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Obijectives of the
Regulatory Review Webinar Series

* Learn details of ICPR4 computational methods
* Learn about input data requirements

* Learn about ICPR4’s reporting system
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Obijectives of the
Regulatory Review Webinar Series

* Learn details of ICPR4 computational methods
* Learn about input data requirements

* Learn about ICPR4’s reporting system

What’s not included:

* 2D overland flow

* 2D groundwater

* Details of the graphical user interface

* Importing/drawing background images, map
layers and surfaces
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Lesson | Topics

* |CPR4 Building Blocks

* Hydrology
= Curve Number Method
= NRCS Unit Hydrograph Method
= SBUH Method
*  Working with Rainfall Data

* Examples & Reports
* |and-Locked System
= FDOT Ciritical Storm Analysis using the
NOAA Atlas |14 Precipitation Data
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ICPR
Building Blocks

- Nodes, Links, Basins -

Catchment Areas
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ICPR Building Blocks

- Nodes, Links, Basins -

* Runoff hydrographs from Basins are
assigned to Nodes

* Stages are calculated at Nodes

* Flows are calculated for Links based
on the stages at the connecting
nodes

7 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology



8

ICPR Building Blocks

- Nodes, Links, Basins -

. ] . Infiltration
Infiltration & Rainfall Excess Methods |
Ground Surface
)
[ e Curve Number Method ] Root Zone
K(8y) (RZ)
* Green-Ampt Method __| __________
* Vertically Layered Kinematic Tranermission Zone
Method - (1)
K(6z)
- & ----------- - WaterTable

Saturated Zone
(57)

2-Layer Green-Ampt Schematic
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Curve Number (CN) Method
(from NRCS TR-55)

(P-025)
= eq. 2-3
‘= Pr089) €40 =5)
non-linear relationship
1000 between rainfall and
S =——-10 24
CN runoff [eq ]
I,=025 [eq. 2-2]

Q = runoff (in)

P =rainfall (in)

S = potential maximum retention after runoff
begins (in)

I, = initial abstraction (in)
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Curve Number (CN) Method
(from NRCS TR-55)

Figure 2-1  Solution of runoff equation.
—

Direct runoff (Q), inches

Curves on this sheet are for the
case I = 0.2S, so that
2
q. (P-0.28) S
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Curve Number (CN) Method
(from NRCS TR-55)

Table 2-2a  Runoff curve numbers for urban areas ¥

—
Curve numbers for
Cover deseription hydrologic soil group
Average percent
Cover type and hydrologic condition impervious area 2 A B C D
Fully developed urban areas (vegetation established)
Open space (lawns, parks, golf courses, cemeteries, ete.):
Poor condition (grass cover < 508) .... 68 ] 86 89
Fair condition (grass cover 50% to 75%) 49 69 9 84
Good condition (grass cover > Th) v s 39 61 T4 50
Impervious areas:
Paved parking lots, roofs, driveways, ete.
(exeluding right-of-way) ..... 98 98 98 08
Streets and roads:
Paved; curbs and storm sewers (excluding
nght—of way) .. a8 98 98 93
Paved; open d.ltehes (J.nc]ud.mg nght—of way) 83 89 o2 93
Gravel (including right-of-way) ... T6 B85 89 o1
Dirt (including rght-of-way) ... T2 82 87 89
Western desert urban areas:
Natural desert landscaping (pervious areas only) &' ... 63 i 85 88
Artificial desert landscaping (impervious weed barrier,
desert shrub with 1- to 2-inch sand or gravel mulch
and basin Borders) ... s 96 96 96 96
Urban districts:
Commercial and business ......... 85 89 92 94 95
Industrial T2 81 88 91 a3
Residential districts by average lot size:
1/8 acre or less (town houses).. 65 7 85 90 92
1/4 acre 38 61 5 83 87
1/3 acre ... 30 57 72 81 86
1/2 acre 25 54 70 80 85
1acre .. 20 51 68 79 84
BT 12 46 65 7 82
Developing urban areas
Newly graded areas
(pervious areas only, no vegetation) & i 86 01 94
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Curve Number (CN) Method

(from NRCS TR-55)

Table 2-2a  Runoff curve numbers for urban areas ¥
—

v

Cover deseription

=3

Average percent
impervious area 2/

Average percent
Cover type and hydrologic condition mpervious area 2/ A B Cc

D

Fully developed urban areas (vegetation established)

Open space (lawns, parks, golf courses, cemeteries, ete.):
Poor condition (grass cover < 5080 ............

68 9 86
Fair condition (grass cover 50% to 75%) 49 69 9
Good condition (grass cover > Th) v s 39 61 T4

Impervious areas:
Paved parking lots, roofs, driveways, ete.

89

80

2 The average percent impervious area shown was used to develop the
composite CN’s. Other assumptions are as follows:

1.
2.

impervious areas are directly connected to the drainage system

impervious areas have a CN of 98

3. pervious areas are considered equivalent to open space in good
hydrologic condition

12 © 2019, Streamline Technologies, Inc.
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Developing urban areas
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Curve Number (CN) Method
(from NRCS TR-55)
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Curve Number (CN) Method

Example: Calculating “Lumped” CN

Land Cover: Residential '/4-ac lots
Hydrologic Soil Group: A
Average Impervious: 38%

Lumped CN (a.k.a., area weighted average)

CNimpervious =98 (38%)
CNoervious = 39 (62%, open space good condition)
CN\ymped = (0.38 x 98) + (0.62 x 39)

=6l.4 say 6l
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Curve Number (CN) Method

Runoff Example (Lumped CN Approach)

Land Cover: Residential '/4-ac lots
Hydrologic Soil Group: A
Rainfall: 6 inches
CN =6l
S = (1000/CN) — 10 = 6.39”
l,  =0.2S = 1.28” «——
Q = (P-0.25)%/ (P + 0.8S) =2.01”
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Curve Number (CN) Method
Runoff Example (Distributed CN Approach)

Land Cover: Residential /4-ac lots
Hydrologic Soil Group: A
Impervious Area: 38% (CN = 98)
Pervious Area: 62% (CN = 39)
Rainfall: 6 inches
7C°li\lmperVious = gg% Qdis'cributed = (%Imp X Qimp) + (%perv X Qperv)
impervious = —
A = (1000/CN) - 10 020" (0.38 x 5.76) + (0.62 x 0.45)
Qe = (P—025)2/ (P +0.85) =576 = 2.47”
% pervious =62% — ”
CNimpervious =39 Qlumped 2.0 I
S = (1000/CN) - 10 = 15.64” . = 9 47"
Query = (P—0.25)2/ (P +0.85) = 045" Quistributed :

16 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology /‘?ﬂﬂq—



Curve Number (CN) Method
(from NRCS TR-55)

Figure 2-1  Solution of runoff equation.

L]
8
7 Curves on this sheet are for the
case I = 0.2S, so that
2
. Q- (P-0.28)
— " . =
Q98 - 5.76 el denlenlenieniestestenesteniesieiiiesiesiestesiestentente §ud s
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=
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=
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Rainfall (P), inches
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Curve Number (CN) Method
Runoff Comparison Lumped & Distributed Approaches

Land Cover: Residential '/4-ac lots
Hydrologic Soil Group: A

Impervious Area: 38% (CN = 98)
Pervious Area: 62% (CN = 39)
Rainfall (varies): 4,6,8 & 10 inches

Lumped 081" 201" 3.44” 5.03”
Distributed |.46” 247" 3.67” 5.01”
% Diff +80% +23% +7% -0.4%
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Comparison Q(lumped) and Q(distributed)

6.00
5.00
¢ 4.00
i
O
=
& 3.00
o
c
&
2.00
1.00
0.00
4 5 6 7 8
Rainfall (inches)
——Q (lumped) —o—Q (distributed)
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Curve Number (CN) Method
Summary: Lumped & Distributed Approaches

* Lumped approach: runoff volume based on a single
“area weighted average” CN — assumes linear
relationship between CN and runoff
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Curve Number (CN) Method
Summary: Lumped & Distributed Approaches

* Distributed approach: total runoff volume based on
summation of runoff volumes for each unique
land cover/HSG combination — assumes non-linear
relationship between CN and runoff
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Curve Number (CN) Method
Summary: Lumped & Distributed Approaches

* Lumped approach simpler to implement but less
accurate, especially for lower rainfalls
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Curve Number (CN) Method
Summary: Lumped & Distributed Approaches

* Distributed approach more complicated to implement
but also more accurate
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Curve Number (CN) Method

Implementation of Lumped & Distributed
Approaches in ICPR4

Scenarios | Hydrology 1D Hydraulics Reference

Simple Basins (Lumped)...
Manual Basins (Distributed)...
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Curve Number (CN) Method

“Simple Basin” uses a Lumped Approach

Name |SIMPLE BASIN

Scenario |LUI-"IP—[}IST -
Node |zz Area |10
Hydrograph Method |NRCS Unit Hydrograph - Curve Number ‘61

4

Infiltration Method |Curve Number % Impervious |t]

Max Allowable @ |U % Direct ‘U

Time Shift |l] Rainfall Name ‘

Unit Hydrograph |UH484

|
|
|
|
|
Time of Concentration |1[] | %o DICIA ‘[]
|
|
|
|

Peaking Factor |4B4

Comment |SFR1/4 ACLOTS - TYPE A SOILS
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Curve Number (CN) Method

“Manual Basin” uses a Distributed Approach

Name |MANUAL BASIN | Manual Basin Sub-Basin Edit
. B
Scenario |LUMP-DIST -] |~
Node |ZZ Area Land Cover Zone Soil Zone
3 3.8 IMPERVIOUS A
Hydrograph Method |NRCS Unit Hydrograph < 6.2| OPEN SPACE - GOOD CONDITION A
A Pad

Time shift [0 Breakdown of
Land Cover/Soil Combinations

Unit Hydrograph |UH4B4

|

|

Infiltration Method |Cume Number |

Time of Concentration |1U | \/

Max Allowable Q |[] |

|

|

|

Peaking Factor |4B4

Comment -
. =< Curve Mumber Set Data E@
Requires a CN\ Menu-| BEE %~ 4 A% |0
lookup table | (I
Land Cover Zone Soil Zone Curve Number
r IMPERVIOUS A 98
OPEN SPACE - GOOD CONDITION A 39
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Curve Number (CN) Method

We will discuss reports in greater depth later. For
now, this is a runoff summary “custom” report for 4
simulations of 4”7, 6", 8" and 10", respectively.

Simple Basin Runoff summary umepisy OiMple Basin (Lumped Method)

Max Fow [cfs] Time to Max Total Rainfall Total Runoff Area [ac] Equivalent % Imperv
Flow [hrs] [in] [in] Curve Number
SIMPLE BASIN | 04-INCH 10.38 12.0500 4,000 0.814 10.0000 61.0 0.00 0.00
SIMPLE BASIM | 06-INCH 27.48 12,0333 6.000 2.010 10.0000 61.0 0.00 0.00
SIMPLE BASIN | 08-INCH 47.54 12.0333 8.000 3.453 10,0000 61.0 0.00 0.00
SIMPLE BASIM | 10-INCH 69.06 12.0333 10.000 5.045 10.0000 61.0 0.00 0.00

Manual Basin Runoff summary uvpoisy 1M1anual Basin (Distributed Method)
Max How [cfs]

Sim Name

Time to Max

Total Rainfall

Total Runoff

Arza [ac]

Flow [hrs] Curve Number
MANLUAL BASIN | 04-INCH 16.54 12.0167 4,000 1.463 10.0000 72.0 0.00 0.00
MANUAL BASIN | 06-INCH 26.12 12,0333 6.000 2.472 10.0000 066.3 0.00 0.00
MANUAL BASIN | 08-INCH 40.85 12.0333 8.000 3.675 10,0000 653.0 0.00 0.00
MANLUAL BASIN | 10-INCH 57.85 12.0333 10.000 5.021 10.0000 0.8 0.00 0.00

© 2019, Streamline Technologies, Inc.
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Curve Number (CN) Method

SIMPLE BASIN | 04-INCH 10.38 Lumped
SIMPLE BASIN | 06-INCH 27.48 E—
SIMPLE BASIN | 08-INCH 47.54 Maximum flow
SIMPLE BASIN | 10-INCH [ 69.06
‘- > rates can vary
. significantly
between lumped
Manual Basin Runoff Summary [LUMP-D and distributed
Sim Name Max How [dfs] approaches
MANUAL BASIN | 04-INCH 16.54
MANUAL BASIN | 06-INCH 26.12 <::y
MANUAL BASIN | 08-INCH 40.85
MANUAL BASIN | 10-INCH | 5785]|) Distributed
_
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Curve Number (CN) Method
Equivalent CNs — what are they?

