Hazen

Historical Storm Record

Storm Depth Select (in)
0.01 8.91

O

Storm Depths
10

8
6

Storm Depth (in)

2010

2012

1127

Storm Count

2014

MMMMMMMMMMMMM

2016

9.9 yrs

Record Duration

Storm Depth and Duration

9

o
8
7
z° °
5
84 °
=
= @
S: 8e0ee ol °
‘ .. .. L
2 .. O.
1 ‘A.t ° o
0 8
0 10 20 30 40 50 60

Storm Duration (hr)

Streamlined Data Visualization and Analytics
for Smart Stormwater Management

Matthew Zelin, PE mzelin@hazenandsawyer.com

Ryan O’Banion

robanion@hazenandsawyer.com

70

80

90



Importance of Storm Characteristics
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Storm Characteristics are Changing

» |s this the New Normal?

Channel 1 News




Stormwater Challenges are Changing
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Data are Changing
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Potential Data Sources

 USGS  EPA
* Flow * Water quality (WQP)

© Water level « Local Records @
* Precipitation .

* MS4 sampling

0,0

 Water qualit
q y * Biological sampling

* NOAA - Drainage complaints

* Historical precipitation * Maintenance records

« Atlas 14 analysis « And More. ..
* Precipitation forecast
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USGS Precipitation Gage Network

Site Name

ATKISSON RESERVOIR NEAR BEL AIR, MD

CARROLL CREEK MEAR FREDERICK, MD

CASSELMAN RIVER AT GRANTSVILLE, MD

LITTLE CATOCTIN CREEK NEAR ROSEMONT, MD

MNORTH BRANCH POTOMAC RIVER NEAR CUMBERLAND, MD
MNORTH GLADE RUM MEAR SWANTOM, MD

RAIN GAGE IN WINTERS RUN BASIN AT FALLSTON, MD
TENMILE CREEK PRECIP GAGE AT CLARKSEURG, MD
TENMILE CREEK PRECIPITATION GAGE AT SLIDELL, MD

US State v 9
Maryland N
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Native Data not Necessarily User-Friendly

# Data for the following 1 site(s) are contained in this file

# USGS @2118701 CRABTREE SWAMP AT CONWAY, SC 10 Years Of 15_M|nute Data
# ______________________________________________________________________________

#

# Data provided for site 82118701

# TS parameter Description

# 176772 20045 Precipitation, total, inches

#

# Data-value gualification codes included in this ocutput: 350 OOO Records
# A Approved for publication -- Processing and review completed. 2

# P  Provisional data subject to revision.

#

agency_cd site_no datetime tz_ecd 176772_080045 176772_660A5_cd

Ss 15s 2ad 65 14n 18s

UsGs 821187a1 2009-01-06 €0:00 EST 9.08 A

USGS @21187e1 2889-01-06 B0:15 EST 9.0 A 10 OOO 20 OOO
UsGs 821187e1 2009-01-06 €0:30 EST 9.88 A

UsGs 821187e1 2009-01-06 €0:45 EST 9.008 A Typlcal Records Wlth Ralnfa”
UsGs 821187a1 2009-01-06 €1:00 EST 9.08 A

USGS @21187e1 2889-01-86 ©1:15 EST 9.0 A

UsGs 821187e1 2909-01-06 €1:30 EST 9.88 A

UsGs 821187e1 2009-01-06 €1:45 EST 9.008 A

UsGs 821187a1 2009-01-06 ©2:00 EST 9.08 A

USGS @21187e1 2889-01-86 B©2:15 EST 9.0 A .

UsGs 821187e1 2909-01-06 ©2:30 EST 9.88 A O 7 5 r r l I I eS
UsGs 821187e1 2009-01-06 ©2:45 EST 9.008 A L]

UsGs 821187a1 2009-01-06 @3:00 EST 9.08 A

USGS @21187e1 2889-01-86 B3:15 EST 9.0 A -

UsGs 821187e1 2009-01-06 @3:30 EST 9.88 A Of p rI nted pag eS
UsGs 821187e1 2009-01-06 @3:45 EST 9.008 A

UsGs 821187a1 2009-01-06 €4:00 EST 9.08 A

USGS @21187e1 2889-01-06 B4:15 EST 9.0 A

UsGs 821187e1 2909-01-06 @4:30 EST 9.88 A




Analysis Tool Objectives

B Streamline analysis

B Visualize results

B Facilitate regular updates

.Support association with varied datasets




Framework for Analysis

ZUSGS

- Atlas 14
science for a changing world DDF
Rainfall record % * Forecast

Separate and
characterize
storm events

Power Bl Connect and

visualize data
"| sources




Defining Storm Events
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Historical Storm Overview

Historical Storm Record
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Historical Storm Record .
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Better Understanding Storm Characteristics
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Better Understanding Storm Characteristics
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Better Understanding Storm Characteristics
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Better Understanding Storm Characteristics
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NOAA Atlas 14 Comparisons
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Filtering Storm Characteristics

