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Although I’m sure that some of you have these rules memorized from previous 
CLU-IN events, let’s run through them quickly for our new participants. 

Please mute your phone lines during the seminar to minimize disruption and 
background noise. If you do not have a mute button, press *6 to mute #6 to unmute 
your lines at anytime. Also, please do NOT put this call on hold as this may bring 
delightful, but unwanted background music over the lines and interupt the seminar. 

You should note that throughout the seminar, we will ask for your feedback. You do 
not need to wait for Q&A breaks to ask questions or provide comments. To submit 
comments/questions and report technical problems, please use the ? Icon at the top 
of your screen. You can move forward/backward in the slides by using the single 
arrow buttons (left moves back 1 slide, right moves advances 1 slide). The double 
arrowed buttons will take you to 1st and last slides respectively. You may also 
advance to any slide using the numbered links that appear on the left side of your 
screen. The button with a house icon will take you back to main seminar page 
which displays our agenda, speaker information, links to the slides and additional 
resources. Lastly, the button with a computer disc can be used to download and 
save today’s presentation materials. 

With that, please move to slide 3. 
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Image from: http://www.google.com/imgres?imgurl=http://www.desiwalls.com/wp-
content/uploads/2009/05/jelly-buildings-what-a-concept.jpg&imgrefurl=http:// 
www.desiwalls.com/page/126/ 
&usg=__UMJ3szqjP4yB0wm_BV40Sq0LtOo=&h=768&w=1024&sz=59&hl=en&star 
t=70&zoom=1&um=1&itbs=1&tbnid=QT8WFJLlARXF2M:&tbnh=113&tbnw=150&pr 
ev=/images%3Fq%3Dcartoon%2Bbuildings%26start%3D60%26um%3D1%26hl 
%3Den%26sa%3DN%26ndsp%3D20%26tbs%3Disch:1 
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Same presentation that Steve Armann gave at NARPM in May 2010, with a few 
updates. 

Will describe the Green Remediation Pilot Study that Region 9 is conducting, in 
which we are exploring how to estimate the environmental footprints of our clean-up 
remedies. 
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Our footprint analysis is not the same as a Life-Cycle Assessment. 

Life Cycle Assessment includes an impact analysis, which we are not doing in our 
footprint analysis. 
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Three main purposes. 

Acquire experience: 

explore how to get as complete an estimate of the environmental 
footprint as possible 

find out what activities may contribute the greatest to the footprint 

Library of resources now contains: 

a variety of remediation technologies 
information on common remediation materials 
conversion factors for important environmental parameters 

… and this “library” will grow as we continue with the Pilot Study. 

Construct analytic framework … 
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The Pilot Study is complex.
 

This presentation will touch on only some of the highlights of the methodology and
 
results.
 

We’re posting full details as they become available on EPA’s web page.
 

The web address will be provided at the end of the presentation.
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Outline of the on the Scope and Methodology of the Pilot Study … 

Three clean-up sites: 

Romic In-situ bioremediation of VOCs in groundwater using cheese whey 
and molasses 

BP Phytoremediation using trees to control landfill leachate 

Travis In-situ bioreactor containing mulch for remediation of VOCs in 
groundwater 

The footprint analyses for Romic and BP are completed and up on the web page. 

We expect to complete the Travis footprint by January 2011. 
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The remedy selection had already been made at these 3 sites before we began the 
Pilot Study, so the results will not be used in remedy decision-making. 

The results may, however, be used to improve the selected remedies. 

In the Pilot Study, we compared the selected remedies with alternative remedies. 

We have included an assortment of remedy technologies including: 
bioremedation, phytoremediation, pump and treat, landfill capping, and permeable 
reactive wall. 
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This diagram shows how we organized the footprint analysis. 

For each Pilot Site we looked at: 
 Three remedy alternatives … 
 For each alternative, up to six remedy components... 
 For each remedy component, three “levels” of activities… 

On-site activities – activities within the fence line of the facility. 

Transport activities – transportation of materials, equipment, and personnel to 
and from the site. 

Off-site activities – manufacturing and support services. 

 For each level of activity, fifteen environmental parameters. 
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This is to illustrate that we included three “levels” in the footprint analysis: 

activities inside the facility fence line 

transportation to and from the facility 

off-site activities 
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• This shows some of the remediation materials and services that we included in the 
Pilot Study. 
• “Materials” refers to energy, water, mined or manufactured materials, and 
biological materials such as trees. 
• “Services” refers to off-site support services such as waste management at a 
landfill, laboratory analyses, and wastewater treatment at a POTW. 
• We obtained life-cycle inventory data for all these materials and services, to the 
extent possible, from resource extraction through manufacturing. 

