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Precipitation
There are four variables of engineering interest:
e Spatial: the average rainfall over the area

e Intensity: how hard it rains

e Duration: how long it rains at any given

intensity

e Frequency: how often (probability) it rains at

any given intensity and duration
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Precipitation

e Unlike flood frequency the rainfall probabilities
are expressed as a combination of frequency
(same idea as AEP), depth, and duration.

e The inclusion of depth and duration reflects
that different “storms” can produce the
same total depth, but deliver that depth over
much different times
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Precipitation

e The statistical relationships are expressed in
either:

e Depth-Duration-Frequency (DDF curves)

e Intensity-Duration-Frequency (IDF curves)
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Depth-Duration-Frequency

e Depth of rainfall is the accumulated depth (in a
gage) over some time interval.

e Duration, 7., is that time interval. ()

e Frequency is the probability (like AEP) of
observing the depth over the given duration.
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Depth-Duration-Frequency (DDF)

e DDF curve
e.q. 12 hour, 100-year (AEP=1%), depth is 70 millimeters
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Depth-Duration-Frequency Tools

e DDF estimates for a location can be constructed
from maps of depth for a given duration and

AEP, R

e Such maps are available from: -

Atlas of Depth-Duration Frequency
of Precipitation Annual

e NWS TP40 (online)
e NWS HY35 (online)
e Texas DDF Atlas (online)

Scientific Investigations Report 2004-5041
(TxDOT Implementation Report 5-1301-01-1)

US. Departmentoftie Iaterior
5. Geological Survey
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DDF Data Sources
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Intensity-Duration-Frequency

e An alternate form of DDF is to present the
magnitude as an intensity (a rainfall rate).

e Intensity is the ratio of an accumulated depth
to some averaging time, usually the duration.

Intensity is NOT the instantaneous rainfall rate
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Depth, Intensity, and Duration

e Conversion from Depth-Duration to Intensity-

Duration is obtained by the ratio of depth to
duration. D

l
avg
TC

e Conversion from Intensity-Duration to Depth-
Duration is obtained by multiplication.

— 7 S
D_lavg TC

using same duration!
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Intensity-Depth Relationship

e Intensity (average rate) from depth

e.q. 12 hour, 100-year (AEP=1%), depth is 70 mm
average intensity is 70mm/12hr = 5.8 mm/hr
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Intensity-Duration-Frequency

e IDF curves
e.q. 20 min, 5-year (AEP=20%), intensity is 5.5 in/hr
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Example: Intensity for Harris County

e Estimate the rainfall intensity for a 50%-chance, 2
hour storm for Harris County using the DDF Atlas

e Step 1: Select the AEP (50% = 2yr storm)

e Step 2: Locate maps for 2-year storm (Figures
4-15 in the DDF Atlas)

e Step 3: Find the map that corresponds to a 2-
hour storm.

e Step 4: Locate Harris County, estimate the depth
from the contour lines.

D
e Step 5: Compute the intensity from i,

T
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Example: Intensity for Harris County

14

Step 2: Locate maps
for 2-year storm

% -+

Base modified from U..

Atlas of Depth-Duration Frequency of Precipitation Annual Maxima for Texas
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Step 3: Find the
ap for the 2-

Albers-equal area
rojection parametefs
Central meridian:

EXPLANATION
of equal precipitation depth,
ches—0.2-inch contour interval.

£

Standard parallel 1: 0.5
Standard parallel 2:
Latitude of origin: { 0 u r S O rI I l .

gl +

logical Survey digital data at

Figure 7. Depth of precipitation for 2-year storm for 2-hour duration in Texas.
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Example: Intensity for Harris County

14 Atlas of Depth-Duration Frequency of Precipitation Annual Maxima for Texas

e Step 4: Locate Harris, *
County, estimate the
depth from the contour
lines. st

98° 96° 94°
+ + +a
0 2550 100 MILES

0 50100 200 KILOMETERS

D ~ 2.47 inches

3

+

Albers-equal area
projection parameters
Central meridian: -96.0
Standard parallel 1: 29.5
Standard parallel 2: 455
Latitude of origin: 23.0

EXPLANATION
— 1 — Line of equal precipitation depth,
in inches—0.2-inch contour interval.

+
+ n N

Base modified from U.S. Geological Survey digital data at 1:250,000 (2003)

+ +

Figure 7. Depth of precipitation for 2-year storm for 2-hour duration in Texas.
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Example: Intensity for Harris County
e Step 5: Compute the intensity from

; _2_2.47 n.

. =1.23 in/hr
* T. 2 hrs.
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Intensity-Duration-Frequency Tools

e EBDLKUP-NEW.xIsx is a spreadsheet tool that

represents the rainfall IDF as the power law
equation
B

T. + D)F

e The coefficients E,B, and D are different for each
county and each mapped AEP.

lAEP.cOUNTY = (

e The coefficients, E, B, and D, are based upon the
information contained in the DDF Atlas (maps).

7' TXDOT




Intensity-Duration-Frequency Tools

e The coefficient B has different numerical value in US
customary and SI unit system.

e The returned intensity is inches-per-hour in the
US customary system

e The returned intensity is millimeters-per-hour in
the SI system

e The duration T, does not need to correspond to a
mapped value.

