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Aquifer Vulnerability and Fire Flow Impact: A Proactive Approach to 

Protecting Environmental Resources, The Yarmouth VIPER Project  
 

Michael A. Walker and Gabrielle C. Belfit 

Michael A. Walker, MPA, NREMT-P retired from the U.S. Navy, and served as Fire Chief/Emergency 

Management Coordinator in Yarmouth, MA, Pelham, NH, and the City of Fort Madison, IA. Michael has 

lectured nationally on Incident Management and Mass Casualty incidents, has developed emergency 

management and hazard mitigation plans/standard operating procedures, developed consolidation plans for 

E911 communication systems, and written mutual aid agreements. He was a founding member of the 

committee for environmental sustainability for the International Association of Fire Chiefs. Michael is an 

Adjunct Professor at Anna Maria College in Massachusetts and is currently founder and President of Walker 

Public Safety Consultants LLC. 

 VIPER was created to provide the U.S. Fire Service with an innovative information 
system to help fire fighters apply sustainable best management practices when responding 
to an incident based on a defined environmental risk. VIPER stands for Vulnerability Impact 
Protocol for Environmental Resources. It is a data acquisition tool combining aquifer vul-
nerability mapping and risk assessment data that may be used by incident commanders to 
modify emergency response protocol at different environmental settings. When VIPER is 
implemented by a fire department, the goal is to improve environmental and safety out-
comes for fire fighters as well as streamline the efficiencies for fire asset management and 
incident reporting. VIPER was developed as a National Product through the International 
Association of Fire Chiefs Environmental Sustainability Committee (IAFC-ESC) and has 
been identified as the first of its kind nationwide. 

Identification of Issues and Exploring Solutions 

 Modern fire fighting still requires large volumes of water to suppress fires.  Alt-

hough the water used to fight fires is most often drinking water quality, it is contaminated 

through contact with fuels and chemicals present at the fire scene. Recent testing of the 

runoff from fire scenes shows the presence of a variety of contaminants including cyanide, 

arsenic, VOCs, metals and elevated pH. This runoff represents a direct threat to both sur-

face and groundwater drinking supplies.  
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 Yarmouth, Massachusetts was selected to apply Viper. Yarmouth sits atop the 
Cape Cod Aquifer. It is nationally recognized as a Sole Source Aquifer, providing drink-
ing water to over 500,000 people from over 145 gravel packed wells. The aquifer is 
vulnerable to contamination from spills. With shallow depths to ground water, here 
the sandy soils and low levels of organic material allow the relatively fast movement of 
groundwater and limited breakdown of contaminants.  

Building the VIPER System  
  The VIPER system can be developed for any community where impacts to wa-
ter resources are a concern. As a tool, it gives firefighters rapid access to available en-
vironmental information and thereby help to modify response in the field depending on 
the aquifer sensitivity and other risk factors. 

 By incorporating site specific information, such as Tier II data, hazardous mate-
rial inspection reports and building layout information, VIPER has become a powerful 
rapid response tool, linking critical site data and environmental resource information.  

Risk Mapping - DRASTIC  
 The mapping for the test community is based on a proven systematic strategy 

for defining aquifer risk also known as DRASTIC. DRASTIC was developed by EPA in 

the early 1980s as a method to identify areas where the groundwater is more or less 

susceptible to impact from pollution. It can be applied to a variety of geographic areas 

in excess of 100 acres, including watersheds, towns, districts, or entire states. Also, it 

can be modified to include water quality parameters or environmental features of in-

terest such as wellhead protection zones and surface water features or be adapted to 

fit specific vulnerability assessment needs.  

 

 Additionally, DRASTIC includes detailed tables and maps that standardize pa-

rameter ratings for conditions found in 15 groundwater regions across the U.S.. The 

final product is a numerically rated grid system where values are based on vulnerability 

of the aquifer to pollution from surface contamination, such as water from fire flows. 

The system categorizes the relative risk to the aquifer from a contaminant transport 

perspective. It allows a comparative evaluation of areas with respect to pollution po-

tential. The model is easily applied using a GIS system but can also be completed using 

paper maps or other information systems.  