Total Rainfall Total Runoff Area [ac] Equivalent
[in] [in] Curve Number
4.000 1.463 10.0000 72.0
6.000 2.472 10.0000 66.3
8.000 3.675 10.0000 63.0
10.000 5.021 10.0000 60.8

\ Equivalent CNs vary with rainfall when /
using Manual Basins (distributed method)
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Curve Number (CN) Method
Equivalent CNs — what are they?

Total Rainfall Total Runoff Area [ac] Equivalent
[in] [in] Curve Number
4.000 1.463 10.0000 72.0
6.000 2.472 10.0000 66.3
8.000 3.675 10.0000 63.0
\ 10.000 3.021 | 10.0000 60.8
I 74 A
N\ ')

Solve for Equivalent CN from Total Rainfall and Runoff
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N XA o o©

Flow Rate (cfs)
o

o N b~ O 0

© 2019, Streamline Technologies, Inc.

Curve Number (CN) Method

Comeparison of Runoff Rates
Rainfall = 4"

Qpeak = 16.54 cfs / ﬂ

CN =720

equivalent

ﬂ\ Qe = 10.38 cfs

peak —
earlier runoff with CN =61.0

distributed approach \ L

equivalent

)

3 6 9 12 |5 18
Time (hours)

—SIMPLE (lumped) n ——MANUAL (distributed)

Lesson | — Building Blocks & Hydrology
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Curve Number (CN) Method

Comparison of Rainfall Excess Volumes
Rainfall = 4"

Rainfall\

w

Qpeak = 1654 cfs Q. = 10.38 cfs

peak —
CN =720 CN =61.0

/

equivalent equivalent

la=0.2S = |.28” \

no runoff until la satisfied

Rainfall Excess (inches)
- N

0 3 6 9 12 15 18 21 24
Time (hours)

—SIMPLE (lumped) = ——MANUAL (distributed) = ——RAINFALL

© 2019, Streamline Technologies, Inc. Lesson | — Bui|ding Blocks & Hydrology ,4{.'7941,4_
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Curve Number (CN) Method

Comeparison of Runoff Rates

Rainfall = [0"
70
) \
Qpeak = 69.06 cfs

50 Qpeak = 57.85 cfs CN__. =61.0
N CN = 60.8 equivalent
v40 equivalent .
3
&

30
3
LS, . |
- 20 earlier runoff with

distributed approach \ &
0]
0
0 3 6 9 12 |5 18 21
Time (hours)
—SIMPLE (lumped) n ——MANUAL (distributed)

© 2019, Streamline Technologies, Inc. Lesson | — Bui|ding Blocks & Hydrology ,{.'?qn,q__
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Curve Number (CN) Method

Comparison of Rainfall Excess Volumes
Rainfall = 10"

10
Rainfall\
O 8
<
=
= Qe = 57.85 cfs
0 la=0.2S=1.28" CNequivaIent = 60.8 |
X
L4 ™~ /
S no runoff i ‘\
5 , until la satisfied i Qpeak = 69.06 cfs
* =61.0
equwalent
0 :
0 3 6 9 12 |15 18 21 24
Time (hours)
—SIMPLE (lumped) = ——MANUAL (distributed) = ——RAINFALL
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Impervious Areas

Commercial Lot

Office
Building-
Roof Drains —__ v / Flat Roof \‘V
to Parking Lot | .
o Parking Lo o > h?gg ?Cwap%e .
v\}; i /' N T House T—.
\ Parking Lot / \\ R \
/ v v /
- [ |
St S -
ers |l i 7
( gurb and
I . / Gutter
o] | Vo
\ \ i B \\\ \\\ \ / \Sidewalk \ Sidewalk “y \
— Ll > ‘> N \\
2 > . A 2 Street 2 2 o Curb
O O \ O
Manhole ~  Storm Sewer Gutter

© 2019, Streamline Technologies, Inc.
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Impervious Areas

Grass
Swale
/
,/ — Note: Elimination of storm sewer system
<« HO<— —» O > and increasing swale capacity would
Office / elevate this to Level 3.
Building- '
/ Flat Roof \
- Roof Drains
TR ——2> Q" to Grass Swale
Porous Pavement R T T
Parking N g :

o I I 2 N

. I \) < @]
Grass Porous \l
‘) Buffer. l l Pavement '/
\ Parking ———>
3%

N\ W L 4 Sidewalk \l Sidewalk \ '\,

l - Grass O ___ ™
S A e

s \
/ Storm Sewer Inlet / \

- e e o e o o e e o e o o e e e e =

Shallow
Culvert

—y e e o o e e e e o o e o e o e e e o e e = e = =

.
Storm Sewer Street Manhole”

Source: Urbonas, 1993
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% Impervious and % DCIA

Name

Scenario

Node

Hydrograph Method
Infiltration Method
Time of Concentration
Max Allowable Q

Time Shift

Unit Hydrograph
Peaking Factor

Comment

|SIMPLE BASIN

ILUMP-DIST

zz

Area |10

|NRC5 Unit Hydrograph

Curve Number ‘61

|Curve Number

10

% Impervious ‘[]
% DCIA |0

% Direct |0

Rainfall Name ‘

SFR 1/4 AC LOTS - TYPE A SOILS

© 2019, Streamline Technologies, Inc.
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% Impervious and % DCIA

* Directly Connected Impervious Areas (DCIAs) are those
impervious areas that are hydraulically connected to the
conveyance system and then to the basin outlet point
without flowing over pervious areas.
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% Impervious and % DCIA
Example DCIA
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% Impervious and % DCIA
Example DCIA

TAcoEEl. ||

Google Earth
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% Impervious and % DCIA
Example DCIA

Google Earth
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% Impervious and % DCIA

* Conversely, non-DCIAs are those impervious areas that
flow over pervious areas before entering the conveyance
system, and subsequently either joining the DCIAs or
flowing to the basin outlet as sheet flow.
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% Impervious and % DCIA
Example Non-DCIA
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% Impervious and % DCIA
Example Non-DCIA
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% Impervious and % DCIA

* Total Impervious Area (TIA) is equal to the sum of DCIA
and non-DCIA.
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% Impervious and % DCIA

Recall the following assumptions from TR-55 that are implicit in

the CN table;

2 The average percent impervious area shown was used to develop the
composite CN’s. Other assumptions are as follows:

1. 1mpervious areas are directly connected to the drainage system

2. 1impervious areas have a CN of 98

3. pervious areas are considered equivalent to open space in good
hydrologic condition

% IMP A B C D
Urban districts:

Commercial and business ............ccooooviiiie i 85 89 92 94 95
INAUSEIIAL ..o T2 81 88 91 93

Residential districts by average lot size:
ST T eSS O WIT oS eSS T 55 T 85 90 92
| TS TR 38 61 75 83 87
5 2 L S 511 5T 72 81 86
L/2 BOT@ ettt 25 54 70 80 85
LACTO oottt 20 51 68 79 84
P2 L = SRS 12 46 65 7T 32
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% Impervious and % DCIA

(residential with Y4-ac lots, type A soils)

Combine Rainfall Excess

62% Pervious
CN = 39, Open Space in Good Condition

Apply TC & Unit Hydrograph
to Combined Rainfall Excess

a7 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology ,41.7@—'.4_



% Impervious and % DCIA

The TR-55 assumptions can be included in the “Simple Basin”
data form as follows:

Mame |[SIMP BASIN 2
Scenario |[LUMP-DIST-EXL2 7
Mode [ZZ Area |10
Hydrograph Method [NRCS Unit Hydrograph - Curve Number |39 A
Infiltration Method |Curve Number - % Impervious |38
Time of Concentration |10 % DCIA |38 )
Max Allowable Q@ (0 0o Direct |0
Time Shift |0 Rainfall Name
Unit Hydrograph |UH484
Peaking Factor |484

Comment |SFR 1/4 AC LOTS - TYPE A SOILS -
Curve Number = 39 represents open space in good condition for type A soil.
% Impervious = 38% is the TR-55 assumption for residential '/4-ac lots
% DCIA = 38% is the TR-55 assumption that all impervious areas are directly

connected to the drainage system
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% Impervious and % DCIA

(residential with Y4-ac lots, type A soils)

Combine Rainfall Excess

6.2 ac Pervious
CN = 39, Open Space in Good Condition

Apply TC & Unit Hydrograph
to Combined Rainfall Excess
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% Impervious and % DCIA

(residential with '/4-ac lots, type A soils)

Flow Rate (cfs)

30,00
27.00 —
£4.00 —
£1.00 —
15.00 —
15.00 —
1Z2.00 —
.00 —
6,00 —

3.00

| & %DCIA are used

Sim: 06-INCH

— SIMP BASIM 1
SIMP BASIM 2

| \
\ Q,ca = 2748 cfs (lumped)

Qpeak = 26.21 cfs (38% DCIA)

No runoff with
“lumped” CN until
initial abstraction of

1.28” is satisfied

Runoff begins
earlier when %IMP

0.00 —+——

0.00 3.00 6,00 .00 12.00 15.00 18.00 21,00 2400 2700 30,00
Relative Time (hrs)

© 2019, Streamline Technologies, Inc.
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% Impervious and % DCIA

(residential with Y4-ac lots, type A soils)

// Simple Basin Runoff Summary [LUMP-DIST-EXLZ]
Max How [cfs] Time to Max Total Rainfall Total Runoff Area [ac] Equivalent % Imperv
Hw [hrs] [in] [in] Curve Number
SIMP BASIN 1 | O4-INCH 10.38 12.0500 4,000 0.814 10.0000 61.0 0.00 0.00
SIMP BASIN 2 | 04-INCH 16.67 12.0167 4,000 1.552 10.0000 73.3 38.00 38.00
SIMP BASIN 1 | 06-INCH 27.48 12.0333 6.000 2.010 10.0000 61.0 0.00 0.00
SIMP BASIN 2 | 06-INCH 26.21 12.0333 6.000 2.562 10.0000 67.3 38.00 38.00
SIMP BASIN 1 08-INCH 47.54 12.0333 8.000 3.453 10.0000 61.0 0.00 0.00
SIMP BASIN 2 | 08-INCH 40.91 12.0333 8.000 3.767 10.0000 63.8 38.00 38.00
SIMP BASIN 1 10-INCH 69.06 12.0333 10,000 5.045 10.0000 61.0 0.00 0.00
\\ SIMP BASIN 2 | 10-INCH 27.90 12.0333 10.000 5.113 10.0000 61.5 38.00 38.00

Basin Name S ENE Max Flow [cfs]

SIMP BASIN 1 | 04-INCH 10.38 o
SIMP BASIN 2| 04-INCH 1667] « The highlighted max flows
SIMP BASIN 1 | 06-INCH 27.48 (DCIA included) are very
SIMP BASIN 2| 06-INCH %21 « close to the manual basin
SIMP BASIN 1| 08-INCH DE

SIMP BASIN 2| 08-INCH 40,91 / “distributed” approach

SIMP BASIN 1 10-INCH 69.06 PreViOUSI)’ Presented.
SIMP BASIN 2 10-INCH 57.90

51 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology ,47@—!,4_



% Impervious and % DCIA

(residential with Y4-ac lots, type A soils)

