Off with the Rule of Thumbs:

Rethinking Hydrologic Impacts on
Stormwater Infrastructure

Floodplain and Stormwater Management
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Improving the tools, workflows and
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Abstract

Rainfall events do not obey our theoretical nested intensity distributions, despite decades of
continual use and the codification of these methods. Extreme events continue to stress local and
regional civil infrastructure; our techniques and tools must change. It is no longer a matter of if, but
rather when will next extreme event occur. We must challenge the general assumptions, our rules
of thumb when it comes to rainfall, and the surrounding infrastructure’s response to these events.
In this session, we will look at a typical stormwater workflow using the XPSWMM Model. We'll
investigate the general trends toward rainfall distributions using Atlas 14 as well as the hydrologic
response methods and trends globally and how they apply to you today, saving your thumbs, and
making you smarter & more productive.

Learning Objectives:
e Understanding rainfall information
* Learn how temporal distributions effect stormwater infrastructure

e Leverage the latest tools to assist in quickly evaluate critical durations
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RETHINKING HYDROLOGIC IMPACTS

“Based on existing data, ... the 100- Houston FEMA flood map missed 75 percent of flood

year floodplain is a poor predictor of (ylamagessaysr:ewftudy

property damage ... there is no solid e ——— R
evidence to justify a default 1% annual

chance design level for flood
reduction”

“The reliability of modeled flood risk
can thus quickly deteriorate as time
goes on, especially in rapidly
developing regions.”




REMOVING ASSUMPTIONS

CLEAR

Understand  assumptions in
hydrology methods so the
resulting flood depths, velocity
and hazard are visual & easily
understood.

X

ACTIONABLE

Make  hydrologic  response
actionable by viewing the results
spatially, or statistically.  Plan
evacuation responses in the
model.

i

Results can be shared by
video, or export the spatial
extents of the hazard, depth
or time to inundation.




COUPLED 1D / 2D MODELS

)

BUILD

SIMPLE TO CONSTRUCT
A DISTRIBUTED RUNOFF
MODEL WITH TERRAIN
& LAND USE TOGETHER

WITH GIS DATA
STRUCTURES
INCLUDE ELEMENTS LIKE
BRIDGES, INLETS, CULVERTS,
BUILDINGS,  MANHOLES,
TIME-VARYING DAM/LEVEES UNDERSTAND

PROVIDE A VISUAL STORY
OF HOW THE FLOOD
PROGRESSES & PRODUCING
STATISTICAL ANALYSIS OF
RESULTS

BREACHES INTO THE MODEL

“WHAT WE THOUGHT WE KNEW WAS WRONG. 2D SHOW[ED] US MANY SURPRISES IN HOW
FLOODING PROGRESSES IN FLAT AREAS.” INNOVYZE USER IN KANSAS



COMPLETE PACKAGE

Xpswmm/xpstorm
HOLISTIC MODELING

e =
-

WATERQUALITY R | 2D OVERLAND SANITARY

e Pollution e Layered Data * Loading & RTK

e Treatment o Elexibk;I & ¢ Treatment
ayere

HYDROLOGY HYDRAULICS

e Local Methods e FEMA Approved
* Global Storms ¢ 1D & 2D Coupled
e Infiltration

@ xpstorm features



Bulletin 70 vs. Atlas 14

Depths
1989: Bulletin 70

2004: NOAA Atlas 14

Huff Distributions
Circular 173 (1990)
Atlas 14 Temporals (2004)

100-yr, 24-hr
Precipitation Totals:

Difference Between
Atlas 14 Data {ED[M] and

Bulletin 70 Data {1988)

Difference in Inches

' | aste00 A
- 05ta1.0 Peoitivg |biue) Aumians mesn (e Allas 14 sludy's iotal preciplalion vilues e highes an the Bultin 70 vaki,
Hzgative {brown) numbers mean the Afas 14 stody's total precipistion vakees are lowes than the Buletin 70 values.
No Data Beorces: Bulletn T0 Dala seanred directly o IEWE repodt and digised.

