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US Experience Managing PM, 5 Pollution

Alison C. Simcox, PhD
US EPA, Region 1

Air Pollution — A Brief History

»  Pittsburgh - air quality from ~1800-1950 ene of worst urban
environmental problems in US history. Smoke cast city in
shroud of perpetual darkness and city led nation in [ung disease.

S Gl - 1 ¥

11132015 U.S, Environmental Protection Agency 3

In October 1948, a thick cfoud of air
pollution formed above the industrial
town of Donara, PA.

« Cloud lingered for five days, killed 20
people and sickened 6,000 of town’s
14,000 people.

HRAROS U.8. Environmental Protection Agency 5
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Contents
« A brief history
* What is Particulate Matter?
* What are the sources of PM?
+ How does PM affect health?
» Regulating PM: the Clean Air Act
+ Monitoring PM and emissions inventories
+ Effective control measures
» Stakeholder involvernent
= Trends and web resources

12016 U1.8. Environmental Protection Agency

New York City

Drade Hizad EoersyNrT Prehres

Ty

1986: New dor Cay ounediundara sea cTEmog.

Constructing the Empire State
Buitding in the NY smog - 1930

172015 U.S. Environmental Pratection Agency

e, 1998, Roars thas e bkl gugen
il e smagd shtis SSEa

{hezsz g anr tEe Lim &
.

11742015 1.8, Environmental Protection Agency

London — 1952

In a 5-day period in Dec
1952, a temperature
inversion {static layer of
cooler air close to
ground) formed in the r A

Thames River Valley, :

trapping acidic aerosols London buses escorted by
mostly from coal burning. tantem a110:30 a.m.

The fog claimed at least
4000 lives (>BG00 when
delayed death reports
included).
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A' “F’amcie Pollution

Fing Coarse
L1

Nitrates
Ammonia
Carbon
Lead
Organics

Seasall
Bioaerosols

f f t ]
0.1um fum  2.5um 10pm

1

PM is derived from
many different sources

11742015 U.8. Envionmental Pratection Agency 13
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PrECUrSOI’ Gases and ATMOSIHERIC AERDSOL PROCESSES

Secondary PM, 5,

Volatia

/4_..___5_._.>3 Oreanic Paricles
Organe TrvoPANS
tbmpmms COmpons s oY
m_\f RO, — Secondary rgania
Gau.-omcomoem a < Padticlos

L M0y
norganic 1,0,
NG, Nuales io
H
. a e,
Ammaonium
Hitato
4
[ NHo J#
SMRTOmUm
@ = o |
50, HSO—=i surmtn |,
O 0. S, {Chomical Goposition;

Sourco: Particuiats Matier Scienca for Policy Makers.
= A HARSTO Assessmant, 2000.

) %al‘r'ficle

Poliution

- Two size categories, the smalter of which is more easily inhaled with
greater impacts on health.
» Coarse particles (PM;,) - between 2.5 and 10 micometers (um) in
diameter. Occurs near roadways and dusty industries.
+ Fine particles {(PM, ) - less than 2.5pm in diameter. Present in
smoke and haze
— Direct PM, ¢ {primary PM, ;) emitted directly into atmosphere {e.g.,
black carbon from diesel engines, smoke from fire)
= PM, s Precursors (secondary PM, 5} particles formed from
chemical reactions of sulfur dioxide (SO}, nitrogen dioxide (NO,),
volatile organic compounds {VOCs}, and ammonia {NH,).
+ Also Ultrafine particles (PM,; .} - PM, s particles less than 0.1pm in
diameter unregulated but garnering attention.

10

Particle Pollution

Hair cross section (60 um)

PM10 PM2.5
(10 pmj (2.5 um)

11/4201% 12

s of Primary PM, ; and
PM, s Precursors Emitted in US

* Stationary source fuel combustion {SO2, NOx, primary PM2.5)
+ Industriat (SO2)

= Solvents/storage & transpaort/waste disposal (VOC)

+ Non-road mobile (NOx, VOC, S02)
* On-road mobile {NOx, VOC, NH3)
+ Agricultural crops (NH3)

»  Agriculture livestock (NH3)

» Fires {primary PM2.'5)

* Unpaved roads (primary PM2.5)

Source: EPA 1999 NEI v.2

I;"’Iﬁ;;sburces: Example US city

Formey from NO, Emitied From Regicnal amd

Local Sources, Higlway Vihicles and OT-Road Divscls - Higlway
Diescd Mobile Souwrces Digsels - OFRoad
‘Nt | Ainralt & Raihwiy
d \ Combustion ) Gooling Combustion
Incincration, Open Bumning

Residential Wood Buming.
Swuctural Fircs

Uility Commercial Fued Combrusiion)
PM formud from Organie Gases

Wind Erasion, Agricultura) Tilling,
Paval and Unpaved Roads and
Construction Activilivs

Formod From SO, Transporicd frotn
Regional and Local Sources; Gl amd
Cazl-fired Urility andd Commercial’
Insistutional Boilers. Small Combusting
Sources

Elizabeth, New Jersey



PM andHeaItthfects

= Larger particles (> PM,,) deposit in the -
upper respiratory tract 2

+ Smaller, inhalable particles (< PM,o)
penetrate into the lungs

= PM,q., 5 are thoracic coarse PM

+ PM,s go deeper than PMyg 55

» Smallest particles (ultrafines, PM; ;) may
enter bloodstream

+ Deposited particles may accumulate,
react, be cleared or absorbed |

PM and Environmental Effects

» Reduced visibility (haze)
+ Increased acidity of lakes and streams

» Nutrient balance changes in coastal waters and river
basins

» Reduced levels of nutrients in soil

+ Damage to forests and crops

+ Reduced diversity in ecosystems

» Damage to stone and other materials

11742015 LS. Environmenta? Protection Agency 1

" Clean Air Act

+ Enacted under President Nixon in 1970 and revised 1977 &
1990. Sets the framework for US Air Quality Management
(AQM).

» Controls common pollutants which formed dense smog in many
US cities and industrial centers.

» Requires EPA 1o set national ambient air quality standards
(NAAQS) based on latest science, and requires states fo adopt
enforceable plans to meet standards.

= States must contrel emissions that drift across state lines.

11312015 U.S. Enviranmental Protection Agency 21
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PM and Health Effects

Smaller particles (PM, ) have greatest effects. More vulnerable:
people with pre-existing heart or lung diseases, children, older aduits.

PM exposure linked to:

+ Irritation of airways, coughing, difficulty breathing
+ Reduced lung function

« Aggravated asthma

+ Chronic bronchitis

+ lIrregular hearlbeat

» Nonfatal heart attacks

+ Premature death

+ Some cancers {e.g., lung)

Time-series
analysis —1952
London Fog

Daily mortality and average
502 and smoke levels in
Dec 1952, December deaths
were 3 to 4 times higher
than normal. Deaths mostly
due to pneumonia,
bronchitis, tuberculosis &
heart failure.

Dualhs por day fsuiphu dioxdi (pph)
Smoke {microprams pes culiic metre)

Dale, December 1852

Source: hip:/! T I ol ac.ukf PPCT AT ) g52him
e ——
— L '
T ir Guali anagement Theory
. ‘Egtablish.
Goals
coxs. Determine L
Fhniiloring
KANIS slons Inwornories
Reductions rainis & Modelng
© Teack and.: ! . Develop
© Evaluste’: Sclentific Research Programs to
L Regulis achieve
- Alocate rzducrans b sounce
Aalmnertdae

calegones Deweiop
fmplemeriasan Plant ks azkisa
naadad reductans. {$1°s)

Hon g (air and emissions)
Recapiormodeling

- Implement -
and Enforce:,
Stritegies

Souttes ooimply
Porits
Enforcement
From Bachman, 2007:
www.envimnmental-expart. com/Files%5CE477%5Canlicles%SC15683%SChachman pdf 22

(Seasonaby-Weightzd Annual Average)
Nanonal Trend dased 60 537 Sies

1 Srandad

Concentiation, ng/md

L] T T T T T T T T T T T T T T
R ten M 2e3) Mer HMS e MO I3eE Ma Wit Ml e XI¥
2000462013 . 35% decieass in National Average

24
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"Clean Air Act

» Criteria pollutants:
— Particulate matter

State Implementation Plans {SIPs)

* PMy, (PM < 10 microns) + A state’s SIP describes actions adopted by a state for
* PMy5 (PM < 2.5 microns} . altaining & maintaining the NAAQS.
— Nitrogen dioxide {NO3) -
—~ Sulfur dioxide (S0,) » When EPA approves a SIP submission, EPA amends
—~ Ozone (Ca) the federal regulations that contain the state’s SIP (i.e.,
— Carbon monoxide 40 CFR Part 52 “Implementation of Plan”).
~ Lead

« Once SIP is federally approved, EPA has same

+ Every five years, EPA required to review scientific data and, if 3
RANRS d authority as the state to enforce the SIP.

necessary, revise standards for a pollutant. Independent Clean Air
Scientific Advisory Committee (CASAC) provides recommendations
to EPA.