Simple Basin Runoff Summary [LUMP-DIST-EXLZ]
Max How [cfs] Time to Max Total Rainfall Total Runoff Area [ac] Equivalent L5 Imperv
How [hrs] [in] [in] Curve Number

SIMP BASIN 1 | O4-INCH 10.38 12.0500 4,000 0.814 10.0000 61.0 0.00 0.00
SIMP BASIN 2 | 04-INCH 16.67 12.01a¢ 4,000 1.552 10.0000 73.3 38.00 38.00
SIMP BASIN 1 | 06-INCH 27.48 12.033 6.000 2.010 10.0000 61.0 0.00 0.00
SIMP BASIN 2 | 06-INCH 26.21 12.0333 6.000 2.562 10.0000 67.3 38.00 38.00
SIMP BASIN 1 08-INCH 47.54 12.0333 8.000 3.453 10.0000 61.0 0.00 0.00
SIMP BASIN 2 | 08-INCH 40.91 12.0333 8.000 3.767 10.0000 63.8 38.00 38.00
SIMP BASIN 1 10-INCH 69.06 12.033 10,000 5.045 10.0000 61.0 0.00 0.00
SIMP BASIN 2 | 10-INCH 27.90 12.033 10.000 5.113 10.0000 61.5 38.00 38.00

Basin Name Total Rainfall Total Runoff Area [ac] Equivalent
[in] [in] Curve Number

SIMP BASIN 1 4.000 0.814 10.0000 61.0
SIMP BASIN 2 4.000 1.552 10.0000 73.3
SIMP BASIN 1 6.000 2.010 10.0000 61.0
SIMP BASIN 2 6.000 2.562 10.0000 67.3
SIMP BASIN 1 8.000 3.453 10.0000 61.0
SIMP BASIN 2 8.000 3.767 10.0000 63.8
SIMP BASIN 1 10.000 5.045 10.0000 61.0
SIMP BASIN 2 10.000 5.113 10.0000 61.5
52 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology
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rainfall when
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% Impervious and % DCIA

The following TR-55 assumption is very conservative, especially
for residential with '/4-ac lots:

2 The average percent impervious area shown was used to develop the
composite CN’s. Other assumptions are as follows:

1. impervious areas are directly connected to the drainage system
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% Impervious and % DCIA

Assuming the impervious area is evenly split between DCIA
and non-DCIA is more reasonable:

Combine Rainfall Excess

62% Pervious
CN = 39, Open Space in Good Condition

I ¥
R
DU RE 2 B S R N CJ .
. o . : o2 Ty
[ - - " _."-_-;_. T A
T el T L TR
o o [ .

W b oo gy o Bt R B o

By e e -‘-..‘5 ' ey

I - - o X gt : W

Runoff from —

non-DCIA block
is added to 19%
) Non-DCIA
rainfall on

pervious block

Apply TC & Unit Hydrograph
to Combined Rainfall Excess

38% Total Impervious
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% Impervious and % DCIA

% Impervious & % DCIA can be included in the “Simple Basin™

data form as

follows:

Mame

SIMP BASIN 3

Scenario

LUMP-DIST-EXL2 =

Mode

ZZ

Hydrograph Method

MRCS Unit Hydrograph -

Infiltration Method

Curve Number -

Time of Concentration

10

Max Allowable Q

0

Time Shift

0

Unit Hydrograph

UH484

Peaking Factor

484

Area

Curve Mumber
% Impervious

% DCIA

% Direct

Rainfall Name

Comment

SFR 1/4 AC LOTS - TYPE A SOILS

Curve Number

% Impervious
% DCIA

© 2019, Streamline Technologies,

= 39 represents open space in good condition for type A soil.

= 38% is the TR-55 assumption for residential '/4-ac lots

= 19% assumes 50% of impervious area is directly connected
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% Impervious and % DCIA

(residential with '/4-ac lots, type A soils)

Sim: 06-INCH
30.00 1 —— SIMP BASIN 1
1 SIMP BASIN 2
27.00 ’ | \ —— SIMP BASIN 3
\ Qe = 27.48 cfs (lumped)
1 —_— o,
Q... = 2621 cfs (38% DCIA)
—_ ] —_ o
F . '\ Q. = 1960 cfs (19% DCIA)
w ]
™ 15,00 -
o
3 1200 No runoff with
[T ]
] “lumped” CN until
2| DCIA = 38% et .
; initial abstraction of
6.00 1 |.28” is satisfied
| DCIA =19%
3,00 \ y
I:I'l:":l-"'I""I""|''"_I---'_i'."'-'f')l""I""-I""Iq:"'-I""'I""I"'
0,00 3.00 5,00 2.00 12.00 15.00 ig.00 21,00 2400 2700 30,00
Relative Time (hrs)
56 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology



% Impervious and % DCIA

(residential with Y4-ac lots, type A soils)

ﬁnpie Basin Runoff Summary [LUMP-DIST-EXL2]

Basin Name Sim Name Max Aow [cfs] 1me to Max Total Rainfall Total Runoff Area [ac] Equivalent % Imperv
Fow [hrs] [in] [in] Curve Number
SIMP BASIN 1 04-INCH 10.38 12.0500 4,000 0.814 10.0000 61.0 0.00 0.00
SIMP BASIN 2 04-INCH 16.67 12,0167 4,000 1.552 10.0000 73.3 38.00 38.00
SIMP BASIN 3 04-INCH 8.45 12,0333 4,000 0.916 10.0000 62.9 38.00 19.00
SIMP BASIN 1 05-INCH 27.48 12,0333 &,000 2.010 10.0000 61.0 0.00 0.00
SIMP BASIN 2 06-INCH 26.21 12.0333 &.000 2.562 10.0000 67.3 38.00 38.00
SIMP BASIN 3 05-INCH 19.60 12,0333 &,000 1.820 10.0000 58.7 38.00 19.00
SIMP BASIN 1 08-IMNCH 47.54 12.0333 2000 3453 100000 5100 100 0.00
SIMP BASIN 2 08-INCH 40.91 12,0333 Basin Name Slm Name Max Flﬂw [,cfs] 38.00
SIMP BASIN 3 03-IMNCH 35.25 12.0333 19.00
SIMP BASIN 1 10-INCH 69.06 12,0333 0.00
SIMP BASIN 2 10-INCH 57.90 12,0333 38.00
\ SIMP BASIN 3 10-INCH 53.11 12,0333 SIMP BASIN 1 04-INCH 10'38 19.00
N SIMP BASIN 2 04-INCH 16.67
SIMP BASIN 3 04-INCH 845 «—
SIMP BASIN 1 06-INCH 27.48
Max ﬂows are SIMP BASIN 2 06-INCH 26.21
. t tl I h SIMP BASIN 3 06-INCH 1960 <
consisten y ower when SIMP BASIN 1 08-INCH 47.54
50% of the impervious SIMP BASIN 2| 08-INCH 40.91
. SIMP BASIN 3 08-INCH 35.25 \
area is non-DCIA
SIMP BASIN 1 10-INCH 69.06
SIMP BASIN 2 10-INCH 57.90
—
(residential with '/4-ac lots, type A soils) LSIMEBASINS | 10-INCH >3.11

57 © 2019, Streamline Technologies, Inc.
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% Impervious and % DCIA

(residential with 4-ac lots, type A soils)

Simple Basin Runoff summary [LUMP-DIST-EXL2]
Max How [cfs] Time to Max Total Rainfall Total Runoff Area [ac] Equivalent %o DCIA \
How [hrs] [in] [in] Curve Number
SIMP BASIN 1 04-INCH 10.38 12.0500 4,000 0.814 10.0000 61.0 0.00 0.00
SIMP BASIN 2 04-INCH 16.67 12,0167 4,000 1.552 10.0000 73.3 38.00 38.00
SIMP BASIN 3 04-INCH 8.45 12,0333 4,000 0.916 10.0000 62.9 38.00 19.00
SIMP BASIN 1 05-INCH 27.48 12,0333 &,000 2.010 10.0000 61.0 0.00 0.00
SIMP BASIN 2 06-INCH 26.21 12.0333 &.000 2.562 10.0000 67.3 38.00 38.00
SIMP BASIN 3 05-INCH 19.60 12,0333 &,000 1.820 10.0000 58.7 38.00 19.00
SIME 3453 10.0000 01.0 0.00 0.00
SIMN = - % Tme % DCIA 3.767 10.00qj0 63.8 38.00 38.00
SIM 2.975 10.0000 56,7 38.00 19.00
SIM e 5.045 10.0000 61.0 0.00 0.00
SIM 5113 10,000 61.5 38.00 38.00
SIM 6 1 : 0 D'uu D '00 4,304 10,00 55.5 38.00 lgy
73.3 38.00 38.00 N
— 62.9 38.00 19.00
61.0 0.00 0.00
67.3 38.00 38.00 The equivalent CN is
—> 587 38.00 19.00 :
— s == conjlstently lower when
63.8 38.00 38.00 50% of the impervious
_. °
56.7 38.00 19.00 area is non_DCIA
61.0 0.00 0.00
61.5 38.00 38.00
53.5 38.00 13.00 residential with 4-ac lots, type A soils
YP
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% Direct

The “% Direct” parameter is used to apply rainfall directly to a basin’s outlet,
bypassing any type of hydrograph techniques like the NRCS unit hydrograph
method. It is optional and can be used for water bodies.

Pervious

Runoff from —
non-DCIA block

Combine Rainfall Excess

Add Rainfall for

is added to

Direct Area

l

T

Deliver

rainfall on
pervious block

—-7?_. ;“ .‘_,

sy :-«h

59 © 2019, Streamline Technologies, Inc.

TIA = Non-DCIA + DCIA

to Node

Apply TC & Unit
Hydrograph to Combined
Rainfall Excess

-

Lesson | — Building Blocks & Hydrology Ay



60

Example’

The basin (red dotted line) shown
to the right drains into a wet
detention pond (blue shaded area).

* Hydrologic Soil Group “C”

* Basin Area: 20 ac
* Impervious Area: 13 ac
- DCIA: 8 ac
*  Pond Area: 2 ac

TC calculated to water’s edge

% Direct

* The above are not actual values and are for illustrative purposes only.

© 2019, Streamline Technologies, Inc.
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% Direct

The “% Direct” parameter is used to apply rainfall directly to a basin’s outlet,
bypassing any type of hydrograph techniques like the NRCS unit hydrograph
method. It is optional and can be used for water bodies.

CN =74,

5 ac Pervious
open space good condition,

type “C” soils

I

Runoff from —
non-DCIA block
is added to
rainfall on
pervious block

[
+

a
-
s

e

5 ac

g
P s
o A

W, i '.;"_‘} N
o L

& g
g - - gl
)

T
S

el il

P
<

o
>

Non-DCIA | [

61
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| 3 ac Total Impervious

Combine Rainfall Excess

Add Rainfall for
2 ac Direct

l
|

Deliver
to Node

Apply TC & Unit

Hydrograph to Combined
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% Direct

The “Simple Basin” parameters are set as follows:

CN = 74 (open space good condition, type “C” soils)

62

% Impervious =(13/20) x 100 = 65%
° - - (o]
% DCIA = (8/20) x 100 = 40%
% Direct = (220)x 100 = 10%
Mame |SIMP BASIN 4
Scenario [LUMP-DIST-EXL2
Node |22 / Area (20
Hydrograph Method [NRCS Unit Hydrograph Curve Number |74
Infiltration Method |Curve Mumber % Impervious |65
Time of Concentration |10 % DCIA (40
Max Allowable Q@ |0 K o4 Direct |10
Time Shift |0 Rainfall Name
Unit Hydrograph |UH484
Peaking Factor |484

© 2019, Streamline Technologies, Inc.
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Curve Number
% Impervious, % DCIA, % Direct

- a few rules -

The following rules apply to simple basins, impervious
lookup tables and curve number lookup tables:

|. The CN represents everything that is not % Impervious
and not % Direct

63 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology ,{:?Mq_—



Curve Number
% Impervious, % DCIA, % Direct

- a few rules -

The following rules apply to simple basins, impervious
lookup tables and curve number lookup tables:

2. 7% DCIA can never exceed % Impervious

64 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology



Curve Number
% Impervious, % DCIA, % Direct

- a few rules -

The following rules apply to simple basins, impervious
lookup tables and curve number lookup tables:

3. If % Impervious is 100, then % DCIA must be 100

65 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology



Curve Number
% Impervious, % DCIA, % Direct

- a few rules -

The following rules apply to simple basins, impervious
lookup tables and curve number lookup tables:

4. 7 Impervious plus % Direct can never exceed 100

66 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology



Lumped vs. Distributed?

|. Be consistent between PRE and POST conditions.

