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ABSTRACT

Under ground Storage Tanks (USTs) are of particul ar
concern because of their potential to |ose tightness over
time and |l eak their contents into the subsurface. This can
result in severe contam nation of soil and groundwater, and
in the worst cases, inpairs the ability of a groundwater
aqui fer to provide drinking water for entire communities.
This study exam nes the potential for publicly avail able
data to be distilled in a manner that advises the risk-
abat enment process for USTs.

It does so through an original nodel, devel oped and
run in ArcViewa spatial analysis software, that integrates
a suite of factors related to a given UST and its
environnental setting. The nodel evaluates a UST s
potential risk to critical drinking water resources of the
State of Rhode I|Island, and according to this value, ranks
every UST for which sufficient data exist.

Based upon the distribution of Overall Tank Ri sk
values in the State — which is found roughly equival ent to
a Gaussian distribution — Risk Tiers are delineated in an
effort to better identify the highest-priority (Tier 1)
tanks according to the nodel. Current Rhode Island UST
policy is then evaluated with respect to its treatnent of
ri sky USTs, and policy recommendati ons are made.

While current State policy is narromy directed at
gasol i ne USTs, the data suggest that a broadeni ng of the
definition of a ‘high risk’ tank may be beneficial.
Further, this study finds that the Ri sk Tier system
outlined herein could advise nodifications of prem uns,
excl usi ons, and deducti bles as currently enployed i n Rhode
| sl and.



1.0 | NTRODUCTI ON

The United States Environnental Protection Agency
(EPA) defines an underground storage tank (UST) as “a tank
and any underground piping connected to the tank that has
at |l east 10 percent of its combined vol une underground.!”
USTs are nost frequently used to store petrol eum products,
and EPA estimates that there are 716, 000 regul ated USTs
| ocated at 269,000 sites nationwide. Wile retail gasoline
outlets conprise the mpjority of UST sites, private and
governnment parties often operate USTs for heating and fl eet
fuel i ng needs?.

USTs are of particular concern because of their
potential to |lose tightness over tinme and |eak their
contents into the subsurface. This can result in severe
contam nation of soil and groundwater, and in the worst
cases, inpairs the ability of a groundwater aquifer to
provi de drinking water for entire comunities. G ven
wi despread UST distribution and the fact that nearly half
of the United States population relies upon groundwater for
its drinking water supply® it cones as no surprise that
| eaki ng underground storage tanks (LUSTs) have cone to the
forefront of public debate. Such deliberations revolve

around how best to approach UST ri sk-abatenment so that



potential harmto human health and the environnment is
m nim zed.

This study exam nes the potential for publicly
avai l abl e data to be distilled in a manner that advises the
ri sk-abatenment process. |t does so through an origina

nodel , devel oped and run in ArcViewa spatial analysis

software, that integrates a suite of factors related to a
given UST and its environnental setting. The nodel
evaluates a UST's potential risk to critical drinking water
resources of the State of Rhode Island, and according to
this value, ranks every UST for which sufficient data
exi st.

This study is designed to answer the thesis question:
Can an ArcVi ew based nodel be derived to advise
policymakers in the abatenment of UST-related drinking water
risk in Rhode Island? The paper will culmnate in an
anal ysis of the distribution of UST risk in Rhode Island,
the current risk-abatenent nmechanisns in place, and how t he

UST Model proposed here m ght be used to advise State

policy.



2. 0 BACKGROUND

This section will discuss USTs, their historical
ef fect upon the drinking water resources of Rhode Island,
and the manner in which they are currently regul ated by the

St at e.

2.1 Underground Storage Tanks in Rhode Island

In the State of Rhode Island s nobst recent State of
the State’s Waters (305b) Report, the Departnment of
Envi ronnent al Managenent (RIDEM rated LUSTs as the highest
priority threat to groundwater resources in the State*
VWhen these tanks |eak their contents into the subsurface,
serious public health risks can result. Such is the
current situation in Pascoag, a snmall hamet in the Town of
Burrillville. RIDEM believes that a leak in a gasoline UST
at Main Street Mbil, on Main Street in Pascoag, is
responsi ble for contam nating the town wells wth nethyl
tertiary-butyl ether (MIBE), a volatile organic conmpound
known by the EPA to have carcinogenic effects in | aboratory
ani mal s®, and considered to be a potential human carci nogen
at high doses®. From Septenber 2001 thru January 2002, town
residents were directed to mnimze the use of their
muni ci pal water, which was found to contain ten tines the

EPA standard for MIBE’. In recent testinony before the



United States Senate, Jan Reitsma, Director of RIDEM
posited that mllions of dollars may be necessary to
remedi ate the aquifer®.

There is potential for simlar public health risks in
ot her parts of the State. The nost recent 305b Report
counts 3,463 actively used USTs registered in Rhode Island
(note: this nunber does not include the thousands of hone
heating oil USTs that are |less than 1, 100-gallons and thus
excl uded from nost RIDEM regul ations®). The 3,463 USTs in
Rhode Island are |ocated at 1,847 facilities throughout the
State. A breakdown of these facilities is displayed in

Figure | bel ow'?:

Figure I: Omers of Rhode Island UST Sites

O Government (25%)

B Commercial/Industrial
(35%)

O Gasoline Retail (23%)

O Other (17%)

SOURCE: RIDEM State of State's Waters, 2000
Not e t hat al nbst 60% of UST sites in Rhode |sland are owned

by the Comrercial/Industrial and Gasoline Retail sectors.



This will have inmplications in the latter portion of this
study, when policy recomendations are crafted to best
address the conflict between site owners — who are often
rational econom c actors — and the society that incurs the
costs of leaking tanks. Figure Il belowis a breakdown of

the products stored in these tanks:

Figure Il: Products Stored in Rhode Island USTs

OGasoline (38%)

B Heating Oil (47%)
ODiesel Fuels (10%)
Owaste Oil (2%)

B Hazardous Waste (1%)
OOther (2%)

SOURCE: RIDEM State of State’'s Waters, 2000

In the aggregate, heating oil, diesel and gasoline conprise
95% of all tanks in the State!’. O these, gasoline tanks
(389 are of the greatest concern to those responsible for
protecting human health and the environnent, as they
conprise a large proportion of the 1,183 LUST sites in the
State (since 1985), and gasoline is known to be

particul arly dangerous in the subsurface relative to other

petrol eum products??. The Di scussion section of this study



will assess whether this focus on gasoline USTs has
precluded commtting regulatory resources to other non-
gasoline USTs in the State.

MIBE, which conprises on average 11% of gasoline by
volunme, is the major contributor to gasoline’s status as
the riskiest UST content. Introduced in 1979 as an octane-
enhanci ng repl acenent for | ead, MIBE has seen increased use
since the 1990 anmendnments to the Clean Air Act. Rhode
Island is a voluntary participant in the EPA Refornul at ed
Gasoline (RFG programinitiated by these amendnments, which
mandat es that fuel oxygenates (not necessarily MIBE) be
added to fuels in areas with the highest |evels of air
pol lution'®. Despite EPA findings that MIBE is detected in
wat er roughly five tines nore often and at hi gher
concentrations in areas participating in the RFG progrant?,
the vast majority of urban centers have chosen to use MIBE
to neet the oxygenate requirenment (Chicago and M | waukee
are the only urban centers to use ethanol)?®.

The trend for Rhode Island, displayed in Figure 3
below, is on par with the national trend of increasing MIBE

det ecti on:



Figure I11: Commonly Detected VOCs in Community and Non-
Transi ent Non- Community Public Water Supply Wells

351
301
251 |
Total # 20'/_ 01,1,1-TCE
Detections 15 i OTCE

104" BPERC

- EMTBE
51"
0 4

1995-96 1996-97 1997-98 1998-99
Year

SOURCE: RIDEM State of State’'s Waters, 2000

The detection of MIBE in public wells in Rhode Island has
nore than doubl ed over the period 1995-1999, and has made
up an increasing proportion of all VOCs neasured!®. MIBE
has di splaced TCE — a solvent widely used in home and

i ndustrial applications, and historically the nost detected
VOC — as the primary VOC detected in Rhode Island wells.
The fact that MIBE has been detected in the groundwater of
Rhode Island with increasing frequency is not surprising,
given its suite of chem cal properties. It is highly
hydrophilic and sol ubl e, does not readily sorb to soi
particles, and mgrates faster and over greater ranges than
do other gasoline constituents!’. Additionally, it is quite
resistant to bi odegradation'®. Thus, a leak froma UST

cont ai ni ng MIBE- enhanced gasoline can be potentially



catastrophic to |l ocal water supplies, and can be costly and
difficult to remediate. This has becone all too rel evant

i n Pascoag.

