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. iPURPOSE

Sectlon 4113(a) of the 011 Pollutlon Act of 1990 (OPA) reéquires that: "The

- Presldent shall conduct a study to determine whether liners or other secondary means of - o
" containment should be used to prevent leaking or to aid in leak detection at onshore
facilities used for the bulk storage of oil and located near- navrgable waters." ‘In

Executive Order 12777, the President delegated authonty to the U.S. Enwronmental

‘ Protectron Agency (EPA) to conduct this study

EPA mvestlgated the nature and: magmtude of leak}ng 011 at onshore fac1ht1es with -

~ 'aboveground storage tanks (ASTs) that are used for the bulk storage of oil and that are,
~ - located near navigable waters.  The Agency also assessed the technical feasibility of using
“liners and related systems to detect leaking oil and to prevent leaking oil from "
~ contaminating soil and, by way of ground-water pathways, navigable waters. This report

to Congress, which presents the findings- and recommendatlons of EPA’s study, fulfll]s the*.

o requrrements of Sectron 41 13(a) of the OPA.

f "SCOPE OF THE STUDY

After the OPA became! law EPA staff from the OfflCCS of Emergency and

" .Remedial Response and Congressional Liaison met with Congressronal staff to discuss
' the scope of the study tobe conducted under OPA Sectlon 4113(a). Based on these
. . discussions, the Agency decided that the study would focus on the feasibility of using
_ liners and related systems- to address-oil leaking from ASTs to secondary containment
. structures (e. g., berms, dlkes) and to 'soil underneath ASTs. An assessment of the’
feasibility of using liners to address oil leakmg from other parts of AST facilities, such as

tank truck transfer racks and underground plpmg, was not- specrﬁcally addressed. during

. the study. -However, because underground piping was, identified as a significant potentlal -
“source of leaking oil at AST facrlmes, the Agency s recommendatrons also address this -
’__source of contammatron - :

For thrs study, EPA defmed a lmer as an englneered system that makes secondary
contatnment structures more impervious. EPA assessed the technical feasibility of

" installing liners made from synthetlc materials as well as earthen materials within -

secondary containment structures and under ASTs:(i.e., undertank hners) EPA also

- assessed the feasibility of mstalhng double. bottoms on vertical ASTs as "other secondary .
" means of containment," which could be used in ‘place of undertank liners. The Agency -

also examined other’ technologles to aid in leak detection and looked at -available data on -

e hner costs.

vii
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_ EPA evaluated the effectlveness of hners and double bottoms in reducmg the
potentlal for leaking oil to reach soil and navrgable waters {i.e., surface waters) via

ground-water pathways. Oil discharges to unlined secondary containment systems, such .

as episodic spills, and continuous leaks from the bottoms of ASTs may contaminate soil

- and have the potential to be transported downward to ground water. Because ground
~water often is hydrologically connected to surface water, a ground-water oil plume has

| the potential to migrate and contaminate surface water. - Furthermore, oil that repeatedly
contaminates soil as a result-of frequent spills may form oil-saturated soil .zones, which

~ have the potential to contaminate surface water'when precipitation mlgrates through soil -

* to-surface-water bodies. Based on these considerations, EF A assessed the suitability of
using liner systems to protect ground water and, in furn, na ‘éfrgable waters by evaluatmg
the effectiveness of these systems in preventmg dlscharged oil from contammatmg so1l

~and ground water , o : oI :

' SUMMARY OF FINDINGS
’-‘_Umverse of Facllltles |
EPA estlmates that 502,000 onshore faclhttes have A,STS and store s1gn1f1cant

3 '-t]uantltres of oil in bulk, Approximately 435,000 of these facilities are required by EPA’s
- Oil Pollution Preventxon regulation (40 CFR Part 112) to develop-written plans to

prevent and control oil discharges and’ install. secondary containment systems for ASTs.! s

EPA estimates that the number of ASTs: located at these 5%“ 2, 000 onshore facilities is

- -about. 1.8 million. ' A separate study conducted for the American Petroleum Institute . i
(API) estimates that about 700,000 ASTs are-used at facilities i m the productlon, reflmng, -

' transportatlon and marketmg sectors of the petroleum mdustry

: In general there are two categones of ASTs (1) vertlcal ASTs, wh1ch are
-mounted such that the tank bottom rests’on-a foundation at ground level; and-(2),
_horizontal ASTs, which are supported in saddles such that the tank is suspended above

- the ground or floor-of a secondary containment structure. - The storage- capacity of -

“horizontal ‘ASTs typically ranges from-.a few’ hundred gallons up to 20,000 gallons; while

the storage capacrty of vert1ca1 ASTs typlcally ranges from several thousand gallons to.

|

1. The Oil Pollutron Preventlon regulatlon (40 CFR Part 112) was mmally promulgated on December
- 11, 1973. After passage of the OPA, two sets of Tevisions tothe regulatton were developed. The first set -
- of revisions was proposed on October 22, 1991, (56 FR 54612) in order to clarify the applicability of the
.. regulaticn. The second set of revisions was promulgated on July 1, 1994 (59 FR 34070) to éstablish
Tequirements for the development of- facrhty response plans (FRPs). The requirements to develop SPCC
" plans and to install secondary containment, as referenced in this documsnt, are mcluded in the original
regulation. For mformatxon on state regulattons for lmers, see Chapter 3 and Appendtx Aof thlS '
‘ document » ‘

2 Amerlcan Petroleum Insutute (API), "Aboveground Storage Tank Survey, prepared by Entropy
: Ltmrted Aprtl 1989 Ttus study dld not include ASTs at end-user facilities. - .

il -

*




’ vadenceofSpllls o ," ' o - -

‘over 10 mllhon gallons All ASTs have the potentlal to leak 01l presentmg the threat of
envrronmental contammatlon ' . ,

s

EPA searched for exrstlng data to estrmate the number of leaking ASTs, volume L

" discharged, and resulting environmental damage. The Agency found that comprehenswe/

data do not exist to adequately quantify the extent to which the nation’s AST inventory is
_leaking. “Existing Federal regulations require facility owners and operators to report.oil" -
discharges only if they trigger. the reporting thresholds of Clean Water Act (CWA)

; regulations. Consequently, some leaking oil that contaminates soil and ground water may_

not be reported to Federal authorities and, ‘therefore, may not be recorded in national -

spill data’ bases, such as EPA’s Emergency Response Notification System (ERNS)

Emstmg sources of mformatlon evaluated by EPA, however, do 1nd1cate that a
significant number of ASTs may be leaking or spilling oil. For example, analysis of
ERNS data ‘indicate that about 30 percent of all reported oil discharges from’ onshore
-facilities, or approx1mately 1,700 spills annually, are to secondary containinent areas, -

~ many of which are believed to be unlined. The results of a recent API survey indicate -

that 85 percent of reﬁnenes, 68 percent of marketing facilities, and 10 percent of

.. transportation facilities have known .ground-water contamination near their facilities. 3

Some of these facilities store millions of gallons of oil in ASTs. A ‘preliminary report

“issued by the 'Virginia Department of Environmental Quality containing statistics on 88
facilities that have 1 million gallons or more of aboveground storage ‘capacity indicates -

that 88 percent of these facilities reported. ground-water contamination. # It is not clear ‘
from these data whether this oil contamination is caused by past practices or is

~ continuing to occur.at ‘these facilities. For example, the results of the API survey: .

referenced above indicate that changes in operation practices, upgraded standards, and -

_.improved equipment have- significantly reduced reported petroleum spills and accidental

releases from ASTs. Spill data also do not allow EPA to determine the extent of oil

" contamination caused by different sizes or types of facilities. Furthermore, the data are

not suffrclently detailed to determine. whether the contamination is caused by oil.
d1scharg1ng from ASTs or-from other.areas of the facility. EPA found durmg the course -

| of this study that underground Ppiping ]ocated at onshore facilities also is a potentially ,
~ significant source, of leaking oil. - As one. indicator of the number of ASTs that could be
. leaking oil and the corresponding volume discharged, EPA obtained data on AST. age

and examined the potential relatronshlp between AST age and corrosion rates to .

7 estimate the Ilkehhood that ASTs will develop leaks asa function of tank age. .

3 American Petroleum Institute (API), "A Survey of API Members Aboveground Storage Tank =
Facrlmes, prepared. by API Health and Enwronmental Affairs Department July 1994.

4 Vlrgxma Department of Envxronmental Quahty (VADEQ), "The Vlrglma DEQ Aboveground

'Storage Tank Regulanons Aprll 4, 1994




- 'f'iTe'chni'eal'Feasibility o

EPA 1nvest1gated the technical’ feaSIblhty of liner. systems, mcludmg double

- ;bottoms by examining the effectiveness of different liner materials and designs for

protecting the environment from oil d1scharges and evaluating the construction feasibility
of liner systems. The technical feasibility and unit-cost analysis .are based on-alternative

liner designs for six "model" facilities used to represent the diverse universe of facilities

- potentially benefitting from liner system: installation. These .model facilities ranged from

small end-user facilities with one horizontally mounted 2 ,000-gallon AST to-a large

* petroleum bulk terminal with several vertical ASTs with a combined storage capacity of

_about 50 million gallons. For these model facilities; ‘the alternative ‘designs considered *
and evaluations of their effectiveness were based largely on discussions with- EPA On-
- Scene Coordinators and owners and operators of facrhtres usmg, handling, and stormg orl
‘and petroleum products. . ~ .

For the model facilities wrth vertlcal ASTs EPA developed several techmcally
fea51ble approaches for mstalhng Imers and double bottoms These approaches mc]ude

el Retrofrttmg the bottom of an AST with a. second steel plate (i.e., mstallmg
.. adouble bottom) an interstitial geosynthetrc ‘liner: on top of the orrgmal
‘ bottom, and a leak detection system (e g- 2 tell-tale draln) :

o . ,:Instalhng a. hner w1th1n the secondary contamment system around the AST

: B _j . vInstallmg a lmer w1thm the secondary contalnment system around the AST
- and retroflttmg the bottom .of the AST with a- second steel plate, an
. -;mterstltlal geosynthetlc lmer, and leak detectlon system and o

e .'r’mstalhng a lmer wrthm the secondary contamment system and’ 1nstall1ng an -
. undertank hner with a leak detectlon system dunng construction of a new.