 

  

 
Source:  Authors 

30 tons of burning ammoniated fertilizer,  July,2009 



 

 

 
 

 

Like us on facebook  

SENRA Newsletter                                                                                                      Page 3 

 
 
 

Making it Personal 
 A vulnerability risk tool based on regional information is good, but providing 
site specific information ideally at the parcel level, will result in a much more powerful 
response tool. This tool would improve fire fighters’ safety by allowing responders to 
know in advance specifically what hazards might be encountered. Cost savings will result 
through more efficient asset response. 
 
 Additional data may include: local hydrologic features, zoning, storm water 
catch-basin and outfall locations, parcel specific information such as building data, haz-
ardous materials records and other sources of potential contamination. This infor-
mation ideally is incorporated as data layers and geo-referenced links using a GIS or 
other CAD system.  
 
Establishing a Tiered Response Protocol   
 With all of the risk assessment information in hand, development of a tiered 
response protocol is needed to establish operating guidelines that are tailored to the 
specific community. The basic protocol is linked to each of the risk ratings, which will 
step up in complexity as the risk rating rises. The protocol can also address special con-
cerns such as proximity to key resources, direction of flow and land-use “hot spots.” A 
tiered approach will allow local fire service officials to focus on their department’s as-
sets and where they are most critically needed, thus saving both time and money and 
most importantly improving environmental outcomes. 

  

Source: Authors                                               Fire personnel unaware of risk from burning fertilizer 
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Implementing VIPER  
 Allows real time information rather than awaiting personnel to arrive on scene and 

evaluate environmental risks.  
 Emergencies of these types typically require calling off duty personnel and special-

ized assets from remote locations. Critical time is saved.  
 Information and communication can be instantly accessed between emergency re-

sponders. 
 Fire departments can access specific tiered response protocols.   
 
Emergency Planning  
        Site specific information and environmental vulnerability analysis adds value to  
emergency planning. By recording facility storage of materials that are below Tier II 
hazardous materials reporting quantities, VIPER enhances fire prevention and safety. 
Knowledge of vital hazardous materials data for products that are below the level of 
mandatory reporting quantities enable department officials to have greater control 
over storage and disposal. Also, knowledge can be incorporated into first responders’ 
pre incident planning.  
 
        Zoning officials can use VIPER data in their decision making, restricting building 
use or requiring built in fire suppression systems and engineering controls to capture 
any runoff from fire flows in sensitive areas.  Rural communities that do not have full 
time fire response resources would benefit if State HAZMAT teams had access to VI-
PER information. VIPER supports sharing of information and communication between 
emergency responders, environmental risk managers and water utility operators in the 
event of a large scale disaster. VIPER is useful as a Hazardous Materials Mitigation Tool 
to prioritize post-disaster cleanup efforts in affected areas. 
 
Financial Benefits 
 The financial benefits of implementation of VIPER as a data acquisition and 
emergency response tool are difficult to calculate but are significant. The quality and 
quantity of information in VIPER system arm communities and first responders with pre
-determined knowledge of sensitive environmental areas and those facilities with mate-
rials that may harm the environment. 
 
 Hazardous materials and State and Federal Environmental teams take significant 

time to respond. With VIPER information, first responders can pre plan and immediate-

ly initiate hazardous materials response as well as transmit VIPER information to all 

agencies responding; this will save communities overtime funds from protracted inci-

dents, stop spills and leaks much earlier, and avoid costly environmental cleanup costs. 

Potential loss of community tax revenue from prolonged cleanup in areas of  

 State Hazardous Materials Response Team 

Source: Authors             1500 gallon diesel oil spill, July 2009. 
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environmental damage can also be avoided.  

 
 Immediately excavating soil for off site disposal is the most beneficial immediate 

response action that can be taken.  It quickly removes a significant waste mass and pre-

vents the source soil from feeding groundwater contamination. Typical costs for a fuel 

spill cleanup response include approximately $85/ton for petroleum impacted soil.  