2.2 Statutory Law

USTs have been recogni zed by Congress for sone tinme as
an environnmental and human health risk. As part of
Subtitle I (1984) of the Resource Recovery and Conservation
Act (RCRA), Congress directed EPA to promrul gate UST
regul ations so as to protect human health and the
environnent. Subtitle | inplenmented requirenments for UST
site owners in the realnms of tank registration,
construction standards, reporting and record keeping for
exi sting tanks, corrective action, and financi al
responsi bility!°.

I n managi ng the federal UST program EPA adopted a nodel
of cooperative federalism whereby EPA promul gates baseline
technical and financial responsibility standards, but
del egates final inplenentation and managenent primacy to
the states (subject to funding and oversight). This allows
states to tailor their regulations to the specific needs of
the regul ated community?®, but prevents the race of |axity?!
by maintaining that all state prograns be protective of

human health and the environnment. [In a manner anal ogous to



the State I nplenmentation Plans pronul gated by the Clean Air
Act, state UST prograns need to be approved by the EPA, and
cannot fall below m ni num protective standards. For a
state programto be approved, it nust nmeet three mgjor
criteria:

1. Regul ates at | east the same USTs as regul ated by
federal | aw

2. Meets EPA requirenents for “adequate enforcenent.”

3. Sets standards for eight performance criteria that are
no less stringent than federal standards:

a. New UST systens (design, construction

installation, and notification)

Upgr adi ng of existing UST systens

CGeneral operating requirenents

Rel ease detection

Rel ease reporting, investigation, and

confirmation

. Qut-of-service USTs and cl osure

Rel ease response and corrective action

. Financial responsibility for UST systens
cont ai ni ng petrol eum

O QO T

oKQ

The Rhode |sland UST program received federal approval on
January 11, 1993 and was i npl enented on February 10, 199322
Since then, 8,698 USTs have fallen under program
jurisdiction®® the LUST |layer of Rhode I|sland Geographic
I nformation Systens |lists 1,187 tanks as having | eaked
hi storically.

The Rhode I|sland UST program enpl oys a traditional
‘command and control’ nodel of regulation. Plater et al.
characteri ze such regul atory paradi gns as “prograns of

centralized regulatory conmands issued in excruciating

10



detail via permts to pollution dischargers throughout a
jurisdiction.?” In the realmof USTs, Rhode Island follows
this definition closely, dictating requirenments for
registration, tightness testing, |eak detection, tank
construction, and financial responsibility (anong others)
for new and existing tanks?®.
Addi tionally, financial responsibility requirenments are
dictated at the federal and state level. The EPA requires
proof of financial responsibility for owners of UST
facilities, with a few exceptions:
1. Residential USTs with a volunme of |less than 1, 100-
gal |l ons, used for storage of No. 2 heating oil and
servicing a one-, two-, or three-famly dwelling
2. Farm USTs with a volune of |ess than 1,100-gall ons,
storing No.2 heating oil for non-conmercial purposes?®
Whi | e EPA regul ati ons require proof of financial
responsibility for UST site owners, they do not prescribe a
speci fic mechani sm through which financial responsibility
must be attained. EPA grants primacy to approved state
prograns in that regard, and states have reasonable
latitude in ternms of facilitating UST site conpliance with
federal regul ations.

Rhode Island conplies with federal financial

responsi bility standards by mandati ng proof-of-coverage for

UST site owners of $1, 000,000 per rel ease, or $2,000, 000

11



per site in aggregate?’. This is intended to ensure that
funds are available for remediation efforts, as well as to
address third-party conpensation clainms. Many states -
Rhode Isl and included — have chosen to facilitate such
financial responsibility conpliance for in-state facilities
by creating a state-sponsored fund. Rhode Island clearly
had fiscal notivations for doing so: in effecting the
statute that fornms the basis of the fund, the State
Assenbly noted Rhode Island Econom c Devel opnment
Corporation estimations that failure to enact such a fund
woul d have adverse effects upon the State econony to the
tune of $18, 000,000 annual | y?®. Created in 1994, the Rhode
| sl and Under ground St orage Tank Financial Responsibility
Fund is capitalized by a $0.01 tax on every gallon of notor
fuel sold in the State, as well as registration fees for

t hose tanks not containing notor fuel?°

2.3 Problem Formnul ati on

Despi te conprehensive regulation at the federal and state
| evel, USTs continue to threaten human health and the
envi ronnent in Rhode |Island. The situation in Pascoag
serves as a specter of risk fromleaking tanks at its

worst. This paper is inspired in part by the catastrophe



in Pascoag; it is aimed at preventing such catastrophe

el sewhere. The objectives of this study are twofold:

1. To explore, by way of an original ArcView UST Ri sk
nodel , the nature and extent of the risk posed by USTs

to critical drinking water supplies of the State of
Rhode I sl and.

2. To briefly exam ne the regulatory framework currently

enpl oyed in Rhode Island as it relates to the

di stribution of risks in the State, and propose

regul atory elenents that may be advised by the UST

Ri sk Model outlined here.
These objectives are designed to answer the thesis
guestion: Can an ArcVi ew based nodel be derived to advise
policymakers in the abatenment of UST-related drinking water

ri sk in Rhode Isl and?

13



3.0 METHODS

These net hods are designed to achieve the two research
objectives outlined within the Background secti on above.
The present section firsts outlines a screening nodel ained
at characterizing the nature and extent of risk posed by
USTs to the drinking water supplies of Rhode Island
(surface waters and ecosystem services are not consi dered
herein). This section concludes with a brief discussion of
t he met hods enpl oyed to interpret the nodel outputs as they
relate to both current and potential UST risk-abatenent

measures taken in Rhode |sl and.

3.1 Mbodel Concept

As denonstrated above, LUSTs in Rhode I|sland have
presented clear risks to human health and the environnent.
But what about future risks? This section will address the
prospects of future risks, outline sonme of the factors
i nvol ved in making a particular UST “risky,” and outline a
Ri sk-based Prioritization Mddel designed to take a
predi ctive approach toward abating public health risks
associ ated wi th USTs.

The nmodel outlined here is predictive of risk in that
it assesses, if a given UST were to | eak, how damaging this

| eak could potentially be to critical drinking water

14



resources of the State. It does so by assumi ng a ‘worst
case’ scenario: that a tank will leak its contents in a
single catastrophic event. The nodel then determ nes the
drinking water risk of a given UST through an additive

cal cul ati on based upon the conposition and vol une of the
tank; the characteristics (toxicity and solubility) of its
contents; the transm ssive, confining, or corrosive
characteristics of the soil in which the UST is sited; the
seasonal high water table; and the proximty of the UST to
critical drinking water resources of the State.

The nodel was run in ArcView G S 3.2a software®®, a
spati al anal ysis package enployed to geographically | ocate
USTs with respect to the environnental variables noted
above. The risk posed by USTs to drinking water supplies
was determ ned by weighting paraneters related to the tank
and its contents, as well as paranmeters describing its
envi ronmental setting.

The model utilized the RI DEM UST dat abase for al
t ank-specific information. Each UST was | ocated in space
(‘ geocoded’ ) based upon its address in the database, and
t he wei ghted conponents of the Tank Ri sk paramneter
(descri bed below) were then |linked with each datum
Simlarly, the entire State of Rhode |Island was mapped with

respect to the variables that conprise the Environnental

15



Ri sk paranmeter (also below). Environnmental variables were
wei ghted according to the schenme outlined in Sections 3.2-
3.3, and their respective weights were additive in areas
where multiple environnental factors co-occurred (e.g. a
wel | head protection area with transm ssive soils). The
final Overall Risk value was arrived at by conbining the
wei ght ed tank characteristics associated with each geocoded
tank point and the suite of weighted environnmental
vari abl es co-occurring at that same point. The higher the
Overall Risk, the nore catastrophic a |leak fromthat tank
woul d be.