Alzs 14 Ostay downlosded fom hifp:ndes mwe noss. govhedec ol s pids_gis him|

http://www.isws.illinois.edu/atmos/statecli/RF/rf-update.htm




OAA ATLAS 14-VOL 2

ATLAS 14 Provides:

Updated Rainfall Depths*
Temporal Distributions

Percent of Occurrence

* 9 cumulative probabilities —

* 10% to 90% per Quartile
4 Quartiles + Average

6, 12, 24, & 96-hour
Duration Sets

F tabular PF grapl Supplementary information & erint pags
PDS-based precipitation frequency estimates with 90% confidence intervals (in inches)1
N Average recurrence interval (years)
Duration
1 2 5 10 25 S0 100 200 500 1000
S-rmin 0.353 0.418 0.525 0.615 0.741 0.839 0.938 1.04 1.18 1.28
(0.272-0.457) (0.322-0.542) (0.403-0.683) (0.470-0.803) (0.548-0.992) (0.607-1.14) (0.658-1.29) (0.701-1.47) (0.764-1.69) (0.812-1.87)
10-min 0.516 0.611 0.769 0.901 1.08 1.23 . 1.52 1.72 1.87
(0_398-0.670) (0.471-0.794) (0.590-1.00) (0.6&58-1.18) (0.803-1.45) (0.559-1.66) (0.963-1.90) (1.03-2.15) (1.12-2 45) (1.19-2.73)
15-min 0.630 0.746 0.937 10 1.32 1.50 1.68 1.86 2.10 2.29
(0.486-0.817) (0.575-0.968) (0.720-1.22) (0.839-1.43) (0.979-1.77) (1.08-2.03) (1.17-2.31) (1.25-2.62) (1.36-3.03) (1.45-3.33)
30.min 0.864 1.03 1.30 1.52 1.84 2.08 2.32 2.58 2.91 3AT
(0.667-1.12) (0.792-1.33) (0.996-1.69) (1.15-1.99) {1.36-2 45) (1.50-2.81) (1.63-3.21) (1.74-3.63) (1.89-4 20} (2.01-4.62)
50-min 1.00 . 1.69 2.00 2.43 2.76 3.10 3.45 3.91 4.26
(0.841-1.42) (1.01-1.71} (1.30-2.19) (1.52-2.60) (1.79-3.25) (2.00-3.74) (2.17-4.28) (2.32-4.86) (2.54-5.63) (2.70-6.22)
ahr 1.32 1.60 2.07 2.47 3.02 3.45 3.88 4.32 4.91 5.36
(1.03-1.69) {1.25-2.05) {1.61-2.66) (1.91-3.18) {2.26-3.99) (2.52-4.60) (2.75-5.28) {2.94-6.01) (3.23-6.98) (3.44-7.71)
3hr 1.45 1.78 2.31 2.76 3.39 3.89 4.39 4.91 5.60 G.14
(1.14-1.54) (1.39-2.26) (1.81-2.94) (2.15-3.53) (2.56-4.45) (2.87-5.16) (3.14-5.94) (3.37-6.78) (3.71-7.91) (3.96-8.77)
&-hr 1.71 2.07 2.66 J.18 3.92 4.51 5.13 577 6.66 7.35
(1.36-2.15) {1.64-2.59) (2.11-3.34) (2.51-4.00) {3.00-5.10) ({3.38-5.92) (3.71-6.86) (4.02-7.89) (4.47-9.29) (4.80-10.4)
12-hr 2.02 2.35 2.95 3.48 4.28 4.94 5.64 6.40 7.4T7 8.32
(1.62-2.49) (1.89-2.91) (2.36-3.65) (2.78-4.33) (3.33-5.52) (3.75-5.42) (4.15-7 48) (4.52-8 65) (5.08-10.3) (5.50-11.8)
S4hr 2.30 2.66 3.30 3.88 4.75 5.48 6.26 7.10 8.29 9.25
(1.88-2.80) (2.17-3.24) (2.68-4.02) (3.13-4.75) (3.75-6.04) (4.21-7.02) (4.66-8.18) (5.08-9.47) (5.71-11.3) (6.19-12.7)
2.day 2.56 3.02 3.82 4.51 5.53 6.36 7.22 8.14 9.42 10.4
(2.12-3.08) (2.49-3 63) (3.14-4.59) (3.69-5 45) (4 40-6 90) (4.94-5.01) (5.43-9.27) (5.85-10.7) (6.55-12 &) (7.08-14.1)
3 day 2.81 3.30 4.15 4.90 5.00 5.88 7.81 8.81 10.2 11.3
(2.34-3.35) (2.74-3.93) (3.44-4.95) (4.03-5.86) (4.80-7.42) (5.39-8.60) (5.92-9.95) (6.41-11.5) (7.14-13.5) (7.70-15.1)
4 0ay 3.05 3.54 4.41 5147 6.30 7.23 B8.20 9.25 10.7 11.9
(2.55-3.60) {2.96-4.19) (3.87-5.22) (4.28-6.15) {5.08-7.76) (5.69-5.98) (6.25-10.4) {6.77-12.0) (7.55-14.2) (8.14-15.8)
7-day 3.66 4.16 5.03 5.81 56.97 7.93 8.95 10.0 11.6 12.8
(3.09-4.28) (3.51-4.86) (4.23-5.89) (4.88-6.83) (5.69-5.48) (6.31-9.74) (6.89-11.2) (7.43-12.8) (8.25-15.1) (8.87-16.9)
10-day 4.20 4.72 5.63 5.43 7.62 B8.60 9.63 10.7 12.3 13.5
(3.58-4.87) (4.01-5.48) (4.76-6.54) (5.42-7.50) {6.25-9.19) (6.89-10.5) (7.46-11.9) {7.99-13.6) (8.80-15.9) (9.41-17.86)
20-day 5.74 6.43 7.56 8.52 9.86 10.9 12.0 131 14.6 15.7
(4.95-5 58) (5.53-T.34) (6.49-5 65) (7.27-9.79) (8.15-11.8) (8.82-13.0) (9.37-14.6) (9.83-16.3) (10.5-15.5) (11.1-20.2)
30-day T.03 7.89 9.26 10.4 11.9 15.0 14.1 -. 16.7 17.7
(6.10-7_96) (6.54-5 93} (8.00-10.5) (8.92-11.8) (9.87-13.8) (10.6-15.3) (11.1-17.0) (11.5-18.7) (12.1-20.9) (12.6-22.6)
45.gay 8.68 9.76 11.4 12.8 14.5 15.8 17.0 18. 19.5 20.5
(7.60-9.73) (8.52-10.9) (9.96-12.9) (11.1-14.4) (12.1-16.6) (12.9-18.3) (13.4-20.1) (13.7-21.9) (14.3-24.2) (14.7-259)
B0-day 10.1 11.4 13.3 14.8 6.8 18.1 19.4 20.6 22.0 229
(8.89-11.3) (9.98-12.7) (11.7-14.9) (12.9-16.6) (14.0-19.0) (14.9-20.9) (15.4-22.8) (15.7-24.7) (16.2-27.0) (16.5-28.8)

' Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Mumbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency e:

imates (for 3 given duration and average

recurrence interval) will be greater than the upper bound (or less than the lower bound} is 5% Estimates at upper bounds are not checked against probable maximum precipitation (PMP)
estimates and may be higher than currently valid PMP values.




NOAA's National Weather Service '

(@’ Hydrometeorological Design Studies

NOM Atlas 1 4 Precipitation Frequency Data Server (PFIj

Home Site Map Organization

T —— Precipitation Frequency Data Server (PFDS)
Homepage
Progress Reports

FAQY State: | Choose a state (or click map) v || Load
Glossary

Precipitation
requency
Data Server
GIS Grids
Maps
Time Series

TEMPORALS Temporals

Documents

Probable Maximum
Precipitation

Documents

iscellaneous
Publications
Storm Analysis
Record Precipitation Sy

ontact Us
Inquiries

)

List-server .
2t R . Updated data available
b s SElected Pacific lglands
¥ : H‘H ' D Datas update in progress
' I-\. T




Regionality of Temporal Distribution
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HUFF ANALYSIS ~

1.1 | : |
12-hour storm

1.0
HUFF
e 12 vyear Record 0.8
e 261 Storms 0.8
0.7

NOAA Temporals storm 1-hour storm

0.6 . | A |
* 69 year record rainfall 0.5 j Huff,s Qual‘tile
(Volume 8) | | | ‘ | |

0.4

* 111,000 + precipitation
cases 0.2

LI A

15 18 21 24 27 30 33 36
TIME. HOURS




B. 2"°-QuaARTILE CASES

A. 1°"-QUARTILE CASES

NOAATEMPORALS
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WHY USE TEMPORALS ?