Current NAAQS: http-//epa goviairicriteria.html . |
Plain English guide to the CAA - hitp:iiwww.cpa.gaviairicaalpeg/ % 18X2015 U.8. Environmenial Protection Agency 26

e

NAAQS Implementation - 2012 PM, s

+ In Dec 2012, EPA revised the annual PM, ; NAAQS from 15 ——
pg/m3 to 12 pgima. 0-50
— EPA retained the daily PM, , standard of 35 pg/m? setin 51— 100
2006. 2017 Anqual PM2.5 Designatans.
tas of Warch 34, 20157 101- 150
+ Implementation:
o Dec 18, 2014 — EPA issued 151-200

final designations for most of
the country for 2012 annual
PM, ¢ standard

o Attainment plans (S1Ps) due 18
manths from effective date of
designations

« [EPA/State partnership: pollution data via AIRNOW: epa.goviairmow/

= Each day, data from > 1000 monitors across US are converted into an
AQl value for each pollutant (ozone, PM, 5, CO, SO,) using standard
EPA formufas.

« Highest AQI value = AQ!I value for day. EPA/states issue alerts when
orange level (USG) reached and note which pollutant {usually ozone
or PM, ;) dominates. Many states and cities provide air-quality
forecasts for the next day. 28

Original hival sampler for Total Suspended Particles (TSP)
with pleated filter for radiation measurements.

30

" PM Monitoring — PM,,

= Problems with early hivol samplers:
«  PM mass measured varied by wind speed and orientation
into wind :
« Sampler collected non-inhalable as well as inhalable
particles ) ‘
+ Health studies and development of new hivol inlets led EPA to
establish PM,, as an indicator of excessive PM exposure,

+ Existing Total Suspended Particle (TSP) network of hivol
samplers retrofitted with new inlets

Hivel sampler modified into the peaked-roof hivol for TSP
{0 to ~30-50 pm)

3 11/3/2015 U.S. Envirermental Protection Agency 3z



PM,, inlets with multiple impaction jets replaced peaked roof hivol
inlets for compliance monitaring.
a3

Emerg‘mg: Low-Cost Sensors

—

NO, senor CO, sensor Particle sensor

Particle M
sensor Some are ‘raw” components that need

additional electronics work

Credit; Dana Buchbinder & Gayle Hagler, EPAORD, 2014
aimow.goviindex.cim?action=naq_conf_2014.index

Example: Low-Cost Sensor
Works best oriented
up {“hot air rises™)

Light Recenint

properet Air intake small white
heater resistor visible in
this opening
Credit www.shinysicolp

- PM Monitoring — PM, 5

+ Late 1980s - Low (~10 L/min) and medium (~100 L/min)
volume filter samplers developed for more chemical-
specific information (e.g., to identify road dust, wood
combustion, diesel engine emissions).

+ 1997 — EPA established PM, 5 as the new indicator

11532015 U.S. Envionmerital Protection Agency 34

This patticle sensor
works by measuring the
light scattered by ’
particles.

Sources and amount of an air pollutant emitted into air within an area
during a specific lime period.

Purpose: to identify main sources of an air pollutant for air-quality
modeling, targeting sources for action, and estimating reductions achieved.,

Methods include continuous monitoring, extrapolating results from source-

emissions tests, and calculating emissions using published emission
factors and known activity levels.

Emission faclors available through EPA’s AP-42 link
{(www.epa.govittn/chief/ap42findex.html}). But conditions at a facility (e.g.,

raw materials used, combustion temperature, emissions controls) affect
emissions. Therefore, if possible, local emission factors should be used.,

MA205 U.8. Environmental Protection Agency . 40



Process Rate x Emission _
(Activity) Factor =

Emissions , _ Total
Emissions

Number of
Units per Unit

EF: Rate of emission per unit of activity for a particular process.
Based on results of emission testing.

Emission Inventory Development
Example: Area Source - agriculture

Emission Factor (EF)

- Emissions per unit of activity
(e.g., Ibs/PM,, per acre {hectare) tilled)

Activity Data (Process Rate (PR))
- Vehicle Miles {km) Traveled, Acre-Passes
+ Emissions
— Emissions =EF x PR -

Emission Inventory Development
Example: Point Source - power plant

« NOy Estimation: Emission Factor:

- Emissions per unit of activity
{i.e., Ibs of NOy per ft? of fuel burned)

« Activity Data (AD)
- Cubic feet of fuel burned
+ Emissions

- Emissions = EF x AD

Trends/Future

. Poriable, cheapear AQ manitors
= Mulli-pollutant monitaring sirategies with multiple objectives (s.g, examining
fong-term trends, source appartionment modeling)

»  Measurement of precursor gases (e.g. 50,, NO,) and hazardous air
poliutants (HAPS or “air toxics™)

= Health risks of air toxics

= Health effects at low pollutant concentrations
Effects of ultrafine particles and black carban {BC) on health and climate.
Ongoing protection of the stralospheric ozone tayer
Climate change impacts on public health and walfare

+  Showing climate co-benefits of PM {BC}) reductions

+  Integrating state & local smart-growlh priosities and related energy and
climate programs.
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Emission Inventory Development
Example: Mobile Source - diesel

+ Basic Equation:
—~ Pop*Activity*Emissions = tons/day
» Number of Sources (vehicle population)
+ Activity (miles/km per vehicle)
+ Emission Rate (grams per mile or km)

Source for El examples: Bart E. Croas, Catifomia Air Resources Eoard, ppt for
Centre for Science and the Envirornment, New Delhi, India, Nov 2000

Emission Inventory Development
Example: Point Source - power plant

+ S0, Estimation: Basic Equation

— Activity'Mass Fraction*2 = SO,/day
* Activity (tons fuel burned per day)
» Mass Fraction (tons S per ton fuel)

= install PM (direct PM & precursor  » " Use cleaner fuels {e.g..Jow-sulfur diesel)

gases) controls on stationary and catalylic conventers
S0Urces * Reduce vehicle miles traveled (VMT or
+  QOperate stationary-source NOx VKT) and congestion (e.g., carpooling,
controls year-round telework, pedestrian zones) n
= Retrofit diesel vehicles (irucks, 5:%2]:‘: (lf:;?)r?; Igav:-sr%gz;r)mssmn
scheal bus‘es, back-up ge.neraturs) Reduce emissions from woad/coal
*  Reduce ldiing {trucks, trains, port stoves and buming in barrels

equipment) + Reduce open buming of waste and
»  Contraol fugitive dust {e.qg., unpaved debris
roads, } * Use lower VOO products (e.g., paints,

surface coatings, sofvents, gasoling)

More information available at
* Lepa.govipmim res.h
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Sfakeholder Communication

< EPA has an open & transparent rulemaking process

+ Stakehelders (states, tribes, other federal agencies,
industry, enviro groups, individuals) informed of upcoming
rutemaking actions

» Anyone can comment on proposed rules, and EPA
responds to comments in Response-to-Comment
document. EPA holds stakeholder meetings.

- EPA's Public Participation Guide (on-line in 5 languages):
http:/iwww?2.epa.goviinternational-cooperation/public-
participation-guide-process-planning

1172015 U.S. Envirsnmertal Protection Agency 48



More Information

Stakeholder Communication

«  EPA websites educate stakeholders and provide technical tools »  PM pollution; www.epa.goviairgualityipariclepollutionfindex.htmi
{i.e., models, calculators) and databases. +  PM research: www.epa.gov/airscience/air-particulatematter.htm

» EPA develops factsheets, press releases, and other materials to *  PM & health effects: www.epa.qoviai/pariclepollution/2012/fshealth,pdf
explain rulemaking actions and agency activities. Available on

* The Health Effects Institute: www.healtheffects org/about.htm
. + PM standards: www.epa.qovitin/naags/standards/pm/s_pm_index.him|
» EPA has regular communication (conference calls, webinars, Alr aualily frends o Jairtrendsfinges hird
N . N " y . ! WWW.epa.g ex. hi
workshops, etc.) with stakeholders and is experimenting with neaw quallty A.gpuiarirencsindex.htm
methods {e.g., social media, i-phone apps) « Clean Air Act and progress: www,epa.gov/ai/caalindex.htm]

+ Industry emissions data: ampd.epa.goviampd/
» Emdissions inventaries & emission factors: www.epa.govitin/chieif

' = Public patticipation; www2.epa.govfinternational-cooperation/public-
participation-guide-process-planning

EPA websites.
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US EPA Contacts:

« Justin J. Harris, Office of International & Tribal

Affairs (OITA) harris.justin@epa.qov Background Information

* Alison C. Simcox, Ph.D,, Air Quality Planning Unit,
Office of Ecosystem Protection (AQP, OEP), Boston,
Massachusetts simeox.alison@epa.gov

12015 U.S. Environmental Protection Agency a1 NARNMS
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How Does PM Cause Health Effects?

Directly Emitted {Primary) PM2.5
Emisson Sources of Carbonaceous & Crustal Materials .
R . . . I Theories:
Induskrial Processas — — Industrial Proceases 77—
ot r C hetie _} 1. PMleads tolung initation, which 4. PM causes inflammation of
——  Sourefuel Joume Fuet increases permeability in fung lung tissue, resulting in
Gomuston ; tissue release of chemicals that
: 2. PM increases susceptibility to affect heart function
Feenmy S Sotonery Source viral and bacterial pathogens 5. PM causes changes in
_I Open [ Bomass Opent Biomass leading to pneumonia blood chemistry resulting in
Viaste Buming “énste Buming 3. PM aggravates severity of ;’t?:: k‘lhsal can cause heart
Fugitive Dusi — FaplieoDust chranic lung diseases causing
[ o tapid loss of airway function
h— Productsl) Pipputny
Etlemental Organie Total Crustal Materials
Carbon Carbon  Carbon & Misc.
i Compounds
1500,000 TPY) 4500,000 TPY} (2:000.000 TPY) 12:500,000 TPTY

" Clean Air Act

+ Time-series studies {Single or multi-site) — Emphasis on mortality « Established by US Congress in 1870, with major revisions in 1977 & 1920.
and hospital admissions. Major approach to estimating short-term 1970 CAA set Air Quality Management (AQM) framewdork, but 1990 CAA
health effects of air pollution in epi studies for the last 2 decades. added breakthrough market-based program for power plant SOx

issi h-based standards for H i .
- Case-crossover studies - Instead of obtaining infermation from two emissions and tech-based standards for Hazardous Alr Pollulants (HAPs)

groups {cases and controls), exposure information is obtained from = The CAA conlrols comman pollutants which in 1970 formed dense smog
the same case group but during two time periods. in many US cities and industrial centers,

+ Panel studies — Repeated observations of susceptible population i + The CAA requirés EPA to set national ambient air quality standards
subgroups. For evaluating short-term health effects. {NAAQS) based on latest science, and requires states to adopt

" f ble ptans to meet standards.
« Cohort studies - Group of healthy people followed aver fime to enforceable plans dards.

determine if they develop a disease/outcome. - »  States must control emissions that drift across state lines.
« Birth outcome studies - Low birthweight {<2500 g at birth} is
outcome studied most in relation to air pollution.