The initial nmodel run was |limted to roughly sixty
USTs in the Town of Burrillville, Rhode |sland, and
cal i brated against RIDEM s LUST records for Burrillville.
The nodel identified the gasoline USTs at Main Street
Mobil, in the Pascoag wel |l head protection area, as the
hi ghest priority tanks in the Town. Interestingly, a |eak
fromthese tanks - discovered in Septenber 2001 - had
devastating effects upon the Town drinking water (See
Background section). Having proven reasonably accurate in
Burrillville, this first-run nodel is the basis for the
model descri bed here, which has subsequently been applied

to every registered UST in Rhode Island.

16



VWhen the nmodel was expanded to the rest of the State,
several paraneters were nodified — and new paraneters added
— to reflect |lessons learned in the first-cut nodel run for
the Town of Burrillville, as well as input from RI DEM
revi ewers. Mre specifically, elements of tank and pi ping
conposition were included, as well as environnental
vari abl es such as | ocalized soil corrosivity and seasonal
hi gh water table. Tank contents, initially weighted only
according to their toxicity, were considered according to
their solubility as well. The ‘Tank Age’ paraneter was
dr opped, due to the fact that RIDEM data refl ect date of
installation, rather than the nore instructive date of npst
recent tank inprovenment. Finally, the ‘Tank Vol une’
paramet er was down-wei ghted, to address concerns that
| arger tanks were not necessarily of higher risk than
smal | er tanks. These changes allowed the nodel to better
assess the risk of a given UST to critical drinking water

suppl i es.

3.1.1 UST Risk

UST risk is nost often associated with petrol eum
hydr ocar bons, |eaked into the subsurface, and transported
by way of groundwater flow to an exposure endpoint: a

wel | head or surface water. A general paradigmfor

17



structuring a risk assessnent breaks down risk into three
di stinct exposure pathways: dermal, inhalation, and
i ngestion®2. G ven the above, a UST is “risky” when it has
the greatest potential to cause harmto human health and
t he environnent through one (or nore) of the accepted
exposure pat hways. This paper proposes a predictive nodel
designed to prioritize tanks based upon their potential to
cause such harm

For the purposes of this nodel, the overall risk of a
given UST is split into two maj or conponents: Tank Ri sk and
Environmental Risk. These two categories are then
subdi vided into paraneters related to the potential for
exposing critical drinking water supplies to tank contents.
The factors incorporated in this nodel are not nmeant to be
exhaustive — surely there are an infinite nunber of
vari abl es that can potentially be incorporated into such a
nodel . Rather, the factors chosen are representative of
t hose vari abl es for which data are reasonably avail abl e and
reliable.

The nodel is structured according to Figure IV bel ow
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Figure |IV: Organizational Diagram

| Overall Tank Risk |

| Tank Risk | | Environmental Risk|

| UST System | | Volume | | Contents | | Soil Group | | Soil Corrosivity | | Drinking Water | | Seas. High WT
| |

| Tank Composition| |Piping Composition| | Content Toxicity | | Content Solubility |

Note that the elenents of this nodel interact additively. That is, the Environnmental
Ri sk value is the additive summtion of the Soil G oup, Soil Corrosivity, Drinking Water,
and Seasonal Hi gh Water Table parameters; the Overall Risk is the additive summation of
the Tank Ri sk and Environnental Risk. 1In short, the values are input at the bottomtwo
| evel s of the nodel, and flow upward in an additive manner toward an eventual Overall
Tank Risk for a given tank. The relative inportance of each nodel paraneter is

det erm ned by the number of “nodel points” it can possibly contribute toward the Cverall

Tank Ri sk. For exanple, the Tank Content paraneter is relatively inportant: as is
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detailed below, it is conprised of two contributing
paranmeters (toxicity and solubility), each of which have 5
model points to contribute. The Tank Vol une paraneter is
| ess inmportant: it contributes a maxi mum of only 3 points
toward the Overall Tank Ri sk. Sections 3.2 thru 3.4 explore
in greater detail each paraneter of the nodel, howit is
wei ghted, and the manner in which in interacts with the

ot her nodel paraneters to assess the Overall Risk of a

given UST to critical drinking water resources.

3.2 Tank Risk

The value for Tank Risk is conprised of paranmeters
associated with the tank itself: its volunme and contents,
as well as the conposition of the tank and its associ ated
piping. Wthin this category, certain paraneters are nore
i mportant than others®, and thus the associated wei ghting
systemis designed to reflect that. These paraneters, as
well as their respective weighting schene, are outlined

below in sections 3.2.1 thru 3. 2. 2.

3.2.1 Tank Vol une

The quantity of contam nation present was accounted
for by dividing the universe of standard UST volunes into

t hree categories, and assigning risk value prem sed on the
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notion that higher quantities of contam nant pose a nore
catastrophic risk to human health and the environnment.

Thus, the risk categories are as follows:

TABLE 1: WEI GHTI NG — TANK VOLUME

Tank Vol une Wei ghting Val ue

< 1,100-gal (Below regulatory |0
t hr eshol d3%)

1, 100- 9, 999- gal 1
10, 000- 19, 999- gal 2
> 20, 000- gal 3

One objection to the above ranking is that the | argest
tanks may be so well-nonitored that they are in fact |ess
ri sky than sonme of the smaller tanks that |ooked after with
| ess diligence®. Wiile this may be the case, the nodel
makes the conservative assunption the nmere presence of a
UST poses potential risk to human health and the

envi ronnent, regardl ess of nonitoring frequency. In short:
a greater volune of petroleumnmy lead to a nore
catastrophic rel ease. However, by weighting this category
to a maxi mum nodel input of 3, it is given relatively m nor

i nportance in the overall nodel

3.2.2 Tank Contents

The characteristics of tank contents are an inportant

conmponent of the Tank Risk input to the nodel. The two
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characteristics of concern here are the toxicity and
solubility of tank contents. The toxicity is of obvious
concern, as it is related to the health effects associ ated
with exposure to the subject contam nant. The solubility
of the tank contents is equally inportant, as the
subsurface nmobility of petroleum products is intimtely
linked to its ability to be taken up into solution and
transported to a well head. This nodel assesses the
relative risk of differing tank contents by determ ning
values for their toxicity and solubility, and conbining the
nodel inputs additively to determ ne a single Tank Content
Ri sk val ue for nodel input. (Note that non-petrol eum based
hazardous material USTs are not included in the nodel, as
the wide variations in solubility and toxicity within the
uni verse of such substances would clutter the nodel
consi derably.)
3.2.2.1 Tank Content Toxicity

This elenment of the nodel is based upon a docunent
produced by the Massachusetts Department of Environnent al
Protection, which details a VPH EPH (Vol atil e Petrol eum
Hydr ocar bons/ Extract abl e Petrol eum Hydr ocar bons) approach
for characterizing the risks associated with petrol eum

cont anmi nati on®®.



The docunent recomrends conpositional hydrocarbon
fractions of particular fuels, as well as rates the
toxicity of those fractional ranges by conparing themto
“surrogate conmpounds” with simlar conposition and a known
Ref erence Dose®’. This npdel takes this one step further,
cal cul ating a “Tank Content Toxicity” rating for a given
fuel by weighting the hydrocarbon fractions that conprise
the fuel by the Reference Dose for the correspondi ng
surrogate conpound each respective hydrocarbon range.
Thus, the formula for calculating the Toxicity Ri sk of a

gi ven petrol eum product is as follows:

TR = (FC) (RfD1) + (FC&)(RfDy) + ..+ (FG) (RfDy)

WWher e:

FC, = Fractional Conposition of hydrocarbon range n

Rf D, = Known Reference Dose for surrogate conpound that
corresponds to hydrocarbon range n

Tables 2 and 3 below detail the specific FG, and Rf D, val ues

used in the Toxicity Risk cal cul ati ons:

TABLE 2: FRACTI ONAL HYDROCARBON COVPOSI TI ON
OF | MPORTANT UST CONTENTS®®
Pet r ol eum Fractional Hydrocarbon Conposition (FC,)
Pr oduct Cl1-C22 Aromatics C9-C18 Aliphatics
Ker osene/ Jet [ 0.3 0.7
Fuel
D esel / #2 0.6 0.4
Fuel G|
No.4 & No. 6 0.7 0.3
Fuel G|
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TABLE 3: HYDROCARBON GROUPS AND THEI R
CORRESPONDI NG TOXI Cl TY SURROGATE®*
Hydr ocarbon | Toxicity Surrogate Ref erence Dose (Rf D)
G oup for Toxicity Surrogate
(mo/ kg/ day)
Cl1-C22 Pyrene 0. 03
Aromatics
Co- C18 n- Nonane 0.6
Ali phatics