&

o For honzontally mounted tanks the only optlon consrdered was the 1nstallat10n of a lmer -

" throughout the entire secondary containment system. -During development of these
options, EPA considered a range of AST sizes and secondary containment systems, such .
..as structures with pipe penetratlons through side ‘walls and those bu1lt to accommodate
;vehlcle access.. : ‘ o : :

EPA evaluated four types of lmer matenals ~ soil (e. ., clay), concrete N
. geomembranes, and steel — that could be mtegrated into secondary containment

" structures. All four liner materials provide roughly equlvalent protection provrded that - ’

they are properly installed and maintained. The cost of liners for secondary containment
- areas around ASTs varies significantly by ‘material. ‘Although steel and coated concrete
liners were found to provide excellent protection ‘and durability, these systems genera]ly
. are cons:derably more expenswe than soﬂ or geomembrane llners »




Based on the techmca] feasrbrhty and unit-cost analysis of d1fferent lmer desrgns at

" model facrlltles, EPA determined that for large facilities it may be.less expensive to

- install a complete liner system at a new facility than to retrofit an existing facility. -
Depending on the liner type, the cost to install a complete liner system at a new large
‘bulk terminal can be 30 to 50 percent less- than the cost to retrofit liners and double

- bottoms at an existing facility. For example, at a new large bulk petroleum terminal

(with about 50 million gallons of storage capacity), a complete liner system is estimated -

" to cost between $.03 and $.08 per gallon of storage capacity, or roughly between $1.5

million and $4 mllhon In contrast, the cost to retrofit an existing large bulk termm,al '
with a complete liner system is estimated to cost between $.07 to $.11 per gallon, or

o approximately $3.5 million to $5.5 million.- However, for small end-user facilities, the . -
- retrofit costs at exrstmg facilities may not be SIgmfrcantly different from installation costs

at new facilities.- For example, depending on the liner type, the estimated cost to install'a

liner system at an existing small end-user facxhty (with one horizontally mounted 2,000-.

gallon tank) ranges from $2.00 to $4.50 per gallon of storage capacity, or $4,000 to $9,000 \

‘on a facility basis, while the estimated liner costs for a new small end-user facility range
‘from $1 50 to $4.00 per gallon of storage. capacrty, or $3, OOO to $8,000.

The approaches presented above for mstalhng liners and double bottoms at AST

“ ~ facilities essentially provide two types of protection in preventing leaking oil from -
B reachmg unprotected soil and ground water: - “protection underneath an AST and

protection within the secondary contamment area around the AST. For examp]e

“-installing a lmer only within the secondary containment area around the AST will prevent

oil chscharged from the tank into the secondary containment area (e.g., a leak from the

-side of the tank)’ from contaminating soil. However, this system will not detect

~discharged oil nor prevent oil from leaking through a corroded AST bottom and reaching

~ soil, ground water, or surface water.  Alternatively, installing a double bottom or -

*undertank liner with a leak detection. system beneath an AST will detect leaking oil and
' prevent oil from. reaching soil, but will not prevent’ discharged oil that fills up an unlined
: secondary containment system from contammatmg soil and possibly ground water.. A key -

issue related to the effectiveness of liner systems is- the extent to which liners are

- properly maintained. The relatlonshrp ‘between liner effectiveness and maintenance, and

the costs of that maintenance, can vary greatly depending on the purpose and nature of .
‘the liners and the inspection and maintenance requirements. Many AST facility owners:
‘and EPA personnel expressed concern that although certain types of liners require ‘
‘penodlc maintenance to perform effectively, some facility owners may not currently

p allocate sufﬁcrent resources to liner mamtenance activities.

L
¢

1

s In general the cost to install liner- systems at facilities would be better represented in dollars per ‘

" gallon of throughput rather than dollars per gallon of storage capacity since throughput is a more accurate
o measure of the économic valite of the AST however, EPA lacks sufﬁcrent data on average throughput to -
' ‘vresent costs on this basxs . :
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'RECOMMENDATIONS .~

The recommendatron of thrs Report to Congress is based pnmarrly on the resulis

' of EPA’s study of liners as well as insights the Agency has gamed over the past 20 years
*. . into the problems posed by onshore AST facilities. As a first step toward addressing the
- potential risks to public health and the environment as a result of contamination from -

- AST facilities located. near navigable waters, the Agency recommends 1rut1at1ng, through

-/

a Federal Register notice or stakeholder workgroups, a process involving broad public :
participation to develop a voluntary program. This pracess would give stakeholders the

*  opportunity to share new or additional data and information to characterize the sources,’
~ causes, and extent of soil and ground-water contamm‘atlon and efforts underway to -
- address contamination at AST facilities nationwide. Such data are critical to determmmg

the most appropnate and effectrve means to reduce contammatlon

As envisioned by EPA, the voluntary program would be designed to encourage

- facrlity owners or operators, through-incentives such as technical assistarice, cost savings,
~-and public. recognition, to identify and report contammatlon, take actions to prevent leaks

and spills, and remediate soil and ground-water contamination. This program would

“complement the Agency’s efforts to. develop cleaner, cheaper, and smarter approaches to
environmental problems through innovative solutions that depart from the traditional
regulatory approach. The Agency favors-a voluntary, rather ‘than regulatory, approach at
. this time in order to provide greater ﬂexlbrhty in addressing contammatron at the vast
~ range of oil storage facility types, sizes, and locatrons A voluntary program could focus

more directly on facilities that ‘may pose the greatest hazard to public health and the
environment. For example, the program may mmally focus on larger, older facilities, and"

-~ facilities located near-waters, sensitive areas, or populations. In addition, a voluntary

approach could dllow 1mplementatron of the most appropriate prevention and. cleanup

" activities for each facility. "The program would look for incentives for mdustry to- ,
' v"rmplement reasonable and cost-effectrve measures t0 address exrstmg problems and help .
. prevent future ones.: e S .

EPA views such a program as a cooperatrve effort among EPA, State

: ,governments mdustry, and envrronmental groups. ‘Based on this study s ﬁndrngs EPA
: belleves the program should mclude comrmtments from facrhtres to:’

,‘ : g»,.j R o Address known contamlnatron and to assure that exrstmg contammatron wrll
~ . mnotbe allowed to: mrgrate offsrte - :

. ,Report 10 appropnate government agencres the status of facrllty
s contamrnatron and actrons underway to address any problems

. | “Adopt the most protectlve appropnate preventron standards and upgrade
o equrpment as. necessary‘, and

™ |



S e Momtor and/or lmplement leak detectlon to ensure that new leaks are B T
addressed Iy ‘ -

; Prov1ded stakeholders commit to the voluntary approach a successful program will entail
- the-identification of. specific actions for- participating fac1ht1es to undertake and include
means for Ob]CCthCIy measurlng results . :

EPA has evaluated the fea51b1hty of conductmg a voluntary program to address
the problem of AST releases and concluded that a voluntary: program is worth pursuing.
- Factors that support development of a voluntary program include: (1) the universe of -
‘large AST facilities is eas1ly defined and represented by several large trade assocxatlons
(2) the voluntary program is consistent with the Agency’s goal of developing and
‘promoting innovative approaches to achieve environmental goals; (3) clear, achievable -
overall goals are apparent (i.e., to clean up contamination .and prevent future releases)
(4) flexible approaches are avarlable to address’ the problem; thus allowing participants to
~implement the program in a tailored manner ‘appropriate to their circumstances; (5) EPA
is committed to providing technical assistance as well as other incentives; and (6) there
are established industry and state practices and standards that can be used as a bas1s for -
. -constructing a comprehens:ve program. , : : »

In keepmg with the Agency s initiatives ‘to develop 1nnovat1ve common-sense
approaches to environmental problems, EPA supports a voluntary prevention and -
cleanup program as a first step.in addressing the environméntal problem presented by

-contamination from- AST facilities. - Industry representatlves have expressed their support
- for such a program as a more ‘cost-effective, flexible alternative than traditional =~ =
n regulatlon ‘EPA fully supports such an attempt, and believes it will be 'successful,
‘provided that it has the full commitment of those involved. , The Agency believes it is
. essential that stakeholders have the opportunity to participate in the deve]opment and /
- ‘execution of this voluntary program and will establish an open process for pubhc 1nput “
‘into. the program’s des1gn and 1mplementatlon : - |
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1. INTRODUCTION

‘.Li PURPOSE

Section 4113(a) of the Oil Pol]utron Act of 1990 (OPA) requires that: "The ‘
President shall conduct a study to determine whether liners -or other secondary means of
~ containment should be used to prevent leakmg or to aid in leak detection at onshore
- facilities used for the bulk storage of oil and located near navigable waters." In
‘Executive Order 12777, the President delegated authonty to the U.S. Envrronmental
“Protection Agency (EPA) to. conduct thls study. -

Thrs report to Congress presents EPA’s study t0 assess, the extent to which lmer_ ,
~ systems should be used with ASTs at- onshore facilities to detect leaks and/or prevent
~ leaks from reaching soil, ground water, and surface. water As part of this study, EPA

investigated the nature and magnitude of leaking oil at onshore facilities with ASTs. that
_are used for the bulk storage of oil. The Agency also assessed the technical feasibility of
'usinig liners and related systems to detect leaking oil, and to prevent leaking oil from

~ contaminating soﬂ and, by, way of ground-water pathways, navigablé waters. This report

" to Congress; which provides recommendatlons based on EPA’s findings, fulftlls Sectlon

. 4113(a) of OPA \ - ‘

‘nzj BACKGROUND .

Concerns about the environmental hazards posed by onshore oil-storage: fac111t1es :
have grown in recent years as a result of several widely pubhcrzed oil discharges from - .
‘such facrhtres including significant discharges from tank farms in Fairfax, Virginia, in
1990, and in-‘Sparks, Nevada, in 1989. Such incidents have the potential to cause -~ .
- widespread damage; including contamination of soil, ground-water and surface-water
supplies, loss of property, and risks to human health. Because several hundred thousand -
onshore facilities with ASTs are located throughout the US,, many near sensitive-
environments (including ground water and surface water), dtscharges from ASTs ‘
: represent a potentlally significant enwronmental hazard ' '

Oil dtscharges may ongmate from many parts of an onshore AST fac111ty, mcludmg
tanks loading/unloading areas where oil transfers are conducted between tank trucks or "~
vessels and ASTs, and when oil is transported in underground and aboveground piping.
Although liner systems could be installed at certain types of Ioadmg/un]oadmg areas and
~.other ]ocattons at a facility, EPA decided to focus on the feasibility of using liners and
related systems to address oil leaking from ‘ASTs to secondary containment systems and

"+ to soil undemeath ASTs.  This decrslon was made after consultatlons with Congressmnal

! For purposes of this study, "surface water" and *navigable water" are used interchangeably.




