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- Bioretention Done Right:

 0.25:CEUs/2.5 PDHs.

This course will discuss how bioretention
systems are designed, how different
engineered soil media impact the
movement of stormwater runoff through
the engineered soil layers, and how this is
typically modeled. Modeling assumptions,
good and bad, will be identified along with
their potential impact on bioretention
facility sizing and effectiveness in
providing water quality treatment.

Doug Beyerlein
Co-Founder, Clear Creek Solutions

@STO“MWATER Advancing the Implementation of Hydrologic Models Through Automated Data Preparation Approaches
UNIVERSITY Prasanna Dahal



Prasanna Dahal

M.S., P.E.
Project Engineer
Sunrise Engineering Inc.

pdahal@sunrise-eng.com

Advancing the Implementation of Hydrologic Models Through Automated Data Preparation Approaches
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Learning Objectives

- Learn a mindset of automating data preparation
processes for common modeling tasks

- Learn programmatic access to public data source

- Learn power of open source platforms such as Python
and R to pre-process dataset

(‘\"smn MWATER Advancing the Implementation of Hydrologic Models Through Automated Data Preparation Approaches
GN'VE RSITY Prasanna Dahal



Sections

> Introduction / Background
> Digital Mindset

> Data Acquisition

» Data Cleaning

» Conclusion

@smn MWATER Advancing the Implementation of Hydrologic Models Through Automated Data Preparation Approaches

UNIVERSITY Prasanna Dahal



Sectionl: Introduction / Background
> Importance of H/H modeling
» Challenges in H/H modeling (data aspect)

> Automation: A better approach to tackle existing challenges

@®STORMWATER
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jonl: Introduction / Background

Deeper understanding of hydrologic process
is imperative to solve water related problems
and to better plan and manage city water
infrastructure. Advanced computer models
are essential in helping us understand such
relationships. However, preparing such
models requires huge investment of time and
resources, much of which are concentrated
on acquisition and curation of data.

@®STORMWATER
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onl: Introduction / Background

What do Models do?

- Try to capture physical process for
further analysis

Why do we model?

Analyze or predict scenarios like floods
and droughts

How changes today impact in the future

— ,
P \\ Basin Hydrologic Cycle Components

\Precipitation (P)

Watershed Transpiration
e .
Divide Transpiration + Evaporation

= Evapotranspiration (ET)

Nsaturateq
Zone

Infiltration

v ;,Rechargw B N Interflow

b Waermye
Iable . %Verland flow

Zone

aturateq
Unoff (Ro) Evaporatior

Sand (aquifer)\ L

@®STORMWATER
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*Image sources: http://www.bratttree.com/



jonl: Introduction / Background

Data Related Challenges

T . Demands wide skill set
me consuming

Additional Challenges

Many data sources Machine dependencies

t -
. -b
- : Prone to errors
Repetitive, so boring
?

- . ) . t\\m lmut e i

BN oI tales
Distraction to main analysis e Sl e
=i his new plaas =
sty OF TR

Hinders reproducible science

Data archiving hassle

@®STORMWATER
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nl: Introduction / Background

» Use of computer simulations for modeling environmental
system has been around for a long time.

> Rise of Cyber-Infrastructure (Cl) has made use of computer to
solve problems even more relevant.

> ‘Model as a Service’ vision.

> We are headed towards web based modeling solutions

@®STORMWATER

UNIVERSITY




on2: Digital mindset

There is an ongoing Digital trend.

> Improved Digital Infrastructure

» Increased digitization
» GIS Vs PDF contour maps etc.
» Increased GIS leads to advanced APlIs

» FOSS scientific computing with huge community of developers (Python/R,)
» Google earth engine

> Advantage over legacy approach: Faster, Reliable

> We need to leverage increased digitization for data acquisition,

@®STORMWATER

UNIVERSITY




Section?2: Digital mindset ix—',

Land Use/Land Cover Data
National Land C over Dalasu

h i i d 1o1 I d National Land Cover Insmute http://landcover. ugp.f.‘{ow'
> T e re I S a n O n go I n g Ig I ta t re n * Land Cover Change 2001 to 2006 to 2011 http://www.mrlc.gov/nledrle.php
> B Igge r CO n S u |t| ng CO m pa n Ie S Water Resources Maps and GIS Information http://wate
site is a listing data sources with map data from the USGS or organizations

National Wetlands Inventory Center http:/www.fws.gov/wetlands/
adopting it connected with the USGS.

i¢/ and Multi-Resolution

> S R Climate and weather

m a rt C Itl eS Climate.gov maps: http://www.climate.gov/maps-data
National Centers for Environmental Information
> G | t h H https://www.ncei.noaa.gov/

Oog e ea r e ngl n e USDA Agricultural Applied Climate Information System

http://www.wce.nres.usda. gov/climate/index.html
PRISM Climate Group Oregon State University http:/prism.oregonstate.edu/
DayMET http://daymet.oml.gov/ Gridded daily precipitation and temperature on a 1 km

> Improved digital infrastructure wid.

