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U.S. Environmental Protection Agency

Office of Research & Development
L Center for Environmental Solutions & Emergency Response (CESER)
Ls Homeland Security Materials Management Division (HSMMD)
Lo Wide Area Infrastructure Decontamination Branch (WAIDB)

EPA Homeland Security Research Program (HSRP) Mission:

to conduct research and develop scientific products that improve the
capability of the Agency to carry out its homeland security responsibilities




EPA Homeland Security Responsibilities

Authorities

Bioterrorism Act

Presidential Directives
Executive Orders

National Response Framework

Elements of:

— Comprehensive Environmental
Response, Compensation and
Liability Act

— Emergency Planning and
Community Right-to-Know Act

— Clean Water Act

— Safe Drinking Water Act

— Qil Pollution Act

— Clean Air Act

— Resource Conservation and
Recovery Act

Responsibilities

e Support water systems to prepare for
and recover from attacks and other
disasters

by leading efforts to provide States and water
utilities guidance, tools and strategies. EPA is

the federal government Sector Specific
Agency lead for water infrastructure.

e Clean up buildings and outdoor areas

impacted by a terrorist attack or other
disaster by leading efforts to establish
clearance goals and clean up.

e Develop a nationwide laboratory

network

with the capability and capacity to analyze for
chemical, biological and radiological (CBR)
agents for routine monitoring and in response
to a terrorist attacks.




<vEPA Fate & Transport Modeling

Fukushima Dai-ichi
Nuclear Power Plant
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" Goal: to better understand impacts
of wet weather and human
intervention (e.g., power washing)
on fate & transport of particulate
contaminants (e.g., spores,
radionuclides) in urban areas

- Bug

Sanial et al.,
2017 PNAS

" Challenges:

— Contamination can be hard to detect

— Dynamic systems (rain, wind, human Amerithrax 41 Ay,
and vehicle traffic) incident

. . response
— Incidents may take years to remediate P
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< EPA Focus: Stormwater Modeling

" Support contaminant mapping during
emergency response and recovery

v'Site characterization
v'Developing sampling plans
v'Determining waste staging areas
v"Resource allocation

" |Integrate air dispersion model results
" Surface & subsurface mapping

" Dynamic modeling capabilities that
evolve over time (hours = years)

* Emergency planning




US EPA SWMMS5 engine selected after
comprehensive model survey
(EPA Report: EPA/600/R-18/282)

Need additional functionality for
pollutant tracking and control

—Open Water Analytics SWMMS5 API
& PySWMM Python wrapper

—pyswmm.readthedocs.org

https://github.com/OpenWaterAnalytics

Adapting SWMM for HSRP Needs

& SWMM 5 - Example1-post.inp
File Edit Wew Project R b Tools ‘Window Hel

Project  Report T W Help
DEE Bdh G| Hihy R PR AEE|[FPAOV O EHY

=
Data | Map & Study Area Map E@E
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< EPA Adapting SWMM for HSRP Needs

= US EPA SWMMS5 engine selected after
comprehensive model survey
(EPA Report: EPA/600/R-18/282)

" Need additional functionality for

pollutant tracking and control

—Open Water Analytics SWMMS5 API
& PySWMM Python wrapper

—pyswmm.readthedocs.org
= Finer spatial resolution for overland flow s
—PCSWMM ‘2D’ modeling B

Example of 2D overland flow mesh
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Case Study: Portland Asbestos Fire

3-Alarm Fire at 10:00 PM Sunday May 14, 2017
PDX Fire Suppression Efforts until Monday AM




SEPA Case Study: Portland Asbestos Fire

= Building materials contained asbestos

= Recognized asbestos-containing ash had
spread far from site of fire

= EPA provided support to Oregon
Department of Environmental Quality
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= FEMA’s Interagency Modeling and
Atmospheric Assessment Center (IMAAC)
generated HPAC air plume model

" Demonstrated challenges of a wide-area
contamination incident

ivision|O. wNERE
" i © 2018 Microzoft Corporation, © 2018 L




<vEPA Developing Overland Flow Model

“ Define model boundary P e

" Cell shape/resolution "
= GIS data needed: TR . -

v’ land use/land cover
v'building footprints
v'roads

v critical infrastructure

= Digital elevation model

= EnviroAtlas meter-
- scale Iand use data

" Washoff equations and
parameterization

2D model cell elevatlons
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< EPA \ Initial Model Conditions