******************** Background Notes ******************** 

Full list of remediation materials for which we currently have LCI data (or are researching *):
 

Gasoline PVC Regenerated GAC 
Diesel fuel 
Biodiesel mix 

HDPE 
Steel 

Virgin GAC 
Molasses 

Ethanol mix 
Natural gas 

Stainless steel 
Sand and gravel 

Cheese whey 
Vegetable oil 

Grid electricity 
Water 

Cement grout 
Concrete 

Trees 
Nitrogen fertilizer 

*Solar panels 
*UV lamps 

Bentonite 
Clay 

Phosphorus fertilizer 
*Mulch 

Potassium permanganate 
Sodium hydroxide 
*Hydrogen peroxide 

*Iron pyrite 
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• This shows all the environmental parameters we included in the Pilot Study. 
• We chose these 15 parameters because we found them useful in addressing 
questions of local, regional, or global interest. 
• There is overlap in some of these parameters. For example: energy and 
electricity ; and mercury and HAPs . 
• We just have to be sure to keep the overlaps in mind as we interpret the results of 
the analysis. 

******************** Background Notes ******************** 
Total energy: sum of the Btu values of all energy sources: gasoline, diesel fuel, natural gas, electricity as a measure of the 
overall energy intensity of each remedy 
Grid electricity: we separated out because of the potential for excess burden on existing infrastructure 
Total water: includes on-site water, and water required for off-site manufacturing and services, because water is an important 
global resource 
Local potable water: we separated out local potable water (i.e., potable water used on-site) because it may have special 
interest for local stakeholders 
Local groundwater extracted: we separated out groundwater extracted on-site, because it may have special interest for local 
stakeholders 
Carbon dioxide equivalents (CO2e): includes carbon dioxide, nitrous oxide, methane, CFCs (on-site) 
NOx, SOx, PM, and HAPs: emissions to the air, because these emissions can have local and regional effects 
NOx = nitrogen oxides (NO and NO2) SOx = sulfur dioxide (SO2) PM = particulates 10 microns and less in diameter 
HAPs = hazardous air pollutants, about 200 contaminants as defined by the Clean Air Act (including Pb and Hg below, but not 
including dioxins) 
Solid and hazardous waste: waste sent off-site for disposal, because generation of solid and hazardous waste can be of local 
and regional interest 
Mercury, lead, and dioxins: released to air, water, and soils, because we wanted to test whether it was feasible to quantify 
specific contaminants in a footprint analysis -- we selected these three contaminants for their toxicity and persistence in the 
environment 
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We wanted the analytic framework to be versatile, and so we developed it to 
accommodate 5 analytic techniques. 

1 – Compare remedy technologies at each clean-up site 

2 – Distinguish between on-site and off-site footprints 

3 – Compare components of each remedy 

4 – Identify key contributors to the footprints 

5 – Conduct sensitivity analyses 

Each of these analytic techniques can help us focus on ways to reduce the 
environmental footprint of our clean-ups. 

We will show some of the results of applying each of these techniques, drawing 
from the analyses at two of the Pilot Sites: Romic East Palo Alto and BP Wood 
River. 
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• The simplest and most straightforward analytic technique in the Pilot Study is to 
compare remedy technologies at a single clean-up site. 
• This chart shows the three remedy alternatives at Romic, comparing their 
footprints for CO2 equivalents. 
• Bioremediation, circled, had the smallest footprint, as compared with Pump & 
Treat and a Hybrid alternative. 
• Remember that CO2 equivalents is one of 15 environmental parameters we 
included in the Study. 
• For Romic, Bioremediation had the smallest footprint for 11 of the 15 parameters. 

******************** Background Notes ******************** 

The parameters for which Bioremediation was the highest are: potable water and dioxins. 
Bioremediation was equal to the other two alternatives for particulates and hazardous waste
generated. 

Major contributors for CO2e: 
Pump & Treat – electricity production, GAC regeneration, wastewater treatment 
Bioremediation – diesel combustion, production of cheese whey & molasses, off-site laboratory 

analysis 
Hybrid – mix of the two above contributors 
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This chart shows the three remedy alternatives at BP Wood River, comparing their 
footprints for energy usage. 

Phytoremediation, circled, had the smallest footprint, as compared with Leachate
Extraction and Landfill Cover. 

At BP, Phytoremediation had the smallest footprint for 14 of the 15 environmental 
parameters. 

Comparing various remedy technologies at a single clean-up site can provide useful 
information during remedy selection. 

******************** Background Notes ******************** 

On-site potable water was the only parameter for which phytoremediation was the highest. 

Major contributors for energy used: 
Phytoremediation – off-site laboratory analysis, steel production, gasoline combustion 
Leachate extraction – electricity production, off-site laboratory analysis, wastewater treatment 
Landfill cover – diesel combustion, off-site laboratory analysis 
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• In some situations it may be useful to distinguish between on-site and off-site
contributors to the footprint. 
• Here, the blue indicates contributions from on-site activities and the red indicates 
contributions from off-site activities. 

• The chart on the left shows mostly blue, indicating that HAPs emissions from the
three remedy alternatives at Romic are due mainly to on-site activities. 
• The chart on the right shows mostly red, indicating that NOx emissions from the
same three remedy alternatives at the same site are due mainly to off-site activities. 