L

- staff about the 1ntent of OPA Sectron 4113(a) A]though the problems posed by orI

: drscharges at other parts of the facility (including leaks from underground piping) were

" ot directly mvestrgated durmg thrs study, EPA gamed valuable msrghts 1nto the nature of
: these problems ,

, - Far thrs study, EPA defmed a lmer as. an engmeered system that makes secondary
containment structures more impervious. EPA assessed the feasibility of installing liners
. within secondary containment structures and under ASTs (i.e., undertank liners). EPA

also assessed the feasibility of mstalhng double bottoms on vertrcal ASTs as "other -~ =

secondary means of containment," which could be used in place of undertank liners:
4 Secondary containment liners used in' conjunction with double bottoms or undertank
. liners are capable of addressing oil discharges from ASTs 1nto secondary contamment
‘ateas and to soil undemeath vertrcal ASTs. T : :

.EPA evaluated the effectrveness of lmer systems, mc]udmg double bottoms, in
reducing the potential for leaking oil to reach soil and surface waters via ground-water
: pathways (Oil discharges to unlined secondary containment systems, such as episodic
. spills, and continuous leaks from the bottom of ASTs may contaminate soil and have the
potential to'migrate downward to ground water. Because ground water often is
hydrologically connected to surface water, a ground-water oil plume has the potentlal to
. migrate and contaminate surface water “Furthermore, oil that repeatedly contaminates
soil as a result of frequent spills may form subsurface oil plumes, which have the
'potentral to contaminate surface water when precrprtatron ‘migrates - through soil to
sw{ace-water bodies. Based on these considerations, EPA assessed the suitability of
- using liner systems to protect navrgable waters by evaluatmg the effectiveness.of these
' systems in preventmg drscharged orl from contammatmg s011 and ground water

- For purposes of evaluatmg the techmcal feasrbrhty of lmer systems at onshore :
facilities, EPA included-as a basis. for ‘this" study the :approximately 500,000 onshore =
facilities that meet/the oil storage capacrty threshold of the Oil Pollution Prevention .~
regulation.. These facilities have oil storage capacrtres ranging between several hundred
gallons to several million gallons and are found in the ‘majority of industry sectors. As a

- _result; these facilities constitute a diverse and comprehensive group from wh1ch 10

. .evaluate the techmcal feasrbrhty of mstalhng lmer systems . S

o

13- STUDY APPROACH

EPA conducted two prlncrpal tasks m preparrng thls study
Task 1: Gathered a range of data and 1nformatlon on leaks and sprlls from
~ ASTs, types of hner systems, and their costs; and

"2, Throughout thrs study, "liner sySIem mcludes both secondary contamment lmers, undertank lmers,
" and double bottoms. :




o Task 2: : Conducted a techmcal feas1b1hty analysxs of hner systems for a range ‘
o -of typlcal onshore. facﬂltlcs with ASTs

EPA gathered data on the number and type of onshore fac1ht1es stonng oil in

- bulk number and type of ASTs facilities and ASTs, and the number and volume of oil.

dlscharges from ASTs. EPA conducted interviews with facility.owners and operators,

- manufacturers of liner systems, and Federal and State government personnel about the
characteristics of liners systems, including their cost and effectiveness, as well as

operation and maintenance requirements. Thls mformanon was used to support the '
techmcal feasibility analysxs :

‘ EPA conducted a techmcal feasibility analysrs of lmer systems by exammlng the =~
‘effectiveness of different liner materials and designs for protecting the environment from
oil discharges and evaluatmg the construction feasibility of liner systems. The technical’
feasrbrhty and unit-cost ‘analysis is based on alternative liner designs for six "model"

_facilities used to represent the diverse universe of facilities that meet the oil storage.
capacity threshold of the Oil Pollution Prevention. regulatlon These model facilities
" ranged from small end-user facilities with one horizontally mounted 2 OOO-gallon AST to
~ a large petroleum bulk terminal with a mix of horizontal and vertical ASTs with a

combined storage capacity of about 50 million gallons. For these model facilities, the

 alterriative designs considered and evaluations of their effectiveness' were based largely
- on discussions with facrhty owner/operators, liner manufacturers and government

personnel
. Based on-the results of these- two"task's EPA deyeloped recommendations for.
minimizing the potential damage to the envxronment as’ a result of oil leakmg from the '

,nanonsASTlnventory e L

14 iORGANIZATION OF REPORT

- The remamder of thrs report 1s orgamzed as follows :

. Chap_ter 2 provrdes background mformatmn on AST facnhtles nat10nw1de )
. ‘and the general charactensncs of ASTs mc]udmg 011 dlscharges ‘
. Chagter reviews Federal and State AST regulatlons and 1ndustry
practices and standards, and provides estlmates of the number of facilities
already usmg liner systems ' :

. ‘ Chapter 4 descnbes the technlcal fea81b111ty analysxs of alternanve hner

~ system designs, and presents unit costs. for fac111t1es to install these liner
systems : :

R ?Chapter 5 presents EPA’s r,ecommend‘ations, o

e SAp W 9 Rar W b
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In addltlon, appendlces are mcIuded that prowde supportmg documentatlon for the '

, vanous analyses chscussed in the report
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... " 2. BACKGROUND ON ASTs

Thrs chapter provrdes mformatlon on AST facilities and ASTs and descnbes the
potentlal environmental problems they pose. Specrﬁcally, Section 2.1 presents
information on the number and type of U.S. facilities with ASTs and the general
characteristics of ASTs nationwide. Section 2.2 descnbes the types of oil discharges from

" ASTs and the potential impacts on soil, ground water, and surface water. Section 2.3

- presents information on the status of the U.S. AST inventory and the extent to whrch

~ which oil dlscharges may be occumng at these ASTs

21 PROFILE OF AST FACILITIES AND ASTs

EPA revrewed e)nstlng Agency reports, State 1nformat10n, and mdustry studies to

- develop a profile of the number .and type of onshore facilities storing oil in, bulk, and ‘the
. number and type of ASTs Thls mformatron was used to:

‘f' g ‘Analyze the types and charactenstrcs of facrhtles wrth ASTs and

e Deve]op representatrve facxhtles, or mode] facﬂmes, to serve as the basis -
‘ * -for developing technically feasible options for using liner systems wrth
o »ASTs, and determmmg the correspondmg facrhty costs.

3 ThlS sectlon provrdes 1nformatron on- the number and type of AST facrhtles and the -
s number and general charactenstrcs of ASTs.

21, 1 Profile of AST Facllmes =

Sectlon 41 13(a) of OPA did not provrde EPA w1th specrﬁc dlrectlon on the types .

- of "onshore facilities used for the bulk storage of oil" that should be examined or the
~ . distance that qualifies a facrhty as being "located near ‘navigable waters." As a result,

EPA adopted a broad interpretation of thls statutory language when preparing this report

. 'to avoid underestimating the number of ASTs that potentially benefit from using liners -

systems. Specifically, EPA used the storage capacity thresholds of the Qil Pollution

. Prevention regulatron as the criteria to define the universe of facilities and ASTs that
would be analyzed in the study because: (1) this regulation affects a diverse population’
- of facilities from many industry sectors; and(2) the Agency previously conducted a'study |

that provides estimates of the number and type of these. facrhtres These fmdmgs are
drscussed below : : :




EPA’ "Spll] Preventlon, Control and Countermeasures Facrhnes Study" (hereafter

o ‘referred to as the Facilities Study) provrdes estimates of the number of facilities that

- meet the storage capacity threshold of the Oil Pollution Prevention regulation because
‘they have:. (1) oil storage capacity greater than 42,000 gallons. underground; (2)

" combined oil storage capacity greater than 1,320 gallons aboveground; or (3) greater than

. 660 gallons in a single tank aboveground. Exlublt .2-1 presents ‘estimates of these- |
- facilities by Standard Industrial Classification (SIC) code category and three storage
capacity tiers: .1,320 to 42,000 gallons; 42,001-to 1 million gallons; and greater than 1 -

| " million gallons ‘For purposes of this report, these fac111ty storage capacity categories are.
- referred to as small, medium, and large, respectlvely 'EPA estimates that there are

approximately 505,000 facilities that meet the storagé capacity threshold of the Oil
- Pollution Prevention regulation. About 81 percent of these fac111t1es are small, 18
_ percent are medlum and. 1 percent are large L

Th]S 505 000 estimate overstates: the number of onshore facilities where AST lmers \
" systems could be installed because approximately 3,000 of these facilities are offshore oil -

~ production platforms that are currently regulated by the Department of the Interior’s
‘Minerals Management Service (MMS). Furthermore, not all of the remaining: facilities
-_are necessarily located near nav1gable waters. Specxflcally, EPA estimates that 435,000 of
* the 502,000 facilities (505,000 facilities minus. 3 ,000-offshore production facilities) have -
- the potentlal to dlscharge oil in- harmful quantities into:or upon the navigable waters of .
the U.S. or‘adjoining shorelines. ‘Nevertheless, EPA elected to include facilities not.

" located near navrgable waters in this study ‘because many of these facilities have the

potential to contaminate surface water if they discharge oil to soil and ground water, :
‘which could be hydrologlcally connected 10 surface water f‘ -

As shown in Exhlblt 2-1, faclhtles that meet the storage capac1ty threshold of the :

- 0il Pollutxon Preventlon regulatlon span many SIC code categones and mclude fac1llt1es _

. ,mdustry diversity, these facxlmes may be grouped 1nto three broad categorres

B correspondlng to how oil is ‘used at these facilities.- Spec1ﬁcally, oil is'consumed or used
‘as a raw material or end-use product (storage/consumptlon) marketed, refined, and -
distributed as a wholesale. or retail -good (storage/distribution); or pumped from the

- ground as part of oil exploration or production activities (production). Facilities in these
. three use categories have different characteristics in terins of basic physical and operatmg '
. _characteristics, such as the number and type of ASTs, throughput, and number and type

of transfer points. For example, farms that use oil and diesel to heat buildings and

- power machinery are likely to have fewer ASTs and ancrllary equipment and less product - '

_turnover than fuel oil dealers and bulk termmal facﬂltles, Wh]Ch dlstnbute petroleum

3 U S. EPA, Emergency Response Dmsxon, "'Splll Prevennon, Control and Countermeasures Facrlmes

o ‘Study, January 1991;
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products to end-users Thls charactenzatron is 1rnportant for developmg model facrhtles
‘which provide the basis for developmg techmcally feasible optlons for 1nstalhng hners at
“these facﬂmes ’ - .

The typlcal storage capacity of these fac111t1es varies s1gn1f1cantly, from several
. thousand gallons for farms and small industrial manufacturers to tens-of-millions gallons
for petroleum bulk terminals. - Similarly, the number of ASTs at these facilities varies
' consxderably from-one or two per facility to over 100 per fac111ty The model facrhtles ‘
_ discussed in Chapter 4 were developed to represent. the range in storage capac1ty and
number of ASTs at these facrhtres | : : _ , _
| 2.1 2 Profile of ASTs ‘ | | |

-In’ general there are two: categones of ASTs vertical ASTs and horizontal ASTs
. The storage capacity of horizontal ASTs typlcally ranges from a few hundred gallons up
. to 20,000 gallons, while the storage capacity of vertical ASTs typically ranges from several
- thousand gallons to over 10 million gallons. Vertical ASTs are mounted such that the
tank bottom rests on a ground-level foundation, such as a concrete pad or rmg wall.
Small vertical tanks (e.g., less than 42,000 gallons), which are commonly used in the oil -
production’ mdustry, often are installed on a concrete pad, which, in addition to the tank
- bottom, may serve as a secondary barrier to prevent leaked oil from reaching soil and to
- aid in leak detection by- channehng orl to the srde of the tank where it may be vrsually
v ‘detected . . S : .
“As the volume and the tank dlameter of vertlcal ASTs mcrease nng—wall
' foundations become more economical than conérete pads. .Ring walls, normally made of -
reinforced concrete, provide a foundation or footing upon which the AST wall rests. The
- AST bottom-plate. typically rests on hard-packed soil, sand, or other fill material. Based
.~ - on engineering experrence, as ASTs reach ‘40,000 to 50,000 gallons of storage -capacity,
. the combination of size and weight conmderatrons are such that ring-wall foundations
become more economical than concrete pads. > Unlike vertical tanks with concrete

- pads, leaks from the bottom side of vertical ASTs with ring walls have the- poterma] to go B .

undetected for extended perrods of time before oil seeps to the' edge of the AST, is
“detected dunng ground-water momtormg operatlons, or creates a sheen ina nearby
. stream or river. o L : : -

Honzontal ASTs typlcally are supported in: saddles that are bolted to secondary
'contarnment structures such that tank is suspended above the ground or ﬂoor of a

L 4 Concrete pads: used wrth small ASTs often are manufactured with radial groves that aid in leak
o dctecuon by channehng drscharge oil to'the srde ‘of the tank. :

.S An analysrs of data provrded by the Entropy Study (see footnote #9) generally confirms this
- experience. Specifically, for the oil production sector, approximately 88 percent of all ASTs with a storage
: 'capacxty of less than 42,000 gallons are set on concrete pads C




. .asecondary contamment structure Leaks from honzontal ASTS are generally easy to
detect because fac111ty personnel can readrly see the unders*ifs? of the tank.