W

Initial Asbestos Load

ne| ug/m2

I >= 1000

we| 1100 - 1000

NE Halg EO _ 100

NE Multy - 0

HPAC plume deposition

kg/m2

&5 CONTOUR 0.001

- CONTOUR 1.0E-04
CONTOUR 1.0E-05
CONTOUR 1.0E-06
CONTOUR 1.0E-07
CONTOUR 1.0E-08

NE-Ma

o
=]
M)

[:

= OQOverlay IMAAC |
plume )
" Exponential washoff

NW Kearney StNW K

equation (must define s

yd

parameter values) ) T

N

NE 2nd Av;e

NW 23rd Ave

NE Grand Ave

NE Couch St
E

SE 6th Ave

24-hr 2.4 Inch Design Storm

w
m
=
]
@

2 i
- Zay
£ 1.5 s £
= %3
= 1 30
qg 2
‘5 0.5 o
[
0 NRCS Type 1A 24-hr storm
total precipitation = 2.4 in

Kw=1.0, Nw = 1.5




< EPA Surface Contamination

Time =1 hr

Contaminant Load

B None
B Low
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I | | | |
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EPA \\Surface Contamination
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< EPA Overland Flow Contamination

Time =1 hr

Contaminant Load
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<vEPA

Planning for Response & Recovery

Combine contamination
maps with additional
data for planning and
prioritization
v'Population data
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<vEPA Planning for Response & Recovery
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SEPA Case Study: Detroit

= Objective: Develop data-driven
strategies for containing,
monitoring, and remediating
radioisotope contamination after
dirty bomb detonation

= Hypothetical IMAAC plume
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<EPA

TR =
/] SWMM Elevation (ft msl) e O%: v
" Subcatchments o 671 ‘;ag =
Percent %
- Impervious X

JEmERY
30-45
0 1,000 2000
[ 45-60
- L | |
:'\\ - 60-80 I Feet

o o

£
PR P

Prevailing

P
Rren

Detonation point

ces: Esri, HERE, Garmin, » Intesmap, INGREMENT F, NRCan, Esri
w,,.’° : . MET, Esri Chit '{fﬁg Kong), Esri Korea, Esri {Thailand), NGCC. {c)
B e = Sheﬁmy,mﬂmﬁms, and the GIS User Community = 2

< 3




Building the 2D Model

0

Selected
Subcatchments

1,000 2,000

| Obstructions

Layer

Buildings
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Detroit 2D Model
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Washoff Sensitivity Study

Cesium sorbs strongly to
sediment and organic matter

Model washoff as total
suspended sediment (TSS)

w = KWQ

Land Use Types
Parameter
Building Road Urban
K, 2.45 0.56 0.13
N, 1.25 1.23 1.20

Nw

w = washoff load (mass/hr)
m; = remaining buildup (kg)
q = runoff rate (in/hr)

K,, = washoff coefficient (in)
N, = washoff exponent



Washoff Sensitivity Study

Cesium sorbs strongly to MSE Type 3 July 27, 2014
sediment and organic matter 4 — Storm Storm

Model washoff as total
suspended sediment (TSS)

(L]

Compare washoff from two 2-
year, 1-hour peak rainfall events

Rainfall Intensity (in/hr)
- %]
|

Type Duration | Total Precip. | Max Rate

Real Storm | 1.03 hr 0.96in 3.86in/hr 0 —

T T

09:36 12:00 14:24 16:47 19:11
Measurement Time (hh:mm)

MSE Type3 | 24hr 2.351in 3.86 in/hr
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<vEPA
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SEPA
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SEPA Case Study: St. Louis

= Large-scale hypothetical
radiological incident
resulting from a radiological
dispersal device (RDD)

= RDD contained 2,300 curies

of cesium-137 (as cesium
chloride)

= Dispersed over
approximately 4 square
miles via a 3,000 Ib truck
bomb
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Case Study: St. Louis
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EPA

Case Study: St. Louis
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<vEPA Case Study: St. Louis