67 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology



Lumped vs. Distributed?

2. The distributed method is a more accurate approach
but do not expect a single curve number for each basin.
Also, the equivalent curve number will likely vary by
storm event.

68 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology ,{:?qa,q__



Lumped vs. Distributed?

3. If the “lumped” approach (simple basins) is used, a
separate worksheet should be provided with area
weighted curve number calculations.

69 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology



Lumped vs. Distributed?

4. If the “distributed” approach (manual basins) is used, the
manual basin input report will include the breakdown of
area, land cover and soil combinations. However; it is
important that the Impervious and Curve Number
lookup tables also be provided (covered in example #1).
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NRCS Unit Hydrograph Method

A unit hydrograph is the hydrograph resulting from one inch
of rainfall excess generated uniformly over a catchment area
at a contant rate during a specified time interval.

j | | |
- EXCESS RAINFALL | | 1
— LAG —! : {

PN
[/ N\

B L |

. [/ | |

Fo M | |
. \‘\\ 'Pi |

~ 5 > :

U- . r o .\ ‘.\pDINT oF IHFLECTIW

LO

o

T

¢ .
[ | |
3 ,.*/ 1 \ .P.\_ | |
/ 1‘ NS | |
2 [ 1 \\1
[ % I
/ N |
A S 1 |
Q% i i 'l L L i L L L L 11 . -
Q [ 2 3 4 -]
tF‘ — tr -
th

t/tP
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NRCS Unit Hydrograph Method

(K")(A4)(O) q, peak discharge of unit hydrograph (f3s™)
R . .
, P Z, time to peak discharge (hours)
I =—I
o3 K'  peakrate factor
A drainage area (square miles)

O direct runoff depth (inches)

t time of concentration (hours)
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NRCS Unit Hydrograph Method

Unit Hydrograph Development

350
- composite
/ hydrograph
250
L hyd hs for
5 200 ydrographs for
; each “packet” of
O 150 rainfall excess
E P
100 S —
50
0
0 0.5 1 1.5 2 2.5
TIME (HRS)
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NRCS Unit Hydrograph Method

Time Ratios

:tftpu quqp1
0 .000
.1 .030
.2 .100
.3 .190
.4 .310
.5 .470
.6 .660
.7 820
] 930
.9 .990
1.0 1.000
1.1 990
1.2 .930
1.3 .B6O
1.4 .780
1.5 .6B0
1.6 .560
1.7 460
1.8 .390
1.9 .330
2.0 .280
2.2 «207
2.4 .147
2.6 .107
2.8 .077
3.0 .055
3.2 .040
3.4 .029
3.6 .021
3.8 .015
4.0 .011
4.5 .005
5.0 .000

Unit Hydrograph & Peaking Factor
Specified by Individual Basin

N

Name |SIMPLE BASIN |
Scenario |LUMP-DIST—EXL1 vI
~& Select Existing ltem >
Node |2z
Hydrograph Method |NRCS Unit Hydrograph iIncluded List "
Infiltration Method |CL|rue Number UHZ56
UH323
Time of Concentration |1[] UH484
DELMARNVAZE4
Max Allowable Q |C|
— TRI
Time Shift |0 GAMMA
Y ,//
Unit Hydrograph |UH484 N

Peaking Factor

Comment

right click

SFR 1/4 AC&DTS - TYPE A §

74

© 2019, Streamline Technologies, Inc.
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NRCS Unit Hydrograph Method
Dimensionless Curvilinear Unit Hydrographs Included with ICPR4

Non-Dimensional Unit Hydrographs

NN
0.1 \\ \ﬁ__:‘x._
~—— ﬁ“‘*‘“—‘::--._:““m—m;
i o 1 2 3 4 5 6 ? 8 9 10
t/t,
UH256 =——UH323 UHs484 =———DELMARVA284
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NRCS Unit Hydrograph Method

Gamma and Triangular Unit Hydrograph Functions
with User Specified Peaking Factor

~ Select Bxisting ltem

hd

Included List

UH256
UH323
UH484

TRI
GAMMA

OK

Name Peak Rate Factor
UH256 256
UH323 323
UH484 484
DELMARVA-284 284

4 N
TRI 50 - 1100
GAMMA 110 - 1100

g Y,

76 © 2019, Streamline Technologies, Inc.
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NRCS Unit Hydrograph Method

Gamma and Triangular Unit Hydrograph Functions

with User Specified Peaking Factor

Mame

Scenario

Mode

Hydrograph Method

Infiltration Method

SIMPLE BASIN

LUMP-DIST-EXL1

Z7

MRCS Unit Hydrograph -

Curve NMumber

-

Area
Curve Mumber

% Impervious

10

61

Time of Concentration |10
Max Allowable @ |0
Time Shift |0
Unit Hydrograph |TRI o
Peaking Factor |156 L
~

Comment

~ Select Existing ltern

pod

iIncluded List

UH2E56
UH323
UH484
DELMARVAZS4

SFR 1/4 AC LOTS

GAMMA

Select either “TRI” or “GAMMA” and then type in the “Peaking Factor”

© 2019, Streamline Technologies, Inc.
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NRCS Unit Hydrograph Method

| NRCS_PRF_400.bxt - Notepad
File Edit Format View Help » Resources » UnitHydrograph » MNRCS_NEH —~= Select Existing ltem
. _
400 =] NRCS_PRF_100.t¢t NRCS_NEH =
g 1 g 027 |=| NRCS_PRF_130.bt MRCS_PRF_100
| | NRCS_PRF_200.txt NRCS_PRF_150
0.2 0.1244 - - T NRCS_PRF_200
0.3 0.2732 =| NRCS_PRF_238_ALLIGATOR_CRK.txt NRCS PRE 238 ALLIGATOR CRK
0.4 0.4425 =| NRCS_PRF_250.bxt NRCS_PRF_250
0.5 0.6081 MRCS_PRF_300
05 07517~ = NRCS_PRF_300.txt o
0.7 0.8642 \ |=| NRCS_PRF_330.b¢ _J_J' NRCS_PRF_400
0.8 0.9421 \__] MRCS_PRF_400.tt | NECS _PRE 450
0.9 0.9863 ._-l MRCS PRF 450.tdt MNRCS_PRF_S500
1 1 I NRCS_PRF_550
1.1 0.988 = NRCS_PRF_500:tt NRCS_PRF_600
1.2 0.9555 |=| NRCS_PRF_330.b¢
1.3 0.9076 =] NRCS_PRF_600.txt -
1.4 0.8491
1.5 0.7839
i-g g-gigi custom unit hydrographs can be these can be selected
18 0.570 created in text files and placed in a from dropdown lists in
1.9 0.5144 project’s “UnitHydrograph” the basin data forms
z 0.4538 resources folder
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NRCS Unit Hydrograph Method

Peak Rate Factor

* Used to reflect the effect of watershed storage on
runoff hydrograph shape

* Higher values are used for watersheds with little or
no storage effects

* Lower values are used for watershed with significant
ponding effects

* Typically specified by regulatory agency responsible
for permits
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NRCS Unit Hydrograph Method

Peak Rate Factor Sensitivity

450.00 —
400.00 —
350.00 —
300.00 —
£50.00 —

200,00

Flow Rate (cfs)

150.00
100,00

50.00

0.0a

A = 100 ac
Tc = 30 min
CN =100

P = 6" (24hr)
SCSTYPE I

—_—
10.00 11.00

—t - - - 1 - - - T 1 - 1 T T T T
12.00 13.00 14.00 15.00 16.00
Relative Time (hrs)

© 2019, Streamline Technologies, Inc.
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NRCS Unit Hydrograph Method

Peak Rate Factor Sensitivity

450.00 —
400.00 —
350.00 —
300.00 —
£50.00 —

Z00.00

Flow Rate (cfs)

150,00

100,00

a0.00

0.0a

GAMMA ——

L L L L
10.00 11.00 1z.00 13.00 14.00
Relative Time (hrs)

—
15.00

—
16.00

A = 100 ac
Tc = 30 min
CN =100

K = 484

P = 6" (24hr)
SCSTYPE I

© 2019, Streamline Technologies, Inc.
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NRCS Unit Hydrograph Method

Time of Concentration Sensitivity

65000 7 ——TC-015
600,00 - TC-030
e
c00.00 ] ——TC-180
#0.00 7 A = 100 ac
gm0 CN = 100
=) ]
o 350,00 : K’ = 484
@ o | P = 6” (24hr)
o 250,00 SCSTYPE I
200,00 -
15000 -
100.00
50.00 -
0,00 -

Relative Time (hrs)
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NRCS Unit Hydrograph Method
Max Allowable Q and Time Shift

Mame
Scenario |UNIT_HYDRO_3 -
MNode Area |0
Hydrograph Method |MRCS Unit Hydrograph - Curve Number |0
Infiltration Method |Curve Number - % Impervious |0
Ti & % DCIA (O
Max Allowable Q@ |0 % Direct (D
Time Shift |0 Rainfall Name

Peaking Factor |0
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NRCS Unit Hydrograph Method
Max Allowable Q

300.00 — — TiZ-0a0
§ TC-060 Max O Z00CF5
270,00

240.00

210.00—: Qmax = 200 cfs

180.00 i V2

150,00 Max Allowable Q@ |200

Time Shift |0

Flow Rate (cfs)

120,00
90.00
a0.00

30,00

0.0a

10,00 11.00 12.00 13.00 14.00 15.00 16.00
Relative Time (hrs)
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NRCS Unit Hydrograph Method
Time Shift

— TC-060
TC-060 T3HF ZHR.

300.00 +

v

270,00

240.00

Max Allowable @ (0

210,00

Time Shift |2

1580.00

150,00

Flow Rate (cfs)

120,00
90.00
60,00

30,00

0.0a

10,00 11.00 1z.00 13.00 14.00 15.00 16.00
Relative Time (hrs)
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NRCS Unit Hydrograph Method

Using the Time Shift Parameter for Back-to-Back Storms

- Simple Basin Data

Mengv@E p‘zf.‘ﬁ@'t% 9

+
Mame Node | Time of Concentratior| | Time Shift | nit Hydrograph | Peaking Factor | Area Curve Number
b BASIN 1 ZZ B 0| PHZ56 256 20 a0
BASIN 1 (SHIFT)|ZZ 6 HH250 256 20 g0

Sim: 25YR BACK-TO-BACK

35,00 — i
30,00
25,00
zz 20,00 -

15,00

10,00

Basin Inflow Rate (cfs)

5.00

0.00

T T T T T T T T T T
0.00 30,00 60,00 Q0,00 120,00 150,00 180,00 210000 240,00 270,00

Relative Time (hrs)
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Santa Barbara Urban Hydrograph Method

The Santa Barbara Urban Hydrograph method (SBUH) was
originally developed in the 1970s by James M. Stubchaer and
became popular at that time due to ease of use on a
programmable calculator. Inthe SBUH method, the final
discharge hydrograph is obtained by routing the
Instantaneous hydrograph (i.e. rainfall excess) for each time
step through an imaginary linear reservoir with a routing
constant proportional to the time of concentration of the
drainage basin.