Spills of this nature can typically impact soil volumes of up to 100 cubic yards (150 

tons). Additional costs are incurred for environmental consulting fees ($5,000-$15,000) 

and analytical testing fees ($3,000-$10,000). Costs are very specific to the actual release 

scenario. Using the approximate figures above, the approximate cost can range from 

$20,000 to $40,000 and maybe more depending upon the situation. 

 
 More significant costs are encountered in determining whether groundwater 
has been impacted (requiring installation of monitoring wells and collection of ground-
water samples for laboratory analysis) to delineate the plume, and treating the ground-
water. If the groundwater becomes impacted, the water will require treatment to re-
move petroleum hydrocarbons or chlorinated VOCs, possibly through air stripping 
and/or carbon absorption. 
   
 Costs for onsite groundwater treatment include installation of air stripping 
equipment, carbon units, appurtenances, a building to house the equipment, and engi-
neering, which can easily exceed $1,000,000. There also exist other costs like ongoing 
power costs, periodic disposal and replacement costs for the carbon, and costs for wa-
ter sampling and analysis associated with monitoring breakthrough of the carbon ves-
sels. 
  
Applicability to Other Local Governments 
 The application of VIPER to other communities has tremendous potential not 
only across Massachusetts but nationwide. Its adoption and application will render ben-
efits to communities from the use of the model approach that combines the aquifer risk 
assessment with information about the built environment and land use.  In addition to 
the intended application for emergency first responders, other public and private enti-
ties would also benefit from using VIPER including those involved with transportation, 
utility or construction, where hazardous materials are used and potential risk to the 
environment should to be monitored. 
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 The issue of environmental pollution has become a prominent and critical prob-
lem in China. With the rapid growth of the Chinese economy, many environmental is-
sues and challenges have appeared that need to be addressed. By improving the frame-
work of environmental policies, that is, by perfecting the policy framework, the Chinese 
government has started to solve these environmental problem. As the mode of eco-
nomic growth changes, the country’s environmental policies will also undergo positive 
transformations. 
 
China’s Environmental Policy Framework 

 The environmental policies of China are rich in content. Primarily they include 

laws related to environmental protection, obligatory environmental targets for the na-

tional economy and social development planning, action plans for preventing air, water, 

and soil pollution, administrative and normative documents prepared by the environ-

mental protection and other related departments, and elements from various interna-

tional environmental treaties. In 2014, China revised its Environmental Protection Law, 

increased the penalties for various acts against this law, and tried to correct the incen-

tive distortion which made the cost of compliance higher than that of violation. It is also 

actively improving legislation; for example, legislative work has started in the Soil Pollu-

tion Prevention and Control Law. Five-year plans are being made, which are actually 

policies with Chinese characteristics, in which an obligatory target is proposed to re-

duce pollutant emissions and a top down assessment is performed based on a target 

oriented responsibility system to ensure that the target is met.  

 
 Since 2013, the Chinese government has consecutively established prevention 
and control action plans to mitigate air, water and soil pollution. These specialized plans 
are issued by the State Council and are aimed at delivering work objectives and guide-
lines from the upper to the lower levels of the government. By enacting normative doc-
uments, the environmental protection department and other departments with environ-
mental management functions, carry out work that meets various environmental pro-
tection law requirements and implement the actions and goals defined in the plans. Also, 
the lower levels of the environmental protection departments define detailed rules 
based on the local conditions.  Moreover, although they could be considered as soft  
 

Environmental Policy Transformation in China 

By 

Fanfan Pan 

The author is a doctoral student in the School of Public Policy and Management at Tsinghua Uni-

versity. He holds academic interests in environmental governance, environmental policy in China 

and corporate environmental compliance. He can be reached via pff15@mails.tsinghua.edu.cn. 

Source: FanFan Pan 

file:///C:/Users/majumdars/Downloads/pff15@mails.tsinghua.edu.cn
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laws, various international environmental treaties also serve as vital components of Chi-
nese environmental policies. 
 