Initial Deposition Post-Rainfall

ois B,
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Fate & Transport Impacts

Waste Estimation Support Tool
(WEST) is a GIS-based tool

designed to assist in planning ~ >clid Waste Volume
and preparedness Liquid Waste Mass

Liquid Waste Volume g

Facilitates waste estimates, Solid Waste Mass
planning for staging and
storage, assessing strategies

0.00E+00  2.00E+09  4.00E+09

Post-rainfall M Initial Deposition

Results Units Initial Deposition Post-Rainfall
Solid Waste Mass b 1.34E+08 2.11E+08
Liquid Waste Mass b 2.28E+09 4.00E+09
Solid Waste Volume ft3 1.69E+06 2.45E+06

Liquid Waste Volume gal 2.79E+08 4.84E+08

6.00E+09



< EPA Washoff Modeling

Lab & field experiments determine what coefficients need to be used for modeling

Define Land Use by Subcatchment

. . Build Sampling Maps
Mathematically Describe Washoff PINg Viap
EPA’s Stormwater Management Model PyYSWMM & GIS
Lend Use Editor =il
Land Uses: Properties:
Pavement General | Buildup | Washoff
= —
(5
= —C 2t
W(t) = Pe 0
‘l'ﬁ\l’;sﬁciﬁn;:lndion EXP = exponential, RC = rating
curve, EMC = event mean concentration.




Washoff Studies

27 ft. Indoor
Rainfall Simulator

Portable Rainfall Simulator

Autosamplers with
cell phone activated
sample triggering
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Laboratory Washoff Experiments: Nozzle Characterization

Nozzle Characterization Unacceptable

» Tested 12 different nozzles for: TG-1 at 20 psi, Intensity (in/hr)
031 031 0.37 0.43 0.43 0.49 0.49 0.49 0.43

I FlOW rate 0.37 0.37 0.43 0.49 0.61 0.68 0.68 0.61 0.49

e Spatial intensity distribution 037 | 031 [ 03 [ o7 | oss | oso [ oso [ os0 | 0s

* Average droplet size, kinetic energy, and velocity 04 | 06l | 06l ) 104 | 117 | 104 | 104 | 08 | 068

0.61 0.80 0.80 1.29 141 123 1.23 0.98 0.74

e Nozzles Used: o6t | 092 | 104 | 147 [ 147 | 123 | 13 [ 098 | 068

e Spravine Svstems Co 0.61 0.92 123 154 154 123 123 0.86 0.61
praying -y | 0.55 0.86 123 129 135 0.92 0.92 0.74 0.49

* HH-14 WSQ, GG-2.8 W, HH-30 WSQ, HH-50 WSQ 049 | 08 | 111 | 0% | 098 | 074 | 074 | 055 | o043

e 0.6in/hr—=4in/hr Acceptable
e 52-1475 J/m?-hr HH-14 WSQ at 5 psi, Intensity (in/hr)
e 0.52-0.77 mm 074 [ o7 | 092 | 092 | 0% | om [ o | om | on

0.74 0.92 0.74 0.74 0.74 0.74 0.74 0.74 0.74
0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74
0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74
0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74
0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74
0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74
0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74
0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74




<z EPA Laboratory Washoff Experiments: Coupon Preparation

Inoculate Place Seal Test

« 10’ spores/actuation * Bacillus atrophaeus var. globigii (Bg)
* 2% slope * Bacillus thuringiensis subsp. kurstaki (BtK)
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Fraction of CFU
Remaining on Coupon

Asphalt - Btk
1.00
---------------- Fo 8
¥ ....................... 15.2 mm/hr.
§ ............ 27.9 mm/hr.
0.95 T e
i Tl
81.2 mm/hr.
0.90
0.85
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--&--39 J/(m"2*hr)
080 | . o.. 73 3/(mn2+hr)
00— 585 J/(m”2*hr)
—&— 894 J/(m"2*hr)
0.75
0.00 0.20 0.40 0.60 0.80 1.00

Time (hours)

1.20

Fraction of CFU
Remaining on Coupon

Concrete - Btk

1.00
0.95
0.90
25.4 mm/hr..
0.85
81.2 mm/hr.
0.80 --8--2306 J/(m"2*hr)
' - @+ 77 J/(Mm"2*hr)
O— 44 J/(m"2*hr)
—0— 797 J/(m”"2*hr)
0.75
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Fraction CFU
Remaining on Coupon

Asphalt - B
1.00 ﬁ% : :

S B — i
095 (% ' “
2 25.4 mm/hr.