87 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology ,{:?qaq__



Santa Barbara Urban Hydrograph Method

0.=0,_,+K(R,+R_,-20.,)
where,

O, runoff at time 7 (fFs™ or m?s™)

O runoffattime r— Az (Ps? or m3s™)

R rainfall excess attime 7 (fPs™ or m3s™)

R_,  rainfall excess at time 7 — Az (FPs™ or ms™)
__4ar
(21, +Ar)

I time of concentration (minutes)

At computational time increment (minutes)
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Santa Barbara Urban Hydrograph Method

Mame |SBUH
Scenario |[UNIT_HYDRO_3 -

MNode [ZZ Area |100
Hydrograph Method [Santa Barbara Urban Hydrog... ] Curve NMumber [100

COrwe momoer, - % Impervious |0

Time of Concentration |30 % DCIA |0

Max &llowable @ |0 % Direct |0

Time Shift |0 Rainfall Name
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Santa Barbara Urban Hydrograph Methoc

360,00 B e
] SELH
330,00 -
300,00 ] SBUH /
70,00 -
— 240,00 - A = 100 ac
ﬁ* 210,00 - Tc = 30 min
E 150,00 - CN =100
RCLE P = 6" (24hr)
£ ]
12000 ] SCSTYPE Il
an0,00 -
&0,00 -
30,00 —
D'DD - T T T T T T T T T T T T T T T T T T T T T
10,00 11,00 12,00 13,00 14.00 15,00 16,00
Relative Time (hrs)
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Non-Dimensional Rainfall Distributions

ICPR4 includes |8 “built-in” non-dimensional
rainfall distributions that can be used by specifying
any of the following rainfall names along with the

storm duration and rainfall amount.

~SCSI-24 ~FLMOD ~FDOT-4
~SCSI-48 ~ORANGE ~FDOT-8
~SCSIA-24 ~SFWMD-72 ~FDOT-24
~SCSII-24 ~SJRWMD-96 ~FDOT-72
~SCSII-48 ~FDOT-I ~FDOT-168
~SCSIII-24 ~FDOT-2 ~FDOT-240
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Non-Dimensional Rainfall Distributions

Standard SCS Non-Dimensional Rainfall
Distributions
1 - T
0.9 — 'r"-r:
o {;ﬂ i “-* —l il
-t

0.7

0.6
o
- 0.5
O

0.4

0.3

0.2

0.1

o
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.g
t/T
SCEl-z2geme e e SCH-48 =— — SC5|A-24 = - - 5C5]0-24 SCEI-48 = - = SCSIl-z24
92 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology



Non-Dimensional Rainfall Distributions

source: NRCS TR-55

L N S T 7
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IA A ST R o
Hell 5 ﬂ*ﬂ'fﬂi"'&‘-ﬂ' 'LEI_HI ;]L (F '
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/ .4 ST fJJ-‘-‘f:"h_ L |I I'_H-I— P I H?J— |- ]_1I_|J- T AN
— / ui\i_u' \ T _|||__|"_ —fL:_'_ 1 3 T -;..7,_5:'— : : M
~_ | o I LT N | L'LT['I‘;_I.,_ AT T
(vm 3 A T TR EeRaey A e ey
> — sa & g ~H = o EHN PR IR Hy
7 mi___," ——-dﬁi [ o i | '_[— = T1T -l"_lﬁ'r 15 1T -;D}_t"J__‘lr I
f AN i e B B iy o Sy 22 TR i :
T _{ [T e
W s g s ERABrS, ius e SHEB
N\ T8 , . ; Sk 111
[ f: o i ; ) e
I 3 § Y L .—Jtﬁﬁ“jﬂl;_ﬂ +|_r - LATEPNT &r TR e ey
"-;JL“""q\J"H"I ‘—r*':«flj._ i EI— 4 TR 1—*%' ) .Rai.nfal.l
[ .'“H-HF"{( 1O aas ek T—%ﬁ 7 2} Distribution
i o T H AN Tl : _
TR R - . vy
1 ] { DA A s T A O TN :
.o PN SRR S S S [] Type 11
' B/ 20 0% SIOA [ Type 111
iy 0 RN /150
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Non-Dimensional Rainfall Distributions

Florida Based Non-Dimensional Rainfall
Distributions

1::.-l — | j—".:?.
u: e""f /ﬁ7

Fa vy

/

] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

tfT

FLMOD == SFWMD-72 =——S5]RWMD-g& =——C0ORANGE
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Non-Dimensional Rainfall Distributions

Florida DOT Non-Dimensional Rainfall Distributions

1] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

t/T
—FDOT-1 =——FDOT-2 —FDOT-4 —FDOT-8

- FDOT-24 =——FDOT-72 ——FDOT-168—FDOT-240
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Non-Dimensional Rainfall Distributions

The rainfall distributions can be specified globally (i.e. for
all basins) by setting the global rainfall data fields on the
"Tolerances & Options” tab of the simulation manager.

Elements | Simulation Reports Window Help

Simulation Manager... S
Simulation Execution...

Copy Resource Files...

]
General | Output Time Increments | Resources & Lookup Tablgs Tolerances & Options | J

/|
Tirma MA=rclbkima |C'J'|.|‘_‘|D - |

(7 -

Simple / Manual Basin Rainfall Opt. |Global

\

right click for
dropdown list

A

Rainfall Name |~SCSII-24

Rainfall Amount |&

Storm Duration |24
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Custom Rainfall Files

Text file (*.txt) can be created and placed in a
sub-folder in the rainfall resources folder.

96995 96996

95573 bt

96047 ¢t

» Pinebrook » ICPR4 » Resources » Rainfall » MNEXRAD

:Hamaiﬁmﬁ'.biﬂamEdt
T [+ VR RLVLAIRM

96048 bt
96521 bt
196522t
. 96995.bdt
_ 96996.txt

Area

b 2.1134527089...
10.8631083562...
|4.6378099173...
0.1932047750...
10.0305096418...
0.2990587695...
0.9634802571...
10.1387281910...

97 © 2019, Streamline Technologies, Inc.

Land Cover Zone | Soi Zone

RES HIGH
RES HIGH
RES HIGH
WATER

'RES HIGH

'RES HIGH
RES HIGH

| WATER

cpo
B/D
BD
BD
cpo
56
B
B

96521
96521
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Custom Rainfall Files

The “rainfall folder” is specified on the “Resources & Lookup
Tables” tab of the simulation manager.

Simulation Manager...
Simulation Execution...

Copy Resource Files...

Elements | Simulation Reports Window Help

L

{

\
General | Output Time Incremert:E Resources & Lookup Tables |Tcu| rances & Options

Rainfall Folder

FEcoloes

MEXRAD

P

<

7

General | Output Time Increments | Resources & Lookup Tables Tolerances & Options |

Simple / Manual Basin Rainfall Opt. |§Elasin Specification <
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File Type Description
o Historical Data (English Units - inches)
1 Historical Data (Metric Units — millimeters)
2 Dimensionlass Mass Curve (English Units —inchas)
3 Dimensionless Mass Curve (Metric Units — millimetears)

© 2019, Streamline Technologies, Inc.

Custom Rainfall Files

File Type
' _
2 Storm Duration
24.0 i
10. 6_‘_..-—T0t3.lRal.n.ﬁaJ.l
0 0
0.0417 0.00046
0.0833 0.00178
0.125 0.00451
0.1667 0.0089
0.2083 0.02026
0.25 0.03573
0.2917 0.06157
0.3333 0.09602
0.375 0.14664
0.4167 0.21059
0.4583 0.29448
0.5 0.4392
0.5417 0.64992
0.5833 0.74509
0.625 0.82
0.6667 0.87693
0.7083 0.91918
0.75 0.95158
0.7917 0.97342
0.8333 0.98623
0.875 0.99406
0.9167 0.99717
0.9583 0.99905
1 1
END\ '\
Dimensionless
Dimensionless Rainfall
Time

‘f’,rFﬂeT?pe

Rainfall Packet Time Increment

0

&0
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012

EMND \

Year DMomth

I e e e o e e e e R o

3 23.000 0.001
a a. 000 0,002
7 2.000 0.033
7 3. 000 0.911
7 4,000 1.125
7 5. 000 0. 566
7 a. 000 0.093
18 16,000 0,035
18 17.000 0.013
18 18,000 0,006
18 23.000 0.001
19 9, 000 0.015
149 11.000 0,043
19 16.000 0.192
20 23.000 0.004
21 0. 000 0. 002
21 12.000 0.001
21 13.000 0,001
21 15.000 0.010
21 7.000 0,012
21 18,000 0,003
21 19,000 0.005
21 22.000 0,007
21 23.000 0.010
22 0. 000 0. 007
22 1,000 0,050
22 2.000 0.082
22 3. 000 0.194
22 4,000 0,010
22 8. 000 0.010
22 9, 000 0,001
212 11.000 0.003
7 !
Day Hom Rainfall
Amoimt
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Example #1

Land-Locked System
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Project Setting
Basin Map Layer

This area is located in the
City of Ocala and includes
several land-locked basins
with no outlets other than
highwater overflows.

DCIA is very important
for land-locked.

- "’I}-l-

1
L]

Basin 4 4
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Project Setting

Land Cover Map Layer

Raster Legend

CEMETARY {10-00)

ROAD ROW (50-50)

CHURCH (50-10)

ROAD ROW {30-50)

| —

[ /

| COMMERCIAL (60-30) = SCHOOL (60-00)

. COMMERCIAL (75-50) = SFR (38-00)

] GRASS , Il SFR (33-19) \_

- POND ya | WOODS A
] ROAD ROW (50-00) /' —

/

/

“SFR (38-19)”

Single Family Residential
38% Total Impervious Area

19% DCIA

102 } © 2019, Streamline Technologies, Inc.
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Project Setting

Land Cover Map Layer

SFR (38-19)"
(DCIA)
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Project Setting
Soils Map Layer

If the CN method is to be
used, then the hydrologic
groups should be identified

for each soil type.
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Basin 2

Intersection with Land Cover & Soils

—

Typically, engineers digitize (usually in CAD) the
area of each basin sub-polygon formed by the
intersection of land cover and soils and place

those values into a spreadsheet.
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Lumped Approach Using Simple Basins
Curve Numbers — Area Weighted Average

—

BASIN AREA (ac) LAND COVER HSG | CN | %IMP  %DCIA AREA(ac) AxXCN Ax%IMP Ax%DCIA

BASIN 2 3.19 SFR (38-00) A 61 0 0 194.5 0.0 0.0
1.28 SFR (38-00) C 83 0 0 106.2 0.0 0.0
1.17 COMMERCIAL (75-50) A 81 0 0 94.9 0.0 0.0
0.65 GRASS C 74 0 0 48.2 0.0 0.0
1.14 GRASS A 39 0 0 44.3 0.0 0.0
0.55 WOODS C 70 0 0 38.3 0.0 0.0
4.25 WOODS A 30 N 127.6 0.0 0.0
0.51 SFR (38-19) A 61 0 0 . ; 0.0
0.13 ROAD ROW (50-50) A 69 0 0 IMPErviQus argas —,
0.25 POND C 08 0 0 included in CNs 0.0
0.04 POND A 98 0 0 3.5 0.0 0.0
1.04 POND D 08 0 0 102.2 0.0 0.0
0.00 GRASS D 80 0 0 0.3 0.0 0.0
1.97 COMMERCIAL (60-30) A 75 0 0 147.6 0.0 0.0
3.71 ROAD ROW (90-90) A 95 0 0 352.2 0.0 0.0
0.32 ROAD ROW (90-90)  C 97 0 0 30.6 0.0 0.0
0.82 ROAD ROW (50-00) A 69 0 0 56.6 0.0 0.0
0.03 CHURCH (50-10) A 69 0 0 1.9 0.0 0.0

SUM 21.04 e 1413.3 0.0 0.0

AVG [ 21.04 67.2 0.0 0.0 ]

| §

Typical Spreadsheet Supporting Calculation
(external to ICPR)
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Lumped Approach Using Simple Basins
Curve Numbers — Area Weighted Average

Scenarios

Hydrology

1D Hydraulics

Reference Elements

Simple Basins (Lumped)...