The overwhelmmg majority of ex1st1ng ASTs are fabrr ,ated usmg carbon steel
although stainless steel, reinforced concrete, and fiberglass materials also have been used
for certain AST applications. The wall thickness: of vertical ASTs may vary significantly,
. from 0.1875 inches for a 10,000-gallon. AST to 1.135 inches #r a 10 million-gallon tank.

* Similarly, the thickness of the annular bottom ring ‘of a vertical AST may yary
_significantly. The ‘bottom plates of a vertical AST must be constructed with a mlmmum '
_thickness of 0.25 mches,6 exclusive of any corrosion allowance specrfled by ‘the o
' purchaser, while the annular ring supporting the. bottom-to-shell weld may be as thick as
0.75 inches for the larger ASTs. The thickness of the bottom is a critical factor in ’

" . determining the potential for an AST to develop corrosion-related leaks (as discussed i in

Section 2.3. 3) 'ASTs are either erected at the site (i.e:, field erected) or are shop:’
. fabricated by a manufacturer and then transported to the site. Virtually all ASTs with
* storage capacity greater than 50,000 gallons are field erected because of transportatron S
_ constraints and construction considerations. Because the vast majority. of ASTs are =
constructed with steel materials and, therefore, are susceptlble 10 corrosron, these ASTs
. have the potentlal to leak oi.. 7 - , : o

IS
o~

- " EPA estimates that the number of’ ASTs at the 502 000 onshore facrlltres that

~ meet the storage capac1ty threshold of the Oil Pollution Prevention regulatlon is about -
. 1.8 million.”® Based on the 1989 API "Aboveground Storage »Tank Survey

* -(hereafter referred to as the. Entropy Study), about 700,000 ASTs are used at facllmes in.

* the production,: refimng, transportatlon and marketing sectors. of the- petroleum industry.
" ‘These two estimates differ because the number of ASTs at ‘all facilities that meet the

' storage capacity threshold of the Oil Pollution prevention include ASTs outsrde the
petroleum. mdustry, such as ASTs at end-user facrhtles (e .8, farms). .

: s When specrﬁed by’ the purchaser a mrmmum nommal thlckness of 6 mllhmeters for all bottom
o plates is acceptable L . : \

7 U S EPA, Emergency Response Dmston, "Esttmate of the Number of Aboveground Storage Tanks - -'

at Onshore Facﬂmes October 1994.. : . . : S

-7 BAn altematrve order-of-magmtude estrmate was developed by multlplymg the number of small
‘ mednum and large facilities that meet the storage capacity threshold of the Oil Pollution Ptevention

regulation (presented in Exhibit 2-1) by the number of ASTs typically found at each of these: facility srze‘ ’4 o

- categories: two ASTs, seven ASTs and 17 ASTs for small, medium, and large facility categories,

" respectively. The estimates of the typical number of tanks was developed based on analysis conducted in

. support of revisions to- the Oil Pollution Preventlon regulatlon. Based on this approach ‘the number of
. ASTs are estrmated to be about 1.5 mllllOIl IR

. 9 Amencan Petroleum lnstrtute' “Aboveground Storage Tank Survey# prepared by Entropy errted-
,Apnl 1989 (hereafter referred to as ‘the Entropy Study) : :

0




Exhrbrts 2-2 and 2-3 present data on the percentage dlstnbutlon of ASTs by age

o and storage capacrty, respectively.  Exhibit 2-2 presents the distribution of ASTs by age

for 700,000 tanks, which was obtained from the Entropy Study. About 32 percent of these
ASTs are between 0 to 10 years old, while nearly 27 percent of these ASTs are between
11 to 20 years old.” AST age may be a critical factor for determining the likelihood that .
_ leaks will develop as a result of corrosion (as discussed in Sectlon 2.3. 3)
EXhlblt 2-3 shows the estrmated drstnbutlon of ASTs by storage capacrty (gallons) .
based on data provided by New York As shown in the exhibit, the largest

o proportion of ASTs have a storage capacity of between’ 1,000 and 10,000 gallons. Thrs

distribution is similar to the distribution of ASTs by $torage capacity in the petroleun
industry. Specifically, in Exhibit 2-4, AST distribution by storage capacity based on the
. New York State data is compared to similar data provided by the Entropy Study. As
- shown in 'the exhibit, both sources of data indicate that most ASTs are less than 21,000 -
~ gallons. This comparison suggests. that the distribution of ASTs within the petroleum
industry by storage capacity is similar to the overall distribution of ASTs by storage.
:capacrty because the New York State data mc]ude ASTs from many. mdustry sectors

2. 2 OIL DISCHARGES FROM ASTs '

In general, AST oil dlscharges may be classrfred into two broad groups/categorres

,leaks and spills. These categories are useful for understanding how ail drscharged from -
~ ASTs affects the environment and how different types of liner systems could ajd in
- detecting discharges or preventmg oil from' contammatmg surface water by way of

7 tnbutary ground water. - | PR
, Leaks typlca]]y orrgmate from the bottom of vertrcal ASTs as a result of”

- perforations in the bottom plates, which are often caused by corrosion. Leaks also may o
- originate from the sidewalis of vertical ASTs, as well as any point on the surface of a
‘horizontal AST. ‘However, such leaks-can be detected visually as part of a periodic tank
“inspection program and, therefore, may. be addressed before significant contamination .
~occurs. Although the amount of oil discharged per hour (or day) from ASTs as a result
“of leaks can be relatively small compared to spills (e.g., a leak rate of one gallon per .
~ hour versus a spill of hundreds or thousands of gallons), substantial volumes of oil may
‘be discharged to soil underneath an AST over time because leaks' may continue

_ - undetected for years. Leaked oil is commonly carried through the soil layer by

fprecrprtatlon and migrates downward to ground water. In addition, leaked oil may B
- mlgrate honzontal]y to the edge of the AST bottom where 1t can be vrsually detected

10 Under New York State’s Envrronmental Conservauon Law, both exlstmg and new facilities with a
combmed aboveground and underground storage capacity exceeding 1,100 gallons are requlred to reglster

o wrth the State in order to operate. Facilities are required to provide general facility information and

detailed tank-specific information, including the storage capacity of ASTs, to the New York State
-Department of Environmental ‘Conservation (NYDEC) by filling out an applrcatron form.- This

- mformanon is entered into a computer data base whrch is maintained by the NYDEC
LN
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EXHIBIT 2-4

DISTRIBUTION OF ASTs BY STORAGE CAPACITY BY DATA SOURCE

W

AST STORAGE CAPACITY TIER (Gallons)

,, sounci«: \oF DATA '

lessthanor | 21,001to | 42,001t0 | 420,001t0 | ‘greater than

- 'New York State l[ L 07% '2.1%-’ 31% | 38% 05%
I APUEntropy Study Jl 828% | c64m. | 60% | 42% |  06%

1

Spllls are eprsodlc events whereby potentrally 51gruﬁcant quantmes of orl may be
drscharged raprdly into secondary -containment areas and beyond. Spills from ASTs may
- occur as a result of operator error, for. example durmg loading operations (e.g., vessel or -
- tank-truck - AST transfer operatlon), or as a result of structural failure (e.g., brittle
fracture) because of 1nadequate maintenance. of the AST. Oil discharged from spills may
. fill up secondary containmient structures (e. g., diked areas) that surround ASTs and, if
~ the secondary containment system is unlined, ‘migrate through soil and ground water to
. surface water. A range of. secondary containment liner-systerns to address the potential
o problems posed by 011 spilled into secondary containment. areas is drscussed in Chapter 4..

. . 0il dlscharged from ASTs as a result of e1ther spllls or leaks has the potential o
a contammate the environment. 011 spills from ASTs ‘may adversely affect soil, ground. <
water, surface water, ecosystems, and organisms. ‘Spilled oil can move over the ground or
through the soil and can be carried along: by precipitation. Precipitation that falls on the
‘land surface enters into a number of different pathways of the hydrologic cycle. Some of
‘the 'water will drain -across the land drrectly into a.stream channel, while some will seep

_ - through the soil and become ground .water. Ground ‘water ﬂows through the rock and

soil layers of the earth until it too drscharges as‘a spring or as-a seepage into a stream,
~ lake, or ocean. ‘Soil contamination (e.g., il spilled onto the ground from an AST) may
therefore be.carried down into the ground water by precrpltatron and this contamination
may then be discharged into surface water. Such a scenario is specrfjcally ‘contemplated

" in EPA’s underground storage tank (UST) technical requirements at 40 CFR part 280.

- Under the UST regulatlon, a suspected. tank leak must be reported if released petroleum
is- drscovered at the site or in.the surrounding area (such as the presence of free product
Or vapors in. sorls basements, sewer and utrhty prprng, and nearby surface water).

\ A great deal of research has already been conducted on the effects of oil on, the

- environment. Spilled and-leaked oil can damage farmland and adversely affect water
supplies by pollutlng wells or water intakes on-surface streams. -Soil contamination also
'may threaten aquatic or terrestrial wildlife and’ may contribute: to pollution in lakes,

 Tivers, freshwater wetlands estuanes beaches and ocean waters (where runoff is a ma]or

equal to 21,000 | . 42,000 | - 420,000 | 4,200,000. | 4,200,000 { -




7

source. of ol pollutlon) Oil in sewers, plpehne trenches, or foundatlon frlls can increase: -
the risk of fire and explosion. In addition, lethal effects of oil on organisms may include -
- bird mortality caused by oiled feathers, fish mortality, and egg or larval stage losses.
'~ Sublethal effects of AST oil spills on’ aquatlc organisms could include stress-related
_-disease and dlsruptlon in behavior patterns or reproductlon

Vanous technologres are available to remedlate orl-contammated soil, although
- use of these technologies can present site-specific difficulties. For example, incineration
‘has been ‘demonstrated to achieve remediation cleanup goals, but is relatlvely costly and -
“may not be acceptable to the public. Surface-enhanced broremedlatlon, on the other
hand, is not feasible at all sites; the hydrogeology of the site must not allow for rapid -

transport of the ‘contaminants to the ground water, and the soil must be compatlble with
the lntroductlon of nutrients.