7' TXDOT

Module 7



EBDLKUP-NEW.xlIsXx

e The spreadsheet is distributed as a .ZIP archive

e The archive includes the spreadsheet, the research
report, a tutorial video, and a tutorial document.

e The video and tutorial document are hyperlinks within the
spreadsheet - the links will not work if the spreadsheet is moved to
a different directory from these files; however the spreadsheet
itself will function fine without the files, but the user wont be able
to access the video or tutorials.
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EBDLKUP-NEW.xlIsXx

O 0O
Q-
‘ Calibri (Body) 12 A L
A Home Layout Tables Charts SmartArt Formulas Data Review Developer v N
j A12 - fx
L TAT] B \ C D[ E | F [ G H I J K L ™M
|
1 Rainfall Intensity-Duration-Frequency Coefficients for Texas
(Revised: May 22, 2015)
2
3 1. Select English or Sl Units
4 | English | -
. Coefficient 2-year 5-year 10-year 25-year 50-year | 100-year
6 2. Select or Enter a County e 0.8212 0.8052 0.7987 0.791 0.788 0.7847
7 I Dallas I b (in) 57.06 68.99 77.69 87.06 98.20 109.33
8 d (min) 10.4 9.8 9.5 9.0 8.9 8.9
3. Enter a Time of Conc. Intensity 0.77 1.01 1.18 1.38 1.58 1.79
9 Select Units (in/hr)
10| | 3 hr |
11
12
| IDF-Interface(s | + J
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Example: Intensity for Harris County

e Estimate the rainfall intensity for a 50%-chance, 2
hour storm for Harris County using
EBDLKUP-NEW.xIsx.

e Step 1: Select the units (English)

o Step 2: Select HARRIS county from the pull-
down menu (or type HARRIS into the dialog box)

e Step 3: Select the storm duration (2 hours) and
the time units (hours)
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Example: Intensity for Harris County

e Step 1: Select the units (English)

g

| o ‘7:‘ o EBDLKUP-NEW.xIsx '
g] Eat| @ l;d @J% [(l_‘] ﬁ ‘?@' v v v '::Q' Search in Sheet \' >
| - . . = 2 2 ‘[
 Galibr (Body) 13 [+ B I U A S % 1 o 20 H-2-4- |
j A Home ] Layout Tables ‘ Charts ] SmartArt ‘ Formulas Data ‘ Review Developer v ﬁ"
( B4 L fx| English ",
A e D[ E | F |G H [ t+ | J | K [ L [M]=
' 1 | Rainfall Intensity-Duration-Frequency Coefficients for Texas |
(Revised: May 22, 2015) ’
2

3 1. Select English or SI Units
|
|

PR | IDF-Interface 5 " + )

4 English | - ||
E o Coefficient 2-year 5-year 10-year 25-year 50-year | 100-year
S English | i
Click
6 S| iter a County e 0.8212 0.8052 0.7987 0.791 0.788 0.7847
7 | Dallas | b (in) 57.06 68.99 77.69 87.06 98.20 109.33
8 d (min) 10.4 9.8 9.5 9.0 8.9 8.9
3. Enter a Time of Conc. Intensity 0.77 1.01 1.18 1.38 1.58 1.79
9 Select Units (in/hr)
10| | 3 hr |
11
12
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Example: Intensity for Harris County

e Step 2: Select HARRIS county from the pull-down menu

O ®

YESRE&® %Et

‘ Calibri (Body) 13

1

‘ A Home ]
[

Layout Table
B7 :

[, P —R—— )

Rainfall Inten:

1. Select ish or Sl Units

| Englis

Al H(WIN

2. Select or Enter a ty

| Dallas

00 L}

9

3. Enter a Time of Conc.
Select Units

10

| 3| hr

11

12

<< > | IDF-Interface 5

Erath
Falls
Fannin
Fayette
Fisher
Floyd
Foard
Fort Bend
Franklin
Freestone
Frio
Gaines
Galveston
Garza
Gillespie
Glasscock
Goliad
Gonzales
Gray
Grayson
Gregg
Grimes

Click Guadalupe

Hale
Hall
Hamilton

EBDLKUP-NEW.xIsx

: ( ~
v v v 'iQ' Search in Sheet ) B
I . . !
AL % 3 %Gp o BH-&-A- |
martArt Formulas Data [ Review Developer v v t
|-
G | H | 1 | J | K [ L [M

n-Frequency Coefficients for Texas
(Revised: May 22, 2015)

2-year 5-year 10-year 25-year 50-year 100-year

0.8212 0.8052 0.7987 0.791 0.788 0.7847
57.06 68.99 77.69 87.06 98.20 109.33
10.4 9.8 9.5 9.0 8.9 8.9
0.77 1.01 1.18 1.38 1.58 1.79

Ll |

LB |

Hansford
Hardeman
Hardin

| +
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Example: Intensity for Harris County

e Step 3: Enter the storm duration (2 hours) and select

the time units (hours)

o o EBDLKUP-NEW.xIsx _
G2 E GEHE& % ED ﬁ Q - @ -4+ (Qusearchin Sheet ) »}
— _ _ |
l Calibri (Body) 13 § B I U/ A S % 2 %o 00 H - QD v A ‘
1 A Home ‘ Layout | Tables ] Charts ‘ SmartArt ] Formulas | Data ] Review Developer v ﬁ-'t
( c10 : fx| hr |~
L TA] B NN D| E | F RS R — W— I [ J [ K [ Lt [MI[=]
| 1 Rainfall Intensity-Duration-Frequency Coefficients for Texas L
(Revised: May 22, 2015)
2
3 1. Select English or SI Units
4 [ English | . !
s Coefficient 2-year 5-year 10-year 25-year 50-year | 100-year L
6 2. Select or Enter a County e 0.7939 0.7855 0.7829 0.7774 0.7727 0.772 I
7 [ Harris | b (in) 57.73 73.87 86.47 102.23 116.88 136.33
8 d (min) 9.5 10.5 11.3 12.3 13.0 14.1
3. Enter a Time of Conc. Intensity {
9 select Units (in/hr) 1.21 1.61 1.90 2.29 2.67 3.11 "
2| b I3
11 min Sk
12
IDF-Interface (3 | +

" TXDOT
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Example: Intensity for Harris County

e Step 4: Find result for desired AEP (2-yr is 50% storm)