Manual Basins {Distri-buted]l...

-< Simple Basin Data

Menu- | B |~ & S X | @

Enter 'Name'

Simple Basin List Name
Name = Scenario
+| Scenario: Simple Basins - DCIA
-| Scenario: Simple Basins - no DCIA MNode

BASIN 1
y  BASING Hydrograph Method
BASIN 3 Infiltration Method

BASIN 4
BASIN & Time of Concentration
Max Allowable Q
Time Shift
Unit Hydrograph
Peaking Factor
Comment

Main Grid

[E=N EoE ==
in}
[BASIN 2 |
|simple Basins - no DCIA -
[noDE 2 | Area [21.04 |
|NRCS Unit Hydrograph v| Curve Number |6?.2 |
[curve number -] % Impervious |0 |
|24 | % DCIA |0 |
lo | % Direct y, |
o | Rainfall Name | |
|un4s4 |
484 |
Create | | Delete
10 Simple Basin(s) 4

© 2019, Streamline Technologies, Inc.
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Distributed Approach Using Manual Basins

“Process Polygons” Tool

BASIN 4 f §a . . BASIN 4 ¢

Basin Map Layer Land Cover Map Layer Soils Map Layer

Automatic Intersection of Map Layers
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Distributed Approach Using Manual Basins

“Process Polygons” Tool

Graphic Elements On

+-lw Display

_ Scenarios

207 Scenariol

Em| Hydraulic Network
+ Mode Types

+ Link Types

+} Simple Basin

-kl Manual Basin

*:r'-'_' Mapped Basin
+t[] Cross Section Types

+| Reference Elements
++] Overland Flow Regions

+/[] Groundwater Regions

+h- Map Layers

right click

Import Shape(s) - Create N
Import Shape(s) - Merge Ef
CSV Import
CSV Export
Generate Shapefile

Process Polygons

109 © 2019, Streamline Technologies, Inc.

= Process Basin Polygons

Basin Map Layer
Land Cover Zone Map Layer
Soil Zone Map Layer

Rainfall Zone Map Layer

v Create New Records

v| Update Existing Records

[FKMS Basins

|FKMS Land Cover

FKMS Soils (SHG)

|{N0ne}

OK[}
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Distributed Approach Using Manual Basins

“Process Polygons” Tool

Scenarios

Hydrology

Simple Basins {Lumped]...
Manual Basins (Distributed). |.

1D Hydraulics

Reference Elements

The sub-basin data are automatically populated for

each basin. Impervious and curve number lookup
tables are used to calculate runoff for each sub-basin
before combining and applying TC and unit hydrograph.

MName

Scenario

Node

Hydrograph Method
Infiltration Method
Time of Concentration
Max Allowable Q

Time Shift

Unit Hydrograph
Peaking Factor

Comment

Create |

[BASIN 2 | lgﬁg Basin Sub-Basin Edit -
|Manua| Basins * +
|NC|DE > Area Land Cover Zone Soil Zone |
3 3.188384|SFR (38-00) A |
|NRCS Unit Hydrograph = 1.279844|SFR (38-00) C |
|Cuwe —— - 1.172107| COMMERCIAL (75-50) A |
0.55202| GRASS C |
|24 1.135904 GRASS A |
D.547452 | WOODS C
0 4.252342| WOODS A |
|n 0.51079 SFR {38-19) A |
0.129844|ROAD ROW (50-50) A |
|UH48“Jr 0.246763| POND C |
|484 0.035157 |POND A |
1.042516|POND D |
- 0.004339 GRASS D |
1.967906| COMMERCIAL (60-30) A |
3.707071|ROAD ROW (90-90) A |
0.315037|ROAD ROW (90-90) C |
\ 0.820294| ROAD ROW (50-00) A
\ 0.02826| CHURCH (50-10) A
| Delete

© 2019, Streamline Technologies, Inc.
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Distributed Approach Using Manual Basins

Impervious Lookup Table

-2 |mpervious Set Data

Menu- | [l B B | &z & & % [[{o
+ R XRRRS

% direct and initial abstraction for impervious and
pervious areas can be set in this table

/|

\

Land Cover Zone

% Impervious | % DCIA | % Dir

ect | Ia Impervious | Ia Pervious

0

oo ee g

=)

== =R=Ri=AL=-Ri=R-2-]

=)

» CEMETARY (10-00) 10 0 1]
CHURCH (50-10) 50 10 0
COMMERCIAL (60-30) 60 30 1]
COMMERCIAL (75-50) 5 50 1]
GRASS 1] 0 1]
POND 1] 0 1]
ROAD ROW (50-00) 50 0 1]
ROAD ROW (50-50) 50 50 1]
ROAD ROW (90-90) 90 90 1]
SCHOOL (60-00) 60 0 0
SFR (38-00) 38 0 0
SFR (38-19) 38 19 0
WooDs 1] 0 1]

| —Bxtract——
t Impervious
- ne' 2 Impervious Set(s)
111 © 2019, Streamline Technologies, Inc.
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Mapping Tables Scenarios Regions Hydrology

Boundary Stage Sets...
External Hydrograph Sets...
Roughness Sets...

2D Groundwater [
Rainfall Excess Methods [
Impervious Sets...
Evapotranspiration »

CSV Import - All..
CSV Export - All...




Distributed Approach Using Manual Basins

Curve Number Lookup Table

= Curve Mumber Set Data li“ﬂl[é]
Mengv|5@|%ﬁ%%|g @D
+ XX R 8
Land Cover Zone Soil Zone Curve Number -
ROAD ROW (90-20) D 80 CNs are for
SCHOGCL {(60-00) A 39 w
SCHOOL (60-00) C 74| N areas not
SCHOOL (60-00) C/D 80 IR included in
SCHOOL (60-00) D 80 o/ : .
SFR (38-00) A 39 % impervious
SFR (38-00) c 74 designations
SFR (38-00) C/D 80
SFR (38-00) D 80
SFR (38-19) A 39
SFR (38-19) C 74
SFR (38-19) C/D 80
SFR (38-19) D
WOODS A Mapping | Tables Scenarios Hydrology 1D Hydraulics Reference Elements
WOOoDSs C Boundary Stage Sets...
WooDs C/D External Hydrograph Sets...
WOOoDSs D Roughness Sets...
h Rainfall Excess Methods Green-Ampt Sets...
| Extract Impervious Sets... Vertical Layers Sets...

Set|Curve MNumber

CSV Import - All...

|[dec] Enter 'Curve Mumber'

CSV Export - All...

112
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Connecting Lookup Tables to Simulations

Simulation

Elements | Simulation Reports Window Help

Simulation Manager...
Simulation Execution...

Copy Resource Files...

Manager

“Resources & Lookup Tables” Tab

General | Qutput Time Incrementa Resources & Lookup Tables |ju|erar‘|ce5 & Options

Resources

Rainfall Folder

Unit Hydrograph Folder

Right Click to Select

“Curve Number Set” &
“Impervious Set”

Boundary Stage Set
External Hydrograph

Loockup Tables

Curve Number Set

1 - dcia

Green-Ampt Set

Vertical Layers Set

Impervious Set

1 - dcia

113

© 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology




Executing Simulations

Simulation Execution

Elements | Simulation Reports Window

Help

Simulation Manager...

Simulation Execution... *

Copy Resource Files...

== Simulation Execution

Simulation Selection - iScenarios

114 © 2019, Streamline Technologies, Inc.

v 04-inch
v 06-inch
v 08-inch
L.}l 10-inch
kl— Scenariod )
+ Simple Basins - DCIA
= Simple Basins - no DCIA

Thread Count Autodetect

Help
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Incorporating Nodal Network into Reports

Capture View as Background Image

=< Graphic View
Menu- | B B | O |25 [ fa & | 58 S5 [Menualsasn ~] %
BASIN 25.. | [Polyline | [srEom || B D

General

Graphic Elements On

-] Display
| 4[] Scenarios . .
auT
+-- Scenarios rlght Clle . |
~& Capture View b
.!. ......... Map LEI'}I’EFS
b| #tT{Background Images T | e MName |MNodal Netwark | oK
Pyramid
DE 4
Expand All Below
Collapse All Below
ODE &
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Custom Reports

Simulation | Reports Window Help

Mass Balance 3

Simple Basins 3

Manual Basins 3

1D Nodes »

1D Links 3

Link Path Manager... Simple Basin Max...

Process Polygons... Manual Basin Max...
Node Max...
Link Max...
Groundwater Mounding...
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Custom Reports

Title

=& Custom Reports

, #4 Select Reports

Report Sections

Background Image
Impervious

Curve Number
Manual Basin

#2 Add Section

#3 Select ltems

Item Selection

Item Selection

[

A

=] Scenarios

_iJ-I:l Manual Basins

-l NODE 2
=T NODE 3
- | NODE 4
-] NODE &
+[] Scenariol
:.f_H] Simple Basins - DCIA

_iI-I:l Simple Basins - no DCIA

Report Sheet Selecion

| Input Chart

v/ Max Conditions Report

[l Max Conditions Report (with Ti
[] Mass Balance Condensed Repo
[l Mass Balance Detailed Report

Chart

Chart {with Warning Stz
% Exceedance Chart

[l stage % Exceedance Chart (w
[ Stage Raster Chart

[ surface Area % Exceadance C
[] Depth Above Warning Raster O

[] stage
¥ Stage
[] stage

#5 Select Simulations

/

i

Simulation Selection

Simulation Selection

[

=] Scenarios

_—_HE Manual Basins
. Wl D4-inch

----- ! 06-inch

E| 08-inch

iyl 10-inch
=+ Scenariol

] Simple Basins - DCIA

] Simple Basins - no DCIA

('R
ﬂi

‘ 0 - pmile | 0 Lo i
|Node j Ad Page Break Rule ‘New j
Re
#1 Select a
Section
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Custom Reports

1 2

Background imge: o Nemmo
Land Cover Zone % Impervious 9% DCIA % Direct Ia Impervious [in]  Ia Pervious [in]
CEMETARY [ 10-00) 10,00 0.00 0.00 0.000 0.000
CHURCH {SD-ID} 50,00 10.00 0.00 0.000 0,000
COMMERCIAL &0.00 30.00 0.00 0.000 0.000
(60-30)

COMMERCIAL 75.00 50,00 0.00 0.000 0.000
(75-50)

GRASS 0,00 0.00 0.00 0.000 0,000
POND 0,00 0.00 0.00 0.000 0.000
ROAD ROW 5000 0.00 0.00 0.000 10,000
[50-00)

ROAD ROW 5000 50,00 0.00 0.000 10,000
(50-50)

ROAD ROW S0.00 20,00 0.00 0.000 0.000
(90-90)

SCHOOHL (50-00) 60.00 0.00 0.00 0.000 0.000
SFR (38-00) 38.00 0.00 0.00 0.000 10.000
SFR (38-19) 38.00 19.00 0.00 0.000 0.000
WooDs 00 0.00 0.00 0.000 0.000

Impervious Lookup Table

Nodal Network

CiPresentations' 2015 - Webinarsilssson 1'Example ModedsiSIOn 10M2NS 10642 C\PresentationsOfH S - Webinarsil esson 1 Example Modeisien 1022019 1042
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Custom Reports

3

Curve Number: 1 - dea [Set]

Land Cover Zone Curve Number [dac]