0.90 ? X T
% ........................... 2
% 1 15.2 mm/hr. 1
Q
0.85 T !
60.4 mm/hr. |
0.80 ~=®=" 30-45 J/(m~2*hr.)
@ 81 J/(m2*hr.)
o— 746 J/(m"2*hr.)
0.75
0.00 0.20 0.40 0.60 0.80 1.00

Time (hours)
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Remaining on Coupon

1.00
09 ) ‘ 15.2
.95 mm/hr
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0.90
0.85 81.2 mm/hr.
25.4 mm/hr.

-=@=-727 J/(m"2*hr)
0.80 <@+ 767 J/(m”~2*hr)

—&— 46 J/(m”2*hr)

O— 2156 J/(m”2*hr)
0.75
0.00 0.20 0.40 0.60 0.80 1.00
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 More washoff from asphalt than concrete for both types of spores
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Washoff Model Parameterization

0.6 in/hr Asphalt & Bg Spores

SWMM Fit
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Ongoing/Future Work

Link overland flow models to pipe network

Modeling examples coupling PyYSWMM &
resource optimization software (OSTRICH &

Chama).

Studying best placement of:
Inlet seals
Bypass pumps
Sand bags
Inflatable Dams
... to contain contamination events

SWMM APPS MANUAL EXAMPLE 6
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<EPA . Additional Resources
Weather Data Tool (SWMM format)

https://github.com/USEPA/EPA-Weather-Tool
* Formats NASA Land Data Assimilation System (NLDAS) historical

rainfall data
» Only applicable for models of very large areas because: A Command Line Tool for
. . . Aggregatlng_Prec||:_)|tat|on .
- Dally ralnfa“ dlsaggregated to hourly Values Amounts Using Grid Coordinates
— 1/8” degree grid

= NOAA’s National Weather Service’s National Digital Forecast
Database REST

Model Lit Review (Emergency Response Focus)

Survey and Assessment of Fate and

Chen, L., S. Roy, T. Boe, AND A. Mikelonis. Survey and Assessment of Transport Modls for Lise Following

a Wide-Area Urban Release to

Inform Mapping, Characterization,

Fate and Transport Models for Use Following a Wide-Area Urban ey
Release to Inform Mapping, Characterization, and Site Clearance.
U.S. Environmental Protection Agency, Washington, DC, EPA/600/R-
18/282, 2018.

* One-page summaries of 26 water models



https://github.com/USEPA/EPA-Weather-Tool
https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=342821&Lab=NHSRC&;subject=Homeland%20Security%20Research&view=desc&sortBy=pubDateYear&showCriteria=1&count=25&searchall=%27homeland%20security%E2%80%99%20AND%20%E2%80%99indoor%20outdoor%20decontamination%27%20NOT%20(presentation%20OR%20poster)&startIndex=26&displayIt=Yes

<« EPA Additional Resources

Stormwater Decontamination Website
= September 2021 projected release date
= Compilation of: e -

. B 5 e
§. iStock/Paulo M.F. Pires = FHEEE

v Framework approach to responding
to wide area contamination

v Library of decontamination
technologies

) D) ,
Shutterstock/TFoxFoto iStock/Ernie Decker
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- EPA Questions?

mikelonis.anne@epa.gov

ratliff.katherine@epa.gov

epa.gov/homeland-security-
research

DISCLAIMER: The United States Environmental Protection Agency (EPA), through its Office of Research and Development’s National
Homeland Security Research Center, funded and managed the research described. This presentation was peer and administratively reviewed and
has been approved for presentation as an Environmental Protection Agency document. It does not necessarily reflect the views of the
Environmental Protection Agency. No official endorsement should be inferred. This presentation includes photographs of commercially-available
products. The photographs are included for purposes of illustration only and are not intended to imply that EPA approves or endorses the product
or its manufacturer. EPA does not endorse the purchase or sale of any commercial products or services.
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