To give a brief exanple, a calculation of the TCR for a

di esel fuel UST would | ook |ike this:

TCT = (FG) (RfD1) + (FG)(RFD) + ..+ (FG) (Rf D)

= ( I:CC11-22 Ar omat i cs) ( Rf Dpyrene) + (FCCB 18 Aliphati cs) (Rf Dh- l\bnane)

(0.6)(0.03) + (0.4)(0.6) = 0.258

For the purposes of the nodel, greater TCT val ues
correspond to fuels of higher toxicity. Thus, the TCT

val ues are divided into 1, assigning higher a higher TCT
value to the nost toxic fuel. One m ght notice that
gasoline is a major om ssion within the TCT paranmeter. Due
to wi despread variations in distillation processes (and

t hus fractional hydrocarbon content), gasoline was not
covered by the EPH VPH docunent. However, gasoline is

wi dely considered to be the nost perilous of all petrol eum
UST contents. This is due to its conposition; gasoline
constituents such as benzene and napt hal ene are highly
toxic. Modreover, gasoline in Rhode Island is infused with

met hyl tert-butyl ether (MIBE), a volatile organic conpound
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and oxygenate that aids in nore conpl ete combustion of
fuel. The characteristics of MIBE are discussed in detai
wi thin the Background section.

For these reasons, gasoline is weighted highest in the
model . The nost toxic fuel rated by the EPH VPH docunent,
#3-#6 Fuel oil, received a TCT value of 4.975. To reflect
gasoline’'s particularly risky nature, it was conservatively
assumed to have a TCT value of 10, roughly twice the TCT
value of its nearest “conpetitor.”

The final step was to calibrate the TCT values to the
ot her paraneters of the nodel, all of which have maxi mum

val ues of 5. The final TCT values are listed below in

Tabl e 4:
TABLE 4: TCT VALUES
Pet r ol eum Toxicity Risk
Pr oduct Val ue
Ker osene/ Jet 1.16
Fuel
D esel/ #2 Fuel 1. 9375
al
No.4 & No. 6 Fuel 2. 4875
Ol
Gasol i ne 5

Note that for calibration, all TCT values were divided by
two, bringing gasoline’s TCT value to 5, with the rest of

t he fuels assigned proportionally |esser val ues.
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3.2.2.2 Tank Content Solubility

The solubility of UST contents is related to their
ability to mgrate through the subsurface toward potenti al
exposure endpoints. In assigning these values for nodel
i nput, solubilities of various petroleum conpounds were
assigned on a 1-5 scale, with higher nmodel input val ues
corresponding to fuels with greater solubility (and thus
greater ease novenent in the subsurface). Table 5 displays

t hese val ues:

TABLE 5: TCS VALUES™
Pet r ol eum Solubility Risk
Pr oduct Val ue
No.4 & No. 6 Fuel 1
al
D esel/ #2 Fuel 3
al
Ker osene/ Jet 5
Fuel
Gasol i ne 5

It should be noted that these solubility val ues are adapted
froma NOAA docunment that rates relative solubility on a
scal e of Hi gh-Moderate-Low, these are translated into 5-3-
1, respectively, for the purposes of this nodel.

Once the TCT and TCS val ues are conputed, they are
conbined additively to conprise a single value for Tank

Content Risk. Table 6 displays these val ues:
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TABLE 6: FI NAL TCR VALUES
Pet r ol eum Tank Content Risk
Pr oduct Val ue
No.4 & No.6 Fuel | 3.4875
Ol
D esel / #2 Fuel 4.9375
al
Ker osene/ Jet 6. 16
Fuel
Gasol i ne 10

The TCR val ues above are the nunbers actually plugged into

the nodel, and interact in the manner depicted in Figure 4.

3.2.3 UST System Characteristics

The construction and conposition of a UST system are
maj or conponents of its potential to | eak, and thus are
wei ghted highly in the nodel. Since the tank itself is
often of different conposition than its associ ated piping,
the nodel treats them separately, but adds their respective
risk ratings to arrive at a single risk value for UST

System Characteristics.

3.2.3.1 Tank Conposition

The conposition of the tank itself assumes a range of
val ues within the RIDEM dat abase for USTs. Upon request,
RI DEM per sonnel rated each uni que conposition for risk of

| eaki ng*:

27



TABLE 7: TANK COWPOSI Tl ON
RI SK VALUES
Tank Conposition Tank
Conposi tion
Ri sk Val ue
Conmposite Steel 1
Epoxy Coated Steel 1
Fi bergl ass Reinforced |1
Pl astic
Pol yet hyl ene Tank 1
Jacket
Cat hodi cal | 'y 2
Protected Steel
Concrete 3
Asphalt Coated or 5
Bare Steel

Val ues range from ‘1 for conposites and plastics to ‘5’
for asphalt coated or steel tanks. It is inmportant to note

t he conposition of the pipes for these tanks as well.

3.2.3.2 Piping Conposition
Simlar to the Tank Conposition, the conposition of
the piping varies fromtank to tank. Again, RIDEMrated

each of these according to risk of |eaking**:

TABLE 8: PI PI NG COMPCSI TI ON

Rl SK VALUES
Pi pi ng Conposition Pi pi ng

Composi tion
Ri sk Val ue

Fi berglass Reinforced |1

Pl astic

Gal vani zed St eel 4

Copper 4

Bare Steel 5
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Not e once again that bare steel is rated by RIDEM as the
ri skiest piping material, while nore corrosion resistant

material is rated as | east risky.

3.3 Environnmental Risk

VWil e the Tank Risk value is reflects characteristics
of the UST itself, the value for Environnmental Risk
accounts for the environnmental setting in which the tank is
situated. The elenents incorporated are the proximty to
critical groundwater resources, the corrosive properties of
the soil, the seasonal high water table, and the ability of
the area-specific soils to facilitate subsurface novenent

of a contam nant plune.

3.3.1 Proximty to Drinking Water Resources

Si nce groundwater is the primary m gration pathway by
whi ch subsurface contami nation is conveyed, the | ocation of
a given tank with respect to key drinking water resources
is a mpj or conponent of the predictive nodel. Based upon
this characteristic, tanks were segregated into four
cl asses and wei ghted by the potential for exposure; greater

ri sks are associated with higher nunbers:
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TABLE 9: WEI GHTI NG — PROXIM TY TO DRI NKI NG WATER
Proximty Wi ghti ng
Val ue
O mnimal concern for ingestion 0
pat hway; w thin GB/ GC-rated groundwater®
W thin groundwat er recharge area or 3
drinki ng water basin*
Wthin GV GAA-rated groundwater™ 5
Wthin wellhead protection area™ 10

Tanks in well head protection areas were rated highest
because the proximty to public wells facilitates an
exposure pathway to a relatively | arge popul ation. Tanks
wi thin areas of GA/ GAA-rated groundwater were wei ghted at
hal f of that, as the potential exposure endpoints (i.e.
people drawing off the well) are generally a fraction of
that of a public well. Tanks in groundwater recharge
areas or drinking water basins were ranked [ ower still, as
contam nati on may have the chance to naturally attenuate
bet ween the | eak point and the exposure endpoint.

For tanks in overl apping categories (e.g. a tank
| ocated in a well head protection area as well as a
groundwat er recharge area), the values are additive within
t he model structure. Thus, this sane tank within a
wel | head protection area and groundwat er recharge area

woul d receive a weighting of 13.



3.3.2 Soil Group

As part of the Source Water Assessment Program a
joint effort between University of Rhode |Island and Rhode
| sl and Departnent of Health, risk factors were assigned to
Soil Groups based upon a conposite of key characteristics
related to facilitation of groundwater contam nation®’.
This predictive nmodel uses these risk factors to wei ght
tanks according to the Soil Group in which they are

situated. The weighting is as foll ows:

TABLE 10: SO L GROUP VALUES
Soil G oup Wei ghting Val ue
M ni mal Ri sk 2
Low Ri sk 3
Moder ate Ri sk 4
H gh R sk 5

Though there were only four categories identified by the
URI / DOH docunent, they were scaled to neet the nodel norm

of either a 5- or 10-scale for a paraneter.