®@00 |
Q- i
Calibri (Body) 13 = —
1 & Home Layout Tables Charts SmartArt Formulas Data Review Developer v £t
( C10 - fx| hr |-
L A B | C |D[ E | F | G H I J K L | M |
1 Rainfall Intensity-Duration-Frequency Coefficients for Texas
‘ (Rewised: May 22, 2015)
2 |
N 3 1. Select English or SI Units
4 I English | .
Coefficient 2-year 5-year 10-year 25-year 50-year | 100-year
B S "
6 2. Select or Enter a County e 0.7939 0.7855 0.7829 0.7774 0.7727 0.772
7 I Harris I b (in) 57.73 73.87 86.47 102.23 116.88 136.33
8 d (min) 8 10.5 11.3 12.3 13.0 14.1
3. Enter a Time .of Conc. In.tensny 161 1.90 229 267 311
£] Select Units (in/hr)
10 | 2| w3
11
12
« < » » W IDF-Interface(d | + )
Sl == ! R -
74 TxDOT
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Purpose of the Tools

e The EBDLKUP-NEW tool greatly reduces effort

required to interpolate duration values that are not
mapped.

e The E, B, and D values can be entered into GeoPack
Drainage (or WinStorm) for drainage design.
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Comparison of the Tools

e The results from the map and the spreadsheet tool
are nearly the same.

e The results are not identical because:

e The map requires the designer to estimate a
depth based on nearby contour lines

e The EBDLKUP-NEW uses the estimated depth at
the county centroid

e The EBDLKUP-NEW tool reduces effort required to
interpolate duration values that are not mapped

e The E, B, and D values can be entered into GeoPack
Drainage (or WinStorm) for drainage design.
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Module 7



Design Storms

e Design storms are rainfall distributions that
represent temporal patterns of a storm.

e A rainfall distribution is also called a hyetograph.

e Rainfall distributions are used when we need to
estimate an entire hydrograph.
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Rainfall distributions

e Each “block”

represents the |
amount of rainfall
for the time o
interval
s | e The running sum of
° the blocks is the
e The diagram is “cumulative” rainfall
called ~ ]
“incremental” /
rainfall 774 [/ L
o 2 4 & & 10 1




Rainfall distributions

e Design storm (distributions) are created from
historical storms and analyzed to generate
statistical models of rainfall.

e Design storm distributions are typically
dimensionless hyetographs

e NRCS Type Storms
e Empirical Texas Hyetographs
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Texas Empirical Hyetographs

b

e Alternative to SCS Type Curves is AR
the Texas Empirical Hyetographs

In cooperation with the Texas Department of Transportation
Empirical, Dimensionless, Cumulative-

Rainfall Hyetographs Developed From
1959-86 Storm Data for Selected

] Based on Texas data_ Small Watersheds in Texas

e Reflects “front loading”
observed in many real storms.

e Rescales time and depth.

Scientific Investigations Report 2004-5075
(TxDOT Research Report 0-4194--3)

U.S. Department of the Interior
U.S. Geological Survey
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Texas Empirical Hyetographs
400

90
80
70
60
50

40

Rescale Depth

30

20
_ First- throu hfourth quartile |

10 U storms combined
Il (trimmed and smoothed data group)

= N I R T T T I
0 10 20 30 0 50 B0 70 80 90 100

PERCEN R egcale TimeT'ON



Texas Empirical Hyetographs

e The 50th percentile curves represents the median
behavior of observed storms in Texas that were
known to produce runoff.

e To use the curves:

1.
2.
3.

4.
5.

Select a desired AEP.
Select the desired storm duration.

Use DDF Atlas or EBDLKUP-NEW to estimate the
storm depth for the selected AEP and duration.

Multiply the time axis by the storm duration.
Multiply the depth axis by the storm depth.

e Result is a cumulative design storm distribution for
given duration and AEP.
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Example: Texas Empirical Hyetographs

e Construct a design storm for the 3-hour, 2-year
rainfall in Harris County using the Texas Empirical
Hyetograph

1. Obtain the depth from the DDF Atlas

2. Rescale the depth and time using the Texas
Empirical Hyetograph
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Example: Texas Empirical Hyetographs

Figure 8 15

1. Obtain the depth from the DDF Atlas

106°

3 + 1040
=L

98° 96° 94°

+ + +a
0 2550 100 MILES

0 50100 200 KILOMETERS

D ~ 2.6 inches

+

EXPLANATION
— 1 — Line of equal precipitation depth,
in inches—0.2-inch contour interval.

Albers-equal area
projection parameters
Central meridian: -96.0
Standard parallel 1: 29.5
Standard parallel 2: 45.5
Latitude of origin: 23.0

+ +

+ - .

Base modified from U.S. Gep

Figure 8. Depth of precipitation fp
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Example: Texas Empirical Hyetographs

2. Rescale depth and time using the Texas Hyetograph

2.60 inches v
100 T I I I | I I I | |

- e
90 o 95

80 ! 1.93 inches

B @\e -
= . or©® |
" 1.36 inches e i
50 — —
40 — \L —
30 |- Qe&“"‘ ]
- \Q\\\ o
2 < ~ £ , =
= First: = gh fourth-quartile o)
N g | (c'ttr?r;ﬂ g legﬁ?oothed data group| =
1 1

N | 1 | 1 | 1 |
0 10 20 30 40 50 60 70 80 90 100

PERCENT OF STORM DURATION
= ©®
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Texas Empirical Hyetographs Tools

e The empirical hyetograph is tedious to generate
from the curves if short time intervals are desired
(say every 10 minutes).

e TXHYETO.xlIsx is a spreadsheet tool that
approximated the 50t percentile curve and the 90t"
percentile curve using a distribution-mixture
function model.

