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EPA Issue: Source Water Protection

7 ELEMENTS - Wellhead Protection
1 - Specify Duties

3 . Identify Potential Contaminant Sources
4 - Develop Management Approaches

5 . Develop Contingency Plan

6 - Plan for New Wells

7 - Implement Public Participation




.3EPA

DOS

1994
o

1995

United States

Agency shington DC 20460

Office of Research and EPA/BO0/R-94/174
Environmental Protection Development September 1994
Wa

CZAEM User's Guide

Modeling Capture
Zones of Ground-Water
Wells Using Analytic
Elements

Otto Strack
Erik Anderson
Mark Bakker
Bill Olsen

J.C. Panda
Rich Pennings
David Steward

1997 1999 2001

sub-zones

1996 1998 2000 2002

2004 2006 2008 2010

2003 2005 2007 2009 2011



1995

United States Office of Research and EPA/B00/R-84/210
Environmental Protection Development December 1994

A Washington OC 20460

WhAEM: Program
Documentation for the
Wellhead Analytic
Element Model

Henk Haitjema
Jack Wittman
Vic Kelson
Nancy Bauch

1996 1998 2000

1997 1999

2001

WhAEM

{ Flow
A Modsling B

2002 2004 2006 2008 2010

2003 2005 2007 2009 2011



._capture |

408

¥ zone

3
\

1994 1996 1998 2000 2002 2004 2006 2008 2010

1995 1997 1999 2001 2003 2005 2007 2009 2011



EPA Issue: Underground Injection Control

Area-of Potential Impact (AoPl) , semi-analytical modeling and mapping
Maximum monitoring area, greenhouse gas leakage
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TTim

TTim
A Multi-Aquifer Transient Analytic Element Model
Version 0.01
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TTim is introduced through an example of a system

with eight layers

Example: Jens T. Birkholzer, Quanlin Zhou, Chin-Fu Tsang, 2009, international journal of greenhouse gas control 3 181-194
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Pressure build-up in injection layer, 10 km
from injection well.
TTim gives almost same results as Tough2/Eco2N

R=10 km, storage formation
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Figure 7, Birkholzer et al., 2009, International
journal of greenhouse gas control 3 181-194
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TTim contour plot and cross-section along line
through injection well, after 30 years of injection
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TTim pressure distribution with abandoned well 10 km
from injection well screened in layers 5-8
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BAEM vO0.1 — desktop interface
BASINS Analytic Element Model
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CZAEM (you will need DOS virtual machine)
http://www.epa.gov/ada

WhAEM?2000
http://www.epa.gov/athens

TTim
http://ttim.googlecode.com

BAEM
(coming soon)

http://www.analyticelements.org