Slmllarly., thcre are vanous remedlauon op’uons to handle orl-contammated ground

. water Most of these options are either containment technologies (e.g., slurry walls) or

some variation of the traditional ' 'pump-and-treat” approach. Ground-water pump-and-
treat systems can be very costly, and treatment goals may take 30 years or longer to- ‘
achieve. ‘It should also be noted that for certain stratigraphies (. g., fractured bedrock or ‘

 karst topographies), restoration of contammated aqurfers may not be achrevable or
feasrble w1th exrstmg technologres '

Exhrblt 2-5 hrghhghts three case studies 111ustratmg the problems posed by AST

 facilities and concerns regardmg the potentral for oil to contammate soil, ground water
' and surface water : : ‘

‘,23. STATUS OF ASTs NATIONWIDE

~

EPA conducted an extensrve data collecuon effort to estlmate the number of

, leakmg ASTs. Specifically, the Agency mvestrgated Federal government data bases, such ‘

“as the Emergency Response Notification System (ERNS), and contacted several States

~about data on AST leaks. The Agency found that comprehensive data do not exist to
" quantify adequately the extent to which the nation’s AST inventory is leaking. “Existing
- Federal regulations require facility owners and operators to report oil discharges that

reach navigable waters and thereby trigger the reporting thresholds of Clean Water Act : -
(CWA) regulations. :Consequently, AST oil discharges that affect only soil and ground'

~water and that do not initially reach surface water are generally not reported. Despite

these limitations, exlstmg data sources evaluated by EPA suggest that a srgmflcant
number of ASTs may be leakmg or, sprllmg 011 "

N

Section 2.3.1 dlscusses EPA’s Teview of Federal reporting requirements related to

oil discharges. Section 2.3.2 describes the available information on the extent to which -

ASTs are leaking oil. Section 2.3.3 provides an age profile of the AST umverse and -

~ €xamines the potentlal relatlonshlp between leak probabrhty and tank age.:
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~ CASE STUDIES

Case Study #1
COLDBROOK ENERGY FACILITY ;

On Apnl 17, 1993, about 35 000 gallons of gasohne sptlled from = 6-1nch ‘crack in.an AST at the :
. Coldbrook’ Energy Facrlrty in Hampden, Maine. ‘The tank was surrounded by an unlined
containment dike that contained the spilled material. Remediation measures employed at the - .
' site included recovery wells and trenches dug into the contaminaied soil. Response crews also
deployed sorbent boom: along the banks of the nearby Penobscot River as a precautronary ‘
~ measure., Fortunately, only' small amounts leached into the river during periods of low tide,
producing a light sheen (“Wor]d Spll] Bnefs, Golub s Ozl PolIutzon Bulletm, Vol.-5 No. 12, May
1993p7) - _ o . :

\

J
\ pr———
e —

A

Case Study #2:
STAR TANK FARM ‘
At the Star Ente‘rnrise Tnic. tankffarm,m Falrfax, Vlrglma, more than 150,000 gallons of oil is
sitting on ground water beneath the Star site and a neighboring community. The site was first

‘investigated in. ‘September 1990, after migration of the underground plume produced a light
- sheen on-a nearby creek. - Offictals at Star. Enterpnse acknowledge that a missing overflow’

. ‘container at the loading.area of the tank farm" could have allowed thousands of gallons of .oil to
. seep into the soil and ground water undetected; it is not clear whether tlus 1s the: only source of -
: ;petroleum dtscharges at the s1te and mvesugatrons are contmumg ‘

S0 Case Study #3:
SPARKS BULK FUEL TANK FARM

-An example ofa larger petroleum sprll 1o land affectmg sorl and subsequently, ground water

. occurred at'a bulk fuel tank farm in Sparks, Nevada In 1989, a'3- to S-million-galion
‘petroleum plume was discovered extending a mile east of the: facility into a gravel pit. The oil

. from the plume appeared to be- seeping through the gravel pit walls and collecting into a water
‘pool.in the bottom of the pit. The gravel company that owned the gravel pit pumped the
solution out of-the pit and into containment ponds. for treatment. The pumping action drew -
“the area ground water down to the pit bottom, diverting it from its natural flow south into the
“‘Truckee River. .Regulators said that if the pumping were to stop, the contammated ground
water would continue downstream and end up in the nver .




: .
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‘ 2.3 1 Federal Reportmg Reqmrements

The Hazardous Matenals Transportatron Act (HMTA), as amended the CWA

- the Comprehensive Environmental Response, Compensation, and Llabrhty Act

(CERCLA), and the Resource Conservation and Recovery Act (RCRA) all contain
requirements for reportmg releases of hazardous materials to the environment under

- certain conditions. For oil discharges, however, these reporting requirements are not.
inclusive because releases from ASTs to land that do not directly affect surface water or -

- that are not. related 10 transportatlon are generally not covered

- The US. Department of Transportatlon (DOT) maintains several systems for
: reportmg transportatron-related hazardous material. Under the HMTA, as amended,
DOT collects mformatron on releases of hazardous materlals, including oil products
during transport by highway, rail, pipeline, water, or air. In some circumstances, - -
information regarding spills from ASTs may be included in DOT’s systems (e.g., an. oil "

- release from a tank connected to a plpehne) Many AST dlscharges, however, are not
' transportatron-related :

The oil dlscharge regulatlons promulgated at-40 CFR part 110 and 33 CFR part ,
153 under the CWA require -that an oil discharge to U.S. waters or adjommg shorelines,
- Or in ocean waters out to approximately 200 miles from the shore, must be reported

- immediately to the National Response Center (NRC) 1f it meets one: of the following
g three condmons .

\ Causes a sheen to appear on the surface of the water;
L Vlolates apphcable ‘water quahty standards or

' Causes a sludge or emulsion to be deposrted beneath the surface of the
© water or upon the ad_]ouung shorelines. '

. Tradmonally, the CWA reportlng requn‘ements have not been mterpreted to encompass '

.oil dlscharges 0. soil that reach ground water, but do not rmgrate to surface water.

Lo

In contrast CERCLA does requtre ‘that releases. of hazardous substances to-land

‘ . and ground water be reported-to the NRC." However, CERCLAs list of regulated
“substances excludes petroleum products unless they are specifically listed. In general,

crude oil and refined petroleum products are not listed under CERCLA. Both CWA
dlscharges and CERCLA re]eases reported to the NRC or EPA are contamed in ERNS :

Fmally, the RCRA Subt1tle I requlrements cover petroleurn releases to land, but |

" only if they originate from an UST system. The Federal UST regulations (at 40 CFR .

part 280) implement Subtitle I. Such underground storage systems are- broadly defined to
include tanks (together with underground p1p1ng) that have a volume that is 10 percent

- . ormore beneath the ground surface. UST OWNErs and operators must report suspected

1
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releases of any volume of petroleum to the envrronment as well as spllls or overfills that
- exceed 25 gallons. (or other amount spemfled by the implementing agency). ASTs would
‘be cavered only if they fit within the UST definition; and release reports would be B
mamtamed by the rmplementmg agency (usually a State agency) -

Based on these’ con31deratlons, EPA believes that shortcomlngs exist with regard

| to requrrements for the reporting of discharges of oil from ASTs that initially only affect

- soil and ground water, and that further action. may be warranted to address th1s issue,

2.3 2 Dlscharges from ASTs

i
o

EPA analyzed ERNS data to estlmate the number of reported oil drscharges that

| occur from ASTs annually. The ERNS data base is the Federal government’s central

source of data on reported discharges of oil and hazardous substances. The oil spill data -

, ' contained in 'ERNS include ‘information collected primarily from initial release -
* notifications received by the NRC, U. S. Coast Guard, and EPA. 'ERNS data indicate

‘that roughly 30 percent of reported oil drscharges from facilities are to secondary .

" containment -areas. This discharged oil could be addressed by hner systems 1nstalled

w1th1n secondary contamment systems -
E Of the States that EPA contacted only Vlrglma provrded detarled mformatlon on
- oil discharges from AST facrhtxes The Virginia- Department of Environmental Quality
(VADEQ) recently 1mplemented a-regulatary program that requires certain AST facilities
tor (1) register all applicable. ASTs with VADEO, 2)’satisfy financial responsibility '
requrrements (3) submit an Oil. Dlscharge Contmgency Plan (ODCP) and (4) partrcrpate

. ini the AST pollution preventron program. In partlcular -under the ODCP requirements; -

faclhtres with-an: aggregate.oil storage capacrty of greater than 1 million gallons must -
- submit a Ground Water Characterization Study (GCS) This study requires facilities

-to monitor ground water for signs of oil contamination. ‘Based on GCSs submitted by 88

- facilities to- VADEQ as of April 4, 1994 about 88 percent of facilities (77 facilities) -
reported ground-water contamination.. The data were not: sufficient to determine
~whether this contamination is the result of past practlces or is continuing to occur at .
these fac111t1es * S S - :

API conducted a survey in 1994 to determlne the extent 0 whlch member o
facrhtles in the refining, marketmgi and transportation sectors of the petroleum 1ndustry
have. ground-water contamination. About 300 facxhtles, or 85 ‘percent, of 350 API-
member fac1ht1es completed the survey The results of the survey indicate that 85

. 1 Virginia Regulatton 680-14-12 Facrhty and AST Regtstrauon Requrrements, effective September ,
22,_199'3 ‘ ‘ ‘

12 Amencan Petroleum Instltute "A Survey of API Members Aboveground Storage Tank Facrlmes, ;
prepared by API Health and Envrronmental Affarrs Department July 1994 :
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“age distribution-for ASTs in th

- -percent of refineries, 68 percent of marketing facilities, and 10 percent of transportation -
' facilities have known ground-water contamination near, their facilities. Furthermore, the
. majority of these facilities are remediating the contaminated ground water. Accordmg o
" API, the results of this survey may be extrapolated to all API member facilities. Again, it
~is not clear from these data whether this contamination is continuing to occur at these
facilities. However, API reports that improved equipment and .operating. practices over
the last 5 years have reduced reported petroleum spllls and acc1dental releases. These

- 1mprovements mclude

o . In 1991, API pubhshed standard 653 as gurdance for estabhshmg inspection *

~ intervals for AST bottoms. This standard also ' mcorporates an AST .
mspector certification program ‘that establishes minimum education and
experlence quahf]catlons and prov:des for the testmg of candldates

" Guidanee on the development of an overfill prevennon program is
provrded in API Recommended Practrce 2350

Systems and operatmg procedures to remove, recover or properly handle

“tank water-bottoms have been or are bemg rmplemented at storage
facilities.. A ,

o Survey results mdlcate the use. of cathodlc protectlon for burled AST-
- :assocrated plplng has 1ncreased

i

: ;}23.3‘ «{Age Profile of ASTs

EPA obtamed data on AST' age and exammed thc potentlal relatronshlp between

' AST age and -corrosion rates to estlmate the hkehhood that ASTs will develop leaks as a

functlon of tank age

“The most comprehensrve data currently avallable on the age of ASTs are provided

' by the Entropy Study. This study pravides estimates of the number of ASTs by several
. age categories for each industry sector. These data are shown in Exhibit 2-6. As shown

in the exhibit, the distribution of ASTs by age category is roughly similar for the
marketlng, reflmng, and transportation sectors, in’ ‘that the majority of ASTs within each
of these sectors are over 40 years old. However, in the oil production sector, most ASTs

- are less than or equal to 10 years of age. Because the number of ASTs in the productlon

sector is significantly greater than the number of ASTs in the other. sectors, the overall

e 3petr.oleum industry is similar to the age distribution for
ASTs in the production sector.! ‘ - : k

A

13 Specrﬁcally, the number of tanks in the producnon marketmg, reflnmg, transportanon sectors is

: esttmated by the Entropy Study to be 572 ,620, 88,529, 29,727, and 9,197, respecnvely, for a total’ of 700,073.