7' TXDOT




Texas Empirical Hyetographs Tools

e The empirical hyetograph is tedious to generate
from the curves if short time intervals are desired
(say every 10 minutes).

e TXHYETO.xlIsx is a spreadsheet tool that
approximates the 50t percentile curve and the 90t
percentile curve using a distribution-mixture
function model.

e TXHYETO.xIsx can be used stand-alone, but it was

built to be used in conjunction with EBDLKUP-
NEW.xlsx
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TXHYETO.xIsXx

e The spreadsheet is distributed as a .ZIP archive

e The archive includes the spreadsheet, the research
report, a tutorial video, and a tutorial document.

e The video and tutorial document are hyperlinks within the
spreadsheet - the links will not work if the spreadsheet is moved to
a different directory from these files; however the spreadsheet
itself will function fine without the files, but the user wont be able
to access the video or tutorials.
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TXHYETO.xIsXx

® OO0
Q' Search in Sheet

Arial 10 3

& Home Layout Tables Charts SmartArt Formulas » v B~

c27 AR <N fx| v
I R R S A R
1 Spreadsheet to Dimensionalize Texas Hyetographs
2 (Revised: June 24, 2015)
3

4 1. Enter a Storm Duration 50TH PERCENTILE HYETOGRAPH
5 (from DDF Atlas, TP40, or equivalent) Time (min) | Time (hrs) | Depth (in)
6 [ Jhours 0 0 0.000
7 60 1.00 1.000
8 2. Enter a Storm Depth
9 (from DDF Atlas, TP40, or equivalent)
10 Einches
11
12 3. Enter a desired Time Interval

(recommend intervals perfectly divisible by storm duration)

> > l 50th Percentile

90th Percentile | + J \
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Example: Texas Empirical Hyetographs

e Construct a design storm in 10 minute increments for a
3-hour, 2-year rainfall in Harris County using the
TXHYETO.xIsx and EBDLKUP-NEW.xIsx

1. Obtain the intensity value from EBDLKUP-NEW.xIsx

2. Multiply this value by the duration (3 hours) to obtain the
storm depth.

3. Enter the total duration into TXHYETO.xIsx
Enter the total depth into TXHYETO.xIsx
5. Enter time step size into TXHYETO.xIsx

.

e Result is a design storm for specified AEP, depth, and
duration.
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Example: Texas Empirical Hyetographs

1. Obtain the intensity value from EBDLKUP-NEW.xlsx

® O O
Calibri (Body) 12 - = —
A Home Layout Tables Charts SmartArt Formulas Data Review Developer v V
B11 = fx -
[ A] B G [D] E F G [ H I [ J [ K [ L [M]
1 . Rainfall Intensity-Duration-Frequency Coefficients for Texas
(Revised: May 22, 2015)
2
3 1. Select English or SI Units
4 I English I . -
. Coefficient 2-year 5-year 10-year 25-year 50-year | 100-year
6 2. Select or Enter a County e 0.7939 0.7855 0.7829 0.7774 0.7727 0.772
7 I Harris I b (in) 57.73 73.87 86.47 102.23 116.88 136.33
8 d (min) 9 10.5 113 123 13.0 14.1
3. Enter a Time of Conc. Intensity
. . . 71 i .
9 Select Units (in/hr) n 120 14 17 200 233
10| | 3] hr |
11
12

| IDF-Interfaced | + J
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Example: Texas Empirical Hyetographs

2. Multiply this value by the duration (3 hours) to obtain the
storm depth.

D = (0.9 in/hr)(3 hr)= 2.7 inches
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Example: Texas Empirical Hyetographs

3. Enter the total DL |
duration into | il Search In Shee |
TXHYETO.xIsx | Aral 10 '

| A Home Layout Tables Charts SmartArt Formulas | 2| v £~
B7 4 fx| A
_ | A \ B | C | D | E \ F | G | H \ L
|
1 Spreadsheet to Dimensionalize Texas Hyetographs
? (Revised: June 24, 2015)
-3 |
4 1. Enter a Storm Duration 50TH PERCENTILE HYETOGRAPH
-5 | (from DDF Atlas, TP40, or equivalent) Time (min) | Time (hrs) I Depth (in)
é 3 Jhours 0 0 0.000
-7 | 60 1.00 0.537
8 | 2. Enter a Storm Depth 120 2.00 0.747
9 (from DDF Atlas, TP40, or equivalent) 180 3.00 1.000
10 | inches
11 |
12 | 3. Enter a desired Time Interval
13 (recommend intervals perfectly divisible by storm duration)
14 | minutes
15 |
16 |
17 |
18 |
19 |
20
| 21 |
22
23
2A
<« » » 77 50th Percentile / 90th Percentile 414 /
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4,

Example: Texas Empirical Hyetographs

Enter the total depth into TXHYETO.xIsx

Q~ She

Calibri 8

& Home Layout Tables Charts SmartArt Formulas v v

D14 i fx | |-
_ A R p—| C \ D [ E \ F [ G \ H |
1 Spreadsheet to Dimensionalize Texas Hyetographs
2 (Revised: June 24, 2015)
B

4 1. Enter a Storm Duration 50TH PERCENTILE HYETOGRAPH
5 (from DDF Atlas, TP40, or equivalent) Time (min) | Time (hrs) | Depth (in)
6 | 3  |hours 0 0 0.000
7 60 1.00 1.449
8 2. Enter a Storm Depth 120 2.00 2.016
9 (from DDF Atlas, TP40, or equivalent) 180 3.00 2.700

ﬂl 2.7__|inches
11

3. Enter a desired Time Interval

(recommend intervals perfectly divisible by storm duration)

| 60 [minutes

50th Percentlle / 90th Percentile | + |
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Example: Texas Empirical Hyetographs