USE RAINFALL DISTRIBUTIONS FROM ATLAS 14

“If rout[ing] flow, especially if have significant amounts of storage, the unit hydrograph and
rainfall distribution [MSE3/Type Il] used have much less impact” (MnDOT Atlas 14 Document)

THE SCS & NRCS NESTED INTENSITY CURVES ARE GREAT FOR “PEAK” FLOWS
RECOMMENDATION:

HUFF
Use NOAATemporal Distributions{Quartile 1-4-10% - 90% Exceedancel

Test All Events with xpswmm Global Storms to find Critical Duration — Use Ensemble Statistics
Perform all 28 temporals against each 4 durations with Atlas 14 depth per AEP.

* If Flooding occurs |i.e. Storage]
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GLOBAL STORMS

¥

0

40-25-890P-6Hr

25%T

ARR Storm Generatar...

AT14-V2-40-90P-6Hr

Name ':,i':n"; Rainfall m‘;;‘:; Multiplier]  Ensemble Name
[~] |12-25-10P-6Hr |25vT AT14-V2-1Q-10P-6Hr [7] 3.470 Atlas 14 Quartile 1- &
[] |12-25-20P6Hr |25vT AT14-V2-1Q-20P-6Hr [7] 3.470 Atlas 14 Quartile 1- &
10-25-30P-6Hr [25%T AT14-V2-10-30P-6Hr 3.470 Atlas 14 Quartile 1- 6
10-25-40P-6Hr [25%T AT14-V2-10-40P-6Hr 3.470 Atlas 14 Quartile 1- 6
10-25-50P-6Hr [25%T AT14-V2-10-50P-6Hr 3.470 Atlas 14 Quartile 1- 6
10-25-60P-6Hr [25%T AT14-V2-10-60P-6Hr 3.470 Atlas 14 Quartile 1- 6
10-25-70P-BHr [25%T AT14-V2-1Q-T0P-6Hr 3.470 Atlas 14 Quartile 1 - 6
10-25-80P-BHr |25%T AT14-V2-10-80P-6Hr 3.470 Atlas 14 Quartile 1 - 6
10-25-50P-BHr [25%T AT14-V2-10-90P-6Hr 3.470 Atlas 14 Quartile 1 - 6
[/] |20-25-10P-8Hr |25%T AT14-V2-2Q-10P-6Hr [ 3470 Atlas 14 Quartile 2 - 6
[/] |20-25-20P-8Hr |25%T AT14-V2-20Q-20P-6Hr [ 3470 Atlas 14 Quartile 2 - 6
[./] |20-25-30P-8Hr |25%T AT14-V2-2Q-30P-6Hr [ 3470 Atlas 14 Quartile 2 - 6
[.7] |20-25-40P-8Hr |25%T AT14-V2-20Q-40P-6Hr [ 3470 Atlas 14 Quartile 2 - 6
[#] |2Q-25-50P-6Hr |25%T AT14-V2-20-50P-6Hr [] 3470 Atlas 14 Quartile 2 - 6
[~] |20-25-60P-6Hr |25vT AT14-V2-2Q-60P-6Hr [7] 3.470 Atlas 14 Quartile 2 - &
[~] |20-25-T0P-6Hr |25vT AT14-V2-2Q-70P-6Hr [7] 3.470 Atlas 14 Quartile 2 - &
[~] |20-25-801 3470 Atlas 14 Quartile 2 - 6
20-25-901 |3, uartile 2 - 6
_“TESTING 176
30-25-201 |a¥ uartile 3 - 6
30-25-301 0 Atlas 14 Quartile 3 - 6
30-25-401 Atlas 14 Quartile 3 - 6
30-25-501 STORMS Atlas 14 Quartile 3 - 6
30-25-501 Atlas 14 Quartile 3 - 6
[#] |30-25-70F—nn e P N e = (WL T i o ) v Atlas 14 Guartile 3 - &
[.#] |30-25-30P-8Hr |25%T AT14-V2-30Q-80P-6Hr [ Atlas 14 Quartile 3 - 6
[.#] |30-25-80P-8Hr |25%T AT14-V2-3Q-90P-6Hr [ Atlas 14 Quartile 3 - 6
[.7] |40-25-10P-8Hr |25%T AT14-V2-4Q-10P-6Hr [ Atlas 14 Quartile 4 - 6
[/] [40-25-20P-6Hr |25vT AT14-Y2-40-20P-6Hr [] Atlas 14 Quartile 4 - 6
[] |4Q-25-30P6Hr |25vT AT14-V2-4Q-30P-6Hr [7] Atlas 14 Quartile 4 - &
[~] |40-25-40P6Hr |25vT AT14-V2-4Q-40P-6Hr [7] Atlas 14 Quartile 4 - &
[~] |4Q-25-50P-6Hr |25vT AT14-V2-4Q-50P-6Hr [7] Atlas 14 Quartile 4 - &
[7] |40-25-60P-6Hr |25%T AT14-V2-4Q-60P-6Hr [~] Atlas 14 Quartile 4 - &
40-25-70P-6Hr |25vT AT14-V2-40-70P-6Hr Atlas 14 Quartile 4 - 6
40-25-80P-6Hr |25vT AT14-V2-40-80P-6Hr Atlas 14 Quartile 4 - 6