14312015 U.5, Environmental Profection Agency 58



Clean Air Act — Roles & Responsibilities
+ Congress: Provides budget and oversight for EPA’s activities
= EPA:
= Develops scientific criteria and sets NAAQS
+ Provides support to state, fribal, and lecal programs through national
emissions standards for stationary & mobile sources, Federal Reqister rules,
grants & guidance, and enforcement.
= States: .
» Develop State [mplementation Plans (SIPs) describing control measures &
strategies for attaining & maintaining NAAQS
* Works with EPA to develops and enforce CAA requiremnents, such as
maintaining an ambient-monitoring network, facility monitoring and reporting,
inspections and enforcement, etc.
» Courts: Resolve challenges to EPA’s implementation of CAA

57

" PM Monitoring .. a little history

» 18™ century: Inhalable barticres first measured using optical
microscopy, but detected mostly coarse fraction.

» Circa 1885 London - PM mass determined by drawing air through filter
paper, measuring volume sampled, and weighing fitter before and after
sampling.

+ From the 19205 - the British Smoke method quantified darkening
caused by particles drawn through a filter.

= Late 1840s - filter method evolved into high volume (hivol) sampler
used to sample airborne radioactivity after atmospheric testing of
nuclear weapons.

Souce: Junj Caa st al, 2013 hitp:faaqr.og/VOL13_Ned_August2d 1M5_AAGR-12:1 1-0A-0302_1197-1211.pdf
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Federal Standards

— The 2015 New Source Performance Standards (NSPS} for new wood
staves and hydronic heaters.

Public Education (www.epa.gov/bumwise)
— Burn as cleanly as possible: right wood, right way, right appliance
-~ AIRNow real-time data and forecasting

Wood StovelFireplace Changeouts and Removal

— Changing out one older, inefficient wood stove gives equivalent PM, ¢
pollution reduction to taking five diesel buses off the road

Wood buming curtailment pragrams — examples

— Sacramenio: hitp:/iwww.sparetheair.com/bumcheck.cfm

~ Puget Sound: hitp:ffwww.pscleanair.org/airg/burnban/default.aspx
Guidance document:

~  bitp:/fwww.epa.goviftncaaal ttimemoranda/strateqies-doc-8-11 -Us.gglf

Clean Air Act — Roles & Responsibilities

= Industry {e.g., transportation, patroleumn, power
generation, metals, mining, chemicals, and
agribusiness) involved in process of meeting federal &
state requirements, and also in developing
approaches to reduce emissions

Fublic and private stakeholders, scientists and
engineers invelved at multiple stages — e.q., initiate
or request meetings, provide technical advice and
services, comment on EPA rules

17372015 U.8. Envimnmental Protection Agency 58

Emission Factors

= Some resources for estimating emissions
— MOVES and NONRCAD models for mabile sources

— EPAwood stove and fireplace emissions calcutator
hitp:fiwew epa govibumwise/resources.htmi#air

— PM emission inventory resource center

hitp:/iwww.epa.govitin/chief/eiip/pm25inventoryfindex.htm}



lnformation Resources Management
(IRM) |
Strategic Plan

AUGUST 12, 2015

' ) EPA IRM Strategic Plan - Driving Forces

* Legislative/Political * Business/Social
QGPRA . OClimate change
CGPEA UOGlobalization
Clclinger Cohen Act : QOPopulation Growth/Diversity
JE-Government Act/FISMA - QOMobile workforce
CIOMB Lines of Business : QOHomeland security
OPresident’s Mgt. Agenda ' CCross media research
LCircular A-76 UBudget Pressures

UCircular A-11

UPolicy Drivers

UGiobal Boundaries

QiFederalism Issues
QPrivate/Commercial Self Regulation

* Technology
OService Oriented Architecture
CNT Access/Analytics '
'Qweb Governance
Otdentity Management
EIGe_ospatia_l Services




EPA IRM Strategic Plan — Major Themes

1 Achieve Operational Excellence in Service Delivery

Z Unify IT Infrastructure Supporting Internal Communications
Across All Programs

3 Integrate External Service Delivery to EPA Stakeholders

@ Apply Leading Edge Technology in Existing and New Programs

http://wvww?2.epa.gov/aboutepalepa-information-resources-management-strategic-plan
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SEPA

Advanced Data Analytics and
Visualization: An Overview

August 12, 2015 .

SEPA Data Analytics and Visualization
1 R i . R IO

7

» More insights and better
decisions

» Predictive analysis

« Harness data across EPA
and outside EPA

« Increasing data volume,
velocity and variety

« New, powerful and

inexpensive tools SCIENCE IN THE
~+ 130 People in the EPA P&TABYTEERA__ N

Community of Practice

g
g v




- SEPA Why the Time is Right

Increasing demand on data analytics for missions
and operations

Big data tech - attention, investment and
deployment \

Data flows are starting to increase rapidly:
volume / complexity

— Citizen science, continuous monitors, mobile devices
Prepare before these increases become reality

Technology and data combinations promlse new
opportumttes

o

]
) EPA Benefits Across EPA

Promote increased analytical capacities
- New analyses that were previously impractical
— Increase performance on analyses that are cumbersome

Better visualization both for analysis and
presentation

Increase ef‘ﬁcsenaes through better anaEySIS

Improved environmental outcomes

8/12/2015



People ‘
« Build community - Data Analytics Community of Practice
Build in-house skills — training at many skill levels
Transfer and enhance those skills

Establish cross federal and other external partnerships
Build Use-cases and demonstration projects

Data and Technology

« New technology for data storage and query

+ New techniques and tools for analytics

= Explore various IT toois through small deployments
« Build pilot platform for demonstration projects

Key Activities

N R Y

s

[

h]

8/12/2015







EPA Office of Environmental Information (OEl)

Geospatial Program

Organizational Leadership

Chief Information QOfficer - Ann Dunkin .
Acting Deputy Chief Information Officer — Carol Rushin -
Geospatial Information Officer — Harvey Simon

Description

The Geospatial Information Officer {GI0) carries out the Chief Information Officer (CIO)
responsibilities to ensure that EPA’s ahility to use geospatial data, tools, policies, procedures
and technologies to support EPA’s place-based mission. The program supporis a wide-range of
EPA program activities and business processes. Agency geospatial resources are distributed
across OEl, national program and regional offices and the GI0 works with OEI manégers and’
staff and others who to ensure the program meets Agency-wide needs. The EPA GeoPlatform
has become an organizing principle

Virtual Program Management Office
NPL Boundary

(Geospatial Managers and Staff from across OEl)

EPA Geospatial Program YGeo Platform Operations and Change
Coordination with Internal and Control Board
External Partners » Hosting and Infrastructure
Program Evaluation and Planning * Enterprise Applications and Templates
Enterprise Licensing and Technical » Shared Enterprise Geodata and
Support Services {SEGS)
Geo Components of Facility Registry Qutreach, Documentation, Training,

Service (FRS), Environmental Datasst Communications
Gateway (EDG) and Envirofacts Technical Support

B R T e







Briefing for Taiwanese Delegatlon'

Potentlally Respon51ble
Party (“PRP”) Searches

NANCY DECK TEAM LEADER
NATIONAL PRP SEARCH ENHANCEMENT TEAM
AUGUST 12 2015

WHAT IS SUPERFUND?

* The Superfund law* authorizes EPA to conduct
investigations to identify all parties who may be responsible
for release of hazardous substances at a site and to evaluate
their liability.

* The law defines four categories of potentially responsible
party (“PRP”)
= Past and present site owners
= Past and present operators
= Arrangers
» Transporters

*The official title of the Superfund lgwis the Comprehensive Environmental

Response Compensation, and Lmbzhty Act, commonl y referred to by the acronym
“CERCLA". kS .

1J.S. Environmental Protection Agency 2



PURPOSE OF PRP SEARCH

* Identify all parties involved at a site.

* Evaluate the extent of each party’s
involvement to determine liability.

S e

U8, Environmental Protection Agency 3

WHAT INFORMATION IS NEEDED?

Names of individuals and business entities associated
with the site (e.g., owners/operators, managers,
employees, customers, suppliers, contractors, lessees).

Records of previous environmental violations.
History and descriptions of site operations.
Site ownership history.

Waste disposal records.

e

U.S. Environmental Protection Agency 4



COMMON PRP SEARCH TASKS

Review Agency files and record collections, including
records from other programs (e.g., RCRA, water, air,
criminal enforcement).