ONONG®,
5. Enter time step size Q- Search in Sheet
into TXHYETO.xIsx Galibr

A Home Layout Tables Charts SmartArt Formulas » v B
e The spreadsheet .
E19 . fx| A
automatically fills =0 T&® T c T ©® T & T F T 6 [ W T
th e d e pth CcO I umn 1 Spreadsheet to Dimensionalize Texas Hyetograp
. 2 (Revised: June 24, 2015)
with the 5]
H 4 1. Enter a Storm Duration 50TH PERCENTILE HYETO!
C u m u I a t I V e -5 | (from DDF Atlas, TP40, or equivalent) Time (min) | Time (hrs) | De, (in)
6 - hours 0 0 0.000
depthS fOF eaCh 7 10 0.17 0.430
t . . t 8 2. Enter a Storm Depth 20 0.33 0.805
9 (from DDF Atlas, TP40, or equivalent) 30 0.50 1.061
Ime Incrémen 10 [27_Jinches 40 0.67 1237
11 50 0.83 1.359
12 3. Enter a desired Time Interval 60 1.00 1.449
13 commend intervals perfectly divisible by storm duration) 70 1.17 1.525
é minutes 80 133 1600
15 90 1.50 1.684
16 100 1.67 1.782
17 110 1.83 1.894
18 120 2.00 2.016
19 130 2.17 2.143
20 140 2.33 2.267
21 150 2.50 2.382
22 160 2.67 2.484
23 170 2.83 2.570
24 180 3.00 2.700
« <4 >> 50th Percentile / 90th Percentile | + y:
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Texas Empirical Hyetographs

e The result is then ready to paste into HEC-HMS or similar
tools that make use of a design storm.

e The next example illustrates using the two tools to input
a design storm into HEC-HMS
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Integrated EBDLKUP, TXHYETO and
HEC-HMS Example

e The result is then ready to paste into HEC-HMS or similar
tools that make use of a design storm.

e The next example illustrates using the two tools to input
a design storm into HEC-HMS
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Integrated EBDLKUP, TXHYETO and
HEC-HMS Example

e Consider a
watershed with the

Watershed properties in the
Properties 5 figure.
AREA=6.92mi2  Pri
MCL=5.416 mi e The watershed is
MCS=0.005595 ... [ located in Dallas
CN=86

County, Texas

| « Estimate the
response of a 5-
year, 3-hour storm
using HEC-HMS
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Integrated EBDLKUP, TXHYETO and
HEC-HMS Example
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Rainfall Intensity-Duration-Frequency Coefficients for Texas

Tables Charts SmartArt Formulas
fx| 3
D| E F G H

(Revised: May 22, 2015)

1. Select English or Sl Units

Data

Review

J

English
I g I Coefficient 2-year 5-year 10-year 25-year 50-year | 100-year
2. Select or Enter a County e 0.8212 0.8052 0.7987 0.791 0.788 0.7847
| Dallas | b (in) 57.06 68.99 77.69 87.06 98.20 109.33
d (min) 10.4 9.8 9.5 9.0 8.9 8.9
3. Enter a Time 'of Conc. Infensny 0.77 101 118 138 158 179
Select Units (in/hr)
2 hr

IDF-Interface &) /

1.01 in/hr x 3.0 hr = 3.03 inches

7' TXDOT

Estimate the
response of a 5-
year, 3-hour storm
using HEC-HMS

EBDLKUP-NEW
estimates the
intensity as
1.01 in/hr

The product of that
intensity and
duration estimates
the depth as 3.03
inches




Integrated EBDLKUP, TXHYETO and
HEC-HMS Example

[ooo
A Home Layout Tables Charts
B14 E fx| 10

| W— A B C D
(
| 1
4 2 {

3
[ 4 1. Enter a Storm Duration
E 5 (from DDF Atlas, TP40, or equivalent)
E 6 | IZIhours

7
| 8 ‘ 2. Enter a Storm Depth

9 (from DDF Atlas, TP40, or equivalent)
f10 inches

11

12 | 3. Enter a desired Time Interval
1 1 3 (recommend intervals perfectly divisible by storm duration)
F 14 minutes

15 |

16
y 17
18|
119
£ 20 |
: 21

22
£23 |

24

28

E

SmartArt

F

Formulas

G

H

Spreadsheet to Dimensionalize Texas Hyetographs
(Revised: June 24, 2015)

50TH PERCENTILE HYETOGRAPH

Time (min)l Time (hrs) | Depth (in)

0
10
20
30
40
50
60
70
80
90

100
110
120
130
140
150
160
170
180

0
0.17
0.33
0.50
0.67
0.83
1.00
1.17
1.33
1.50
1.67
1.83
2.00
2.17
2.33
2.50
2.67
2.83
3.00

0.000
0.482
0.903
1.190
1.388
1.525
1.626
1.711
1.796
1.890
2.000
2.126
2.263
2.405
2.544
2.673
2.788
2.884
3.030

e Enter the duration
and depth into

e TXHYETO

e Enter the desired
simulation time step
(10 minutes this

example)

e Result is a design
storm that can be
supplied to HEC-
HMS

—

50th Percentile / '90th Fl’ercentile + )
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Integrated EBDLKUP, TXHYETO and
HEC-HMS Example

O0O0 O0O0 HEC-HMS 4.0 [C:\...\My Documents\Example_TXHYETO\Example_TXHYETO.hms]
NEile Edit View Componerts Parameters Compute Resuts Tools Help

DB EB|x & Qs P & P 8 o] |[one seeass-

Calibri 1

3
— Example-TXHYETO
- o || Basin Model [Examp| i
# Home Layout ) Tables Charts SmartArt ¥ HE S B Basin Modsts
B14 10 @ Sfx| 10 = &8 Example-TXHYETO
1 A [ B ] [ D [E] F ] G [ H T T (#1123 MySubBasin
r = Meteorologic Models
1 Spreadsheet to Texas Hyetograp =} Example-TZHYETO S MySubBasin
2 (Revised: June 24, 2015) ) &9 Specified Hyetograph
= =1+ Control Specifications
4 1. Enter a Storm Duration [ 50TH PERCENTILE HYETOGRAPH | - 2 control
5 (from DDF Atias, TP40, or equivlent) [ Time (min) | _Time (hrs) | _Depth (in]_| {5 Time-Series Data
6 hours [ 0 0.000 [=1-{(3) Precipitation Gages
7 10 017 0482 = B TRHYETO-Designstorm
.8 | 2. Enter a Storm Depth 20 033 0.903 )01 Jan2000, 00:00
9 (from DDF Atias, TPA40, or equivalent) 30 0.50 1190 I —
10 [3:03 Jinches 40 067 1388 * " Components | Compute | Results
11 50 0.83 1525 3
12 3. Enter a desired Time Interval 60 100 1626 3 [ Time-Series Gage | Time: Window | Table | Graph |
recommend ntervalsperfecty ivsible by storm duration) 70 117 1711
10| minutes 80 133 179 i .
" % 150 1890 Name: TXHYETO-DesignStorm
100 167 2.000 \ Description: | i
110 183 2126
120 200 2263 | Data Source: IManua\ Entry LI
130 217 2.405 1 Units: |Cumulative Inches =l
140 233 2.544 ) -
150 250 2673 1 ime Interval: |10 Minutes LI
160 267 Ll . Latitude Degress: |
170 283 2.884 i
180 3.00 3.030 I Latitude Minutes:
H

