(0.89) + (0.948)(40.5)
= 38.44 cfs
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Therefore,
O'15 =0.59 + DA (38.44) = 13.78 cfs
and
O'9p = DB (38.44) = 25.25 cfs
For storm interval 20 minutes,
O9q = (0.052) O15 + (0.948) Iy
= (0.052)(38.44) + (0.948)(202.7)
= 194.16 cfs
Then
O'99 = 25.25 + DA (194.16) = 91.88 cfs
O'95 = DB (194.16) = 127.52 cfs
This procedure is repeated until the inflow hydrograph has been completely

analyzed.
TABLE 19.
CONVEX ROUTING EXAMPLE PROBLEM SOLUTION
I o)
Storm Time Inflow Outflow
(minutes) lefs) (cfs)
0 0 0
5 .8 0. + 0.26 = 0.26

10 .9 0.5 + 0.3 = 0.80
15 40.5 0.59 + 13.19 = 13.78
20 202.7 25.25 + 66.63 = 91.88
25 445.1 127.52 + 148.28 = 275.8
30 602.9 283.77 + 203.86 = 487.63
35 653.7 390.15 + 223.28 = 613.43
40 600.9 427.31 + 207.12 = 634.43
45 608.0 396.37 + 208.58 = 604.95
50 917.1 399.18 + 309.22 = 708.40
55 1186.7 591.78 + 402.17 = 993.95
60 1001.1 769.66 + 346.62 = 1116.28
65 763.6 663.36 + 266.47 = 929.83
70 714.9 509.95 + 246.45 = 756.40

Note that the outflow is offset by dT = 3.3 minutes (routing timestep) due to
a computed mean flow velocity of 13.5 fps.
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PROBLEM 15
Flow-through Basin Multi-day Storm

A flow-through basin is to be analyzed using a 3-day 100-year storm. Because the
runoff volume is needed to analyze the detention basin, a runoff hydrograph is
required. The watershed tributary to the flow-through basin is below elevation
2000 feet, therefore the preecipitation depths of Table B.2 in the Hydrology Manual

can be used without area averaging.

The extended design storm is constructed in ascending order of precipitation depth
as shown in Figure 27. Each of the 24-hour storm patterns are constructed by a
simple secaling of the peak 24-hour design pattern according to a ratio of the
respective 24-hour precipitation values. Following is an example of this technique.

From the Hydrology Manual Table B.2 the 5-minute, 30-minute, 1-hour, 3-hour, 6-
hour, and 24-hour 100-year precipitation depths are obtained for the third day.
5-min. 30-min. 1-hr. 3-hr. 6-hr. 24-hr.
0.52" 1.09" 1.45" 2.43" 3.36" 5.63"
Table B.1 of the Hydrology Manual provides the maximum precipitation depths of
9.35 inches and 8.22 inches for the first day and second day respectively. The

precipitation data for the runoff hydrograph durations are calculated below in
Table 20 using the appropriate ratios.
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TABLE 20.
FLOW-THROUGH BASIN 3-DAY UNIT HYDROGRAPH RAINFALL DEPTHS

Precipitation depth (inches)

day ratio 5-min. 30-min. 1-hr. 3-hr. 6-hr. 24-hr.
5.63"
3 —_— 0.52 1.09 1.45 2.43 3.36 5.63
5.63"
8.22" - 5.63"
2 —_— 0.24 0.50 0.67 1.12 1.55 2.59
5.63"
9.35" - 8.22"
1 —_— 0.10 0.22 0.29 0.49 0.67 1.13
5.63"

Knowing the precipitation depths for the three day design storm, the runoff
hydrographs for the three days are calculated as shown in Problem 12.

When a complex watershed model (e.g., a "link-node" schematic involving
subareas linked by channel routing) is to be used, a single area runoff hydrograph
model is also to be developed for comparison purposes. Should detention basins

be planned, the complex model without the basins (i.e., "free-draining") is to be

compared to a single subarea model.