Nexrad radar data (including precipitation) https://gi

.gov/maps/ncei/radar
a.gov/ that includes

N H H NRCS National Water and Climate Center LIWWW, WEE nres
h a S re S U Ite d I n eve r I m p rOVI n g water supply for;casts, snow, ;re:ipilation and temperature.

SNOTEL http://www.wce.nres.usda. gov/snotel/ real time snow data

i ncrease d d ig it i Zat i on US Drought Portal http://www.drought.gov/

Water Resources
USGS National Water Information System http://water.usgs. gov/usa/nwis/
Real Time USGS Data on Water Watch http://water.usgs. gov/nwis/rt

CUAHSI Data Services https://www.cuahsi.org/data-models and HydroClient at
http://data.cuahsi.org/
Nauonal Wc,alhc.r Service Ad\anccd Hydrologic Prediction Service
Nauonal Water Model hup /water.noaa.gov/about/nwm. http://water.noaa.gov/map
H WHY ARE TECH GIANTS BUILDING CITIES?
l u FRIDAY, AUGUST 14, 2020
+

My <Has E
Authos | Buada e @ smﬂ MWA B
Tech gias as Google, Amazon, Microsoft, Toshiba or Cisco are building smart cities in various parts of

the world. This decision may come as a surprise to some however, it is related to their core business from the U N I v E R s I I I

very moment smart cities incorporate many of the technology advancements developed by these companies.




Section2: Digital mindset

> Different levels of Automation
possible,
»Depends on
» Software availability
» Platform supports
» Time availability

» End-to-end modeling services
have been implemented:
RHESSys, My Thesis?

A

Example 3

T

LA

Example 2 Example 1
A A

View Results

t

Run Model

T

-

.

Prepare inputs for
modeling

~

J/

T

-

o

Analysis

Transform data [ Data Post Processing ]}

h

A

:

Data Access and

odeling functionalities] [Onhne Data Access [Ofﬂme Lo Access}

@®STORMWATER
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n3: Data Acquisition

> Some important sources of data
> Examples/Demo: call from Python/R

> Code walk-throughs

@®STORMWATER

UNIVERSITY




Section3: Data Acquisition

https://thredds.daac.ornl.gov/thredds/ncss/ornldaac/1328/2020)/daymet v3 srad |2020| na.nc4?v

ar=lat&var=lon&var=srad&north=44.9kwest=89.454keastH489.5&south=

44 .47

KdisableProjSubset=oné&

horizStride=ls&time start=2020-01-0112:00:00Z&time end$2020-12-

30T12:00:00z2&timeStride=1&accept=netcdf

Imports

import requesty

Inputs (area and date)

List_of_years = [2015, 2016, 2020]
west, east, south, north = 89.454, 89.50, 44.47, 44.9

for year in list_of_years:
for var in ["tmin’, "tmax', ‘prcp’, °‘vp', "srad’']:
str = 'https://thredds.daac.ornl.gov/thredds/ncss/ornldaac/1328/%s/daymet_v3_%s_%s_na.nc4?’ \

Ir1a|90p)§o Make proper requests ‘var=lat&var=lon&var=%s&north=¥s&west=¥s&east=¥s&south=%¥s&disableProjSubset=on&horizStride’ \
m”"zp'e files '=1§time_start=%s-01-01T12:00:00Z&tine_end=¥s-12-30T12:00-00Z&tineStride=16accept=netcdf’\
can be )

4 %(year,va north, h
requested at (year,var,year ,var,north, west, east, south, year, year)
once

Write request to file

response = requests.get(str)
if response.status_code == 200:
res = response.content
f = open ("./%s_%s.nc'%(var, year), "wh’)
f.write(res)
f.close()