Collect and review records from the site and other
SOUrCes.

Issue information requests.
Perform title searches.

Conduct interviews.

U.S. Environmental Protection Agency 5

RECORDS FROM OTHER SOURCES

* Siterecords  (comlucted by ngpectos ) dom b, ..,

Busingis }f{[-;‘,;gw

* Local, state and other federal agencies:

= County/local property records

= Historical societies and museums
= Public libraries

= Newspaper archives

= Secretary of State’s office

 Other federal/state regulatory agencies

U.S. Environmental Protection Agency 6



RECORDS FROM OTHER SOURCES

(CONT’D)

* Corporate directories

* Trade journals

. Conipamy websites

* Corporate filings (e.g., SEC)

* Corporate meeting minutes

e :V,\_

i

U.S. Environmental Protection Agency

INFORMATION REQUESTS

CERCLA section 104(e) authorizes EPA to require

anyone with information about the following to
provide it to EPA: :

;@

Materials at the site

Waste management practices

Releases or threatened releases
Corporate relationships

Ownership and pre-purchase inquiries
Ability to pay for site cleanup

Insurance

U.S. Environmental Protection Agency



TITLE SEARCHES

* Objectives:

Identify present and past owners/operators.
Identify owners/operators at time of disposal.
Document ownership.

Establish chain of title.

Identify adjacent property owners.

U.S. Environmental Protection Agency 9

TYPES OF TITLE DOCUMENT

¢ Deeds

* Mortgages
¢ Fasements
¢ [eases

* Agreements

e Mineral leases

e Plat maps

U.S. Environmental Protection Agency 10



INTERVIEWS.

* Anyone with possible knowledge of site
activities is a potential interviewee (e.g.,
neighbors, security guards) -

* Interviewees often have information not
available in documentary records.

* Interviewees may be able to identify
other people who also have valuable
information about the site.

US. Environmental Protection Agency

COMPILE INFORMATION

Develop site operations history.

Prepare “waste-in” lists that rank waste contributors
according to volume.

Determine current status of PRPs (e.g., defunct,
bankrupt) and identify successors.

Determine liability of PRPs.

Determine financial viability of PRPs.

Prepare written report for enforcement/ settlement.
Engage in settlement discussions.

US. Environmental Protection Agency

11
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CONTACTS

Cyndy Mackey, Director
Office of Site Remediation Enforcement
Mackey.Cyndy@epa.gov

Nancy Deck, Team Leader
National PRP Search Enhancement Team
Deck.Nancy@epa.gov

R o

U.S. Environmental Protection Agency 13






II.

III.

IV.

Meeting Agenda
Taiwan EPA — Maryland Department of the Environment (MDE)
August 13, 2015

US - Taiwan Eco-Campus Partnership Program Case Summary (10 mins)
Westland Middle School, Bethesda, Maryland -
Shen-Li Elementary School, Pingtung, Taiwan
By Fontaine Rodgers (Westland Middle School)

TMDL and Water Quality Protection (30-45 mins)
By Yen-Der Cheng (MDE)
o TMDL and Chesapeake Bay Water Quality
e TMDL and NPDES permit
e Nutrient Trading

CO, Capture and Storage (CCS) — Policies and Technologies (30mins)
By C. T. Tien (MDE)

Groundwater Protection in Maryland (30 Mins)
By C. T. Tien

e Aquifer in Maryland

e UIC (Underground Injection Control ) Program and Protection of
Underground Source of Drinking Water (USDW)

e Maryland Groundwater Discharge Permit for large. onsite system and
land application system.

e Groundwater Appropriation Permit and Groundwater Resource
Protection






Distributions among MD TMDLs

Bactera
%

helats
4%

Bicogical 4
5%

* 556 TMDLs developed as of 3/1/2015.

TMDL Development Process

» Data collection

- Five-year cycling strategy, additional sampling
for TMDL purposes, data solicitation

= Data analysis
» Selection of an assessment tool

- Depends upon systemn, complexity of problem,
available data, etc

« Evaluation of various load reduction

scenarios

YEEFE
MDE

TMDL Modeling Process

I ™ Obeerved Data

Concentration
of
Poliutani

i 5 } A :

Stations

MDE TMDL Modeling Process

Callbrated Model

. "/‘+
e +— ™~ Observed Data

Water Quality Stundird

Concen;raﬂon
o
Pollutant

1 ! } ‘ !

Stations

Department of the Environment

TMDL Implementation in Discharge Permit
for
Water Quality Protection

August 13, 2015

Introduction of TMDL

MDE

What is TMDL ?

« Total Maximum Daily Load

+ Requirement under the federal Clean
Water Act

+ Establishes the maximuom amount of an
impairing substance or a stressor that a
waterbody can assimilate and still meet
water quality standards

+ Allocates load among pollution
contributors (i.e., point and non-point
sources) ms’m?gm

Which water body needs TMDL?

« State waters that do not or are not
¢xpected to meet water quality standards
after all technelogy-based controls and/or
other required pollutant controls are in
place (MD 303(d) List)

May develop more than one TMDL per
waterbody if multiple impairing
substances identified (i.e., more TMDLs
than number of impaired waters)

.

]
bkt



WLA from TMDL o TMDL Modeling Process
Calibrated Mode]
. "

\ Observed Data

Smalltown
POTW

Wiker Quality Standlar B -
Q,‘y,,. .

Donnenttratlnn
-]
Pollulant

TE ~—-Caontrol Option 1

! : : ! !

Stations

Implement WLA in the discharge permits

TMDL Modeling Process

) Catibratad Model
Annual or seasonal WLAs could be implemented as

effluent limits

Continyous discharges Observed Data

= T
Annual or seasonal loading requirement ﬁ < +
Annual or seasonal average concentration = £ Enanantd :i N
8 B b—g——— WiterQualiy S!ﬁnrln?ﬁ“ =
. . £ & — " T
Non-continuous discharges 8 A ~k—___ ' ~—Control Option 1

“h
Frequency Control Option 2
Total mass
Maximum rate of discharge of pollutants

B : ! ! :

Stations

TMDL Components

* TMDL =WLA + LA + MOS (+ FA)

WLA = Point Source Load Aliecation/Urban Non-
point source (MS4 Stormwater Permits)

Chesapealfe Bav LA =XNon-point Source Lond Allocation
Water Quality Issues MOS = Margin of Safety
FA =Future Allocation (included when applicable)
+ Currently expressed as a “mass per unit time,
toxicity, or ether appropriate measure™ (4{)
CFR130.2()»
* Documentation
R
MDD |
5
The Chesapeake Bay Basin

WLA from a TMDL

WLA = portion of
the TMDL allocated
to a specific point
source

- Nenpaint
Sourcesand -

Natoral .
Background .- .

2

g ey
LI T

16



Summary: 2008 Bay Health Assessment Restored Bay

Erlotity Areas Percent of Goal Achleved
4 1 20 3¢ 40 S0 60 70 B 90 QG

W Gt

Dissolved Oxygen
Mid-Channel Clarity
Chlorophyll a
[Chemical Contaminants

Bay Grasses
Phytoplankton
Bottom Habitat
Tidal Wetlands

Biue Crab

Qyster

Striped Bass

Shacd

Juverile Menhaden

21 Dty and Methods:

Chesapeake Bay
TMDL

22

The Chesapeake Bay TMDL

+ EPA sets pollution “diet” to
meet states’ Bay clean
water standards (since
2010)

» Load caps on nitrogen,
phosphorus and sediment
loads for all 6 Bay
watershed states and DC

» States set load caps for
point and nen-point
sources

23

Chesapeake Bay Health-
Past and Future

Pl N

WHERE WE
ARE HEADED

2

Majer River Basins of the
“the Chesapeake Bay Basin

=}

T
CTF M s e

Chesapeake Bay Watershed-
By the Numbers

* Llargest U.5. estuary

»  Six-state, 64,000 square mile watershead

» 10,000 miles of shoreline {longer then entire
.S, west coast)

*  Over 3,600 species of plants, fish and other
animals ;

*  Average depth; 21 feet y J.#

*  $750 million contributfon annually to local - ‘?‘\/
economies

* Home to 17 million people {(and counting)

« 77,000 principally family farms

* Declared “natienal treasure” by President
Qbama

Atigntic
o, GeBaN

18

2007 Summer Mean
i-\Dfssol'vev:l Oxygen (botfom)

Low to no
dissolved oxygen
in the Bay every

summer

Figh Kills

Warning Signs
in the Bay

Algae Blooms



Pollution Diet for Each Tidal Water Segment

Setting the
Basin-wide Target Loading

25

Taking Responsibility for Load

Reductions Nitrogen Loads by State

wvy DE ©DC

Nitrogen

Identify basinwide Identify major Identify tidal segment
ORI ettt trget ety e e ource “EPA estimates a nitrogen load of 284 million lbs
EPA, States, DC loads nitrogen in 2008. EPA assumes a reduction of 7 million
EPA States. DC s“‘ﬂ-":;‘f- '°I°a' i“e"‘mﬂ"*s Ibs due to the Clean Air Act. This leaves 77 millions |bs
Siates, 30 ocal pariners to be addressed through,the TMDL process.
Guidelines for Distributing the Basinwide What are the Target Pollutant Cap Loads
Target Loads for the Bay Watershed?

* Water quality and living resource goals

i Current model estimates ar t the states’ Ba
should be achieved. Lurrent mates are tha y

water quality standards can be met at basinwide
* Waters that contribute the most to the loading levels of:

problem should achieve the most reductions.