Should the peak Q from the free-draining complex model be greater than the
single area runoff hydrograph model, then the complex model peak Q is to be
used as a design Q. The use of a higher Q for design purposes aids in

accommodating for the increased uncertainty in the complex model.

Should the peak Q from the free-draining complex model be less than the single
area runoff hydrograph model, then the design storm for the complex model is to
be modified by uniformly increasing the rainfall used in the design storm until

the peak Q values match between the two models.
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PROBLEM 16
Flow-by Basin Multi-day Storm

Determine the three day design storm to be used in the analysis of a flow-by
detention basin. A runoff hydrograph of the mountainous watershed is required
for the analysis. Consequently, the precipitation data of Hydrology Manual
Table B.2 may be used directly.

The multi-day design storm is constructed to create as high a peak flow rate as
possible (i.e., the second day 5-minute precipitation equals the third day 5-
minute precipitation) as shown in Figure 28. Following is an example of this

technique.
From Table B.2 the 5-minute, 30-minute, 1-hour, 3-hour, 6-hour, and 24-hour
100-year precipitation depths are obtained for the third day.

5-min. 30-min. 1-hr. 3-hr. 6-hr. 24-hr.

0.78" 1.34" 1.94" 3.96" 6.19" 11.27"
Table B.1 from the Hydrology Manual provides the maximum precipitation depths
of 18.98 inches and 16.52 inches for the first day and second day respectively.

The precipitation data for the runoff hydrograph duration are calculated below in
Table 21 by putting the maximum allowable depths in the smallest duration first.
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TABLE 21.
FLOW-BY BASIN 3-DAY UNIT HYDROGRAPH RAINFALL DEPTHS

Preecipitation depths (inches)

day 5-min. 30-min. 1-hr. 3-hr. 6-hr. 24-hr,
3 11.27 0.78 1.34 1.94 3.96 6.19 11.27
2 16.52 - 11.27 0.78 1.34 1.94 3.96 5.25 5.25
1 18.98 - 16.52 0.78 1.34 1.94 2.46 2.46 2.46

Knowing the precipitation depths for the three day design storm, the runoff
hydrographs for the three days are calculated as shown in Problem 12.

When a complex watershed model (e.g., a "link-node" schematic involving
subareas linked by channel routing) is to be used, a single area runoff hydrograph
model is also to be developed for comparison purposes. Should detention basins
be planned, the complex model without the basins (i.e., "free-draining") is to be

compared to a single subarea model.

Should the peak Q from the free-draining complex model be greater than the
single area runoff hydrograph model, then the complex model peak Q is to be
used as a design Q. The use of a higher Q for design purposes aids in
accommodating for the increased uncertainty in the complex model.

Should the peak Q from the free-draining complex model be less than the single
area runoff hydrograph model, then the design storm for the complex model is to
be modified by uniformly increasing the rainfall used in the design storm until

the peak Q values match between the two models.
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PROBLEM 17 (Part 1)

Peak Flow Rate Curves

Using the Peak Flowrate curves of Section L from the Orange County Hydrology
Manual, determine the 100-year peak flow rate for a 3 square mile catchment

with a 1.5 hour time of concentration, a Fp; of 0.4 and Y of 0.5.

From Figure 29 the peak flow rate is 0.8 cfs/acre for a 1 square mile watershed.
From Figure 30 the peak flow rate is 0.725 cfs/acre for a 5 square mile
watershed. Using straight line interpolation the peak flow rate for a 3 square

mile watershed is:

0.075
r 1
X
0.8 cfs/Ac ? cfs/Ac 0.725 cfs/Ac
1 sq. mi. 3 sq. mi. 5 sq. mi.
2
— 1
4
X 2
= — x = 0.0375
0.075 4
? = 0.8 cfs/Ac - 0.0375 cfs/Ac = 0.7625 cfs/Ac

The peak discharge rate for the three square mile watershed is:

0.7625 cfs/Ac x 3 sq. mi. x 840 AC = 1 464 cfs,
1sq.mi.
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PROBLEM 17 (Part 2)

Again using the Peak Flowrate curve of Section L from the Orange County
Hydrology Manual, the 100-year peak flow for a 3 square mile catechment with a
1.5 hour time of concentration, a F,, of 0.25 and a Y of 0.30 is determined.