Latitude Seconds:

i Longitude Degrees:

Longitude Minutes:

= Longitude Seconds:

Blaa]a]s]s|wlwlwlow wlwl www wln] N8N N]N] ||| ] ] ] ] ] =] ]
G| B |W|N|=|S|0|x|N|a| G B W K| | S| V| e N| o vl & w| N = Sf©| | | & ! B &

< <« » » [ 50th Percentile [ 90th Percentile | + J*

e HMS model ready to receive the hyetograph
(How to build model is covered in DES-606)
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Integrated EBDLKUP, TXHYETO and
HEC-HMS Example

.’ Excel File Edit View Insert Format

Tools

Data Window # Help

$3 = 100% @@ Mon 7:55AM cleveland

Q

[ ] TXHYETO-Function.xIsx

000

File Edt View Components Parameters Compute Results Tools Help

HEC-HMS 4.0 [C:\...\My Documents\Example_TXHYETO\Example_TXHYETO.hms]

B E @ H @ % ED (Q' Search in Sheet ) »
Calibri o & B I U = =kl $ % »
# Home | Layout | Tables | Charts | SmartArt | » v H-

He ANx N fx| =IF(H5=$B$10," IF(H5=" S
D /2 i 1 B (i 1) i N G G| G | =)
1 Spreadsheet to Di i lize Texas Hyetographs I
T (Revised: June 24, 2015)
3]
4 1. Enter a Storm Duration [ 50TH PERCENTILE HYETOGRAPH
5 | (from DDF Atlas, TP40, or equivalent) Time (min) | Time (hrs) Depth (in)
6 hours 0 0 [~ ooo0 |
10 017 0482
2. Enter a Storm Depth 20 033 0903
(from DDF Atlas, TP40, or equivalent) 30 050 1190
303 Jinches 40 067 1388
50 083 1525
3. Enter a desired Time Interval 60 1.00 1626
(recommend intervals perfectly divisible by storm duration) 70 117 1711
minutes 80 133 1.796
90 1.50 1.890
100 1.67 2.000
110 183 2126
120 200 2263
130 217 2.405
140 233 2544
. 150 250 2.673
160 267 2.788
170 283 2.884
: 180 3.00 3.030
25

| D = N | RO S R ] e
| Example-TRHYETO
[=-{5) Basin Models
=15 Example-TXHYETO
24 MySubBasin
= B Meteorologic Models
[=2% Example-TXHYETO
&0 Specified Hyetograph
= E, Control Specifications
é Contral 1
{5 Time-Series Data
(=[5 Precipitation Gages
= [ TRHYETO-Designstorm
I

elected-- LI J |--None Selected--

D BEE®

I Components | Compute | Results

50th Percentile / 90th Percentile | +

E% Time-Series Gagel Time Window Table | Graphl
Time (ddMMMYYYY, HH:mm) Precipitation (IM)

CTIAEUO; T,
-

01Jan2000, 10:10
011an2000, 10:20
01Jan2000, 10:30
01Jan2000, 10:40
011an2000, 10:50
01]an2000, 11:00
011an2000, 11:10
01Jan2000, 11:20
011an2000, 11:30
011an2000, 11:40
01Jan2000, 11:50
011an2000, 12:00
01Jan2000, 12:10
011an2000, 12:20
011an2000, 12:30
01]an2000, 12:40
011an2000, 12:50
01Jan2000, 13:00
011an2000, 13:10
01Jan2000, 13:20
011an2000, 13:30 -

#2 Basin Model [Example-

L%‘MySubBasin

>

e Select the design storm from TXHYETO
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Integrated EBDLKUP, TXHYETO and
HEC-HMS Example

& wine Window $3 = 100% @@ Mon7:57 AM cleveland Q i=
o000 [ JON ] HEC-HMS 4.0 [C:\...\My Documents\Example_TXHYETO\Example_TXHYETO.hms]
Q- Sheet File Edit “iew Components Parameters Compute Resuts Tools  Help
— - A 2~ I SR C R i B =] |[Fione selected-
alibri
| [ Example-TxHYETO #2 Basin Model [Exam
- - 3 p (
#A Home Layout Tables Charts SmartArt »| v =) B Basin Models ﬁ
H6 2| O @ jx‘ =IF(H5=$B$10,"",IF(H5 JIF(G6<=0, |= =1 &) Example-TRHYETO
P A e B D e G L P T TN & MySubBasin
= E Meteorologic Models
1 Spreadsheet to Dimensionalize Texas Hyetographs [=1 &% Example-TXHYETO & MySubBasin
2 (Revised: June 24, 2015) &0 Specified Hyetograph
3 =15 Control Specifications
4 1. Enter a Storm Duration [ 50TH PERCENTILE HYETOGRAPH | Control 1
5 (from DDF Atlas, TP40, or equivalent) [[Time (min) |_Time (hrs)] | _Depthiin)_| (=5} Time-Series Data
6 hours ) ) 0.000 =+ [ Precipitation Gages
7 10 017 0.482 [=] Uﬁ THHYETO-DesignStorm
8 2. Enter a Storm Depth 20 033 0903 Ii]o1
9 (from DDF Atlas, TP40, or equivalent) 30 050 1190 i
10 40 0.67 1.388 Components | Compute Results'
11 50 0.83 1525
12 3. Enter a desired Time Interval 60 1.00 1.626 B% Time-Series Gage | Time Window Table | Graph |
I3 | (recommend intervalsperfecty civisibl by storm duration) 70 117 1711
14 minutes 80 133 1.796 Time {ddMMMYYYY, HH:mm) Precipitation (IM)
15 EY 150 1.890 et ;‘
16 100 1.67 2.000 01Jan2000, 10:10 _'I
B . m | m |
19 : 130 217 2.405 011an2000, 10:30
(=7 140 233 el 013an2000, 10:40
21 : 150 250 2673
%21 160 267 2788 013an2000, 10:50
23 170 2.83 2884 011an2000, 11:00
24 180 3.00 3.030
25 | 01Jan2000, 11:10
26 01Jan2000, 11:20
% 01Jan2000, 11:30
29 01Jan2000, 11:40
% 013an2000, 11:50
3271 013an2000, 12:00
% 013an2000, 12:10
35 013an2000, 12:20 Gl
36 01Jan2000, 12:30 Fil...
% 013an2000, 12:40 Export...
39 01Jan2000, 12:50
% 013an2000, 13:00
42 011an2000, 13:10 '
43 01Jan2000, 13:20
44
25 | 011an2000, 13:30 -
< <+ = [ 50th Percentile ] 90th Percentile | + J7
—