3.3.3 Soil Corrosive Properties

The RIG S program has rated soils in terms of their
ability to corrode uncoated steel *®. These ratings are
i nportant for this nodel because they affect the prospects
of a leaking tank or line, especially when the tank or I|ine

is conposed of steel.
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TABLE 11: WEIGHTI NG — SO L CORROSI VE PROPERTI ES
Soil G oup Wei ghti ng Val ue

Low Ri sk 0

Moder at e Ri sk 3

H gh Ri sk 5

It is inmportant to note that these values were interpreted
to numeric formfor the purposes of facilitating nodel

i nput .

3.3.4 Seasonal High Water Table

Thr ough properties such as corrosion-inducenent and
freeze-thaw cycles, the seasonal high water table val ue
clearly plays a role in the potential for a tank to | eak.
The RIG S program has rated seasonal high water table for
the State?®. The val ues bel ow represent depths to water
table; the corresponding risk rating is grounded on the
prem se that | ower water tables are less risky, as they
subj ect tanks to |l ess potential corrosion and freeze-thaw

dynam cs.

TABLE 12: WEI GHTI NG — SEASONAL HI GH WATER TABLE

SHWI Wi ghting Val ue

> 6 feet below grade |1

1.5-3.5 feet bel ow 2
gr ade

0-1.5 feet bel ow 3
gr ade

0-1 feet bel ow grade

ob

St andi ng \Wat er




These val ues were input to the nodel and conbi ned
additively as part of the calculations for Environnental

Ri sk.

3.4 Model OQutput

The nodel output is a list of every UST in the State for
whi ch RI DEM data were conplete, prioritized by risk to
critical drinking water resources. The operative termis
‘complete’ — the extent of the output was linmted the
conpl eteness of the data. Tank |listings were inconpatible
with the nodel if:

1. Address not recogni zed by the geocodi ng program?® used

to spatially | ocate USTs

2. Tank contents not |isted

3. Tank conposition unknown

4. Tank falls under the 1,100-gal regulatory threshol d®
Most of the above exclusions apply to tanks for which Rl DEM
data were inconplete or inaccurately entered. O roughly
3,500 tanks on the initial database, roughly 2,500 were
successfully geocoded. O those tanks, approxinmately 2,000
wer e above regul atory thresholds and free of data

conplications. Tanks below the regulatory threshold often

had conpl ete data, but were not input to the nodel



3.5 Uncertainties

As with all scientific inquiry, it is inmportant to
note several sources of uncertainty. First, when working
with a dataset as |large as the RI DEM UST dat abase (roughly
3,500 records, each with 15 colums), it is inevitable that
an occasi onal datum has been entered incorrectly. This
source of uncertainty is very difficult — if not inpossible
— to control for. Second, the geocodi ng program uses an
al gorithm based upon cross streets and bl ock nunbers, and
may not precisely |ocate the property, let al one the exact
poi nt on the property under which the subject UST is
situated. In cases where a site is divided between areas
of differing Environnmental Ri sk, inprecise tank placenent
can either over- or under-rank a UST's risk. This is
clearly an area where inprovenents in G S technol ogy (e.g.
GPS mappi ng of individual addresses, nore precise data
layers) will allow for increnentally greater confidence in
nodel outputs; for the present, this study is limted in
this regard.

An addi tional source of uncertainty involves the
exclusion fromthis analysis of USTs bel ow the regul atory
t hreshold of 1,000-gallons. The 1,100-gallon threshold is
an artificial threshold inposed by regulators, and it is

certainly reasonable to posit that the risk posed by a



1,000-gallon UST is virtually indistinguishable fromthat
posed by a 1,100-gallon UST. However, by virtue of the
fact that they are largely unregul ated, data were not
avai l able for all tanks below the 1,000-gallon regulatory
threshold in Rhode Island. Even if (hypothetically) data
wer e avail abl e on such USTs, current statutory and judici al
infrastructure provide little means by which such tanks
could be targeted by the nechani snms recommended in this
st udy.

While this nodel is not intended to predict if/when a
given tank will |eak, there are certain elements of the
nodel that may be capable of doing just that. NMbdel
paraneters such as Soil Corrosivity and Seasonal H gh Water
Tabl e, viewed in concert with Tank Conposition (e.g. bare
steel tank), may have an el enent of predictive risk in the
sense of determning the |ikelihood of I|eaking tank.
However, further refinement is necessary before the nodel
outlined here can be enpl oyed for such purposes.
Statistical testing — included in Appendix A - failed to
show predictive value for environnmental variables and

hi storical | eaking tanks.



3.6 Potential Detractions

Critics mght raise environmental justice issues
concerni ng the nodel’s seem ng underestimati on of ingestion
ri sk to urban popul ations for which groundwater is not a
source of drinking water. This criticismcan be dism ssed
by citing that those popul ati ons in Rhode Island not
reliant on groundwater for drinking water are generally
reliant upon surface water reservoirs instead. As |ands
surroundi ng reservoirs are usually owned and strictly
protected by towns or water resource boards (e.g. Scituate
Reservoir owned by City of Providence), USTs are generally
very strictly regulated, if not prohibited altogether®?
Thus, urban popul ations may actually be subjected to | ess
UST-rel ated drinking water risk than are rural residents
solely reliant upon groundwater.

Urban residents nmay, however, be disproportionately
affected by alternative fornms of UST risk: nanely
subsurface mgration of petrol eum vapors into adjoining
basenments. Critics could again discredit this nodel on
environnental justice grounds, arguing that the nost
industrialized areas of the State (and thus greater nunber
of USTs) are also those in which proportionally greater
m nority popul ations dwell. Wile environnmental justice is

certainly a valid concern in this case, it is inportant to



note that this nmodel is strictly limted to the ingestion
pat hway, and further limted therein to exposure associ ated
with ingestion of drinking water. Expansion of the nodel
to incorporate inhalation would better address concerns
about environnental justice, but would necessitate a series
of (site-specific) assunptions about mgration of
subsurface vapors, airflow dynam cs of buil dings, and
myriad other factors. |In short, designing a UST risk node
around i nhal ati on exposure could be a separate — and quite
interesting — thesis of its own.

A final criticismof the nodel is that it fails to
take into account several neasures of the relative
i mportance of a well head. More specifically, critics point
to persons/wel |l head and wel | heads/ system as potenti al
i ndi ces of how many potential exposure endpoints exist, and
how catastrophic the effects of a single contam nated well
woul d be, respectively. A well with nore persons reliant
upon it, or a well that is the sole source of water for a
community, would ideally be weighted higher by the nodel.
USTs in the proximty of such wells would be higher
priority as a result.

This criticismis perfectly valid, and the nodel would
surely benefit fromadditions of this nature. However, the

practical reality of data availability is enough to make
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such i nprovenents inpossible for the present; while RI DOH
mai ntai ns data for nunmber of persons served by a given
wat er system it does not distill data into nunber of
persons/wel | head or nunber of well heads/system Furt her

wor k shoul d definitely pursue this end.

3.7 Evaluation of Model
The nmodel output details the nature and extent of the
ri sk posed by USTs to drinking water supplies in Rhode
| sland. The analysis of the current regulatory framework
is driven by a conparison of the tanks deemed hi gh-risk by
t he nodel versus the tanks that are nost actively regul ated
by the State. Ideally, State resource allocation should be
wei ght ed heavily toward the riskiest tanks.
For the purposes of this study, two major areas of State
resource allocation are consi dered:
1. Monitoring and enforcenment actions
2. Di sbursenents nmade by the UST Financial Responsibility
Fund ( State Fund)
While State resources are expended el sewhere in the realm
of UST risk-abatement, these are the two areas for which
t he nodel outputs could be conpared to reasonably

accountable State activities.