From Figure 29 the peak flow rate of 0.96 cfs/acre for the study watershed
(assuming equal weighting of Fi,; and Y) is obtained. From Figure 30 the peak
flow rate is found to be 0.89 cfs/acre for a 5 square mile watershed. Using

straight line interpolation the peak flow rate for a 3 square mile watershed is:

0.07
[ § 1
X
¥ 1
0.96 cfs/AC ? cfs/AC 0.89 cfs/Ac
1 sq.mi. 3 sq.mi. 5 sq.mi.
{ —
2
[ - - |
4

x = 0.035

? =0.96 cfs/Ac - 0.035 cfs/Ac = 0.925 cfs/Ac
The peak discharge rate for the three square mile watershed is:

0.925 cfs/acre x 1,920 acres = 1,776 cfs.
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Peak Flow (cfs / acre )
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PROBLEM 18

Watershed Response to Urbanization

For environmentally or aestheticly sensitive watersheds or watersheds with
undersized downstream flood control facilities a thorough hydrologic model may
be required to estimate the changes in peak flow rates, runoff volumes, channel
aggregation and/or degradation, and water quality due to urbanization. A
complete model of a catchment would reflect existing conditions and ultimate

conditions and may also include proposed mitigative measures.

The typical effects of urbanization on a watershed's hydrologic regimen has long
been recognized. Urbanization of a watershed changes its response to
precipitation. The typical effects are; reduced infiltration, concentration of
runoff, and decreased travel time which result in significantly higher peak rates
of runoff and greater runoff volumes. However, urbanization does not always
result in increased peak rates of runoff and greater runoff volumes. For example
the runoff volume can be greater for a watershed with soil type D (high runoff
potential) under natural conditions than when the same watershed is developed
for single family land use. Because the impervious surfaces within the watershed
will increase with urbanization, it appears contradictory that the runoff volume
will decrease. However, a comparison of the loss rates (F; and Y) of the runoff
hydrographs indicate that while the impervious area does increase with
urbanization, the vegetal cover associated with an urban watershed compensates
for the decreased pervious area (i.e.: the initial abstraction increases with
urbanization). This is particularly true for watersheds with low precipitation
depths where the initial abstraction can absorb a large percent of the total
rainfall.

The typical approach used to evaluate hydrologic changes in a watershed is to
determine the peak flow rates for 2-, 5-, 10-, 25-, 50-, and 100-year storm
events (flood flow frequency curve) for; existing conditions, developed conditions
without mitigative measures, and developed conditions with mitigative measures.
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Runoff volumes for the various return periods are also typically required,
consequently a unit hydrograph procedure is necessary.

Following is an itemization of the major components needed to fully evaluate the
hydrologic changes anticipated of a watershed. This problem encompasses all of
the preceding concepts, including: rational method, effective area, unit
hydrograph channel routing and basin routing. Excerpts from the "Tijeras
Canyon Mitigative Measure Hydrologic/Sedimentation Analysis" report prepared
by Williamson and Schmid in October, 1986 are used as examples in the problem.
The complete Tijeras Canyon report is on file and available for review at
OCEMA. A pre-study meeting with County staff should be held before starting a
detailed study.

1. An overall evaluation of the study catchment is first made. The cursory
evaluation should be used to define, in general terms, the opportunities and
constraints of the catchment and develop possible mitigative measures.
This first step is critical in setting up the hydrologic models (i.e.: ensuring

critical coneentration points coineide for the various hydrologic models ).