CEMETARY (10-00) A 33.0
CEMETARY (10-00) C 74.0
CEMETARY (10-00) /D 50.0
CEMETARY (10-00) D 80.0
CHURCH (50-10) A 35.0
CHURCH (50-10) C 74.0
CHURCH (50-10) oD 30.0
CHURCH (50-10) D 50.0
COMMERCIAL (80-30) A 39.0
COMMERCIAL (50-30) C 74.0
COMMERCIAL (50-30) oD 50.0
COMMERCIAL (50-30) D 80.0
COMMERCIAL (75-50) A 39.0
COMMERCIAL (75-50) C 74.0
COMMERCIAL (75-50) c/D 80.0
COMMERCIAL (75-50) D 50.0
GRASS A 39.0
GRASS C 74.0
GRASS C/D 80.0
GRASS D 80.0
POND A 98.0
POND C 98.0
POND oo 98.0
POND D 38.0
ROAD ROW (50-00) A 39.0
ROAD ROW (50-00) C 74.0
ROAD ROV (50-00) /D 80.0
ROAD ROW (50-00) D 50.0
ROAD ROW (50-50) A 39.0
ROAD ROW (50-50) C 74.0
ROAD ROW (50-50) oD 30.0
ROAD ROW (50-50) D 80.0
ROAD ROW (90-90) A 33.0
ROAD ROW (30-30) 5 74.0
RUAD ROW (90-30) oD 80.0
ROAD ROW (90-30) D 30.0
SCHOOL (60-00) A 3.0
SCHOOL (60-00) C 74.0
SCHOOL (60-00) oD 80.0
SCHOOL [60-00) D 50.0
SFR (38-00) A 35.0
SFR (38-00) C 740
SFR (35-00) oD 0.0
SFR (38-00) D 30.0
SFR (35-19) A 39.0
SFR (38-19) C 74.0
SFR (35-19) /D 50.0

4
Land Cover Zone Sail Zone Curve Number [dec]

SFR. (38-19) D 80.0
WOODs A 30.0
WODDs C 55.0
WOODS [=[5] 70.0
WOoDDs D 770

CoiPrEsEmatons\ 2013 - Webinarsil ssson TExmpie Modeisieiy
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Custom

Manual Basin: BASIN 2

Scenario:

Node:

Hydrograph Method:
Infiltration Method:
Time of Concentration:
Max Allowabls ()
Timie Shift:

Uit Hydrograph:

Manual Basins

NODE 2

MRCS Unit Hydrograph
Curve Number
24.0000 min

Manual Basin
000 Input Data

U484

Reports

Peaking Factor:  484.0
Area: 210370 ac
Land Cover Zone
3.1854 | SER (36-00)

§

12756 | SFR (36-00)

11721 | COMMERCIAL (75-50)

0.6520 | GRASS

1.1359 | GRASS

0.5475 | WoODs

4.2523 | WoODs

05108 | SFR (36-19)

Land Cover — Soil

01258 | ROAD ROW {50-50)

0,248 | POND

0.0362 | POND

Breakdown

1.0425 | POND

0.0043 | GRASS

19678 | COMMERCIAL (50-30)

3.7071 | ROAD ROW {90-90]

0.3150 | ROAD ROW [90-90]

0.8203 | ROAD ROW (50-00]

00283 | CHURCH (50-10)

}:bﬂ}:bcu:bn:b}:bn}ﬂ}n:bi

| ‘Comment:

Manual Basin Runoff Summary [Manual Basins)
Sim Mame Max Aow  Time to Total

Total Area [ac] Equivalent % Imperv % DCIA

[ds] MaxFlow  Rainfall  Runoff [in] Curve
[hrs]

BASIM 2 Q-inch 25.17 12,0833 4,00 1.51 21.0370 T2.8 38.32 23.58

BASIM 2 0&-inch 44,34 12,0833 6.00 2.61 21,0370 &7.9 38,32 23.58

BASIN 2 08-inch 66,54 12,0833 B.0D 3.89 21.0370 650 38.32 23.58

BASIM 2 10inch 92.57 12,0833 10.00 530 21.0370 63.0 38.32 23.58

Manual Basin Runoff Summary

Node: NODE 2
Secenarior  Manual Basins
Type: StagefArea
Bas= Flow: 0.0 cfs N d I D
Initial Stage:  85.09 ft O e n P Ut a.ta.
Warning Stage:  33.60
Stage [fe] Area [ac] Area [fZ]

B5.09 0.0006 25
§5.20 0.0007 30
65.40 0.000% 39
B5.60 0.0011 49
65.50 0.0031 133
B6.00 0.0040 174
B6.20 0.0126 S50
£6.40 0.0344 1500
B6.60 0.0851 3750
B6.50 0.1768 7700
E7.00 0.3237 14100
B7.20 0.4568 19900
67.40 0.5642 24575
B7.60 0.6858 29875
B7.80 0.7868 34275
BB.00 0.8336 36925
£8.20 0.9716 42325
B6.40 1.0359 45125
BB.60 10735 47025
£8.850 1.1186 48725
£5.00 1.1559 50250
85,20 1.1886 51775
£5.40 12207 53175
B5.60 1.23597 E4000
B5.80 1,2557 54700
90.00 12741 EEE00
90.20 1.25956 Se435
90.40 1.3120 57150
90.60 1,3275 5725
90.50 1.3453 SE7TS
91.00 1.3542 59425
91.20 1,2843 E0200
91.40 1.4067 61275
62125
S A T b I £3100
tage . rea ia (S 64325
65525
92.40 1.5266 EE500
92.60 1.5674 BB27S
92.80 1.6265 F0B50
93.00 1.68%6 73600
93.20 17717 77175

CriPresentation=\ 2019 - ‘WebinarsiLesson 1Exampie Modelsd i
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ustom Reports

7 8
Stage [ft] Area [ac] Area [ft2] Node: NODE 2 Scenario: Manual Basins
93.40 1.9043 82950
53.60 2.0554 89575 0
93,80 2.2584 98375
54,00 2.5052 109125
54,20 2.7606 120250 500
94,40 3.0676 133625
94,60 3.3924 147775
94,80 3.7397 162900 500
55,00 4,0680 177200 /
95.20 3.37% 190775
95.40 4.6654 203225 A
95,60 4.8841 212750 & Stage T Area C h a rt
SE.80 0785 231225 H
96,00 52732 223700 T
96,20 54195 36075
96,40 5.5762 242900
96,60 5.7478 250375 200
= 56275
261450 _'____,_._-————*"’"f
Stage —Area Table [ =
372200 /
) 777175
(C ont ) 281600 ™
264650 8500 2600 700 2A00 B0 o0 00 5200 S300 SO0 S6O0  S600  STOD BEOD  BRID  100.00
98,20 6.6024 267600 Stage [f]
98,40 66334 288950
5650 56625 790275
9580 6.6515 291050
99,00 6.6937 291576
59,20 5.6937 291576
Node Max Conditions [Manual Basins]
Comment: Node Name | SmMName | Waming Max Stage | Min/Max MaxTotal  MaxTotal  Max Surface
Stage [ft] [Fel I[Jf:]h Stage  Inflow [cfs]  Outflow [cfs]
NODE 2 04-inch 93.60 83.73 0,0010 25.17 0.00 54463
NODE 2 D6-inch 53.60 3152 0.0010 44,34 0.00 51804
NODE 2 08-inch 93.60 93.55 0.0010 66.9¢ 0.00 87756
NODE 2 10-inch 93.60 93,35 0,0010 12453 520 101831
..
Node Max Conditions
CiPresentations'2019 - WebinarsiLesson 1'Exampie Modeis Iy 10122019 1042 CiPresentation='2019 - WebinarsiLesson 1Exampie Modeis iy 10M22019 1042
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Custom Reports

7

Scenario: Manual Basins

89.73 /

91.52 , / |

93.55 HEC T

y\ Stage [f]

EAC0  EBO0 000 SO0 S2O0 5300 S400  SEOD G600 STO0 BRI BROD D000

Stage [l Area [ac] Area [F2] Node: NODE 2
Node Max Conditions [Manual Basins]
L " = 1

=Ll

NODE 2 04-inch 93.60

NODE 2 06-inch 93.60

NODE 2 08-inch 93.60

NODE 2 10-inch 93.60 03.80 1

l BB:Z[I 6.6937 291576 \ cnnd5ud| 5]

CoPresemstion=' 2013 - WebinarsiLasson 1Exampie Models@ i
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Max Stage Min/| lax Max Total Max Total Max Surfaca
Stage [f] ] I[}f:]h Stage  Inflow[ds]  Ouflow[cis]  Area [f2]

NODE 2 4-inch 93.60 89.73 0.0010 25.17 0.00 54463
NODE 2 D6-inch 93.60 91.52 0.0010 44.34 0.00 61804
NODE 2 08-inch 93.60 93.55 0.0010 66.94 0.00 87756
NODE 2 10-inch 93.60 93.85 0.0010 124.52 520 1018321

J
Node Max Conditions

CoPresemstions 2013 - WebinariLaszon 1Exampie ModelsF i 10122019 10:42



Warning Stage \

Custom Reports

Node Stage wfWaming Stage: NODE 2 [Manual Basins]

94.00 X T | —— Waming Stage
”—/"__E: — {H,.]“ch
—— D&-inch
93.00 - A TR 8" rainfall —— 08-inch
10” rainfall / Faifid 10-inch
92,00 /
81.00 =T X —
/ ~ 6 rainfall
£ g0
5 [ ——
%
— N4 ainfal
88.00
Node Stage
87.00 S ——
Charts
86.00—|- !
i
85.00|
0.00 10.00 20.00 30.00
Time [hrs]
123 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology
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Example #2

NOAA Atlas 14
FDOT Ciritical Storm Analysis
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NOAA Atlas |14

Terrain

N Tampa Ave

=C

Yorange Center By, ¢

3 ImipL

ke

Lak

W Washington St

=0 =W-Colonial-Dr

q'b}”

=, -~ Orange Bloss

Alba Dr

=

W Livingston St

W-Robinson St

526

Loema W Central Bivd
Joone PineStW

Church St W
W Jackson St
W.South-St

oIa
> Conley St
<

Orlant

] =]
[}
f E
=
w
- E-Colonial Dr-
N
1d
. |."
|
= 1 7
aiz E Livingston St
2k E Ridgewood St
=ik E Robinson St
S Lake
;"E‘ Eola
=
| E Central Blvd
ll E Pine St
il
:ﬁ‘r]ando E South St
JLE) W

sSutiMerlin Ave S

Hillcrest St
E Concord St

E Amelia St

E Washington

Langford

Park

E

T FAnderson StEa

[J‘ucgm\'

a) Select location
Move crosshair or double click

b) Click on station icon
[] Show stations on map

Location information:
Name: Orlando, Florida, USA*
Latitude: 28.5352°
Longitude: -81.3831°
Elevation: 104.1 ft **

@
: -1 ™ e G >
1] W Gore St == E Gore St -
| | " e 9o O z
y " - b=
: & & &
q. -4 T < Brierciittly o
& 8 ) d 7]
g @ E S B
— o - | > -
b =] L] n B < (]
o 5 = Al 5
e 5 th =8 S &
e, W -
Elnrint i 16th St = %
r o 20th St G Pere 13 + |
~ {47 W Kaley St ¢ Kaley S1E 3 > ve
@y 22nd St || E Esther St Baone %
= 23rd St N 4 High = ]
- 24th St = < = 2
1km B - . w (5]
I 1 g i o Geant ottt ) e . * Source: ESRI Maps
I OIS - z 26th St > c 5 Page Ave s
.omi ’ o S n wone 2
1y “ 2 Michigas T L Source: USGS
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WITH 90% CONFIDENCE INTERVALS AND SUPPLEMENTARY INFORMATION

NOAA Atlas |14

POINT PRECIPITATION FREQUENCY (PF) ESTIMATES

NOAA Atlas 14, Volume 9, Version 2

| PF tabular PF graphical Supplementary information

% Print page

PDS-based precipitation frequency estimates with 90% confidence intervals (in inches)’