» All previous reductions in nutrient loads are

. - 200 milli i
credited toward achieving final cap loads. 200 million pounds nitrogen per year

- 15 million pounds phasphorus per year

{Sediment target cap load under development-will be
available by spring 2010)

3 27
MD “Segment Sheds” in Bay TMDL Current State Target Loads
-L:{l’l‘l tml.l:n'fﬁdhﬁll.( - ) o
E?ﬁ:.:_ﬁ“’ 3 P T R S ==
== = oe | sl x| foe | en] ow
AL | CAD Lol U st Maivions oD Tt pam Mol Mavtiad | .
St | Kaom Chenspinle 3T POt T vt Fosonts St bohana e e | DE 6.43 5.25 DE - 0.25 0,28
CERST | Tjpn Chruseie Say Hnsns [FOTERESD " 1ue f v Fre lemitim S| : -
Hr i i o MD 4214| 41.04 MD 256  3.04
S NY 868| 10.54 NY .- 056 0.56
gsz‘: el e — PA 73.17| 73.64 PA: _ 3.10 3.16
Essw_-: nng-uT" Caed -.';wﬂu.um*“; VA 59‘30 59.22 VA L 7'92 7.05
_L“Mpww [ DAL AL L k] Erme N _ .

e IR Wy 560| 57 Wy 045| 062
MaTiE T Fere This w exges s e e -
s R B Ll Tofal |  197.53| 197.78 Total |  1493| 1484
RANTE 5D ppes > Himes Total Fred Marnl e r Srric, e v
R R - All loads are in millions of pounds per year.
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MD Nutrient Reduction Strategy for
Municipal Point Sources

Establishing Nutrient Loading Caps

Major Facilities (Design Capacity above 0.5 MGD)*

1, Existing or Planned Flow Capacity
2. Annual average concentration (4.0 mg/L TN, 0.3 mg/L TP)

Minor Facility {Capacity less than 0.5 MGD)

1. 2020 projected flow or Design Capacity flow (whichever is lower).
2. annual average concentration (18 mg/L TN, 3 mg/L TP)

* Representing more than B8% total nutrient loads from WWTP sector in MD,

Nutrient Requirements for ENR
facilities in the discharge permits

1. Annual/Seasonal Nutrient Loading Caps (all majors)

2. “Floating Caps” (majors with BRF funded upgrade)

AnnualCurulativéTN Loads <4
AnnualCumulativeDischarged Flows — mg/L

___AnnualCumlativelP Loads
AnnualCumulativeDischarged Flows ™~ 0.3 mg/L

Maryland Major Wastewater Treatment Plant
ENR Upgrade Status (March, 2015)

Sntadaiphia

MD “Segrent Sheds” in Bay TMOL

TMDL Segment Sheds
N

[
.. i)

B 5 Oermpriezs
B 4 D TMDL Sejawrms 22

Cotnly-TMDL Segrent Sheds

MY Oemse i“'w"_,,.
N Cocnth DL fedonr] St g Foscucteer Do (1A T

Nitrogen Loads by Source Sector and Scenario -
Watershed Model Phase 5.3

M Reserve

# Forest
#Septic
=WWIP

# Urban Runoff ]

m Agricultore

Moving Forward - Bay TMDL Milestones

Proposa nesi Implement  Propose  creased . - Examples of’
g Ri g reguialory increased budget peegram incieased  Some Planned
&ut}mlhias contrels  to agish nudget  conbcis Controls
BT
35 SHfe——
E ] [
Iy
3 07 Load 26
u on i e
B 15 =~
j: 25 P RE R P Onste
g 5t ~) AWastewster
£ 054 Interim L R
LR Thrgets x Agricuiture
] w5 4
g 15 Finel
ERS Mllo.slonas for . . Tatgets
g
]
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Stage 1 Implementatich Year Stage 2 Implemeatation



Premise for Nutrient Trading g D e G Lo

Na Action Versus ENR Upgrades
[67 Major ENR Faciizas)

* If States’ Bay Water Quality Standards can still be
achieved..,

- The State may exchange nitrogen and phosphorus
target loads within a basin; and/or

%o doten
— The State may exchange nitrogen and phosphorus o Loy
loads from one basin to another within the State.
EX Y Py Yy yne ity oy
45
- . - Phesphorus Dischargs Inte the Bey (Lba/Yesr)
Nutrient Trading: Bottom-line Hen e e
29600 , "
* No “net” increase of pollutant load to the Bay after the trade.
2008000
* The credit provider has to meet the TMDL loading cap first,
* No water quality "hot spot” will be created at the local water —_—
body after the trade. T
* Accountability from Both the supplier and receiver of the oot Tigatisairg

credits (through vigorous monitoring requirements and
inspection activities).

Eodin]

FESTFF S F PSSR PSS
Yo kL

ew
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Examples : Nutrient Credit Transfer
implemented in the discharge permits

* Transfer of nutrient WLA due to excess capacity

between facilities within model segment N . Tradi TMDL
* Cease of discharge activity through connection utrient Tra Ing vs.

with another facility.

* Connection of failing septic systems to a WWTP

Pt cewirel

_ Reality Check
Questions? Living within the Cap

LbN

Year

100,000 Papulatian 160,000

MDE



MDE

*  Zn dismibutions Sepramber 20017 - o dismibastion April 2004

Susmmvary Flzare (-3, Full 2607 purd sprime 2048 diarributton of Ph amil Zn spoomd WM,
Vallies #i# eXpresed 18 muiiples of Sigina,

Summaty Figare 1.1, Year 36 Hart-MDker Ifand montosing locations. XOTE: After N
Srrakmaters were fstalied on the rast Mde of TEVE mouitotfug of starion MIE-19 was m
discontinnel

Latilode

Year 26
Sample Locatons

Zones of Influence
3 MM TEH - M

£ 1 ~7I:bi md
Logitads

Figure 11, Inr Year 26, Ceaks o tenes of luftency foond In
provioms vidion Sutians 3 - 21 orry sdded iz Yoeur 18 1o wemnre the Inflnesce of
Batilmore Harbor.

Groundwater Moenitoring

MDE

Current Processes Operating
in South Cell Type Groundwater

Sulfide Mimeral Oxiditim.
et Fazalioe :
- Kelsast afvactals aial Ssients]
Surfie wasy peall
L S evitoes & conly
Growkbu ezt YafToios

Achl Noandvateaa

i Exchars

Flgare 1.19. Sclematic prrentation af b proceies which prodiee 1k proged waler
sleailar tw those Tound It tie Soulh Cell wrlis.

Department of the Envlronment

Monitoring of Dredging Sediment at Hart-
Miller Island

Ching-Tzone Tien, PhD,,P.E,, Chief
Groundwater Discharge Permit Division
Water Management Adminisiration
Maryland Department of the Environment

Assessment of Iinpacis o thre Hare-
Miller sland Dredged Matertal
Coutainment Facllity. Maryland.

Wear 36 £xterior Manitorisg Tecbrical Repore
ember 27 - Axguse 3005}

o r
Marytad Deparmesent of the Ersvonaent

Y Y S

Metals in the Sediment

1

Stamdard Beviation

hivo b b owd

sCd sCr sCu sFe sMn sNi sPb sZn

Sommary Figure 1-2. Year 26 concentration of metnls at HMI relative to baseHne values.
Aletal concentrations greater thau 2 standard deviations (horizontal blue Lnes) ave

considered elevated abeve baseline.
i
MaryiaxD

MBDE

Table 1-3. Summary statistics for-elements analyzed. [All concentrations are iu ug/g nuless
otherwise notedf

Fe
Pty | €d Cr Cu {%0) Mn Ni Pb In
Ave | 00738 | 0.6% 92 41 304 | 2520 76 7 319
Std 00313 [ 0.28 42 18 1.56 1287 M 27 162
Min 9.002 bdl 7 3 025 322 3 3 19
Max | 0.122 L6 501 9 6.15 | 6460 133 154 838
n g6 73 86 86 86 8¢ 86 86 86
ERL wa L3 81 34 na wa 21 47 150
#ERL | nia 3 3 6l na n‘a 17 38 3
ERM ‘s 4.5 37 270 na hi5] 52 218 410
#ERM| ufa 0 ¢ '] nfa na 67 9 17
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Benthic Index of Biofic Integzlty

low mesphaline metrics are presented in Table 2-14. The B-IBE was developed as a benchmark
to determine whether avy given benthic sample faken from the Bay either approximates |B-TBL
score = §), deviates slightly (B-IBI score = 3), or deviates greatly (8-IBI score = 13 fiom
conditions at the best Reference sites (Weisberg et al., 1997). A B-IBI score greater than or
equal to 3.0 represeats a beuthic communiry that is pot considered stressed by i siw
environmental conditions. The 20 benthic stations studied dining Year 26 were compared to this
banclusark.

Table 2-14. Low mesohaline scoring cviterla for measures used ln calcutating the
Chesapeake Bay B-1BI in Septemnber 2007 (Welsberg et al. 1997).

500-1500 or >
2500-6000

Total Abundance {individnals
per sgrare meter)

2, Pellution-indicative Taxa =l 10-20% > 20%
:E::ou-\ fiener Diversity 5 L7-25 <l

= 1500-2500

wo: Bl <3indicates Stress to Benthic Community

Beathic-B Kores

B-11 Scare

Figure 26, B-IBI Scores for all sfatlons In September 2007 grouped by stations o
(ReE=Reference; NL=Nearfield; SC=South Cell Exterfor Monitoring; BRAHC=Back River
Hawk Cove). -

Thank You and Question?