Ambiguity and Conflict in China’s Environmental Policy 
 Ran Ran applied an ambiguity-conflict model to analyze the characteristics of 
China’s environmental policies. The conflict in China’s environmental policies refers to 
the conflict between objectives and functions. On one hand, environmental protection 
has long been considered to contradict the goal of economic development. The envi-
ronmental Kuznets Curve indicates that environmental pollution will be fundamentally 
harder to solve before the per capita income reaches a certain level. On the other 
hand, partial environmental protection duties are assigned to development oriented de-
partments, resulting in a conflict of functions within the government bureaucracies.  Al-
so, many policies use ambiguous language that allows each actor to interpret the policy 
in a way that benefits them. The ambiguity in policy language and duty assignment often 
leads to the use of ambiguous terms such as ‘should’ and ‘encourage’ in the text of Chi-
na’s environmental laws. With reference to duty assignment in environmental govern-
ance in which many departments are involved, there exists overlaps in accountability 
and obscurity along with lack of coordination. As a result, China’s environmental poli-
cies are only symbolically implemented with a lack of effectiveness.  
 
 In recent years, China has implemented innovation driven development strate-
gies aimed at eliminating the conflicts between economic development and environmen-
tal protection. Michael Porter thought that rather than impeding growth, environmental 
regulation may improve industrial competitiveness by stimulating the "offset effect" of 
innovations. Even President Xi has emphasized the green development idea and stated 
multiple times that "clear water and lush mountains are invaluable assets." Thus, efforts 
are now being made to eliminate the conflicts that exist between the environmental 
policies and economic development goals from the perspective of concepts and actions.  
 
 In recent years, to solve the issue of overlap and ambiguity in accountability, 
different departments of the Chinese government have frequently delivered documents 
jointly to increase coordination among themselves. Moreover, by providing a clear ex-
planation of ambiguous terms in the policy texts, it has helped to clarify the roles of ma-
jor policy implementing actors. For example, after the Air Pollution Prevention and 
Control Law was enacted, Jining Chen, the Minister from the Ministry of Environmental 
Protection, stated that the Ministry of Environmental Protection has made the duty as-
signment clear in the new law that explains the duties of the Ministry of Environmental 
Protection with 27 articles. Additionally, 55 articles define the duties of other depart-
ments and 34 articles refer to local government duties. All these initiatives have now 
made China committed to solving conflict and ambiguity issues in its environmental poli-
cies, while its execution of environmental policies is slowly transforming from symbolic 
to administrative implementation. 
 
 The transformation of China's environmental policies has also called for a 
change from mobilized to institutional governance. As an authoritarian state, China used 
to conduct various temporal specialized governance activities to improve the environ-
ment. Since the new Environmental Protection Law was implemented, environment en-
forcement departments across China have gradually learned to make use of legal instru-
ments to improve the environment. It is expected that with the institutionalization and 
normalization of environmental policies, there will be more stability and effectiveness in 
bringing about changes in the environment. 

 

 

Source: FanFan Pan 
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 This summer, I was given the opportunity to serve as a Natural Resource De-
fense Council (NRDC) – Historically Black Colleges and Universities (HBCU) Climate 
Change Fellow in New York City. The fellowship was primarily a collaboration between 
NRDC and the HBCU Climate Change initiative co-lead by Dr. Robert Bullard (Texas 
Southern University) and Dr. Beverly Wright (Dillard University).  
 
 As a result of the collaboration, myself and another HBCU student were select-
ed to work for two New York based organizations—NRDC located in lower Manhat-
tan and West Harlem Environmental Action Coalition (WEACT) located in Upper Man-
hattan. NRDC is a “nonprofit international environmental advocacy group,” whose main 
focus is on litigating environmental justice issues across the nation. While “WEACT is a 
northern Manhattan community-based organization, whose mission is to build healthy 
communities by ensuring that people of color and/or low income participate in the crea-
tion of meaningful and sound, fair environmental health and protection policies and 
practices.” 
 
 At NRDC, I worked primarily on a project to synthesize the policies involving 
Cap and Trade, highlighting both the non-equitable and equitable segments of the poli-
cies. Ultimately the goal behind this project was not only to synthesize the current poli-
cies but also to develop strategies and techniques that would aid in the fight for envi-
ronmental justice within the industrialized communities across the nation. In addition, 
the NRDC provided brown bag workshops that allowed the fellows to interact with 
their grant writing team, sponsored programs and communication and litigation divi-
sions.  
 