L40@BE ¢ L&~/ uTO000AWPXIOChaME"

Qam e
e Select destination (in time) for the storm in HMS
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Integrated EBDLKUP, TXHYETO and
HEC-HMS Example

00O O 00 HEC-HMS 4.0 [C:\...\My Documents\Example_TXHYETO\Example_TXHYETO.hms]
hee File Edit “iew Components Parameters Compute Results Tools Help
— Shee |
DS ES|% &2 é el PSP yle
Calibri 10 3
- 1 | Example-TRHYETO
#A Home Layout Tables Charts SmartArt » v ¥ B E Basin Models
H6 20 @ fx| =IF(H5=$B$10," IF(H5 < |+ =1 &8 Example-TRHYETO
T S VOV O <Py W » VO =0 o | G [ H - s MySubBasin
= E Meteorologic Models
1 Spreadsheet to Dimensionalize Texas Hyetographs =122 Example-TRHYETO S MySubBasin
2 (Revised: June 24, 2015) &0 Specified Hyetograph
3 B E Control Specifications
4 1. Enter a Storm Duration [ 50TH PERCENTILE HYETOGRAPH | (€3 Control 1
5 (from DDF Atlas, TP40, or equivalent) | Time (min) | Time (hrs) | Depth (in) _| = E Time-Series Data
6 hours 0 0 0.000 =[5 Precipitation Gages
7 10 017 0482 = [F TXHYETO-Designstarm
8 2. Enter a Storm Depth 20 033 0.903 )
9 (from DDF Atlas, TP40, or equivalent) 30 0.50 1.190 L
10 303 Jinches 40 067 1388 Components | Compute | Results |
11 50 0.83 1.525
12 3. Enter a desired Time Interval 60 1.00 1626 [ Time-Series Gage I Time Window Table | Graph |
13 (recommend intervals perfectly divisible by storm duration) 70 117 1711
14 minutes 80 133 17% Time (ddMMMYYYY, Himm) | Precipitation (IN) |
15 | e 1.50 1.890 OIJEMZ000, TO7ST
16 100 167 2,000 011an2000, 11:00
17 110 1.83 2126
18 . 200 2263 013an2000, 11:10 0,000
19 130 217 2405 01Jan2000, 11:20 0.482
20 140 233 2.544
1 150 250 Y6 01Jan2000, 11:30 0,903
22 160 267 2788 01Janz000, 11:40 1.190
23| 170 283 2884 011an2000, 11:50 1,388
24 180 3.00 3.030
25 | 01Jan2000, 12:00 1.525
% 013an2000, 12:10 1.626
28 01Jan2000, 12:20 1.711
29 013an2000, 12:30 1.796
% 013an2000, 12:40 1.890
32 01Jan2000, 12:50 2,000
% 011an2000, 13:00 2.126
35 | 013an2000, 13:10 2,263
36 01Jan2000, 13:20 2,405
37
38| 01Jan2000, 13:30 2,544
39 017an2000, 13:40 2,673
% 013an2000, 13:50 2,788
42 013an2000, 14:00 2,884
ES 01352000, 14:10 3,030
44
45 | 011an2000, 14:20 Rd|
<< > . 50th Percentile [ 90th Percentile | + U LISt USoIou TS SISp.  11SUUVST SO1ISS QI S1ItST 111U 11U 1iVio. T
|—— - i —

e Paste the the design storm into HMS
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Integrated EBDLKUP, TXHYETO and
HEC-HMS Example

HEC-HMS 4.0 [C:\...\My Documents\Example_TXHYETO\Example_TXHYETO.hms]