About 82 percent of all ASTs are m the producnon sector




oz

%am Aqgcm me:om

[IOL . -uoponpoid - uopepodsuely . Buuyey < | mc_sv_as_

N —1

Qoo, |

- 1%S

%01

~— %56

%Sh

%96}

N %oz
g i N )

T wsez

. % !
| A1+ %0¢E
—— %E'62 - 2l -

R - A A e Qmm> +o¢m,D‘ | 1$ov ]
- u ——f ‘ngovo:m -
e T A | Mm._mgomo# 12 - 1N
Ll S S ~ sieekpL 010 []

o R wmowmzo m&«. .E mam< a0 m_wﬁzmommm

w (4 .EMEEMH




EPA 1nvest1gated the potent1a1 relatlonshlp between the age of ASTs and fallure
rates based on data provided in a study conducted by the Suffolk County Department of |
Health Services in 1988 entitled, "Final Report, Tank Corrasion Study" (hereafter

" referred-to as the Suffolk County-Study). During the 1980s, Suffolk County, New York,
enacted legislation that required all unprotected bare steel USTs to be replaced with
protected storage tanks by 1990 ~ whether or not there was evidence that the USTs

- were leaking oil. As a result, this program provided a valuable samp]e of data'to
estimate leak probabilities as a function of age because Jeaking USTs were mcluded in

B the sample along w1th perfectly functlona] USTs S -

Hundreds of USTs were mspected as part of thls program to determme the extent'
to whlch corrosion caused leaks. A relationship between UST tank age and the :
_probability- that USTs will develop a leak caused by corrosion was identified.14
‘Specifically, the original design wall thickness appears to be a keyfactor mﬂuencmg the

“-amount of time a bare steel tank will remain free of perforations. - USTs with thicker
~ walls normally will take longer to develop a perforation due to corrosion than USTs with
thinner walls, all other factors bemg equal (e.g., the acidity of the soil). Because the rate

"~ at which tank walls fail due to corrosion is related to tank age, the age of the tank' may

be used as an indicator to predict the likelihood that tank walls will develop perforations. .
. "Exhibit 2-7 presents the percentage of USTs. that would fail due to corrosion by age _
. category, based on estlmates from the results of the Suﬁ‘olk County Study ‘

In extrapolatmg the results of the Suﬁolk County Study to ASTs EPA tnodtfled
. -some of the assumptions regarding the relationship between the tank age and the
o probablhty of leaks because of the differences between the nominal wall thickness of
.USTs and the nominal thickness of AST bottoms. Spec1ﬁca11y, ASTs are generally
constructed usmg thicker bottoms than are USTs walls as a result of structural
“considerations and mdustry standards. . Based on these considerations, EPA assumed
that; on average, ASTs fail as a result of corrosion 10. years later than USTs. This 10- o
‘year estimate was based on the added nominal bottom thickness for ASTs as specified in
- current industiy standards. -Exhibit 2-7 presents EPA’s estimates of the percentage of ‘

o ASTs that fa11 due to corrosmn by age category

As shown in the thlblt ASTs less than 10 years old are assumed not to faﬂ asa
) result of corrosion.” AST failure due to bottom corrosion is generally greatest for tanks

~older than 40 years.., Specifically, the likelihood of a corrosion-related failure of the tank ‘

R bottom for ASTs in this age category is estimated to be about 22 percent

H Other factors that may affect the hkehhood of corrosmn-related tank failure mclude (1) acndny of .

. the soils; (2) herght of the water table, and (3) the presence of tank des:gn features such as bafﬂes or .
'deﬂecnon plates ‘
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: The probabxhty rates for corrosion-related failure of ASTs estlmated here do not -
: "“-,.consxder the effects of using cathodic protection systems to retard .corrosion of the

g - bottom:plate of vertical ASTs. Specifically, cathodic protection systems have the

~ potential to reduce the rate at.which the bottoms of ASTs corrode if these systems are

(A ‘properly maintained.- EPA did not adjust the probability estimates as a result of cathodic
o protection because data on the use of cathodic protection systems with ASTs are
incomplete and cathodlc protectlon is effectlve only if it IS properly mamtamed

-
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| 3 EXISTING REGULATIONS AN'D INDUSTRY
o PRACTICES FOR LINER SYSTEMS 1

EPA reviewed Federal and State regulations and industry practices to gather
information on the specifications of liner systems and to estimate the number of AST"
_facilities currently required to use liners. Section 3.1 discusses the results‘of EPA’s
review of Federal and State AST regulations. Section 3.2 summarizes recommended

" industry practices related to AST liners and double bottoms." Section 3.3 presents EPA’s

estimate of the number and type of faclhtles reqmred to use hner systems as a result of -

: State regulattons

3. 1 REVIEW OF FEDERAL AND STATE AST REGULATION S

‘ 3 1.1 Federal Regulatlons |

In genera] e)nstlng Federa] regu]atlons affectmg AST faahtles do not exphcltly

. requ1re the use of liners or double bottoms with ASTs. However, section 112.7(c) of the

" Oil Pollution Prevention regulation, which is the primary Federal regulation addressing

* oil discharge control and response equipment and procedures for AST facilities, requires
that “appropriate containment and/or dlversmnary structures or equipment to prevent

discharged oil from teaching a nawgable water course should-be provided" and that such
containment be ". sufﬁcrently impervious to contain spilled oil." This regulatory

reqmrement could be met by’ constructlng a secondary -containment system, such as a . .

* 'dike, with materials that have a low permeability (i.e., resist the penetratton of-oil .

- . through' the material) or by adding a liner to the secondaly containment system $0
provrde this protection. . However, this requlrement does not specify a permeablhty

standard, such as how far oil may move ‘through the matérial per unit time (e.g.,
millionth of a centimeter per second) Although EPA does not have’ comprehenswe data

‘on the quality of secondary containment structures at AST facilities nationwide, -

information provided-by EPA field personnel indicates that the’ quahty of secondary -

, contamment ‘systems (e g., the permeabthty of the materlals) varies consrderab]y

The Federal UST regu]atlon under RCRA Subtltle 1 (at 40 CFR part 280) and

‘the Federa] Hazardous Waste Storage Tank’ (HWST) regulation under RCRA Subtitle C

(at 40 CFR part 264) require that facility owners and operators consider the installation -

~of liners as a protective option for USTs and HWSTs. ‘Although the Federal UST and

HWST  regulations do not specify liner materials or designs; these regulations establish -
performance criteria for containment materials and structures For example, the UST

* regulation mandates a permeablhty for liners of 1 x 10 centimeters per second (cm/sec).

The HWST regulation requires that external liner systems be capable of preventing

lateral and ‘vertical migration of the waste if a release from the tank(s) should occur.
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Leak detectlon practlces or devrces are requlred by the UST and. HWST
j regulatlons ‘The UST regulation spec1f1es that leak detection equipment must be able to -~
- detect a 0.2 gal]on-per-hour leak and that tanks must be inspected monthly. The HWST -
- regulation requires that leak detection systems be in continuous operation and be capable .
. of detectlng a release within 24 hours or at the earhest pract1cable time.

In general, ‘ASTs (and assoc1ated plplng) that have less than 10 percent of thetr
volume below the ground surface are not subject to the Federal UST regulations. The
HWST regulations affect only ASTs that contain hazardous wastes. Thus, Federal
- regulations do not require facilities with ASTs contammg oxl to have lmer systems wnhm

secondary contamment systems :

3. 1 2 State Regulatlons

EPA conducted a review, of current -and proposed AST" regulatlons for the 50

‘ States to gather information on liner reqmrements and specrflcanons and to determine
quantitatively the extent to which States require facilities to have liner systems. The =~
, results of this review of regulatrons for each State is brleﬂy summanzed in Append]x A

"EPA 1dent1fied nine States that have promulgated or. have proposed regulattons o
* that specify the use of "1mpermeable secondary ‘containment systems, liners, or other
diversionary structures.and systems to prevent discharges of oil from reaching soil,

ground water; or surface water: Alaska, Connecticut, Florida, Maryland, New Jersey,

- New York, Rhode Island, South Dakota, and Wisconsin. 13" For each of these. States,
the followmg mformatlon is prov1ded below and. summanzed in Exhrblt 3-1: |

RN The apphcablhty Of the reqmrements to d1fferem sizes and /or typ es of
,facrhtles and T . | ,

- _Spec1ﬁcatlons that address secondary contamment (mcludmg hner .
o specrficatlons) and ]eak detectlon procedures and/or equtpment S

, Alaska (18 ACC 75) Alaska requxres that all new and ex]stmg crude oil storage
facilities with a total storage capacity of more than 5,000 barrels (and non-crude facilities
wrth a storage capacity of more than 10,000 barrels) locate their tanks within a

“sufficiently impermeable" secondary contamment area. Secondary containment under
tanks at new installations must include "impermeable" liners or double bottoms." Liner .
‘and permeability specrﬁcatlons apply to new facrhtres and new secondary contamrnent )
areas- only ; , e

13 Connecticut’s regulations were proposed at the time of this reviéw.
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EXHIBIT 3 1
SUMMARY OF STATE REGULATORY REVIEW FOR THE NINE STATES

REGULATION || ci'ffrﬁr?ﬁgi RS | MateRiaLs. | RATE (CWISEQ) | - DE'TI“lg(?’:'(ION,
‘ LINERS . ‘ P - - WITH LINERSY
Alaska’ v .\‘J‘ . | 7P 1x 1(')'7,9’. ‘ e
. :‘Connecticut' g : “l o NA ' . N/A  1x10° 7
- (proposed) o ‘ : ‘ ,
Florida v v v 1x 107 -
" Maryland 7 L NA N/A 1x104 -
New Jersey v v s 1% 107, -
New York - s v v 1x10° v
" Rheode Island 4 V4 J" - 1x 10°® -
South Dakota e 7 / I1x10° s
Wisconsin v v e N/A CNA-