2. Generally the unit hydrograph lag is calculated from the watershed time of
concentration Tq, therefore the second step is to complete rational method
studies (and hence T, estimates) for 2-, 5-, 10-, 25-, 50-, and 100-year
return periods using first existing conditions and then developed conditions
without mitigative measures. Shown in figures 31 and 32 are typical
hydrology maps for existing and developed conditions respectively.
Corresponding T, summaries for varying return periods are shown in table

22 for existing and developed conditions.
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The next step is to determine the loss rates (Fp and Y) for existing and
developed conditions as shown in table 23. It is noted that a format such as
shown in figure 33 should be used to organize the loss rate calculations.

The fourth step is to determine the S-graph fractions to represent the

watershed for existing and developed conditions as shown in table 24.

After determining the rainfall (table 25) the fifth step is to calculate the
watershed runoff hydrographs for existing and developed conditions for the
various return periods. An exhibit (such as figure 34) depicting the
significant concentration points is often helpful in visualizing the
watershed. It is often convenient to prepare watershed schematies for
both existing and developed conditions as shown in figures 35 and 36. The
watershed schematies are intended to depict all of the salient features of
routing the runoff hydrographs through the catchment.

The sixth step is to compare the developed condition flood flow frequency
curve with the existing condition flood flow frequency curve at the critical
concentral points. This is normally done by plotting the peak discharge
rates on log-probability paper (figure 37). As can be seen from figure 37,
the developed condition flood flow frequency curve is considerably higher.
Consequently a variety of mitigative measures were investigated for
Tijeras Canyon. Figure 38 is a schematic of one option studied to lower
the developed condition flood flow frequency curve. Figures 39 through 42
are the resulting flood flow frequency curves at critical concentration

points.
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TABLE 22.

EXISTING AND DEVELOPED CONDITIONS TIMES OF CONCENTRATION

Existing (Historiec Condition) Times of Concentration (T,) for Tributary Channels

RATIONAL HYDRO-

METHOD GRAPH RETURN PERIOD
NODE NODE 100-YR 50-YR* 25-YR 10-YR
109 103 48 49 51 53

209 104 68 69 71 72

311 105 65 67 69 70

410 106 35 34 33 39

* interpolated values

Ultimate Condition Times of Concentration (T,) for Tributary Channels

RATIONAL HYDRO-
METHOD GRAPH

NODE NODE 100-YR 25-YR 10-YR*
179 4 21.9 22.3 22.5
212 5 18.7 19.2 19.7
226 6 14.8 15.0 15.1

*time of concentration used for runoff hydrographs.
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5-YR*

56
77
75
41

2-YR

61
85
83
45

2-YR

23.5
19.8
15.6



TABLE 23.

EXISTING AND DEVELOPED CONDITIONS LOSS RATES

LOSS RATES FOR EXISTING (HISTORIC) CONDITIONS
FOR TIJERAS CANYON
=F

1. Fpn=F « 1= Fp = 0.2 for soil group D, which covers the entire

pa = *p
area.
2. T-YR Rog AMC CN S Iy Y
100 5.63 I 94 0.64 0.13 0.12
50 5.07 II 80 2.5 0.50 0.42
25 4.49 i 80 2.5 0.50 0.45
10 3.68 Il 80 2.5 0.50 0.52
3.03 I 63 5.9 1.17 0.85
2.05 I 63 5.9 1.17 0.95

LOSS RATES FOR ULTIMATE CONDITIONS FOR TIJERAS CANYON
(ALL SOIL GROUP "G")