000 000
Q- P File Ecit ‘iew Components Parameters Compute Resuts Tools Help
S Shee
J 0= SR P QAP Py |-tone Selected-- ¥ | J |--tone Selected-- % B EEa
Calibri 10 ’ B
|| Example-TXHYETO =
#A Home Layout Tables Charts SmartArt v ¥ = B Basin Models
R - I 3 > I fx| =IF(H5=5BS10," IF(H5="","IF(G6<=0, |+| = Z&) Example-TAHYETO
A B C D RElsE G H ! (& MySubBasin
{5 Metearologic Models
1 Spr t to Di i ize Texas Hy grap SR Example-TXHYETO S, MySubBasin
2 (Revised: June 24, 2015) &0 Specified Hyetograph =
=3 = E Control Specifications
4 1. Enter a Storm Duration [ 50TH PERCENTILE HYETOGRAPH | - E3) Contral 1
5 (from DDF Atlas, TP40, or equivalent) [Time (min) | _Time (hrs) | _Depth (in] | =15 Time-Series Data
6 hours 0 0 0.000 =15 Precipitation Gages
7 10 017 0482 = TRHYETO-Designstorm
8 2. Enter a Storm Depth 20 033 0.903 UE B
9 TP40, or equivalent) 30 050 1190 Il
10 40 0.67 1.388 Components | Compute | Results
11 50 0.83 1525
= 3. Enter a desired Time Interval 60 100 1626 (£ Time-Series Gagel Time Window | Table Graph
I3 | (recommend intenvals perfectly divsile by storm duration) 70 117 1711
14 minutes 80 133 1.79% 3.5
15 EY 150 1.890
16 100 167 2,000
17 110 183 2126
18 120 2.00 2263 3.0 f
19 130 217 2.405 /
20 140 233 2544 [
21 2 150 2.50 2673 /
22 160 267 2788 2.5 f
23 170 283 2.884 |
24 180 3.00 3.030 [
25 [
§(7i s 2.0 f
28 5 /
z E (
E°ll S 15 f
31 o
32 o (
33
33 1.0 ‘
B35 |
36 | |
37
38 0.5 |
39
40 | |
41 |
42 0.0 T T I = T T T
43 00:00 03:00 06:00 09:00 12:00 1500 18:00 21:00
% | 01.Jan2000

«< > Soylh Percentile | 90th Percentile | + J

e Fill missing values

|
~ T 425 | do throuah the build as per DESH!

storm to verify successful paste.

7' TXDOT

(see the report) and plot the




Integrated EBDLKUP, TXHYETO and
HEC-HMS Example

HEC-HMS 4.0 [C:\...\My Documents\Example_TXHYETO\Example_TXHYETO.hms]

(ON O] 000
Q- Sheet File Edit “iew Components Parameters Compute Results Tools Help
DS EB|F & Q é b @F &Py =1 | Rn s B ED e
Calibri 10 3
Example-TXHYETO
A Home Layout Tables Charts SmartArt » v kv ‘ EB B:sln Models ;Iglll
He | o fx| =IF(H5=$B$10,™ IF(H5="","",IF(G6<=0, |+ = £8) Example-TXHYETO &, MySubBasin B
4 A B C D [E] 7 G H (I | [+ MySubBasin =
=1{E5) Meteorologic Models
1 Spreadsheet to Dimensionalize Texas Hyetographs =& Example-TXHYETO
2 (Revised: June 24, 2015) &0 Specified Hyetoaraph v
3 = uj Control Specifications _{' »
4 1. Enter a Storm Duration [ SOTH PERCENTILE HYETOGRAPH | £ Contral 1 ‘
5 (from DDF Atlas, TP40, or equivalent) [Time fmin) | Time (hrs] | _Depth (in]_| (=[5 Time-Series Data Graph for Subbasin "MySubBasin® =] |
6 hours 0 0 0.000 =] [EJ Precipitation Gages P— P ) "
= a 1 017 0482 5 B3 THHIETO Desanstonm Subbasin "MySubBasin" Results for Run "Run 1
8 2. Enter a Storm Depth 20 033 0.903 0.0
9 (from DDF Atlas, TP40, or equivalent) 30 0.50 1.190 1 :
10 inches 40 067 1388 Components | Compute | Results | = 011
11 50 0.83 1525 = 024
12 3. Enter a desired Time Interval 60 100 1626 [ Time-Series Gage I Tirne Window I Table Graph £ :
13 | (recommend intervals perfectly iviible by storm duration) 70 117 1711 o 03
14 [T0Jminutes 80 133 179 35 O g4
15 90 150 1.890 :
16 100 167 2.000 05
17 110 183 2126
18 120 2.00 2263 3.0 {
19 130 217 2405 2 000
20 140 233 2544 / !
21 150 250 2673 f — 15004 \
22 160 267 2788 2.5 f ug
23 170 2.83 2.884 | E 1,000 \
24 180 3.00 3.030 [
25 v,‘ E 5001 j‘
26 = 2.0 f
ral Z f 0 T i T i T T T
28 | s / 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00
29 5
=l £, x | 01Jan2000
31 o | Legend (Compute Time: 29Jun2015, 08:05:53)
32 o ) R
33 | m— Run:Run 1 Element:MySubBasin Result:Precipitation
34 i | : e
g_; 1.0 { e Rn:Run 1 Element:MySubBasin Result:Precipitation Loss
36 — Run:Run 1 Element:MySubBasin Result: Qutflow
37 | q
38| 054 [ ——- Run:Run 1 Element:MySubBasin Result: Baseflow
39
40 | |
41 MOTE 10184: Began computing simulation run "Run 1" at time 29Jun2015, 08:05:53,
+ Found no parameter problems In meteorologic model xample- .
42 0.0 — : : : MOTE 20364: Found no p ter problems in meteorologic model "Example-TXHYETO"
43 | ao:00 03 oo UB oo 09 00 12:00 1500 18:00 21:00 MOTE 40049: Found no parameter problems in basin model "Example-TXHYETO",
44 01Jan2000 MOTE 10185: Finished computing simulation run "Run 1" at time 29Jun2015, 08:05:53,
45
I

A
A
v
v

-l

50th Percentile | 90th Percentile | +) o

e Run HEC-HMS to estlmate the discharge

hydrograph at the watershed outletlgw TIxDOT




Summary

e Rainfall is described by DDF or IDF curves

e DDF values are obtained from NWS or similar
sources - they are mapped to locations

e EBDLKUP-NEW can be used to estimate rainfall
intensity (for use with the rational equation)
directly.

e EBDLKUP-NEW can be used to estimate DDF

values

e The duration does not need to match a mapped time
value.
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Summary

e Design storms are used to estimate temporal
behavior during a storm - required when need
to estimate an entire hydrograph

e Design storms based on the Texas Empirical
Hyetographs can be built using TXHYETO

e The result from TXHYETO can be directly
pasted into HEC-HMS (or SWMM)
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