" Notes:

v Regulattons reqmre these specific prows10n5

C o

© N/A Not apphcable, these provrsxons are not.part of the regulatron

_States indicated by a"-" require visual detecuon States mdtcated by v also requrre addmonal measures
such as mventory control or automatic leak detection equtpment. P

New facilities are reqmred to have a liner that has a permeabrhty of 1x 107 cm/sec (layer of manufactured

- material in the area under the tank) or 1 x 10 cm/sec (layer of natural or manufactured materral) for new
' secondary contamrnem structures excludmg undertank apphcauons :

"Sufficiently impermeable" for new installations consists of a "layer of
‘natural or manufactured material of sufficient thickness, density, and

composition to. produce a maximum permeablhty for the substance bemg |
contamed of 1 X 10 cm/sec -

f

"Impermeable liners fo'r new . installations consiSt of a "layer of

- manufactured material of sufficient thickness, density, and composition to

: 10_

produce a max:mum permeablhty for the substance being contamed of 1x
cm/sec ‘

Alaska reqmres that each tank at new and e)ustmg mstallatlons must be equ1pped with a.
leak detectlon system that can be used externally to "detect leaks in the bottom of the -

4
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- tank such as secondary catchment under the. tank bottom with a leak detectlon sump,

~ sensitive gauging system, or-another leak detection system approved by the department

~ The owner or operator must-check for- thé presence of leaks or spllls darly at a staffed
‘ facrhty and at least once a month at an unstaffed facxhty :

‘ Connectlcut (RSCA proposed 22a 449) ‘The proposed regulattons would requlre

' fac1ht1es with aggregate storage of more than 1,320 gallons, or that have a single tank of
more than 660 gallons,-to have secondary containment in the form of ' 'impermeable... _
dikes" around all tanks. These volume spec1f1cat10ns are counsistent with the Federal 01]

_ Pollution Prevention regulation.. These regulatlons would apply equally to both new and

o ;,exrstmg facilities. =~ ‘ \ : .

.«  Dike permeablhty must be less than 1x 10 S cm/sec. The dikes may be
~ either above or below grade, but the depth of a dike may not exceed 10
* feet below the outside finished grade. The diked area must contain at least
100 percent of the volume of the largest enclosed ‘tank. :

- Proposed leak detectlon specrﬁcatlons, hke those for most of the elght other Statcs w11]
- require regular wsual inspections around tanks and transfer piping. Connecticut also
proposes to mandate weekly inventory measurement/record reconciliation procedures to
detect slow ]eaks that have the potentlal to escape vrsual checks.

| , Flonda (FAC 17-762) Florlda law spectfles 1mperv1ous secondary contamment ;
systems The regulations apply to all new facilities with a storage capacity of greater than’

550 gallons. All existing facilities with-a storage capacity of greater than 550 gallons’ must' o

- comply W1th the regulatlons by the year 2000 except for certain. shop—faanated tank
o systems ‘ o ~ : o :

e The liner- systems may be' synthetlc, concrete or clay-based -and they must.
- be capable-of containing 110 percent of the largest tank enclosed by the
R ;secondary containment ‘area, unless-that tank is 1tself enclosed\m a concrete
" ;vault or is double walled : :

.« The deflmtlon of "1mperv10us" tianes dependmg on the liner matenal used :
_For synthetic systems, it is"1 x 1077 ‘cm/sec. Concrete liners must only be
~"product tight." Clay-based liner systems must be individually approved by

'the Flonda Department of Envrronmental Protectlon. .

14 Vehlcular fuel-stormg shop-fabncated systems that store or use 1,000 gallons or less per month or
10, 000 gallons or less per year also must comply with these regulations by the year 2000: Other -
abovegmund shop-fabricated tanks may be retrofi tted with double bottoms rather than an undertank
tmpermeable liner, All alterattons must be mstalled to regulatory specnﬁcanons by the year 2000. -
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: Specrfred leak detectlon measures cons1st of vrsual 1nspectrons or other appropnate
measures. Inspectlons should be conducted arormd 'tanks-and 1ntegral p1p1ng, "and must -
be conducted at least once per month: . -

‘ ~Maryland (CMR 26: 12) Maryland law specrfles that secondary contarnment must

’ be "capable of effectively holding the total volume:. of the largest storage container '
‘located within the area enclosed by the dike:or wall." The regulations apply to new and -

existing facilities with a total storage capacity of greater than or equal to 10,000 gallons.

~ Facilities with a storage capacity of less than 10,000 gallons, if judged to be a reasonable -

. threat to State waters, also -are sub]ect to the regulations. The regulations prohibit the

~ construction of tanks, dikes, or walls in wetlands or ’lOO-year floodplams, unless a permit

" is obtained. ‘

. 4. _ Lmer matenals are not spec1f1ed nor are any desrgns except that the

system must consist of continuous dikes or ‘walls. |

o - The permeabrhty of the system must be 1x 10 4 cm/sec or less, for an.

' unspec1f1ed hquld Provrsrons ‘for storm water collectlon/release are not
;specrfled o \

Maryland requrres vrsual mspectlons for leak detectipn. Areas to be mcluded in each

~ - inspection are "seams, rivets, nozzle connectlons, valves, pumps, and pipelines- directly
- connected to aboveground storage tanks Inspections must be conducted at least once -

permonth : [

, New Jersey (NJAC 7 1E—2) New Jersey requrres that "any leak must be
,‘ prevented from becoming a discharge." The regulations apply to new and exrstmg 'major
facilities" — facilities with a storage capacity of greater than or equal to 200,000 gallons. -
~'However, existing facilities. are exempt from the secondary containment liner requrrement ‘

i the following. conditions are met: 1) ‘the containment system (with-a containment

U TR T AT a0 O ROEE SIS I N T GRAN P s S e s e e a6 s e

. volume at least as large‘as the. largest tank) can protect ground water for the period of -
time needed to clean up and repair or stop the leak; (2) the containment system allows
visual 1nspectron for- leaks and (3) the contamment system is 1nspected daily.

. Al secondary contamment systems must have a perrneablhty of 1x 10
-~ cm/sec or less :

T Dikes berms, walls, curbing, gutters, ponds, lagoor‘is, and basins are all
"~ listed as acceptable secondary containment designs. The system must be
- capable of containing 100 percent of the wvolume of the largest enclosed
‘tank, plus. have a means for accornmodatmg 6 inches of ramwater

Leak detection is requrred in the form of wsual inspections. Areas that must be
- protected include the secondary containment areas and systems, storage tanks,
aboveground prpes, and valves. ~Secondary c0nta1nment/storage tank areas must be
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N srnspected at least once per week secondary contamment systems ‘that are not
. .1mpermeable (at e)ostmg facrlmes only) must be mspected darly

New York (6NYCRR612-614) New York requ1res a secondary contamment

‘ system" around all ASTs with a storage capacity of greater than or equal to 10,000 -

gallons; or any tank that. could reasonably be expected to dxscharge oil to the waters of
the State. The regulattons for new facilities are more stringent than the regulations for

‘existing facilities. - For example, owners of new fac111t1es with new stationary tanks must: .
.+ (1) install double bottoms on tanks or (2) mstall an 1mperv10us barrter underneath the "
. tanks. : ' ' '

e - jThe secondary contamment system may consist of a' combmatron of dikes,
“ . liners, pads, ponds, impoundments, curbs, ditches, sumps, receiving tanks
| and other equrpment capable of contammg the product stored "

T V‘The system must perform such that 'spills of petroleum and chemtcal
- components of petroleum will not permeate, drain, infiltrate or otherwise .

- escape to the ground waters or surface waters of the. State."i If the

: :secondary containment system is constructed of earthen material, a release
" may only result in a."minimal- amount of soil contamination." - For diked

- ‘systems, the regulation- specxfies the use of the performance design

. standards in. Section 2-2.3.3 of the National Fire Protection Association’ s -
) ,’Flammable and Combustlble quurds Code: (NFPA 30) B

e Although the volume of the dtked area need only be 100 percent of the ..
. largest tank volume* (ie; no precrpltatron allowance is stipulated), storm
. “water collection-must be'controlled with either a manually operated sump
| -or s1phon or a storm dram w1th manually controlled valves. o

e '?For new fac111t1es the 1mperv10usness of the double bottom or undertank
/bamer must be 1 X 10‘ cm/sec or better. :

‘ Vtsual 1nspectton and mventory records reconcrhatton are requtred The visual ‘
inspections must concentrate on the exterior surfaces (e.g., valves, pipes, etc.) and leak”

detection instruments (e .g-,‘gauges or alarms). Visual inspections must be conducted
»monthly, and reconcrhanon of dally mventory records must be kept. current

Rhode Island (OPCR 10-11) Rhode Island requxres that a secondary

, contamment system be inplace around -all oil-storing facilities that have a total storage

capacrty of greater than 500 gallons New (or substanttally modlfted) factlmes are

x

, 15 New York State provrdes a guldance document for mspectors and facrllty owners to aid in
understandmg the regulations. This document lists some permeabrlrty cntena for certam substances even
\ though no permeabtllty rates are specrfwd in the regulanon
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regulated more strmgent]y in that thelr secondary contamment systems must consist of af.- .

'impermeable barrier" underneath all aboveground tanks. Rhode Island’s regulations are
51m11ar to New York State s regulatlons in many cases, the language is identical.

e Secondary contalnment may consist of a combmatlon of dlkes, hners pads,
- 1mpoundments curbs drtches sumps, recervmg tanks or other equrpment

e The secondary contalnment system must be constructed s0 that petroleum ,
~ spills "will riot permeate, ‘drain, 1nf11trate or otherwise escape to the ground |
" water or surface water. before clean up can occur." Also, if earthen.
~materials are used for the secondary cantainment structure, a sp111 should
only be able to cause "a minimum amount of soil contamlnatlon

e " Dike constructlon mUSt be in accdrdance with the standards are specified
‘by Section 2:2.3.3 of NFPA 30, except that the capacity of the secondary
contamment area must be 110 percent of the: largest tank volume.