 At WEACT, I worked primarily on an Urban Heat Island Project designed to 
build awareness and develop action plans to manage the lives of those residents who 
were impacted by heat within the Harlem community. Throughout the duration of this 
project, my roles and responsibilities included telephone and neighborhood canvasing, 
community tabling, surveying, and interviewing Harlem community residents.  Additional 
activities consisted of helping to plan and execute community workshops, trainings, 
movies in the park, and field trips. In addition, WEACT provided brown bag workshops 

Summer Work Experience in New York City 

By 

Joy Semien 

The author is a second year graduate student in the Urban Planning and Environmental Policy 

Program at Texas Southern University. As an undergraduate at Dillard University, under the 

mentorship of Dr. Amy Lesen, Joy helped to evaluate the extent to which non-structural risk 

mitigation programs could potentially reduce New Orleans flood risk on the two-year collabora-

tive research project “NOLA Hurricane Readiness.”  
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that allowed the fellows to interact with their grant writing team, sponsored programs 
and communication divisions.  
 
 Throughout the duration of the fellowship program, I learned the importance of 
fighting for environmental justice (EJ) both at the community and legal levels. I also 
learned the importance of developing a wide range of key networks and that it takes a 
team of people to tackle a problem and not just one person. Also, to be successful one 
must maintain both a relatable and communicable disposition. In addition, I learned that 
the opinions and the stories of every person within and outside of the community mat-
ters. I learned never to dismiss a story or the work that anyone does on the behalf of 
the community because every voice matters.  
 
 Of course the summer in New York was not “all work and no play.” Every day 
of my stay in New York was filled with a new adventure. Whether it was climbing to 
the top of the statue of Liberty or hiking through the crowded streets of Chinatown, 
there was always something to explore and never a dull moment. Initially, when the 
summer began, I was overwhelmed by the sight of people on the streets of New York 
who seemed busy and unsociable. Everyone had places to go with no time to actually 
take a moment to enjoy the beautiful culture and historical aspects of the city they 
trekked through every day. As an outsider, I took every moment of the day to enjoy the 
city’s hidden jewels and not get caught up in the hustle and bustle of the everyday life in 
this city.  
 
 One of the hardest things I had to get accustomed to doing was riding the sub-
way. The subway platforms were one of the busiest places in the city and one of the 
easiest places to get lost. With the help of Google maps and local residents, I was able 
to master the subway and travel all over the city! One of my favorite things to do in the 
city was to explore the historic Harlem neighborhood and absorb the architectural and 
cultural features that make up Harlem. As I explored Harlem, one of the things that sad-
dened me was the lack of historical preservation and signs of gentrification within such a 
prominent and historical community of color. Like many other historical communities of 
color, Harlem seemed to be gradually losing its history and culture with the influx of 
non native residents. And, that was quite disheartening to observe, knowing that some 
of the great events had occurred in places like Harlem. Overall, my experiences in New 
York were quite exquisite ranging from the beautiful sounds of the street music to the 
lovely sights of street vendors and smells of street food. There is no other place like 
New York City.  
 
 New York city is a place that everyone should have the opportunity to visit and 
possibly even work. Experiencing this city in the summer of 2016 as an NRDC- HBCU 
climate change fellow, was both an educational and humbling one. Indeed, they have en-
riched my life and I expect to benefit from them in my future career as an urban planner 
and environmental policy maker.  
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 Environmental issues are often marginalized in the political arena, which can 
lead individuals to ask: can my small contribution to being more sustainable make a real 
contribution to a greener world? One way to institutionalize change is through the uni-
versity system. According to Nelson Mandela, “Education is the most powerful weapon 
which you can use to change the world.” Nearly every U.S. university has at least one 
strategy or program for sustainability. Many large universities, often seen as small cities 
due to their size, are leading in sustainability initiatives that can have a lasting impact on 
their students, faculty, and staff.  Therefore, it is important to look at what some exem-
plary universities are doing to educate its students on environmental issues and what 
programs they are implementing at the university level to encourage individuals to make 
changes to become more sustainable. 
 