“STORMWATER

UNIVERSITY


https://thredds.daac.ornl.gov/thredds/ncss/ornldaac/1328/2020/daymet_v3_srad_2020_na.nc4?var=lat&var=lon&var=srad&north=44.9&west=89.454&east=89.5&south=44.47&disableProjSubset=on&horizStride=1&time_start=2020-01-01T12:00:00Z&time_end=2020-12-30T12:00:00Z&timeStride=1&accept=netcdf

Section3: Data Acquisition

from climata.usgs import DailyValueIO
import pandas as pd

# set parameters

nyears = 18

ndays = 365 * nyears
station_id = "@6730200"
param_id = "@0e6e"”

INPUTS

datelist = pd.date_range(end=pd.datetime.today(), periods=ndays).tolist()
data = DailyValueIO(
start_date=datelist[@],
end_datemdatelist[ 1], Moral of the story:
station=station_id,
parameter=param_id,

’ It gets easier with help
for series in data: . .
'glow = [r[‘[%]]fcr r in ser‘ies.dzta]] from actlve COmmunIty
ates = [r[@] for r in series.data
data_df = pd.DataFrame({'Date’:dates, 'Flow':flow}) and estathhed paCkage

print (data_df)

Date Flow
8 2811-12-85 6.66
1 2011-12-66 7.23
2 2011-12-67 8.78
3 2011-12-88 ¢©.62
4 2011-12-62¢ 8.37
3643 2021-11-25 6.906
3644 2021-11-26 6.21
3645 20621-11-27 6.04
3646 2021-11-28 4.57
3647 2021-11-2¢ 7.24 @smBMWAEH
UNIVERSITY

[3648 rows x 2 columns]



Section3: Data Acquisition

Data Sources
National/State/Global Data repositories
- Hydrography
- USGS National Water Information System
- Land Cover
- Census
- Elevation
- Soil (STATSGO/SSURGO)
- Weather
© STORMWATER

UNIVERSITY



National STATSGO Database
1:250,000 Scale Soil Information ala ccgss

= = layers -
2 8 C:\Users\dtarb\Desktop\soiIs\wss_gsmsL

[] <all other values>
MUSYM

[ 51159
[ 51160
[]s1161
[ 1185
[ 1186
[1s1199
[Js1210
[s1232
I 1417
[ 51420
51422
51424
[ 51435
M 51436
[s1437
51778
[s1791
[s1811
I 51815
[ 51826
1834
[ 51836
[ 51844
[ 51846
[ 51975
I 52168
I s2179
[ 52180
5342
343
[Js351
[ 359
I 362
I s392
[ s393
s394
[1s398
[ s5228
[ s5229

. -CARD



https://gdg.sc.egov.usda.gov/

SSURGO:
County Level
Digital Soil Maps

1:24,000 scale
soil information

Northen Mariana

Availability
Ssipan Spatial and Tabulsr, Complete
1?.5.‘ 'l Spatial and Tabular, Incomplete
% Tabular Only
- Rota Unpublished
Guam Puerio Rico & U.S. Virgn I=iands
{ sl w -
5 .‘: OSrae
Sepettz 2{Pelay Publication Date: 1/2/2018 USDA CS
: e ONR

http://websoilsurvey.nrcs.usda.gov/DataAvailability/SoilDataAvailabilityMap.pdf



http://websoilsurvey.nrcs.usda.gov/DataAvailability/SoilDataAvailabilityMap.pdf

National Land Cover Data

http://www.mrlc.gov/

Land Cover Change

s e | oF) : / ¥
Aakm AT
Percent Developed Imperviousness



http://www.mrlc.gov/

The National Map

http://nationalmap.gov/

%‘%} The National Map

Your Source for Topographic Information

3D Elevation Program

National Hydrography Data Set

,‘,,.4\.-\..»'

AN A

Elevation

Geographic

Transportation Structures
Names G

sentinel
Bridge

Boundaries Orthoimagery /

A central source for US Government data


http://nationalmap.gov/

Watershed Boundary Dataset

http://nhd.usgs.gov/wbd.html

* National Program by
USGS and USDA (NRCS)

e Boundaries for 10- and
12- digit watersheds

* First cut is by automated
delineation from NED

* Hand checked and edited



http://nhd.usgs.gov/wbd.html

Data

National
Hydrography
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NATIONAL CENTERS FOR f""}
ENVIRONMENTAL INFORMATION )

Formerly the National Climatic Data Center (NCDC)... more about NCEI »

Home Climate Information Data Access Customer Support Contact About

NOAA's National Centers for Environmental Information (NCEI)
is responsible for preserving, monitoring, assessing, and
providing public access to the Nation's treasure of climate and

historical weather data and information. Learn more about
NCEI »

How may we assist you?

| want to search for data at a particular location.
| want quick access to your products.

| want to see your monthly climate reports.