) Average recurrence interval (years)
Duration
1 [l 2 [l 5 [ 10 [ 25 [ 50 [l 100 [l 200 [ 500 [ 1000
5.min 0.456 0.527 0.639 0.726 0.838 0.918 0.993 1.06 1.15 1.20
(0.385-0545) || (0.445-0.632) || (0.538-0.769) || (0.607-0.879) (0.667-1.05) (0.713-1.18) (0.741-1.32) (0.754-1.47) (0.778-1.65) (0.795-1.79)
10-min 0.667 0.772 0.936 1.06 1.23 1.34 1.45 1.56 1.68 1.76
(0.564-0.799) (0.652-0.926) (0.787-1.13) (0.888-1.29) (0.977-1.54) (1.05-1.72) (1.08-1.93) (1.10-2.15) (1.14-2.42) (1.17-2.62)
15-min 0.814 0.942 1.14 1.30 1.50 1.64 1.77 1.90 2.05 2.15
(0.688-0.974) (0.796-1.13) (0.960-1.37) (1.08-1.57) (1.19-1.87) (1.27-2.10) (1.32-2.36) (1.35-2.63) (1.39-2.95) (1.42-3.20)
30-min 1.39 1.59 1.90 214 2.45 2.68 2.89 3.09 3.33 3.50
(1.18-1.66) (1.34-1.90) (1.60-2.28) (1.79-2.59) (1.96-3.07) (2.08-3.44) (2.16-3.84) (2.19-4.28) (2.26-4.81) (2.31-5.21)
60-min 1.86 214 2.57 2.91 3.34 3.65 3.93 4.20 4,52 4.74
(1.58-2.23) (1.81-2.57) (2.16-3.10) (2.43-3.52) (2.66-4.18) (2.83-4.67) (2.93-5.23) (2.98-5.81) (3.07-6.52) (3.13-7.05)
ohr 2.34 2,70 3.25 3.68 4,22 4.61 4,97 5.31 5.71 5.98
(1.99-2.78) (2.29-3.21) (2.75-3.88) (3.09-4.42) (3.39-5.25) (3.61-5.87) (3.73-6.56) (3.79-7.30) (3.90-8.17) (3.97-8.84)
I 1 e I ~na ] e I Y I “on ] = aa I s ] r e ] - an ] - on
60.da 18.7 20.7 23.7 26.0 29.0 31.0 329 34.6 36.6 37.8
y (17.0-20.8) (18.7-23.0) (21.4-26.5) (23.3-29.3) (24.8-33.7) (25.9-37.0) (26.4-40.7) (26.4-44 6) (26.6-49.1) (26.8-52.5)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).

MNumbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitsy
recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are

Please refer to NOAA Atlas 14 document for more information.

]

csv file export

uration and average
ecipitation (PMP)

Estimates from the table in CSV format:

Precipitation frequency estimates

| Submit | ‘ji
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PRECIPITATION FREQUEMCY ESTIMATES

by duration for ARI (years): 1
S-min: 0.456
10-min: 0.667
15-min: 0.214
30-min: 1.39
60-min: 1.86
2-hr: 2.34
3-hr: 2.54
g-hr: 2.9
12-hr: 3.33
24-hr: 3.8
2-day: 4.31
3-day: 4.74
4-day: 5.14
7-day: 6.2
10-day: 7.17
20-day: 10
30-day: 12.5
45-day: 15.8
60-day: 18.7

missing 4-hr and 8-hr durations

© 2019, Streamline Technologies, Inc.

NOAA Atlas 14
FDOT Ciritical Storm Analysis

2
0.527
0.772
0.942

1.59
2.14

2.7
2.94
3.34
3.77
4,28
4.93
343
5.85
6.94
7.96
11.1
12.8
17.5
20.7

3
0.639
0.936

1.14
1.9
2.57
3.25
3.56
4,06
4.56
2.21
6.11
6.72
7.19
8.31
9.38
12.3
16
20,1
23.7

Lesson | — Building Blocks & Hydrology

10
0.726
1.06
1.3
2.14
2.91
3.63
4.05
4.66
5.28
6.11
7.25
7.95
3.46
9.6
10.7
144
17.7
22,2
26

25
0.338
1.23
1.5
245
3.24
4,22
4.68
348
6.37
71.53
8.04
9.89
10.4
11.6
12.7
16.6
20.1
24.9
29

30
0.918
1.34
l.64
2.63
3.65
4.61
5.14
6.12
7.29
8.78
10.6
11.6
12.2
13.3
14.4
18.3
22
26.3
31

100
0.993
145
1.77
2.89
3.93
4,97
5.57
6.76
8.27
10.2
12.3
134
14
15.2
16.2
20,1
23.8
28.7
32.9

200
1.06
1.56

1.9
3.09

4.2
331
5.98
741
9.34
11.7
14.2
154
16.1
17.2
18.2

22
25.6
30.4
34.6

00
1.15
l.63
2.05
3.33
4.52
371
6.42
8.23
10.9
13.9

17
184
13.1
20,2
21.1
24.6

28
32.6
36.6

1000

1.2
1.76
2.15

3.5
4.74
3.98
6.83
8.94
12,1
15.8
19.3
20.3
21.6
22.6
234
26.0
29.8
34.1
37.8



NOAA Atlas 14
FDOT Ciritical Storm Analysis

NOAA Atlas 14 Rainfall Depths - Downtown Orlando

Rainfall Depth (in)

O — N W M~ U1 O N 00 O

interpolate

6 10 12
Storm Duration (hrs)

——2-yr 5-yr 10-yr 25-yr —-50-yr ——100-yr
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NOAA Atlas 14
FDOT Ciritical Storm Analysis

Duration (hr)  2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
1 2.14 2.57 2.91 3.34 3.65 3.93
2 2.7 3.25 3.68 4.22 4.61 4.97
4 3.1 3.75 4.3 5 5.5 6
8 3.5 4.23 4.9 5.8 6.52 7.3
24 4.28 5.21 6.11 7.53 8.78 10.2
72 5.43 6.72 7.95 9.89 11.6 13.4
168 6.94 8.31 9.6 11.6 13.3 15.2
240 7.96 9.38 10.7 12.7 14.4 16.2

129 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology ,{:?qa,q__



FD

Window | Help

Release Notes 3

View Help System

Tutorials
Examples
Technical Documents »

ICPR4.com
Data Schema
Who's Online

|/

License Agreement

open this file in Excel \

/M RGBTSR ICPR4 Templates v4.05.00.zip

NOAA Atlas 14
OT Critical Storm Analysis

e STREAMLINE M
TECHNOLOGIES

Downloads

Installation Setup Exe File |[ERENENUSKUSEE MRS

Installation Setup Zip File [ Icprd.05.02 setup.zip
POEEN BV NANLEY | Installation Guide.pdf

CEEEERY ILIEEY | Release Notes v40502.pdf
les v4.05.00.7i

ICPR4 - GWIS v2.1 Data Exchange/Migration- ICPR_GWIS Tools 20190805.zip
o 2 5.

Tools

(C:) [} |ICPR4_Templatesv4.05.00 » FDOT Critical Storm Sim CS‘u‘s]

@ FDOT_Sim_Qutput_Tlnc_Groundwater.csv
[@ FDOT_Sim_Qutput_Tlnc_Hydrology.csv

E3:| FDOT_Sim_Output_Tinc_RestartFile.csv

@ FDOT_Sim_Output_Tlnc_SurfHydraulics.csv
P E@ FDOT Sirmulaticn.csv

130 © 2019, Streamline Technologies, Inc.
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NOAA Atlas |14

FDOT Ciritical Storm Analysis
Columns “BB” and “BC”

:Roinfatiaine RavefatAsmrOunt

oora = |. copy and paste rainfall
~FDOT-4 31 1

2eyr —+ ~rnors > depths into column
~FDOT-24 4.28 “BC”
~FDOT-72 5.43
~FDOT-168 6.94 . 1Y 4] ”»
o 796 2. click “file > save” &
~FDOT-1 2.57 .
00T Soe close the file
~FDOT-4 3.75

5-yr ~FDOT-8 4.23 3. import the csv files in
~FDOT-24 5.21 . .
~FDOT-72 6.72 the simulation manager
~FDOT-168 8.31
~FDOT-240 9.38
~FDOT-1 291
~FDOT-2 3.68

10-yr — ~fpora 4.3
~FDOT-8 4.9

131 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology /':?044—



NOAA Atlas 14
FDOT Ciritical Storm Analysis

Elements | Simulation Reports Window Help

Simulation Manager... k.
Simulation Execution...

Delete CSV Import CSV Export

Copy Resource Files...

| 0 Simulations

g SV import X Browse For Folder ¥
Import Type |Simu|atigr|5 - | CSV File(s) Folder Location
Scenario |Scenari01 v]
) W ICPRA_Templatesv4.05.00 F
CSV File(s) Folder |C:\ICPR4_Templatesv4.05.0. --| \ el Ponde i Parallel m Perc

CSV File(s) Prefix |FDOT_ N Dual Ponds in Parallel with Perc
| Dual Ponds in Series no Perc

|Rep|ace by Name M Dual Ponds in Series with Perc

Import [: I % Close FDOT Critical Storm Sim C5Ys
Single Pond ne Perc

Single Pond with Perc
[CPR4_Working W

Imported 42 Simulations

Make Mew Folder Cancel

132 © 2019, Streamline Technologies, Inc. Lesson | — Building Blocks & Hydrology ,4{.7@4!,4_



== Simulation Manager

MName
-l Scenario: Scenariol

002¥001H
002¥002H
002¥004H
002¥008H
002%024H
002¥072H
002¥168H
002y 240H
0O05Y001H
OO5Y002H
0O05Y004H

OO5YO0O08BH

005Y024H
0O05YO072H

NOAA Atlas |14

FDOT Ciritical Storm Analysis

005Y 168
005Y 2440

Name |005Y00SH

Scenario

Scenariol

010Y001
010v00d
010Y004

010Y0Ogations |6

O O sy

133

rching

Factor
Erance
um dZ ‘1

Erance

ents | Resources & Lookup Tablg

s Tolerances & Options

SAOR

-

0.5

0.001

0.0001

!
|
|
|
|
|

Intial Abstraction Recovery Time

Simple / Manual Basin Rainfall Opt.

24

Global

Rainfall Name

Rainfall Amount .23

Storm Duration

~FDOT-8

T T

© 2019, Streamline Technologies, Inc.
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NOAA Atlas 14
FDOT Ciritical Storm Analysis

Elements | Simulation Reports Window Help

Simulation Manager...

Simulation Execution... k‘

Copy Resource Files...
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=& Simulation Execution

Simulation Selection

Thread Count

Help

-l-wliScenarios
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Autodetect
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Simulation

Reports Window Help
Mass Balance
Simple Basins
Manual Basins
1D Nodes
1D Links

Printable 3

Link Path Manager...
Process Polygons...

3
4

Input...
Simple Basin Max...
Manual Basin Max...

Node Max...
Link Max...
Groundwater Mounding...
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~= Custom Reports
Title |
Report Sections Item Selection Report Sheet Selection Simulation Selection
Simple Basin Item Selection v Input Report Simulation Selection
b| -l Scenarios «| Runoff Summary Report -] 010Y024H
‘1wl Scenariol Mass Balance Summary Report . 010YO72H
BASIN 1 Runoff Rate Chart 010 168H
v Runoff Volume Chart
010Y240H
~w| D25Y001H
v D25Y002H
~|w| D25¥004H
v D25Y008H
~w| D25Y024H
v D25Y072H
~w| 025%168H
v D25%240H
- | 050Y002H
¥ 1 » ¥ 1
|§Simp|e Basin '| | Add | Page Break Rule |Join *‘
Remowve All
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Simple Basin: BASIN 1

Scenario;

Node:

Hydrograph Method:
Infiltration Method:
Time of Concentratio