A

L

(]9

Cancel

ik

XP51D/20 Simulation

[l

» [ Dan't Show Model Status
(A I Esit at Simulation End

Time Step #
Time [hrs]
Time Used del Statuz
- Time Left n End I
Fl 3 Efficiency E
~Maodel Adjustrent
— del Status
Courant Factor ﬂ Courant Factor [1.00000 Apply | — NET
10 Result
tax. Mode [terations Node # Modes Nat Converged
b aw. Flow Change Conduit Surcharged —
Min. Time Step Caonduit Flooded —
| B Conduits with Harmal Flaw —
[spswrm - Solve... —
r2D Rezult
ft Cellz with IS Cantralled Friction
[ ] g
fi ide —
141
ENNNNENENENEE ME2% [
Start | Pause | Continue ISl E it
141 |
Me2E [
Start | PaLze | Continue T Slep Exit
1M
3452 %
Start | PaLze | Continue TS Exit




Flow at Top of Watershed

Node - 15 35]
— —_— ]
4Q-25-10P-6Hr[Max 4.098]  4Q-25-20P-6Hr[Max 4.475]  4Q-25-30P-6Hr[Max 4.892]
— —_— -

4Q-25-60P-6Hr[Max 6.188]  4Q-25-70P-6Hr[Max 6.690]  4Q-25-80P-6Hr[Max 7.445]

Flow

—

4Q-25-40P-6Hr[Max 5.332]

4Q-25-90P-6Hr[Max 8.520]

—
4Q-25-50P-6Hr{Max 5.733]




Storage Volume - Downstream

Comparison of Storm Ensembles of different durations for AEP = 25Yr
36781138.2621 38093923525 38065020.5871 372475148042 0 43950097.7158 412911483887 380199611473 36806056.2782 48611304.4418 41006289.7051 34877234.1794 30139531.0344
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CUSTOMER SUCCESS

CITY OF

ST
e

Consultants Inc,

AT YOUR SERVICE

Significant flooding and
complex interbasin
spillage between Mill and
Pringle Basins




MASTER PLAN o

SCS Type 1la 24-hour

1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (hours)
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MODEL BOTH BASINS

Caoansultants Inoc,

MODEL INFORMATION

* 239 SUB-BASINS

* 1914 NODES

* 651,000 2D GRID CELLS

MIXED HYDROLOGY

« SWMM RUNOFF w/HORTON
e HMS MODEL & CITY GAGES <

-
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POTENTIAL

10-acres Site

Hydrology Method:
 SCS Method

30% Impervious
Composite CN 827

Will you result in the same runoff

volume with 30% @98 and 70%
@757




15

Flow
—
o

0

Jan 2017

Does it make a difference?