TRmaE

MDE

Groundwater Monitoring (2)

Snermary Figore -4, Growndwater sampling wells locations.

Metals in the Groundwater

Table 14, Mooilering ¥ells Trace Melal Anulyses for 2007 (tve sampling perlods).
Detevtion Ehnd (i), Miw, Mav and ML are le vidts of wel

Nopth Coll Tape {33 3gd 63}

a g A Mmoo Mn Mo
Al 4 + 905 005 -2
As 4 o aol a0ls Q03§ 0a3
[=:] 4 4 2,002 S005
Cx (teral) + -+ Q005 [ 4}
(2] 4 4 Q005 E%
Fa 4 o X3 % &5
P 4 1 ant [ TUH]
Mn 4 & 4l 442 0.0%
s 4 + 0005 3
Az 41 (2] ot

Sonth C'ell Tvpe (44, B3 104 end | 3A)

a m  # Min Max ML
Al & F] 408 Q05.02
As & k) 00 Q00T 0021 008
(<] 3 ] 000z [LTL)
s gtesafy &5 0003 0mF  Opl6 ut
(=] 8 8 0.005 [ %3
Fe 4 & 305 0.3 a3
M g & aol o o1z 4015
M q a 104 hal 005
Zn a 4 Q005 206 L2 3
Ag £y a 0001 001

Nezr:
MCL = EPA amd ¥OAA Ll for

Forrh Gl Tpt - Woecmnd Pay waser benrir
Soumh o Type - hndinon o Sutfacs bkt by més2utiom avd purtad
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LS
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12060
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$ UIC Program (Class IIT Wells) @
MDE M

~Class TII wells inject fluids to disselve and
extract minerals such as uraniom, salt,
copper, and sulfur. More than 50% of the salt
and 80% of the uranium extraction in the
United States involves the use of Class 11
injection wells, There ave about 165 mining
sites with appregimately 18,500 Class TIT wells
in operation across the nation.

=All Class HI wells are operated under
individual or area permits. Contamination
from mining wells is prevented by
implementing operational requirements such
as (1) Operators of salt solution mining wells
must test the well casing for leaks at least once
every 5 years; or (2) Monitoring groundwater
quality in the aquifers above and below.

Useable Quatity Water (3,000-10,000 TDS)

Brine - Salt Water {>10,0060 TDS)

Class [11 We!
impacts from sof

Source: LS EPA

UIC Program (Class I'V Wells)

MDE Injection Wells and Well Classification
Class IV Inject hazardous or radioactive 1. An Injection well is a device that places fluid deep underground into
wastes into or above USDWs. These e porous rock formations, such as sandstone or [imestone, or into or below

wells ave banned unless authorized
uniler a federal or state groundwater
remediation praject.

the shallow soil layer. These (luids may be water, wastewaler, brine (salt
walter), or water mixed with chemicals,

Class IV wells are shallow wells used to The UIC Program defines an injection well as:
inject hazardous or radioactive wastes
into ar above a geologie formation that
contains a USDW. In 1984, EPA banned
the use of Class 1V injection wells for
disposal of hazardous or radioactive
waste. Now, these wells may only be
operated as part of an EPA- or State-

+  Abored, drilled, or driven shaft, or a dug hole that is decper than it is
wide,

»  Animproved sinkhole, or
= Asubsurface Muid distribution system.

authorized groundwater clean-up action T ) 2. UIC Program creates five classes of injection wells based on the injection
(such as pump and treat wells), There Class IV Wells - Prevent ground water activity, type of injected fluid, the depth of injection and impact of
are about 32 waste clean-up sites with fon%minafﬁﬁﬂ by dﬂwh"’“‘gﬂ “;::“ﬂ;':"‘m injection activity to USDW, There are Class I, Class 2, Class 3, Class 4
Class IV welsin the United States. Ijeclon o hazarious wast axcept s p and Class 5 Wells

Seurce: US EPA

UIC Program (Class V Wells) UIC Program (Class I Wells)

«Class V- All imjoction wells not
inctuded in Classes E-1Y. In peneral,
Class V wells inject non-hazardous
ftuids into or above USDAYs and are
typically shallow. an-site disposal
systems. However, there are some dee,
Class V wells that jnjeet below USDWYs,

«National Inventory; 408,008 1o 650,000 4
well

Note: An inveaotory rasge is presented
becadse a camplece inventory is not
available.

=Most Class V wellsarc shallaw
disposal systems that depend an gravity 3
to drain Tuids directly in the groand.
There are over 20 well subtypes that
fallinto the Class Veategory and these
wells are ased by individuals and
businesses ta inject a variety of non-
bazardous {Tuids underground.

«Mast of these Class ¥V wells are
onsophisticated skallow disposal
aystems that include storm water
drainage wells, cesspaols, and septic
system Jeach fields.

+Class I wells inject icipal w y aod noen-
hazardous wastes inte deep, isolated rock formations that are
thousands of feet below the lowermost USDW.,

*Class I wells are used mainly by the following industries:
Petroleum Refining, Metal Production, Chemical Productis
Phar ical Production, C ial Disposal, Food
Production, Municipal W: ater Treaiment.

~There are approximately 550 Class I wells in the United
States. The geology of the Gull Coast and the Great Lakes
area is best suited for these types of wells, and most Class
Twells are fonnd in these regions.

+Class Linjection wells inject far below the lowermast
USDW. [njection zones typically range from 1,700 to more
than 10,000 feet in depth. The injection zene is separated
from USDWs by an impermeable “cap” rock called the
confining layer, along with additional layers of bl
and impermeable rock and sediment that separate the
injection Tayer from the USDW.

Class V' Wells - Manage the shallow
tojection of all ather alds fo prevent
contamination of drinking water

reSaurees.
F
Saurce: US EPA m&

MBOE,

Program Scope & Coverage: 650,000 - 850,000 Requlated Facilitias

Class 11 well - Inject brines and ather Quids associated with eil
i and gas preduction, and hydrocarbons for storage, They infect
beneath the lowermost USDW.

National Inventory: [43,951 wells

Class 11 wells inject NMuids asseciated with oil and natural pas
production. Mosi of the injected Muid is sakt water (brine),
which is brought to the surface in the process of producing
{exiracting) ¢il and gas. In addition, hrine and other Duids are
injected to enhance (improve) oil and gas production. The
approximately 144,000 Ciass 1T wells in operation in the
United States inject over 2 billien gallons of brine every day.
Most eil and gas injection wells are in Texas, California,
Ollahotaa, and Kansas.

Types of Class 11 wells: {1) Enkanced Recovery Well (80% of
the Class [[}, (2) Disposal Well (20% of the Class II) for the
dispasal of brine and ather Muids asseciated with il and gas
production only, and (3} Hydrocarbon Storage Wells (such as
staring petreleum in salt cavern as part of the U.S. Strategic
Petroleum Reserve). There are over 100 liquid hydrocarbon
storage wells in operation.
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i&%f% Regional Water Budget

- A method to evaluate the adequacy of groundwater resource for
granting a groundwater appropriation

« Groundwater in a basin (or a watershed) = Groundwater out of a
basin (or a watershed)+ change of groundwater storage in a basin (or
a watershed)

« The following equation is used by the Maryland Geological Survey
(MGS)* in evaluating a regional water balance

P=GR+SR+ET*DIV+GUxCS+Q

e

Where P = precipitation; GR = groundwater runoff flow (base flow); SR = surface
runoff; ET = evaportranspiration; DIV = diversions into or cut of a basin;
GU = Groundwater underflow moving into or out of the basin across the
drainage divide; CS: change in storage (groundwater storage, ponds,
reservoirs, soil moisture storage etc) and Q,, : groundwater withdraws

* “Water R and Esti d effects of Ground Develof Cecil Connbf¥l
Bulletin 34, MGS, Maryland Dept. of Natural Resouress, (l§:§§)}
V 3

S W

Regional Water Budget (IT)

h

P=GR+SR+ET+DIVEGU £CS+Q,,

MGS report further indicates that the term DLV {diversions), GU (groundwater
underflow), and CS {change in storage) terms are much smaller then other
terms and is negligible. Q,, (withdrawals) in a basin &s returned 1o the
groundwater system within the basin via seplic systems or wastewater
treptment facilities, Therefore, Q,, term can also be negligible. The above
equation is simplified to:

P=GR+SR+ET...

An example to demonstrate the above equation is shown in next two slides

Water Balance Chart at Big Elk Creek Basin in
Cecil County, Maryland

CHES
e 5 B

WATER, N IN
A
(=3

o

79 1680
¢ 1981 62 83 44 65 66 €7 63 69 so7s TR TAM TS TR ki

WATER YEAR

o [ s (] e B BBy

Sourcae; Maryland Gecloglcal Survey

Map Showing Streamflow Menitoring Stations () and
HGE Stream Basins in Cecil County

Source: MGE

#-Maryland Regulations for Groundwater Discharge

1. Code of Maryland Regulation {COMAR) 26.08.02.09.B.
identifies three types (I, II, II) of aquifers based on
permeability, transmissivity and TDS. Types I and Il are
drinking water aquifers,

2. COMAR 26.08.02.09. stipulates that discharge or disposal
of water or wastewater into groundwater of the State
requires the approval of MDE (a groundwater discharge
permit).