 The Sustainability Tracking, Assessment & Rating System (STARS) is a self-
reporting framework for colleges and universities to measure their sustainability perfor-
mance. As per their website: “STARS encompasses long-term sustainability goals for 
already high-achieving institutions as well as entry points of recognition for institutions 
that are taking first steps toward sustainability. It is designed to provide a framework for 
understanding sustainability in all sectors of higher education.” Through this ranking sys-
tem, campuses are able to compare themselves over time to other institutions using a 
common set of measurements that can then create incentives for continual improve-
ment toward sustainability. (For additional information on STARS, visit https://
stars.aashe.org/). Since 2011, 89 universities have received the Gold ranking; two of 
them, University of Colorado-Boulder and University of Michigan, are highlighted below. 
  
 The University of Colorado-Boulder, a Gold STARS institution, has one of the 
most impressive sustainability platforms in the country. To build momentum, university 
leaders utilized the athletics program with many initiatives including waste diversion, 
water conservation, and energy reductions. They have achieved a 90% waste diversion 

A Sustainability Culture Shift at Universities:  

Beyond Sustainability Education 

By 

Zachary Good 

The author is a sophomore at the University of Central Florida studying Political Science and 

Environmental Science. He plans to attend law school and work in the environmental policy field. 

He is also involved on campus as the Volunteer UCF Environmental Director where he plans 

service and educational events for students and works with various departments on campus to 

make UCF more sustainable.  
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rate through the expansion of their recycling and composting infrastructure at football 
games. They have no trash cans within the arena because of the compatibility between 
the Athletics Department, Facilities, and student volunteers. The school has had tre-
mendous success from their “Ralphie’s Green Stampede” program; this student-
oriented volunteer program has students serving as educators to tailgaters and fans on 
what they can and cannot recycle versus what they can compost.  
 
 The University of Michigan (UM), another Gold STAR institution, has an impres-
sive track record for sustainability initiatives. University leaders have made substantial 
progress in campus engagement from the students. At each orientations, students watch 
a video on sustainable transportation and they receive a UM Sustainability guide, which 
includes detailed information on the university's goals related to climate action, waste 
prevention, healthy environments, and community awareness of environmental issues. 
The Recycling Program also hosts an annual Recycling Champions Building Competition, 
an intra-campus waste reduction and recycling competition. 
 
 There are many other universities across the country that could easily imple-
ment some of the programs that the University of Colorado-Boulder and the University 
of Michigan have done to become more sustainable. A student alone cannot change the 
culture of the campus, but can instill his or her passion into the people and departments 
of their campus to get sustainability programs running. It takes an entire university’s co-
operation to back a successful sustainability initiative because there are many moving 
parts and variables at play. Yet, as evidenced by the multiple Gold rated STARS universi-
ties, it can be done. A cultural and institutional change can be scary, but with many uni-
versities leading the way and the STARS evaluation system available to all universities, 
this goal can be accomplished. Leading by example, these universities are enabling a cul-
ture of sustainability and environmental stewardship that will have a lasting impact on 
students, faculty, and staff. 
_________________________________________________________________ 
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SENRA members  are requested to submit the following types of  items for subsequent newsletters to be published 

on a quarterly basis.  These items include the followings: 

 Articles. 

 News on your Recent Publication of Paper(s) and/or Book(s). 

 Research Projects and Grants. 

 Conferences. 

 Recent Accomplishments (awards and others). 

 Speaking Engagements. 

 Announcements for internships (paid and unpaid) and positions at federal and state governments’ environmental 

offices. 

 Pictures with an environmental theme. 

 Other relevant and newsworthy items. 

 

SENRA welcomes your submission for the newsletter. Our next issue is due in March 2017.  The deadline for sub-

mission to the next issue is February 28, 2017. In the SENRA newsletter,  various aspects of the environment 

including policy and public administration perspectives will be addressed.  To make every issue of the newsletter a 

successful endeavor, please e-mail all materials to SENRA editor at smajumdr@gmail.com. Article(s) submitted after 

the submission deadline will be considered for publication in the subsequent issue.  
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