I want to find a specific dataset.

Assessing the U.S. Climate in ]uly 2016

The July temperature averaged across the contiguous United States
| want to know about climate change and variability. was 75.3°F, or 1.6°F higher than the 20th century average.

1 2 3| s

https://www.ncei.noaa.gov/



https://www.ncei.noaa.gov/

SRTM Topographic Data
(all 30m data now public for world)

=

ISSION | INSTRUMENT | DATA PRODUCTS | MULTIMEDIA | OUTREACH

U.S. Releases Enhanced Shuttle Land Elevation Data

On September 23, 2014, the White House

‘] announced that the highest-resolution
. topographic data generated from NASA's
Shuttle Radar Topography Mission (SRTM) in
2000 was to be released globally by late 2015.
The announcement was made at the United
Nations Heads of State Climate Summit in
New York. Since then the schedule was
accelerated, and all global SRTM data have
been released.

See the full JPL Release 2014-321.

Previously, SRTM data for regions outside the
United States were sampled for public release
at 3 arc-seconds, which is 1/1200th of a
degree of latitude and longitude, or about 90
meters (295 feet). The new data have been
released with a 1 arc-second, or about 30
meters (98 feet), sampling that reveals the full resolution of the original measurements.

http://www?2.jpl.nasa.gov/srtm/



http://www2.jpl.nasa.gov/srtm/

www.climate.gov

Climate gov

science & information for a climate-smart nation

. 3 News & Features Maps & Data Teaching Climate [

FAQs | Site Map ‘ What's New? = El Nifio & La Nina

Contact

Featured on Climate.gov 1 2 3 4 5

How is September climate
changing in the U.S.?
September 11, 2018

Filed in: News & Features

Warming in the West outstrips cooling in the East for a slight
overall U.S. warming trend in the first month of fall.

read more



http://www.climate.gov/

| E Maps & Digital Data

RCES CONSERVATION SERVICE

PRISM Mean Annual Precipitation (Oregon State U.)

Precipitation: Annual Climatology (1981-2010)

Precipitation (in.)

Clo  [he-20 [@36-40 [Ws0-100
W4 [J20-24 [J40-50 [EH100-120
W48 [J24-28 [E50-60 [E120-140
[Ms-12 [J28-32 [M60-70 [J140-160
[[12-16 [@32-36 @70-80 [J160+

. o d®
Copyright (c) 2012, PRISM Climate Group, Oregon State University
http/iprism.oregonstate.edu - Map created Jul 10 2012

http://prism.oregonstate.edu/



http://prism.oregonstate.edu/

American Community Survey

» Source of detailed demographic and housing characteristics,
including:
* Income
« Language spoken at home
« Educational attainment
» Occupation
» Place of work and journey to work

» Data collected annually from approximately 3 million households per
year. Approximately 250,000 households per month.

» Data collected throughout the year—produces period estimates
rather than point estimates.

- ACS 1-Year Data | ACS 3-Year Data | ACS 5-Year Data

Geographic 65,000 or more 20,000 or more  All areas, block
Areas population population group or higher



National Water Information System

JSGS Water Data for the Nation
Search for Sites With Data

Sites with real-time or recent surface-water, groundwater,or
water-quality data.

N 4

Site Information Descriptive site information for all sites with links to all

. _ available water data for individual sites.

Map of all sites with links to all available water data for
individual sites.

http://waterdata.usgs.gov/usa/nwis/

Web access to USGS
water

resources data in real
time


http://waterdata.usgs.gov/usa/nwis/

USGS Water Watch

Explanation
@ High
. > 90th percentile
@ 76th - 90th percentile
@ 25th - 75th percentile
@ 10th - 24th percentile
@ < 10th percentile