3. COMAR 26.08.02.09. also stipulates that the discharge of
wastewater into groundwater shall not cause groundwater
quality in the mixing zone (monitoring wells) to exceed
primary or secondary drinking water standards

Examples of Groundwater Discharge in
Maryland

spray irrigation of Treated Golf Course irrigation
Wastewater

— e

Seplic tank and Drinfreld @

Infiltration Basin Dripirrigation

aryland Rules and Regulations in Groundwater
Quantity, Protection

1. Environment Article, Title 5-502 — Permit to Appropriate
or Use State Waters {Annotated Code of Maryland)

Every person is required to obtain a permit from the
Department (Environment) to appropriate or use or bagin
to construct any plant, building, or structure which may
appropriate or use any waters of the State, whether
surface or groundwater. The permit is obtained upon
written application to the Department. The applicant shall
provide the Department with satisfactory proof that the
proposed withdrawal of water will not jeopardize the
State’s natural resources.

PLEAS

- Appropriation Permit for Groundwater

= Purpose; To repulate the use of groundwater resources of a watershed or a
pelitical jurisdiction to maintain a steady state groundwater resources.

«  Steady state means supply (recharge to the groundwater system) =
demand (withdraw from the groundwaler sysiem)

* A Maryland groundwater approptiation permir is required for any activity
that withdraws groundwater except for the following exceptions:

1. Extinpuishing a firc

2. Agricultural use under 10,000 gal/day

3. Individual domestic use except withdrawals for heating and cooling
4

Temporary dewalering during construction if (a) quantity <10,000
gal/day; and (b) dewatering duration less than 30 days

5. Restdential subdivision with 10 lots or less

Source: Maryland Department of the Environment




moe_Schematic diagram of CO, Capture and
Storage

e

Schematic diagram of possible CCS systems showing the sources for
which CCS might be relovant, transport of CO, and storage options
MDE

Source: Greenwash Waltch Catching CO2 witha Butterﬂy Net it . Eﬁ%

wllhva-bumrﬂy-nutmml

gﬁ?xtcr Balance at Big Elk Creek, Northeast Creek and Principio Creek Basins
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#¢The Groundwater Baseflow (GR) and Groundwater
MBE. oo Appropriation.in.Maryland

P=GR+SR+ET....

For the Piedmont aquifer, the long term average GR ranges from §1-12"/yr, For the
Coastal Plain aquifer, the long term average GR ranges from 13.7-15"yr (MGS)

The amount of groundwaler allowed for appropriation (App) in a basin with
a surface area (A) is determined based on a groundwater recharge rate
during a 1 in the 10-year drought which can maintain adequate groundwater
based flow to recharge to a stream to maintain a 7-day 10 year low flow
(7Q10).

App (galfday) = { [Drought Rechange] — [FQ107 x A x(TH346)

1 acre-inchfyr = (27,154 galfacre-inch}/365 days = 74.4 gal/day

The Drought Recharge (green box) and 7Q18 (red box) for various river

basins in Maryland are shown in the next slide
mﬁ?ﬁ -

he Groundwater Baseflow (GR) and Groundwater
Appropriation in Maryland (II)

Definition of 7Q 10 by USGS*:

The loveest (or the highest) streamflow that occurs aver 7 consecutive days and has a 10-year recurrence
interval period, or a I in 10 chance of occurring in any one year. Daily streamflows in the 7Q10 ranze are
general indicators af prevalent drought conditions which normally cover Jarge arcas. 7Q10 values are also
used by the State for regulating water withdeawals and discharges into streams.

*Source: Low Flow Freq of Georgia Str .5, Geological Survey Watet-Resoutees
Investigations Report 77-127, 104 p
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* Basic requirements:

= Injection zone that can
accepl Nuids

» Confining zone (system}

above the mjcction zone,
that contains all fluids

Potential Risks of Geo-
sequestration
» Key vulnerabilities of CO2 injection (e.g.

human health, sources of drinking water,

habitat)
+ Organics leaching, dissolution of metals

it

Proposed EPA Rule for GS

* Proposed Rule -
hitp:ffwww, epa.gov/safewaler/uiciwells
sequestration.himf

« New UIC Weli Class VI - wells that will
be used o inject CO2 into the subsurface
for the purpose of long-term storage.

Ackivity Milestune

Wadhgzoup Farmatioe & Dinia Collection and .
Analyais Ongoiag

“two Stakzholder Meelings December 2007 Februsny 20608

Interogeacy Review of Proposed Rule Lale May - Ealy June 2008

« Co-injection of other constituents
« Escape of CO2 gas to the surface
~ Btorage capacity, pressure build-up
« Alterations to ground water flow regimes
« increased risk of seismicity

Atiriistegior’s Sigraruesof Fropoted UTC Ruls Juir 2608

Poblic Commant Periad for Propensd Rule
‘.\olruﬂ.lhaA(&hbdi}-thﬂ‘:j-. R B mio's‘_

?’ml I.IIC l'll\hfc os oi‘m

Tuly — Demvbee ZHX

Lawe 2010/ Ewly 2011 -

€O, Phase Diagram Status of GS Rule

10,000

1. USEPA proposed the Geologic Sequestration
(GS) Rule in 7/2008

1.000 2. The National Class Vi well Program of UIC
became effective on September 7, 2011 to
regulate the GS of CO, in minimizing the
groundwater quality and public health impacts.

Saurce; Mac Jacebs (via
Wikimedia Cammans)
100

prassure {bar)

10

™

t P=73atm, =31°C ¢

2400 250 200 350 400

temperature {K}

Umque Clﬂllenoeb of GS of

Technical Challenges & Risks CO,

= Extremely large
volumes nay be
injected
Unlike other injectad
fluids, CO, is bnoynnt
CQ, is very mobile
underground
CC, may also be
corrosive to operating
cquipment

» Abendonod wollt e =
key poteciet oures of
feakape

*Siptage of Srilesal
ke of OO will
Iiely coime targe-acate

dwplaccersn of netwa
Nuits

*Long-toms belarion of
00y inbe ubsalaes s
Aok fully mderseood
*Rey b GS is peotocting
and=nyroued sources of
deinking waler (LSDWa}

Every 4 x10* ton (4 giga ton) of fossil carbon burned contributes tppm €O, in air. Curront
CO2 emission B GTiyr globally, Currently, 385 ppm CO2 in alr. IPCC (Inter guvem

Panel on Climate Change) predicts 425 ppm in 2020. From 385 ppm to 450 ppm,
temparatura Incraases 2* €. Cost of injection $20-50fton



... Power Plants in Maryland

it

EPA Current Permitting Guideline
and Proposed Regulations

Guideline Proposed Regulation

» Requirements Simitar but more closely

» Sile Characterization defined requiremants

» Area OF Review A New Ciass VI Wwell

» Weli Construction Type

» Wel Dperation
Mordtormg
Post Clesure Care
Public Paricipation

Primacy Requirements

i Source: Maryland Department of Natural Resource {DNR)

Maryland Projected CO, Emissions (1999-2020)

Busic requirements:
» Deliceare the AoR
* Idenrity all adtificial
penetrations and svaluate
“Featurey that may allow
upwvard migration £
- . . - ¥
= Deferminc iCartificial 3
penetrations and L3
geologic fatures provide
an adoguate scal H
» Remedinte (comective
action) if’ possibile

Miifon Matri¢ Yors CO2

THTI0H 180T THRT TIO0 TRGA JIVE J9MI0CT TAN THON ZUH INTF 20T 2010 D4 T HNE 1T S0t Hig 2880

i Source: Maryland Dept. of Natural Resource (SAIC forocast) {

States Belonging to the Midwest Regional Carbon
Sequestration Partnership (MRCSP)

Srpi st

Tha MRCSP, lead by tha Batelle Memorial Institute, will identify greenhouse gas
sources [n its region and determine the technlcal feaslbility and cost of capturing and
q ing these emissions in deep geologic formations and agricultural forests
and degraded land system. The studies conducted through the Maryland Gealogical

Survey, the Maryland Power Plant Research Program (PPRP) and the Maryland
Energy Administration.

Source: Maryland D af Natural {DNR)

Well Constructi

* Rasic requirements:

» Cased and cemented in a
manoer that prevents .
movement of fluids into &
an USDw

» Surfice vasing and long
string casing
* Tubing @l packer

gisbocations of CO, Sources (Power Plants) and Natural Gas Fields
DL for CO, Storage in Western Maryland

€0z Sources and Sieks In Wester: Matyland
Power Plants and Naturat Gas Fleids

CO, Storage Study in
Maryland

| Ssurce: Maryland Depariment of Naturat Resaurce {DHR) 1




Cumulative Natural Gas Production (in 105 ft*) in Maryland

The volume
: : vacated by gas
- ¢ i production can be
438,591,883 mef used far CO,

- ; : * | starage
,g‘;”"m “ﬁw for & | (48.581x10° cubic
25&;‘.’@3 AUON feet)
H 11 i
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Source: Maryland Department of Natural Rescurce (DNR) ‘

ocations of Coal Basins in Western Maryland (Potential Sites for CO,
: Storage)

Maryland coal reserve is
estimated at one billien tons
of which 855 million tons is
recoverable shown in the
table below:

Basln Recoverable Tans
{Milllons)
Geozges Creek 3541
Upyper Polowac 2235
Caseelinan {Castlamant kLG58
Eower Youghiogheny 1020
Upper Yonghiogheuy 343
Total 8545

Marytand does not have the Satine [ormation which is a deep
rock i of b ials and

underg
containing highly saline fluids.

i Source: Maryland Bopartment of Malusal Resosece (DHR) |

Thank You and Question?