4.0 RESULTS

The primary result of this study — the nodel output -
is a ranked list of every UST in Rhode Island for which
sufficient data exist. The tanks were ranked according to
the Overall Tank Ri sk paraneter of the nodel. A frequency

hi stogram of the Overall Tank Ri sk values is displayed

bel ow in Figure V:

Figure V: Frequency Hi stogram — Overall Tank Ri sk
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The distribution of OIR val ues assigned by the nodel is
roughly Gaussian (symetric and uni nodal ), which
facilitates a brief statistical review of the findings, and

all ows for recomendati ons grounded in statistical

39



reasoni ng. The defining characteristics of the

distribution are summri zed below in Table 13:

TABLE 13: CHARACTERI STI CS OF THE
DI STRI BUTI ON OF OVERALL RI SK VALUES

Par anet er Val ue
Sanpl e Size (n) 1, 980
Geonetric Mean (W) 23.44

St andard Devi ation (0) 4.23

Maxi mum Val ue Assigned |41

M ni nrum Val ue Assigned |9

The Enpirical Rule of Statistics states that, for a nornal
di stribution, roughly 95% of the val ues are bound by two
standard devi ations on either side of the geometric nean®3.
The enmpirical rule will be enployed to delineate ‘Ri sk
Tiers’ based upon this characteristic of the distribution.
Since nodel output is reported as integer data, it was
necessary to round values for Risk Tiers. These values are

reported below in Table 14:

TABLE 14: DELI NEATI ON OF RI SK TI ERS
Ti er Del i neati on Val ues
Tier | OR > n + 20 OfR 3 32
Tier |l M+ 16 <OREpP+ 26 |28 £ OR £ 31
Tier 111 U £ OTR £ p+16 24 £ OTR £ 27
Tier IV OR < [ OIR < 24
This analysis will make recommendati ons ai ned at the USTs

in the upper ranges of the distribution (Tier I USTs). A

br eakdown of these USTs is below in Table 15:



TABLE 15: DEMOGRAPHI CS OF Tl ER |
USTs
Par anet er Val ue
Sanpl e Size (n) 88
% Gasol i ne USTs 67%
% Non- gasol i ne 33%
% Gover nnent Oaned 8%

The key finding here is that 1/3 of the riskiest tanks in
Rhode Island (according to this risk nodel) are non-
gasoline; the rest are primarily No. 2 fuel oil. It is

i nportant to note that this proportion is sensitive to the
wei ghting given to gasoline in the nodel (discussed in
greater detail in the Sensitivity Analysis below). In
order to address concerns that gasoline was not weighted
hi gh enough in the Total Content Risk parameter — that is
in fact nore dangerous than given credit for — the nodel
was run a second tinme, with gasoline weighted 2-points
(=20% of TCR) higher than in the initial nodel run. The
denmographics in the Tier | USTs changed due to nodel
sensitivity to the TCR val ue; the new denographics are

shown bel ow:

TABLE 16: DEMOGRAPHI CS OF TIER |
USTs (Gasol i ne Re-wei ghted)
Par anet er Val ue
Sanmpl e Size (n) 71
% Gasol i ne USTs 83%
% Non- gasol i ne 17%
% Gover nnent Oaned 2%
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The increased wei ght given to gasoline USTs had nmarked
changes upon the conposition of the group of Tier | USTs.
The nunber of tanks rated at Tier | decreased (due to
changes in p and 6), and gasoline USTs conprised an
i ncreased proportion of the popul ation. However, non-
gasoline USTs still conprise alnmost 1/5 of the Tier |
t anks.

A conplete list of Tier I USTs, for both the initial
nmodel run and the second nodel run (with gasoline re-

wei ghted), is included in Appendices A and B, respectively.

4.1 Sensitivity Analysis

The objective of the Sensitivity Analysis was to
further explore the effects of individual paraneter
wei ghting upon Overall Tank Ri sk value. The effect of a
given paraneter is intimately linked to the nunber of nodel
points it can potentially contribute. This concept is

represented graphically in Figure VI Bel ow
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Figure VI: Sensitivity Analysis

PO NTS CONTRI BUTED

TOTAL
51
TANK ENVI R
23 28
SYSTEM| VOLUME | CONTENTS SWAP | CORR_SHWI' | WATER
10 3 10 5 10 13
Pl PE TOX CORR
5 5 5
TANK SOL SHWI
5 5 5

RELATI VE CONTRI BUTI ON

TOTAL
100. 00%
TANK ENVI R
45. 10% 54. 90%
SYSTEM| VOLUME | CONTENTS SWAP | CORR_SHWI' | WATER
19.61%| 5.88% | 19.61% 9.80% 19.61% |25.49%
Pl PE TOX CORR
9. 80% 9. 80% 9. 80%
TANK SOL SHWI
9. 80% 9. 80% 9. 80%

Figure VI is presented in two parts. The upper portion
details the nodel points allocated to each paraneter.

These points are additive frombottomto top, and sumto 51



total possible Overall Tank Risk points for a UST. The
maxi mum OTR val ue assigned to any UST was 41.

The bottom portion of Figure VI further distills these
data, detailing the relative contribution of each paraneter
to the nmodel. Note that the characteristics of the tank
itself (45.10% are set roughly equal to the environnental
setting of the tank (54.90% . Further, note that the
proximty to critical drinking water resources (‘WATER ) is
t he greatest contributor to the nodel, with roughly one
gquarter of the nodel points assigned to it. The tank and
pi pi ng characteristics contribute roughly one fifth of the
nodel points, and are wei ghted equivalent to the tank
cont ents.

Si nce no single paranmeter has predoni nant influence on
Overall Tank Risk, there is an elenent of flexibility to
the nodel. There are many paraneters from which the
Overall Tank Ri sk value is derived, and a shortfall in one
paramet er may be conpensated for by a high risk value in
another. That is, the nodel is structured such that a tank
need not be a gasoline tank to be prioritized as Tier I, so
long as it is sufficiently risky in other areas. In
essence, the nodel recognizes that the universe of risky
USTs is diverse, and is not delineated by tank contents

al one.



5.0 DI SCUSSI ON

Rhode Island currently enploys fairly straightforward
command and control UST regul ation, as discussed in the
Background section. Despite such regul ation, USTs persi st
as the single greatest cause of all new groundwater
contami nation instances in Rhode |sland®. The predictive
ri sk model outlined here m ght provide a nore stream ined
assessnment of groundwater threats from USTs than is
currently in practice.

This study proposes two ways in which the Risk Tiers
of this UST nodel could be applied: prioritization of
nmoni tori ng and enforcenent efforts, and rethinking of the
current financial responsibility requirements for USTs in
the State. Especially given the UST Conpliance Act of
2001, which proposes $1.2 Billion over the next five
fiscal years for just such innovation®, this nodel is a
timely addition to the body of know edge concerni ng UST

ri sk-abat enent .

5.1 Monitoring and Enforcenent

The RIDEM website lists 12 staff®® as responsible for
managi ng the nearly 3500 active USTs in Rhode |sland®. The
inplications are clear: there sinply aren’t enough hours in

t he wor kweek for these individuals to personally see to it



t hat each of these tanks is in perfect conpliance. 1In
fact, RIDEM Director Jan Reitsma, in recent testinony
before the US Senate, placed the tinme between RI DEM

i nspections for a given tank in Rhode Island at seven
years°®. Wth the situation as such, the efficient use of
RI DEM resources i s of paranount inportance. 1In recognizing
this, RRDEMis targeting its nmonitoring and enforcenent
resources at gasoline stations in the State, as gasoline
USTs are generally considered to be riskiest when they

| eak®®.

This study suggests that other tanks may be worthy of
attention. O the Tier | risks outlined in the Results
section, 67% are gasoline tanks; the rest contain primarily
No. 2 heating oil. Thus, by focusing narrowy on the
gasoline USTs, RIDEMis potentially overlooking roughly 1/3
of the riskiest tanks in Rhode |Island. This paper proposes
a strategy that uses the UST risk nodel outlined here,
whi ch enpl oys a nore conprehensive suite of tank
attributes, to direct RI DEM nonitoring and enforcenent
efforts. While the nodel paraneters are surely not perfect
assessors of UST risk, they constitute a nore refined
approach than sinple targeting of gasoline tanks. The
argunment here is not that gasoline tanks are benign;

conversely, this study proposes that sonme non-gasoline



tanks may be just as dangerous as gasoline USTs, and nay be
off the RIDEM radar at present.

G ven that State inspectors are only able to get to
tanks once every seven years at present®, placing Tier |
tanks as highest priority — and setting inspection
requi renents accordingly — would constitute a necessary
change toward nore efficient use of RI DEM resources. Such
a ‘hotspot’ approach would add an innovative elenment to a
heret of ore command and control system and nmay pay
di vidends in the formof preventing future LUSTs in

sensitive areas (e.g. Pascoag).