. Low
O Not ranked

£USGS

Honday, September 11, 2017 23:30ET

Web access to USGS water resources data in real time

http://waterdata.usgs.gov/nwis/rt



http://waterdata.usgs.gov/nwis/rt

USGS National Water Information System

http://water.usgs.gov

* Real-time and Historic Data

e Streamflow and stage
* Groundwater levels
e Water Quality

* Site information

* Tabular or Graphical Format

8'g'er'l‘::'“}’—("“d Sit'e—rl0 dV_dt d‘;—‘Ja USGS 8815808808 Colorado Rv at Austin, TX
Ss 15s 10d 12n 3s 2 1500

usGs 08158000 1999-01-Z4 152 &

UsGs 08158000 1999-01-25 333 I

usGs 08158000 1999-01-Z6 1180 §1aaa

usGs 08158000 1999-01-27 1160 ;

usGs 08158000 1999-01-28 1030 z

UsGs 08158000 19959-01-29 1284 g 560

UsGs 08158000 1999-01-30 151 E

UsGs 08158000 19959-01-31 158 g

UsGs 08158000 19939-02-01 150 ; 5

uscs 08158000 1999-0z2-02 152 E Jan 38 Feb 86 Feb 13 Feb 28 Feb 27
Uses 08158000 1999-02-073 154 DATES: 81/24/1999 to 03/61/1999

EXPLANATION

usGs 08158000 19959-02-04 155 — DAILY MEAN STREAHFLOM X HEASURED STREAMFLOW


http://water.usgs.gov/

ArcGIS Online: Livin

esri ArcGIS

re ArcGIS Living Atlas of the World

Atlas

http://doc.arcgdis.com/en/living-atlas/

Industries ~ About  Support

Home Browse

Benefits

Apps

& Signin Englishv

Blog My Contributions My Favorites

Filters:

() Subscriber

BT T

'.“., {

All Content Types v

All Time v All Regions v

Precipitation forecast for the next 72 hours across the
Continental United States. ArcGIS Online subscription

required.

&z;uﬁ...

GLDAS Precipitation 2000 - Present
& Imagery Layer By: esri

Total monthly precipitation modeled globally by NASA

[|Esri-only Content

Sortby: Relevance v

Surface Meteorological and Hydrologic An...
El Map Image Layer By: NOAA.GeoPlatform
Maps displaying the latest quantitative precipitation

estimates from NOAA/OAR/NSSL MRMS System for 1, 3,

6,12, 24, 48, and 72-hour accumulation periods.

"Pﬁ"'

National Weather Service 72 Hour Precipit...

[Z] Web Map By: esri_livefeeds

Predicted precipitation for the next 72 hours across the

Continental United States


http://doc.arcgis.com/en/living-atlas/

CUAHSI HydroClient http://data.cuahsi.org

Query for Streamflow Data in Houston area

CUAHSI - :
— v i 2] Si i i
6 HYDROCLIENT orkspace | @ About QuickStart | Q Help Topics ) Sign in with Google
)
| e - SEARCH
Enter a location (3] 2 Hamaseton I Layer Control I
N = Select Dates
+ . WILLOWBROOK .
cam Houston Tollway i ) All Dates
— Aldine . SUMMERWOOD ® Date Range
a Crosby
Dyersdale From:  08/01/2017
COPPPEARF\ELD Jersey Village & Mt Houston
‘ LACE ) Barrett To: | 1000172017
. ACRES HOMES 3; Sheldon
4 z @
® '990@ NORTHLINE S
“5, NORTHSIDE was
= OAK FOREST/ EAST; HOUSTO. Data Service(s)
NORTHWEST GARDEN OAKS
ADDICKS HOUSTON oy Highlands Selected 16t 89
L6104 @—"‘ o Selecte O
Q{' O) .ORTHEAST McNair
en Park (570 . HOUSTON.
& ENERGY o ;
410} CORRIDOR A TERORIAT W Hedwig WASHINGTON NORTHSHORE Lynchburg Coady Keyword(s)
DN PARK Village A BIAVE /oo 0] . . Cloverleaf  Channelview DI
PS @ oy Pont @ Houston Jacinto City - o Discharge, stream
GEORGE BUSH Village [AT) 9
PARK/ELDRIDGE .
Ranch UELOWN +— B Advanced Search
69 Galena Park j
® WESTCHASE Al
X =y o
< \westpark Tollway i
Clodine [} A Bellaire R ot//,% @) Deer Park
TR UNION *
Mission Bend 1610 . @ Pa.!ena
ALIEF L)
Four Corners L5610/ ® Morgan Search Now
® SOUTHEAST South Houston S B8 La Porte
ALIANA Meadows@ Sy il HousT.on g
Place (D) EDGEBROOK S Time Series Found
\(‘
Pecan Grove s QD CENTRAL 288 Y\O‘\'L)
Sugar Land @ Missouri City & JTHWEST N SHOREACRE “
& Almeda SOUTHBELT/
ifth ;S sam Houston Tollw; ELLINGTON
fant NEW TERRITORY. Fifth Street g . -
o & Bro_ﬁksnde Filter Results
Ma Hybrid g village
P Y £ SHADOW Ellago | M