NODE 2

% AC lots Ap Fp
1. Py = 0.63(1.0 +0.37(0.6) (0.20) = 0.85(0.20) = 0.17

2. Y (0.63 undeveloped, 0.37 SF)

T-YR 100 50 25 10 5 2

Rog 5.63 5.07 4.49 3.68 3.03 2.05

AMC 01 I i Ji§ I I
CN undev. 94 80 80 80 63 63
CN S.F. 91/98 75/98 75/98 75/98 57/98 57/98
S  undev. 0.64 2.5 2.5 5.9 7.54/.20  7.54/.20
S S.F. 0.99/.20  3.33/.20  3.33/.20 7.54/.20 7.54/.20  7.54/.20
Y undev. 0.12 0.42 0.45 0.52 0.85 0.95
Y S.F. 0.18/.04  0.51/.05 0.54/.05 0.61/.06 0.92/.08  0.98/.11

Y 12 0.39 0.41 0.47 0.75 0.83
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TABLE 24.
EXISTING AND DEVELOPED CONDITIONS S-GRAPH FRACTIONS

Existing (Historic conditions) S—graph percentages

Decimal Decimal
Hydrograph Area Percentage Percentage
Node (Acres) Valley Foothill
103 812 0.46 0.54
104 520 0.51 0.49
105 974 0.55 0.45
106 416 0 1.00
Ultimate conditions S-graph percentages
Decimal Decimal
Hydrograph Area Percentage Percentage
Node (Acres) Urban Foothill
2 175 0 1.00
3 170 1.00 0
4 910 0.90 0.10
5 810 0.60 0.40
6 370 0.45 0.55
7 420 0.33 0.67
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TABLE 25.

RAINFALL (INCHES) FOR EXISTING AND DEVELOPED CONDITIONS

100-YR 50-YR 25-YR 10-YR 5-YR 2-YR
5 Min 52 .45 .40 .34 .26 .19
30 Min. 1.09 .98 .87 72 59 .40
1 Hr. 1.45 1.30 1.15 .95 .78 .53
3 Hr. 2.43 2.189 1.94 1.59 1.31 .89
6 Hr. 3.36 3.02 2.711 2.20 1.81 1.22
24 Hr. 5.63 5.07 4.49 3.68 3.03 2.05

113



N et AR
V725 iy mattiv/aae

DEm——

L]
CLoAmn MERAL AuB LAME fusvitass oL

» Ve - (LGN :
[Ty LS s

FIGURE 31A. EXISTING CONDITION HYDROLOGY MAP
114



FIGURE 31B. EXISTING CONDITION HYDROLOGY MAP
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FIGURE 31C. EXISTING CONDITION HYDROLOGY MAP
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ENVIRONMENTAL MANAGEMENT AGENCY

BY DATE SUBJECT DRAINAGE_AREA SHEET NO.

CHKD. BY DATE SOIl. GROUP COVER COMPLEX MATRIX

CONCENTRATION POINT:
LAG:

IMPER~
LAND USE TOTAL  VIOUS SOIL. GROUP

COVER A B C

OF

REPORT NO.

AGRICULTURAL

OPEN SPACE

SCHOOL

2.5 ACRE LOT

1 ACRE LOT

2 DU/ACRE

3-4 DU/ACRE

§-7 DU/ACRE

SINGLE FAMILY
RESIDENTIAL

8-10 DU/ACRE

10+ DU/ACRE

CONDOMINIUM

FAMILY

MULTI-
RES.

APARTMENT

MOBILE HOME

COMMERCIAL
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GLOSSARY

Antecedent Moisture Condition (AMC). The amount of moisture already in the
soil when the study design storm begins. For the purposes of design hydrology
AMC I will be used for the 2-year and 5-year storm events; AMC II will be used
for the 10-year, 25-year, and 50-year storm events; and AMC III will be used for
the 100-year storm event.

Coefficient of Runoff (C). The coefficient acecounts for losses between rainfall
and runoff. The rainfall losses are: interception by vegetation; infiltration into
permeable soils; retention in surface depressions; evaporation; and transpiration.

Critical Duration. The critical duration of a storm event for a hydraulic
structure is usually the "time of concentration," which is the time for water
deposited at the most remote part of a watershed to flow to the structure, outlet
or spillway.