5.2 The RI State UST Fund & the Deterrent Val ue of
| nsur ance

Recall fromthe Background section that the State Fund
is capitalized by a $0.01 tax on every gallon of notor fuel
sold in the State, as well as registration fees for those
tanks not containing notor fuel®. Note that the drivers of
Rhode Island — and not the UST site owners — are providing
the bulk of the capital to support the State Fund. By
essentially providing a free insurance policy, the State
Fund is providing little incentive for UST site owners to
undert ake risk-abatenment actions. Insurance literature
refers to such a situation as the problem of “noral hazard”

— whereby the very fact that a party is insured against
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ri sk i nduces that party to underall ocate capital to |oss
prevention; in essence, to treat the insurance policy as a

good that can be consumed for free®.

5.2.1 Insurance and Mral Hazard

I nsurance has | ong been recogni zed as an effective
means of managi ng environnmental risk. In 1985, EPA
described its position on the possibility of harnessing the
i nsurance market for risky practices®, describing insurance
as:

An effective market force nechanismto help

regul ate and reduce the risk of environnental

damage..by demandi ng responsi bl e envi ronnment al

managenent as a condition and cost of insurance.
Whil e noral hazard is often an ancillary cost of insurance,
there are certain nmeans by which insurance, as a mechani sm
can conmbat it. The key to thwarting noral hazard is
pricing insurance to reflect the risk posed by the activity
in question (in this case, storing hazardous substances
where they may | eak and cause harmto human health and the
environment). Relevant literature cites three major

mechani sms of pricing insurance to reflect risk: prem uns,

excl usi ons, and deducti bl es®.



5.2.1.1 Premuns

Prem uns are yearly fees assessed to insureds “based
upon the predictable risk that the insured will suffer a

| oss. 65n

I nsurers can assess higher premuns to riskier
firms, and reward | oss control neasures by charging | esser
premuns to firms that undertake such nmeasures (‘feature
rating’ of premuns). Patrick Rounds, of the Petrol eum
Mar ket ers Mutual | nsurance Conpany, notes that “if the
owner pays a prem um based upon the risk the UST system
presents, the owner will nmake financial decisions about
whet her to pay a higher prem um or put noney into better
operation of the tank systenf®.” Thus, preniuns can affect
i ndustry behavi or by tuggi ng harder upon the purse strings
of riskier actors, providing econon c incentives to commt
nore capital to loss control efforts. By |inking prem unms
to a firms regulatory history (i.e. assessing higher
premuns to site owners with a history of nonconpliance —

call ed ‘experience rating’ ), simlar effects can be

achi eved.

5.2.1.2 Exclusions

An insurer limts situations under which it will pay
by pl acing an excl usion upon specific situations that it

deens uni nsurable. Many insurance policies have excl usions
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for acts of war or acts of God; others, especially in the
real mof environmental liability insurance, often have
exclusions for |losses at tinmes during which the insured is
not in conpliance with applicable state or federal |aw’.

I n theory, exclusions that preclude coverage for out-of-
conpliance insureds will encourage good-faith conpliance
with state and federal |aw, thereby having a mtigating

ef fect upon noral hazard.

5.2.1.3 Deducti bl es

A deductible is a provision of insurance coverage that
forces the insured to bear partial responsibility for a
| oss suffered under the policy by specifying an amount to
be deducted from the sum ot herw se payable to the insured®.
Its purpose is to “ensure that insurance is only partial®°.”
Deducti bl es reduce noral hazard by nmaking certain that any
loss will affect the insured before it affects the
insurer . Before forgoing investment in | oss control that
goes above the bare mnimumrequired by [aw, the insured
must then wei gh the cost of the deductible against the cost
of the additional |oss control neasures. An appropriately
set deductible will be costlier than reasonably avail able

non-required | oss control neasures, making it a rational

econom c decision to invest in additional |loss control to



prevent a loss that will involve assessnent of the
deducti bl e.
5.3 Rhode Island UST Financial Responsibility:
Shortcom ngs and Renedi es

The Rhode Island State Fund is not officially an
i nsurance conpany, but stands to learn fromthe nmechani sns
outlined above. Each of these three elenents is present in
the structure of the State Fund--only the non-conpliance
exclusion is enployed as it potentially could be: as a
nodi fier on UST site owner behavior. Insofar as the risk
associated with operating a UST is not reflected in the
cost of ownership of doing so, the Rhode Island regulations
all ow UST owners to externalize risk. The follow ng
sections revisit the insurance nmechani sms outlined above

and eval uate Rhode |sland’'s use of each.

5.3.1 Premuns in Rhode |sl and

The Rhode Island State Fund is capitalized by two
means: assessment of flat fees on tank owners’, and a flat
$0. 01-per-gallon tax on every gallon of nmotor fuel sold in
the State’®. As such, there is no |ink between the
potential for a loss (i.e. leaking tank) and the cost

associated with insuring the tank; the owner pays no
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premium and the yearly registration fee is not associ ated
with the risk posed by the UST. Since there is no
relationship between the risk and the cost of coverage
under the State Fund, there is no incentive for owners to
undert ake | oss-preventi on neasures, such as tank re-lining
or installation of secondary containnent. Tank owners are
essentially given a zero-prem uminsurance policy in Rhode

| sl and, covering up to $1, 000,000 per release.

5.3.2 Exclusions in Rhode Isl and

According to the CGeneral Laws of Rhode Island, for a
site owner to apply for State Fund dollars, he or she nust
be in full conpliance with “all state and federal technica
requi rements” for USTs at the time of the release’® As
witten, this is a powerful tool against noral hazard; a
tank owner nust be in strict conpliance, or el se expose his
busi ness to unchecked risks. Such out-of-conpliance
excl usions are standard fare for environmental liability
i nsurance and state funds alike. However, this dictum of
strict conpliance is slightly weakened by a clause in the
Rhode | sl and UST Revi ew Board Regul ati ons’® that provides a
| oophol e for out-of-conpliance tanks to gain eligibility

for fund doll ars:
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Any claimresulting froma release froma

UST..determ ned not to be in conpliance with the UST

Regul ations, as of the date the rel ease was

di scovered, shall not be eligible for reinbursenent

fromthe Fund. Provided, however, should a

claimant cone into conpliance, said clainmnt my

beconme eligible to submt a claimfor

rei mbursenment. [Italics added]
This clause essentially allows site owners to operate out-
of -conpliance tanks until they |eak, renediate and
otherwi se bring the site into conpliance, and retroactively
apply for reinbursenent of the renedial expenses’. It has
the potential to severely underm ne the noral hazard-
deterrent properties of the out-of-conpliance exclusion.
If the cost to remain in conpliance were nore than the cost
of the RIDEM fine, then it would be a rational economc
deci sion to operate a UST out-of-conpliance in Rhode
Island. But it usually isn’t, because gaining retroactive
conpliance involves entering into a consent agreenent with
RI DEM - and payi ng the concom tant penalty, which is
cal cul ated to be substantial enough to renobve any econom c
benefits reaped through nonconpliance. It is inportant to
note that deterring nonconpliance through consent
agreenents is heavily reliant upon accurate assessnment of
penalties; if a penalty is underesti mated or negoti at ed

downward by | awyers representing the site owner, then

i ndi vi dual bad actors may still profit from nonconpliance.



5.3.3 Deductibles in Rhode Isl and

Rhode Island UST site owners nust denonstrate $20, 000
of eligible expenditures before being covered by the UST
fund’®. This is a relatively sizeable deductible: the UST
site nutual insurance systemrunning in lowa offers a
maxi mum $10, 000 deducti bl e’’. Deductibles are inportant
because they force a site owner to weigh the cost of non-
required | oss control expenditures against the cost of the
deductible. If the cost of loss control efforts that can
prevent a substantial |loss is greater than the cost of the
deductible, then it is rational for a UST site owner to
invest nothing in additional |oss control and suffer a
| oss, paying only the deductible and allowi ng the State

Fund to pick up the rest of the tab.

5.4 Rhode Island UST Fund Recomendati ons

A nore equitable policy would link the costs of owning
and operating the tank with the cost of a potential |eak
fromthat tank through better use of the risk deterrent
properties of prem uns, exclusions, and deductibles. The
UST nodel outlined here could advise certain el ements of
t he process.