http://data.cuahsi.org/

Section4: Pre & Post Processing

» Use of advanced Python/R packages to pre-
and post-process dataset

> Example:
»SSURGO,
»rain/ET,

> Save data to HydroShare

» Code walk-throughs

©®STORMWATER

UNIVERSITY



Section4: Pre & Post Processing

> Evapotranspiration

import pyeto
from pyeto import convert

# Monthly ETo:

eto_monthly = pyeto.fao56_penman_monteith(
net_rad=14.33,
t=convert.celsius2kelvin(38.2),
ws=2.0, # Wind speed at 2 m height

svp=4.42, # Saturation vapour pressure at daily min temp
avp=2.85, # Actual vapor pressure

delta_svp=0.246, # Slope of saturation vapour pressure curve
psy=0.0674, # Psychrometric constant

shf=0.14, # Soil heat flux (G)

)
print (eto_monthly)

5.7125156144327@5

Module also available for estimating values

Examples:
avp = fao.avp_from_tdew(tdew) @stMWATEH
avp = fao.avp_from_twet_tdry(twet, tdry, svp_twet, psy_const) UNIVERSITY




Section4: Pre & Post Processing

Daymet Dataset ——» Day of the year l

(1km resolution)
]—> Hours in a day
Average latitude

R 2
of the region
Shortwave d l
Radiation ' '
Total incoming

solar radiation
Actual Vapor l

Pressure < ¢
v
Saturated Vapor | -
pressure > Net Radiation
Temperature
(max) | 5 Slope of vapor A A A
p pressure curve

N Temperature

(avg)
Temperature l
) vy VY
Atmospheric Psychrometric 2
Elevation Presgure constant » Reference ET

Legend: Input Process Output

Code available at: https://github.com/prasanna310/hydrods-

Expanding upon the idea, we
could use the spatially
distributed data downloaded
earlier, and prepare a
comprehensive spatially and
temporally distributed
Reference ET maps for any AOI

@®STORMWATER

UNIVERSITY

1z
S

dev/blob/master/pytopkapi_data_service/servicefunctions_pytopkapi.py



Section4: Pre & Post Processing

Input Data Source

NLCD /

Processes

Use user-input bounding box, to
identify area, and query NRCS

User Inputs

Bounding box
coordinates in WG

for soil data in the form of vector| ™
data and tabular data

A 4

Reclassify NLCD with lookup

NRCS /

Y

table to obtain Manning's n

A

oordinate Syste

NLCD-Manning's n

value map for the area

!

.| Query SSURGO database

Look up table

“| using soilDB package in R

Apply data aggregating
functions to extract soil

Soil texture Vs Soil
/ properties lookup tabl

properties for the region in the |~
form of TIFF files

Soil texture Vs Soil
/propenies lookup tabl

Code available at: https://github.com/prasanna310/hydrods-
dev/blob/master/pytopkapi_data_service/Extract_Soil Data_pytopkapi5.r

Similarly, another example
would be preparing soil
datasets on the fly after
requesting data from NRCS

1z
S

@®STORMWATER
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Section5: Results & Conclusion

> A digital mindset to use advancing computer
infrastructure key in engineering things faster
and reliable

> Explored and identified benefits in use of
computing resources for

» data download
» data pre & post processing

> Faster, reliable approach used to get most up-
to-date data (including real time data)

©®STORMWATER

UNIVERSITY



Your Feedback Is Important
Please send us your questions, comments, concerns, etc at support@stormwateruniv.com

Presentation PDF Available
Downloadable from the Chat area of the Zoom platform and the course page at stormwateruniv.com

Recording Available
Within 48 hours on the course page at stormwateruniv.com

Certificates
Will receive email notification within 48 hours. Must have attended full session.
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Prasanna Dahal

M.S., P.E.
Project Engineer
Sunrise Engineering Inc.

pdahal@sunrise-eng.com
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Job Site Management Series:

Soil Stabilization, Flocculant Applications, Winter Preparation
0.3 CEUs/3 PDHs

20% Savings Bundle on:

e Erosion Control and Ground Stabilization
in the Third Dimension

e Flocculant Applications in Soil
Stabilization

e Preparing Construction Sites for Winter
Pete Hanrahan Shutdown

Hanrahan Environmental
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