• Identifying parameters with high on-site footprints will be important for the local 
community. 
• Identifying parameters with high off-site footprints will be important for the regional 
or global environment. 
• This is a useful analytic technique for distinguishing between the on-site and off-
site footprints. 

******************** Background Notes ******************** 

For Pump & Treat, on-site HAPS are due mostly to on-site emissions of vinyl chloride from 
contamination in the groundwater that is not captured in the activated carbon. 

Major contributors for off-site NOx: 
Pump & Treat – regeneration of the GAC 
Bioremediation – production of cheese whey and molasses 
Hybrid – mix of the two above contributors 
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For the Bioremediation alternative at Romic, excavation activities dominate the
 
footprint for particulate emissions.
 
However, O&M dominated the footprint for CO2e emissions.
 

This sort of analysis can help the site manager focus on certain components of the
 
remedy when seeking to reduce the footprint of any of the 15 environmental
 
parameters.
 

******************** Background Notes ******************** 

For total particulates, the major contributor to the excavation component is off-site waste 
management (at the landfill where the excavated soils are disposed). 

For total CO2e, the major contributor to the O&M component is production and transport of cheese 
whey and molasses. 
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The analytic framework also allows the site manager to focus more closely onto the 
individual contributors to the footprint. 

This chart shows contributions to the CO2e footprint from all the activities and 
materials used in the Pump & Treat alternative at Romic. 

Electricity production, carbon regeneration, and wastewater treatment are the key 
contributors to the footprint. 
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Key contributors will depend on the clean-up site and the remedy technology. 

This chart shows contributions to the CO2e footprint from all the activities and 
materials used in the Landfill Cover alternative at BP Wood River. 

In this case, on-site diesel combustion, off-site gasoline combustion, and laboratory 
analyses are the key contributors to the footprint. 

Using this type of analysis, the site manager can make better decisions for 
designing a remedy to minimize the footprint, or can reduce the footprint of a 
remedy that is already operating. 

******************** Background Notes ******************** 

Key contributors may also be different at the same site, depending on the environmental parameter. 
For example, the distribution for air toxics looks different for BP Wood River (Landfill Cover) than the 
distribution shown here for CO2e. 
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The sensitivity analysis is an important part of the analytic framework, and this chart 
shows one of many analyses that we conducted. 

We modeled hypothetical improvements to the Pump & Treat alternative at Romic, 
in which we estimated reductions to the CO2 equivalents footprint that would result 
if we were able to: 

1 – remove the need for activated carbon treatment of the groundwater (using 
only an air stripper) 

2 – discharge treated groundwater to surface waters rather than to the POTW 

3 – take advantage of sources of renewable energy rather than grid electricity. 

Each improvement resulted in significant reductions in the footprint. 
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In fact, the improved P&T remedy is estimated to have nearly the same CO2e 
footprint as the bioremediation remedy. 
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The green curve shows the net CO2e emissions for the phytoremediation remedy at 
BP Wood River. 

Although the trees will be left in place indefinitely, we did not model the net CO2e 
emissions beyond 30 years, as the trees die off and carbon is returned to the 
atmosphere. 
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We are beginning to draw many observations from the Pilot Study, all of which will 
be in the final reports on EPA’s web page. 

Following are 6 of the observations. 

Keep in mind that different observations may result from conducting footprint 
analyses at other sites or for other remediation technologies. 
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Of course, there will be exceptions to this “rule”. 

For example, off-site contributions to the CO2e footprint may be very small for a 
phytoremediation remedy, or for a dig and haul where the hauling distance is short. 
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******************** Background Notes ******************** 


For Bioremediation at Romic, laboratory analyses accounted for about 20% of the CO2e footprint.
 

For Pump & Treat at Romic, wastewater treatment and reactivation of GAC accounted for about 50% 
of the CO2e footprint. 

For Leachate Extraction at BP, wastewater treatment accounted for about 50% of the CO2e footprint. 
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In our early footprint analysis at Romic, we included only 3 environmental 
parameters. 
The bioremediation alternative had the smallest footprint for all three parameters. 
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However, when we expanded the analysis from 3 to 15 parameters, we found the 
Bioremediation alternative had the smallest footprint for 11 of the 15, making the 
judgment of which alternative was “greener” a little more difficult. 

The judgment depended on how the observer valued the various environmental 
parameters. 
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Do not “combine” environmental parameters. This is because … 

 There is overlap in some of our 15 environmental parameters. 

 The parameters represent disparate items which do not have common 
denominators and so there is no clear basis for combining them. 

If we wanted to combine the environmental parameters, we might first want to 
determine human health or environmental impacts resulting from these parameters. 
This would be the next step in a Life-Cycle Assessment. 

We still think it’s valuable to quantify the 15 environmental parameters for their 
importance to local communities and agency goals. 

We would then consider each parameter in light of site-specific conditions, 
community interests, and global effects. 

105 



         Keep in mind that results from the a footprint analysis are estimates. 
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Remedies must first be protective of human health and the environment.
 

Footprint analysis can then be used as a “balancing factor”, not as a deciding factor.
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