G ven the current zero-prem um situation presently

enjoyed by tank owners, any nove toward nore equitable



prem uns woul d i nvol ve assessing fees to site owners for
the privilege of protection by a $1,000,000 policy. This
end coul d be achieved by incorporating aspects of feature
and experience rating into premi um assessnent. The Ri sk
Tier system could serve as a conposite baroneter of feature
rati ng and environnental setting of a UST. Sites falling
at the bottom of the frequency distribution for Overal
Tank Ri sk could be rewarded by | esser prem uns, and Tier
sites could be assessed premuns that drain profits such
that | oss control beconmes rational. Further, |inking
prem unms to conpliance history would provide |ong-term
incentive for site owners to keep up to date with tank
I mprovenments.

To remedy the weakened excl usion policy, the UST
Revi ew Board shoul d consider anmending its Regulations to
renove the clause allow ng retroactive conpliance.
Al t hough valid during the early years of the State Fund,
when mandating strict conpliance may have | anded many
“judgnent - proof” defendants in default, the tightening of
the UST regulations in 1998 foretold a new era of UST risk
managenent; State Fund eligibility requirenments coul d
benefit fromfollowng suit. It should be nmade clear that
RI DEM consent agreenents are a healthy mechani sm for

bringing sites into conpliance, and should still allow for



a “clean slate” in ternms of future UST fund clains.
However, the practice of granting retroactive conpliance
shoul d be reconsidered in |ight of its possible
encour agenent of underallocation to UST safety. W thout
strict enforcenment of conpliance — and in conbination with
its current zero-prem um structure — the State Fund may
becone a patsy to UST site owners, who will act rationally
when they allow their tanks to | eak, only to be bailed out
by the avuncul ar State Fund. VWhile the State Fund has yet
to have a site exhaust its $1, 000, 0000/ rel ease rights,
continued generosity toward bad-faith actors will only
pl ace nore stress upon the State Fund’s |imted resources.
So as to make | oss control efforts nore attractive,
t he m ni mum deducti bl e should be set even higher, and | oss
control efforts should be subsidized by the State Fund.
The nodi fi ed deducti bl e val ue should be set high enough
such that site owner will be induced to invest in
additional loss control, rather than wait for a |eak, pay
$20, 000, and start the cycle anew. Wen investing in
addi ti onal UST safety becones economcally rational, Rhode
| sland will have franmed a regulatory systemthat wll very
nearly run itself. It will be unprofitable to be

i rresponsi bl e.



Finally, the UST nodel outlined here could be used to
restructure insurance requirenments. The body of USTs in
the State could be viewed in terns of the nodel output.
Certain tanks — by virtue of their contents, |ack of |oss
control investnent, and environnental setting — could be
deemed hi gh ri sk.

In the Results section, statistical analysis was
enpl oyed to identify those USTs within the top 2.5
percentiles of the distribution of Overall Risk val ues.
For these Tier | risks, financial responsibility
requi rements should follow a philosophy that recognizes the
ri sk inherent to situating a risky tank within an
environmental ly sensitive area. |nsurance requirenents,
now at $1, 000, 000 per rel ease, should be raised
significantly for Tier | tanks. Such increases will nore
accurately reflect potential |osses associated with
decontam nating a drinking water supply, and will force
owners of Tier | sites to seek supplenmental insurance. The
UST fund could then have very strict Best Avail able
Technol ogy (BAT) stipulations built into the suppl enental
i nsurance underwriting process, or could sinply choose not
to insure such tanks at all —Ileaving Tier | risks the
option of either seeking insurance on the private market

(where such strict underwiting already exists), or ceasing
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operations. The cost of owning a Tier | tank would finally

reflect the risk posed by its operation.

5.5 Potential Detractions

It is justifiable to object to the above
recommendati ons on econom c grounds: clearly, corporate (or
“flagged”) stations would be in a better position to cone
into conpliance than woul d single-station owners (“Mm &
Pop”). However, if the recomendation of instituting
prem uns were inplenmented in addition to retaining the
current gasoline tax, the newfound noney in the coffers of
the State Fund could be put to use mtigating economc
hardship for single-station owners. An auditing process
could determ ne financial capacity to conply w th BAT
st andards, and subsidies could be posted to those stations
denonstrating “consi derabl e hardship.”

Of course, sonme mght postulate that such subsidies
woul d only serve as a |ife support system for firns that
have no busi ness operating risky USTs in the first place.
The act of making the cost of UST operation commensurate
with the risk posed is seen by these individuals as |ong
overdue. |If doing so forces unstable firns out of
busi ness, so be it. There is reasonable logic to this

argument. In a healthy market, the collapse of one firm



will induce the entry of another firm this may translate
to flagged stations supplanting Mom & Pops. Wiile a
consuner advocate m ght fear such oligopolistic structure
within the petrol eum market, an environnmental advocate
woul d gl adly consolidate the firnms operating (and thus

i kely pay nore for gasoline), so long as those firnms each
possess the resources to conmply with BAT standards.

Anot her objection to the above recomendati ons m ght
be that Tier | firnms wouldn’t pay at all; that the added
costs would nerely be passed along to the consunmer. This
may be true, but the targeted nature of these added costs
is such that riskier operations would have nore costs to
pass al ong, increasing the price of their fuel at the punp,
and placing themat a conpetitive disadvantage in the
market. The price of fuel at a given station would nore
accurately reflect the risk posed by that station’s USTs,

and consunmers would surely take noti ce.
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6. 0 CONCLUSI ONS

This study exam ned the potential for publicly
avai l able data to be distilled in a nmanner that advises the
ri sk-abatement process. It did so through an original
model , devel oped and run in ArcView spatial analysis
software, that integrated a suite of factors related to a
given UST and its environnmental setting. The nodel roughly
determined a UST's potential risk to critical drinking
wat er resources of the State of Rhode |sland, and according
to this Overall Tank Ri sk val ue, ranked every UST for which
sufficient data exist. Based upon the distribution of
Overall Tank Risk values in the State — which was roughly
equi valent to a Gaussian distribution — Risk Tiers were
delineated in an effort to better focus upon the highest-
priority (Tier 1) tanks.

VWil e current State policy is narrowmy directed at
gasol i ne USTs, the data suggest that a broadeni ng of the
definition of a ‘high risk’ tank may be beneficial. The
initial nmodel run identified one-third of Tier | USTs as
non-gasol i ne tanks; a second nodel run, nodified to give
added wei ght to gasoline tanks, identified nearly one-fifth
of Tier |I tanks as non-gasoline. |In either case, it is
concluded that a significant fraction of the riskiest USTs

in Rhode |Island are under-prioritized by virtue of the fact



that they are non-gasoline. This study finds that all Tier
| tanks, regardless of contents, should be held to nore
stringent inspection requirenents. The Risk Tier system
m ght al so be used to increnmentally relax inspections on
tanks in lower Risk Tiers. This strategy will target RI DEM
resources at those tanks riskiest to the critical drinking
wat ers of the State.

This study also finds that the UST Fund regul ati ons
shoul d be reconstructed in light of the distribution of
ri sk in Rhode Island. The overall approach is to nake the
costs owni ng and operating a risky UST nore accurately
reflect the potential adverse effects of doing so, and use
t he UST nodel as the baroneter of risk. The Risk Tier
system coul d advi se rethinking of prem uns, exclusions, and
deductibles currently in effect, and it is postul ated that
the universe of USTs in Rhode |Island could be better
regul ated as a result.

G ven the uncertainty associated with the nodel itself
(di scussed earlier in Section 3.5), and in consideration
with the magni tude of econom c hardship outlined in Section
5.5, it is inportant to incorporate a right of appeal into
the Risk Tier system Such appeals would require best
pr of essi onal judgnent (BPJ) of a certified professional

engi neer, and could override nodel output through
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consi deration of site-specific factors (e.g. bedrock,
confining soil layers, etc.) not weighed by the risk nodel.
Al'l owi ng for such dynam c assessnent of site conditions
woul d likely allay concerns of inpacted UST owners.

In Sum this study represents a fresh perspective on
managi ng UST ri sk Rhode Island. By diverging from
traditional regulatory mechani sns that treat each tank
equal |y or give special attention to a group of tanks based
upon a single attribute, this approach offers a nore
conprehensive — and potentially a nore effective — neans of
ri sk-abatenment. The drinking water supplies of the State

stand to benefit fromits inplenentation.
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