Storm Depth (in) ~ StormStart Storm Depth Duration
h
0.01 9.15 .I 49 .I 9/30/2010 6:30:00 AM 9.15 24.75
08 0 10/28/2012 10:00:00 PM 7.35 50.50
O O Median of Storm Depth (in) Storm Count 9/23/2011 10:00:00 AM 5.46 13.75
o 442972014 2:30:00 PM 5.36 4275
. 10/26/2007 3:45:00 AM 476 35.00
Storm Duration (hr) e 7/23/2018 10:30:00 AM 438 4375
0.00 78.00 8/27/2011 4:45:00 PM 418 19.75
2. 2 5 3/10/2011 5:00:00 AM 3.96 23.75
O O e . o 5/15/2018 11:15:00 PM 3.88 45.00
Viedlan o1 Luraton (nr)
' o 6/27/2015 10:30:00 AM 3.87 24,50
3/21/2019 6:45:00 AM 3.76 27.75
Peak 15-min Intensity (in/hr) v 10/10/2013 1:00:00 AM 3.69 55.50
0.04 488 9/6/2011 1:45:00 PM 3.64 49.00
0 ‘] 6 8/20/2015 8:45:00 AM 3.64 15.50
O O . ‘ . 9/11/2009 6:15:00 AM 3.49 18.50
Median Peak 15-min Intensity (in/hr)
Peak 1-hr Intensity (in/hr) v 10
0.01 2.98
0.07 g s
O O | | =
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Storm Depth (in)
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7/11/2019 10:15:00 AM
6/1/2012 9:00:00 PM
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7/7/2015 2:15:00 AM
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Comparing to NOAA Atlas 14

+ Greater Than

A

NOAA Atlas 14
Depth, Duration, Frequency

- Less Than




Design Storm Analysis

15-min Duration 30-min Duration 1-hr Duration 2-hr Duration 6-hr Duration 12-hr Duration 24-hr Duration

2

5 2
10 1
25 01
50 00 0/0 0] | 0|0 0{0 0] | ] i
100 00 0/0 a|0 0|0 0{0 0{0 o1
200 00 0/0 al0 0|0 0|0 0j0 0/0
500 0|0 0{0 a|0 0|0 0|0 0|0 0|0
1000 0|0 0/0 0|0 0|0 0{0 0|0 0{0
ARI (yrs)
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Storm Selection and Comparison °

Storm Date

1/2/2009

12/31/2018 5

Storm Time
@9/22/2011 12:15:00 AM

®5/15/2014 5:45:00 PM
®5/12/2014 11:30:00 PM
®7/6/2018 7:30:00 PM

A

O

0.01

O

O

4
Storm Depth (in) =
+3
8.91 o
[
2
1
0
0 2 4 6 8 10 12 14 16
Time (hrs)
Storm Date Duration Storm Depth | 15-min ARI {yr) 60-min ARl 2-hr ARl 6-hr ARl 12-hr ARI | 24-hr ARl Antecedent Days [
(hrs)
7/6/2018 7:30:00 PM 4.00 2.59 10 5 2 1 1.92 4
8/12/2014 11:30:00 PM 4.50 3.04 1 5 10 5 2 1 2.54 Y
Storms
Q/22/2011 121500 ARA 2 NN 220 il rl 2 1 2 20
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Context for Forecast Rainfall

Forecast Rainfall
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Earliest Forecast

Storm Time
®3/4/2008 7:30:00 PM
®3/7/2008 2:00:00 PM
®9/16/2008 4:00:00 PM
®7/29/2012 1:15:00 AM
®10/15/2012 5:45:00 PM
8/2/2013 4:30:00 AM
®11/23/2014 6:00:00 PM
@®12/22/2015 9:00:00 AM
®5/5/2016 3:00:00 PM
®3/1/2019 §:30:00 PM

10 historical storms similar to forecast rainfall are selected
based upon their total storm depth and peak 6-hour intensity.




Water Quality Storm Depth
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Water Quality Storm Depth o
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Water Quality Storm Frequency
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Water Quality Storm Frequency
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Visualizing Receiving Water Quality
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Associating Water Quality and Storms
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Connecting with Other Data

Incident
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Connecting with Other Data
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Drainage Complaints
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Sanitary Sewer Overflows
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Connecting with Other Records

* What storms trigger flooding?
* Drainage complaints
* Road closures

* When and where is post-storm maintenance
needed?

* Drainage complaints
« CMMS work order data

* What are the water quality impacts?




Conclusions

* Data are available to better understand changing storms

* These data can provide valuable context for:
« Communication with municipal staff, elected officials, and the public
* Long-term capital improvement and maintenance planning
* Near-term maintenance efforts

* Supplement for future climate projections

* Opportunities exist to incorporate other data and better
understand broad array of stormwater issues
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