Major Aquifers in the Maryland Coastal Plain Geologic
MDF: Formation {Profile view of Scction A-A’ of previous slide, Laurel ta Snow Hil])

Caneiten

A Abfssalls
Salnbury

[
—_————r
Beake, Wley
Cr Sestiog Rowing Mzior Acailzrnd the Sluviind Gt Fas

Source: “The quantity and catural guality of groundwater in Maryland {1987):
Dept, ol Natwral Rescurces

Groundwater Storage in Unconsolidated, Crystal Rock
and Limestone Aquifers
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Phystcal Characteristics of Four Major Aquifers in Maryland

Aquiler Name Oulcrop Arva Tranmissivity Aajor miens
(U gabidayift wideh of
aquifer)
Patuzemt Along 195 between 09730 Anne Arunded County wells ar
Elkten and IFC area R Dorsey mad (3.2 mgd}
Bethlehem Steel (2.2 mzdh
City of Bowie {15 mpd)
Fatapiro Major eutcrop is 1250 AnneArusdel Counly wells at
between Baliimare and Dorscy roud (3.6 mgdpNaval
DCarea Acadeny (2.4 mgd) Naval
facility at Todian Head (1.4
mzd}
T Mugathy Asnoe Arundrl Crofton. 3350 City of Anmapaolis Q1.7 mgd)
Arca and northern Waldorfwell (1.8 mzd)
Prisce George County Eaxton Utilities (I mzd)
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Aquia Betweey steeam bed of 07511 Patuzent Naval ArStatiss
Susvafas River ls Cell - (1 mzd)
Caunty anid Streaim bed Campbed Soup Cempany in
of Patomat River o Keat Coualy (0.7 mpdt
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Sowree: “The gquantity and natural guality of groundwaterin Maryland (1937)", Dept, of Naturat Resources

hemical Characteristics of Four Major Aquifers in Maryland

¥

Aquifer Iron{mg1) Chleride Hardness (mg/las Total pH
Name {SDWHor (mg) CaCo,) Dissolved [SDWR or
sMCL ISBWRorSMCL | No SDWR ar SMCL] Solids (mgA) SMCL
=03 mg) R |Soft wiler <T0-ti0mgl,  (SDWRorsMOL 0
Elard wators 320530 mpd] = 500 @]
Patuxent 0-12 0-2580 0 to>1000 8.8to>5120 4.0-99
Patapsco 0-3¢ 0-2580 0-1030 33-5120 3.9-89
Magothy  0.08-27.9 (L3-85 0-178 90-812 3.8-8.7
Aquia 0-8.2 0-80 10403 131-698 5.2-8.6

Source; "The quantity aml nateral quality of groundwaterin Maryl:mmﬁw
(1987)", Dept. of Natural Resources

Department of the Environment

| Groundwater Protection in Maryland |

Ching-Tzone Tien, Ph.D.,P.E., Chief
Groundwater Discharge Permit Division
Water Management Administration
Maryland Department of the Envivonmeat
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“:Superfund Amendments and Reauthorization Act (SARA) of
MDE 1986

» To keep the major clean- up liahility requirements of CERCLA
unchanged and to allocate more funding for abandaned HW sites.

*Under CERCLA, the current landowner is liable for clean-up even that
the landowner did not cause the contamination. SARA allows
“innocent” purchasers of properties to limit their clean-up liability.

-fnnocent and " no reason to know” to a new property owner- SARA
stipulates that a judge should consider in determining whether or not
the buyer had “ no reason to know’ about the contamination. {such as
contamination was not there at the time of purchase but cccurs at later
date). This causes a buyer more cautious in purchasing a property.
The buyer will proceed a study of the site prior to purchase. The study
includes Phase | {preliminary evaluation), Phase Il {Soil and
groundwater testing) and Phase Il {ramediaticn efforts involved}.

*SARA Title lil- Reporting requirements for facilities exceeding certain
Eg{ldage of release { including spill} of HW to submit annual report to

SDWA and Groundwater Protection

+  The Safe Drinking Water Act (SDWA) was originally passed by Congress in
1974 to protect public health by regulating the nation's public drinking water
supply. The law was amended in 1986 and 1996 and requires many actions to
proteet drinking water and its sources: rivers, lakes, reservoirs, springs, and
groundwater wells.

«  Par C of the SDWA entitled “Protection of Underground Sources of Drinking
Water” includes various requirements in protecting groundwater quality. Part
C has a total of 9 sections (Sec 1421-1429).

+  Section 1421 of SDWA requires the EPA Administrator to promulgate
regulations establishing minimum requirements for effective Underground
Injcction Control (UIC) program. The UIC program is to regulate
underground injection of fluids into wells. The injected fluid may contain
pollutants to endanger the underground source of drinking water (USDW).

o
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SDWA and Groundwater Protection (IT)

MDE

= Section 1422 of SDWA requires the EPA administrator to list in the
Federal Register “ Each State for which in his judgment a State
UIC program may be necessary to assure that underground
injection will not endanger drinking water source”

Section 1423 of SDWA provides procedures for EPA enforcement
of UIC requirements

Under Section 1428 of SDWA entitled “State programs to establish
wellhead protection areas™, the Governor or Governer's designee
of each State shall, within 3 years of June 19, 1986, adopt and
submit to the Administrator a State program to protect wellhead
areas within their jurisdiction from contaminants which may have
any adverse effect on the health of persons

s

MDE UIC Program

The purpose of the UIC Program is to prevent contamination of
underground sources of drinking water (USDWs) by regulating
injection activities. A USDW is defined as an aquifer, or its portion,
which serves as a source of drinking water for human consutption,
or contain a sufficient quantity of water to supply a public water
system and contains fewer than 10,000 mg/] total dissolved solids.

The UIC regulations address activities throughout the life of an
injection well, including siting, construction, operation and
moenitoring, and closure. These requirements are designed to
prevent contaminants from moving into drinking water sources,
There are UIC requirements specific to each class of wells to
address the uses of the wells and the potential threats to USDWs
each may pose.

(7
[ MasitanD

géég_(iroundwater Protection Rules and Regulations in the USA
MDE

Applicable Federal rules and regulations for protecting national
groundwater include the following:

1. Safe Drinking Water Act (SDWA) of 1974 (recent amended on
12/31/2002) and UIC Rules

2. Resource Conservation and Recovery Act (RCRA) of 1976

3. Comprehensive Environmental Response, Compensation and
Liability Act (CERCLA) of 1980

4. Hazardous and Solid Waste Amendments (HSWA} of 1934

5. Superfund Amendments and Reauthorization Act (SARA) of
1986

Wy
o

Resource Conservation and Recovery Act (RCRA) of 1976
(Scction 14.3 of lextbook, pp550-538)

» RCRA hecame effective in Nov. 1980 fo regulate the handing and disposal of
hazardous waste (HW) , to minimize waste gensration, and $0 ensure the
treatment, storage and disposal {TSD) of HW is protective to human heaith
and environment.

«Definition of HW — ignitable, reactive, corrosive and toxic (via TCLP test)

*Manifest Program to track the fate of HW follow the waste from “cradle to
grave” from generation, transportation to TSP facilities {manifest form must
be completed In every stage). 1* step in eliminating HW into groundwater.

“TSD facilities must obtain permits from authority in handing HW. HW
transporter must have EPA ID number.

Groundwater monitoring requirements- instatling groundwater monitoring
wells {locations), defining monitoring parameters and sampling frequency

» Closure and post-closure requirements - closure plans required to identify
how long the HW contaminated site will be operated and how to handle the
HW waste currently onsite. The facility can be closed if {1}No need of further
maintenance; (2] Capable of controlling, minimizing or eliminating HW in
protecting human health and Environment; (3} meeting applicable closure
requirements. P
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Hazardous and Solid Waste Amendments (HSWA) of 1980 (

MDE

«To ban the land disposal of HW, {o reduce the exemption of small HW
generators {<1000 kg/monthj}, to requlate the underground storage tank
{UST) containing gasoline, and to regulate the HW disposal or solid waste
mansagement utiits (SWMUs).

<The Land Ban- to ban certain classes of land disposal facilities which are
no longer effective in containing the HW in reducing risk to public health
and environment. The land disposal facilities include land fil, surface
impoundment. waste pile, injection well, land treatment site, salt dome
formation { formed on top of the dense sedimentary rock formation) and
underground cave or mine, H , if HW is treated to be a non-
hazardous waste which can be disposed of at a lfand disposal site.

«Small HW generator- To regulate generators with 100 kg/mo<HW<
1000kg/mo after March 1986 including requirements of manifesting and
permitting.

~UST was regulated by RCRA but not UST with gasoline. The HSWA
provides the authority in regulating gasoline USTs in May, 1986 including
integrity of the UST.

L

CERCLA of 1980 (Section 14.5 of textbook, pp562-372)

MDE

~ To provide legal authority in clean up of hazardous substance {HS} and
reporting of HS.

*Create Superfund Tax Act to collest tax on vil and certain HS and form
superfund for cleaning up National Priority Sites

«Superfund Site — EPA identifies the National Priority Site (or Superfund
Site) , provides a National Pricrity List (NPL,) and prepare a plan for clean
up using superfund, The ranking system of NPL is complex and is
defined in 40CFR Part 300, Appendix A.

*Remediation Investigation {RI) and feasibility study {FS) of a superfund
site must be conducted to meet EPA clean up goals in zero risk and
groundwater reuse. Considering a!l YA remediation technologies in the
RUFS stage

-Reporting of release of HS into soil and groundwater

*Property owner is liable for cleaning up of the release of HS. This
requirement affects property ownership transfer.