I—
Base Scenario - 100 - 2 hrfMax 18.204]
— 1
Base Scenario - 100 - 12 hrfMax 9.180]
P |
Split - 100 - 2 hr[Max 18.799]
)
Split - 100 - 12 hr[Max 8.850]

1 Sun

Node - ST172

—
Base Scenario - 100 - 3 hrfMax 14.936]
L
Base Scenario - 100 - 18 hrfMax 3.340]
_ 1
Split - 100 - 3 hrfMax 15.208]

— ]

Split - 100 - 18 hr[Max 3.230]

-1
Base Scenario - 100 - 6 hrfMax 12.919]
-1
Base Scenario - 100 - 24 hrf[Max 1.503]
- 1
Split - 100 - 6 hr[Max 13.503]
1
Split - 100 - 24 hr[Max 1.486]




?

HOW ABOUT 2D

vi»if\“»luyu"“




PERFORMANCE COMPARISON XPSWMM

" % Unsteady Flow Analys X))

Eile Options Help

BENCHMARKED COMPLEX 2D ONLY o [0 R s S o st [0 20752 e

Geometry File : | Joliet 2D Flow Area 25 Ft Grid n 04 ~|

49 2 6 5 Ce I IS Unsteady Flow File : ICqumbia Street 928 CFS LI
4

Flan Description :

.. . —IP_rograms to Run 25 FT Grid J
v Geometry Preprocessor =0.
De” 7510 PreCISIOn La ptop (|7) [V Unsteady Flow Simulation nTheothfJS
[~ sediment 928 cfs
V¥ Post Processor Full Mom

. ) Time Ramp Up = 4hrs
I Floodplain Mapping Time Interval=1sec

r Simulation Time Window
Starting Date:

Ending Date:

—Computation Settings -

13 hrs 41 min 28 sec Compaiaon Tkersal

Mapping Cutput Intery
[~ Computation Level

D55 Output Filename:
[~ Mixed Flow Regime

XPSWIMM

6 hrs 35 min 38 sec

(1 core) GPU
9 min 38 sec Quadro

- GPU K1000M

p g TP R A ————

H e 2 % Vi Vb o =

BEERBRS SN o 5 =
— il alle B - 5N = F ==



WHAT IF

Scenario Manager

—Scenarios

[=E¥i = | Base 5cenario
[ 71 Geometryl

----- Mo Storage

s

Pra

iy

[

SCENARIOS
[

GLOBAL STORMS

¥

Return . Override

Name | pesod ot Multiplier
108 hr 100 Huff-10-Point-6hr 4
103 hr 100 Huff-10-Point-3hr 4
102 hr 100 Huff-10-Point-2hr 3
101 hr 100 Huff-10-Point-1hr 3
1Q Half Hr_|100 Huff-10-Point-Half 2

Storm Generator...

XPS 1D/2D Simulation
» [ Don't Show Model Status
L& Exit at Simulation End
Time Step #
Time [hrg]
Time Used del Statuz
: Time Left n End I
i 3 Efficigncy
~Model Adjustment ez
— el Statuz
Courant Factor j Courant Factor |1.00000 Lpply | —— |End

10 Results
Maw. Node Iterations MNode # Modes Mot Converged

Max. Flow Change Conduit Surcharged —

Mir. Time Step Condut [ Flooded [ —
| B Conduits with Mormal Flow —
|wpsvamrn - Soke... —
|—2D Results
# Cellz with IS Controlled Friction
C o N CURREN% —

EEEENEENEEED LA
ANNENENEENEED LR .

Start | Pause | LContinue Exit
—_———————— LA
ANNENENEENEED LR .

Start | Pause | LContinue Exit

Start | Pause | LContinue




Gl
[

____‘. iy

“_. ]




Thanks for attending

Matt Anderson, PE CFM
Products Manager

TELEPHONE: +1 888 554 5022
matt.anderson@innovyze.com

WWW.INNOVYZE.COM