Distribution Graph. A distribution graph is a unit hydrograph whose ordinates
are expressed in terms of percent of ultimate discharge. A distribution graph is
generally developed as a block graph with each block representing its associated
percent of unit runoff which occurs during the specified unit time. The unit time
used in the distribution graph is identical to the unit time specified for the unit
hydrograph.

Duration. Duration is the specified length of storm time under study. Duration
may be expressed in any time unit such as seconds, minutes, hours, days or
season.

Effective Rainfall. Effective rainfall is that part of rainfall that runs off in a
relatively brief time period. (Here, the brief time period is selected sufficiently
small such that the significant hydrologic effects are adequately represented by
the time-period's average values.) Effective rainfall is the total rainfall less
infiltration, evaporation, transpiration, absorption, and detention.

Exceedance (cumulative) Probability. The probability that a precipitation event
of a specified depth and duration will be exceeded in one year.

Frequency. The frequency of occurrence of events with the specified

precipitation depth and duration. This is expressed in terms of either the return
period or exceedance probability.
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Initial Abstraction. Initial abstraction consists of interception; infiltration and
depression storage which must be satisfied before runoff begins.

Intensity-duration. By dividing precipitation depth by duration, an average
intensity for a specified duration is obtained.

Lag. Lag for a watershed is the time (hours) from the beginning of a continuous
series of unit period effective rainfalls over the watershed area (tributary to a
point of concentration) to the instant when the rate of resulting tributary
watershed runoff (at the point of concentration) equals 50 percent of the
ultimate rate of the resulting runoff.

Low Loss Rate (F*). The low loss rate is an estimate of the rainfall losses
infiltration. Typically in 100-year storm studies, the low loss rate serves as the
only loss rate for the entire storm pattern except for the most intense rainfalls
where the maximum loss rate (Fp,) would apply.

Maximum Loss Rate (Fp). The maximum loss rate limits the amount of rainfall
losses during the storm event. Typically in 100-year storm studies, the maximum
loss rate is reached only during the most intense rainfalls.

Precipitation Depth. Precipitation depth is the amount of precipitation
occurring during a specified duration of storm time. Precipitation depth is
usually expressed in units of inches.

Return Period (recurrence interval). Return period is the long term average
number of years between occurrences of an event of a given depth and duration,
either equaled or exceeded. The return period (T) and exceedance probability (p)
are related by

p=1/T

S-Graph. A S-graph is a summation hydrograph developed by plotting watershed
discharge expressed in percent of ultimate discharge as a function of time
expressed in percent of lag.

Summation Hydrograph. A summation hydrograph for a point of concentration
on a given stream is a curve (hydrograph) showing the time distribution of the
rates of runoff that would result from a continuous series of unit period
effective rainfalls over the tributary watershed upstream of the subject point of
concentration. The ordinates of the summation hydrograph are expressed in
percent of the ultimate discharge.
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Ultimate Discharge. Ultimate discharge is the maximum rate of watershed
runoff which can result from a specified effective rainfall intensity. Ultimate
discharge from a watershed occurs when the rate of runoff on the summation
hydrograph is equivalent to the rate of effective rainfall. For an effective
rainfall rate of one inch occurring in a unit period of one hour, the ultimate
discharge is 645 cfs for every square mile of watershed. Utlimate discharge for
different unit periods is given by dividing 645 by the unit period in hours, and
multiplying by the watershed area in square miles.

Unit Hydrograph. A unit hydrograph (or unit graph) for a point of concentration
on a watershed (catechment) stream is a curve (hydrograph) showing the time
disbribution of rates of runoff which results from one inch of effective rainfall
during a unit period of time over the tributary watershed upstream of the point
of concentration. The unit effective rainfall is generally assumed to occur as an
equivalent constant rainfall intensity during a specified unit period of time (such
as 5, 10, 15 or 30-minutes). Figure E-1 illustrates the general formulation of the
unit hydrograph.
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