"« - For new or substantlally modlfled facrlmes, 1mpermeable is defmcd asa
| permeablhty rate for water of 1x 107 cm/sec or less. The barrier must not
" degrade in an undergrownd environment or in the-presence of oil. In
~ addition, the entire secondary containment area (not just the undertank
area) for new. faclhtles must be constructed w1th a permeabﬂlty rate for
-water of 1x lO cm/sec or less o -

. Regular facrhty mspectlons are requued to detect potentlal leaks The mspecnons must .
focus on all exterior surfaces’ of tanks, pipes, valves, and. other equipment such as gauges,

cathodic protectron monitoring equipment,.or other warning systems. The inspections

‘must be conducted so that any potentially severe structural 1mperfectlons are identified, -

.such as cracks, excessrve settlement or corrosmn These mspecnons must be perforrned
‘at least monthly s o

South Dakota (SCAC 74 03: 30) The regulatlons are applled drfferently to new-

and- exrstmg facilities and to different sized facilities — new, large facilities are regulated
-the' most stringently. - "Small" facilities are those that have a total storage capacity of less

_ than or _equal to 250,000 gallons, and "large" facilities are those that have a total storage
: capacrty of greater ‘than 250 000 gallons

. The containment system for new, "large" facilities may consist of double-
-~ walled and/or double-bottomed tanks, dlkCS liners, pads, impoundments,
' curbs, ditches, sumps, receiving tanks, or other equipment capable of
. holding the material stored. For all containment designs except double- -
‘walled tanks, the: contalnment volume must be 110 percent of the largest
"smg]e enclosed tank. For "new’ fac1l1t1es, the containment structures may
"be built wuh natrve soﬂs, clays, bentomte, or synthet1c rnaterlals however
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e - the permeabrhty of quuld through the fmlshed ﬂoors and walls of the L
‘ vcontamment structure must be 1x 10 cm/sec or less. =~ - L

T ‘"Small" new and ex1st1ng fac111t1es must comply with elther @ the
'~ secondary containment requrrements as described in the bullet above; (2)
+ " the release detection requirements, as described below; or (3) certain tank
performance standards, as outlined in the regulatlon

. "Large" extstmg facilities must buﬂd a contalnment structure around all”
- tanks that is capable of storing 110 percent of the volumie. of the largest-
tank. No permeability standard is- prowded "Impermeable" barriers
(defined as a- permeability of 1 x 10" cm/sec or less for an unspecrfied
liquid) must'be built underneath all abovegror.nd prpmg, and all plpmg
must be cathodlcally protected

,"Large" (new and existing) facilities must perform spec1f1ed leak detectlon measures;
"small" (new and existing) facilities are provided with options-for 1mplement1ng leak -
detection standards, as described above Facilities are required to use automatic leak

U detection equrpment and workers at the facilities also must conduct regular facility

inspections. Monthly reconciliations of mventory records shall be made with daily

' measurements of product storage Inspections of exterior surfaces of tanks, overfill

~ devices, release detection devices, valves, gauges, and cathadic protection equipment
-must be conducted. Automatic detection systems shall be continuously engaged.

Inspections of equipment must be conducted at least twice per calendar year, not to

'exceed 15 months between mspectlons in consecutlve years

S Wxsconsnn (ILHR AR 10) Wlsconsm requlres lmed secondary contamment
systems, which must perform as "impervious barriers" to the-product stored for all -

- aboveground, oﬂ-stonng tanks with a storage capacrty greater than or equal t0.110
gallons at new facilities. 16 Exrstmg facilities are given a choice among various
secondary containment’ optlons in addition, existing facilities with a combined storage

R 'capacrty of less than or equal to 5,000 gallons are completely exempt.

—

e "The term “1mperv10us is not defmed in the regulatlons, and permeabrhtres o
for the floors and walls of the secondary contamment area are not '
‘ vspec1fied e | o
« . “For new facrhtles, construction gu1de11nes for d1kes are specrflc "Dike walls

-or floors made of earthen or other permeable 1 materials shall be lined with

, asphalt concrete, a synthetlc or manufactured liner, or prefabricated basm
" Dike design must be in accordance with Section 2-2.3.3 of NFPA 30, with’
. ;‘the followmg addltxons (1) the volume of the contalned area must be 125

+ 16 For farms, this minimum storage tank capacity is increased to 1,100 gallons.
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R percent ‘of the largest smgle tank volume as opposed to 100 percent as -
‘spec1fied by NFPA 30; (2) the walls and floors of. the contained area must
‘be impervious to the material stored; and 3). prowsxons must be made for
the removal of collected rainwater. - : -

. . Exxstlng facilities must comply w1th ‘one or more of the following by May 1

2001: (1) all of the secondary containment rules as described above, except

 that the containment volume may be either (a) 125 percent:of the: largest
single enclosed tank volume, or (b) 100 percent of the largest single
enclosed tank volume, with provrsrons for removal of rainwater (wrth valves |
- or a sump); (2) leak detection, in the form. of inventory :
A control/reconcrhatlon tank-gauging, tightness testing, vapor momtonng, or
-, some other approved method; (3) installation of 'a double bottom on tanks \
~or (4) lining of the tank interior with a suitable product (the lmlng moust .
cover the tank’s bottom and extend a minimum of two feet up from the

exterior grade, along the m51de of the tank and the lmmg must then passa. .

_'senes of mspectlons)

- Le'ak-detectron is not arequtrement for new facilities and is contained in the State.
. regulations only as an 'option for compliance for existing‘AST systems.

: 3.2 INDUSTRY PRACTICES AND STANDARDS

EPA conducted a review of 1ndustry pracnces and standards related to liner -
systems to gather additional information on the technical aspects’ of these systems and

~ . when these systems are recommended EPA found that .although many industry

" associations have developed detailed standards related to the comstruction and operation
./of ASTs, few industry standards or- practices -explicitly recommend the use of secondary ’
~containment liners and/or double ‘bottoms. 'However, at the time this review was being
-+ conducted,. several mdustry assaciations, including Underwriters Laboratory and the
- International Fire Code Institute, were revising their recommended practices related to
- ASTs. API and NFPA recently completed their revisions, and the standards relating to
lmer systems are. bneﬂy summarlzed below - . ,

In the July 1993 versmn of the API’s Standard 650, "Welded Steel Tanks for Oll ‘
Storage API adopted a policy recommendmg the use of release prevention barriers in
- ‘new AST construction. API encourages owners or-operators planning to construct new
- ASTs to consult this document. Double bottoms and undertank liners are both dlscussed
as possible release prevennon options. In addition, API states that if the tank owner
decides the undertank area is to_be constructed for leak detection, then the permeablhty
of the leak detectlon bamer shall not exceed 1x 107 cm/sec B

NFPA 30, “Flammable and. Combustlble quulds Code" (1993 edltlon) states that
" "Facilities shall be provided so that any accidental discharge...will be prevented from
‘ endangermg 1mportant fac1ht1es or reachmg waterways " Specrflcally, NFPA requlres
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- .-that dlscharge preventlon measures be used with aboveground secondary contamment—

~ type tanks if they meet any of the following criteria: (1) tank capacity is greater than or -
equal to 12,000 gallons '(2) piping connections to the. tank are below the normal _
©  maximum hqurd level; (3) prevention systemis for 11qu1d released from the tank by 51ph0n
~“flow are not prowded (4) means are not prov1ded for determining the level of liquid in
the tank; (5) an alarm (triggered when the liquid in the tank reaches 90 percent of
capacity) is not provided; (6) a system which- automatically shuts- off delivery when the

. liquid level reaches 95 percent of capaclty is not provided; (7) spacing between ad]acent
~tanks is less than 3 feet; (8) the tank is not capable of resisting damage form the impact
_ of a motor vehicle, or does not have suitable collision barriers in place; or (9) emergency '

ventlng is not prov1ded between any enclosed interstitial space. . : ;

EPA’s review of mdustry standards regardlng liner systems indicated that these

~ standards primarily consist of recommended/suggested practices; and not requirements. -
EPA doés not have information.on the number of facilities that have installed liner
systems due to voluntary comphance with: these mdustry standards o

33 ESTIMATE OF THE NUMBER OF FACILITIES ALREADY USING LINERS
- OR RELATED SYSTEMS

: The total number of facrhtles that could beneﬁt from. usmg liners, presented in-

R Chapter 2, was adjusted to ‘account for facilities located in States- that already require -
liner systems.. Speclﬁcally, facilities in six States current]y must use liner systems that are
' comparab]e to liner systems considered in Chapter- 4.9 'EPA estimated the number of
facilities in these six States that meet the storage. capac1ty threshold of the Oil Pollutlon

o Preventlon regulatlon and that are requlred 10 comply with State liner requlrements

- This estimate was developed for each storage capacrty tier and by SIC code, and .was
subtracted from the total nimiber of facilities that meet the storage capacity threshold of
the ‘Oil Pollution Prevention regulation to estimate the. number of facilities that currently
'do not to use liner systems. The results of this’ analysrs are presented in Exhibit 3-2. The
“total number of facilities subject to the six States’ liner reqmrements is estimated to be
.83,723. This estimate includes approximately 66,000 "small" facilities, 17,000 "medium"
 facilities, and 723 "large facilities. Therefore, the estlmated number of. fac1ht1es not
- using liner systems currently is about 421 000 :

" 17 These six states are: Alaska, Florida, New Jerséy, New York, Rhode Island, and South Dakota..
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EXHIBIT 3-2

. ESTIMATED NUMBER OF FACILITIES: -
NOT CURRENTLY REQUIRED TO INSTALL LINERS |

Fstlmated Number Facilities in each of Three Storage
B o e . s ' Capacity Tiers - :
 Foclity Type - SICCode 1122142000 | 420011 mill. | > 1milion | Totass
o, ' - galions - gallons |~ ~ galtens’ B
 Farms - 01/02 121,261 572 0 121,833
Coal Mmmg/Nonmetal Minerals 12/14 3,084 ] 616 - 87 3,787
4‘ II 0il Production - ' S 138950 | 49743 o | 188693
1| Contract Constructu;n B 15016117 2670 668 3338
Manufacturing. o o B , S
1 Food and Kindred Products , 20 i 2,682 . 537 - 82 3.,_301
. Chemicals and Allied Ptoducts 2 35% 668 38 4232
\Petroleurn Reﬁmng _ 29 ‘L 893 - 5 - 690 273 ' 1\7,7856 ‘
| Stone, Clay, Glass, Concrete a2 a3 85 40, 4757
‘ ‘Prlmary Metal Inausmes N 1215 244 i55 1,614
o h Other Manufacturmg | M 20-39 " 4,195 ‘959 _ 76 5,830 .
" || Raitroad Fueling ~ Jaon 0 350 50 400
" |l Bus Transportation - “ a11813 | 1,079 269 <0 1,348
S o T R _ : ‘
- “ Trucking/Warehousing/Water . “ 42/446 2870 Com 82 3,669
. 'Transportatlon Servncos A | B \ ‘
| Air Transportation 458 0 458 0 458
Pipelines | 46 183 136, 27 546
Electric Utility Plants 491 3339 *542 s 4322
i Petroleum Bulk Statlons and I 5171 ' :‘: : 1217 7,547 .1,88"} : - 10,651
' M Terminals : o : : . '
o Il Gasoline Service Stations - ° 554‘: e 0 ! _5,967. 3‘9‘ - 6,006
|l Fuel Ol Dealers Jf 5083 3,154 1031 07 | a2
" | vehicle Rentat [ 71 0 19 0 119
| [ Commercial and Institutional . u N/A | 47,183 12,635 343 50,161
L LTOTAL B 342033 75,253 3927 | 421213

#Includes military installations, health care, education, and other commercial and institutional facilities.
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4 TECHNICAL FEASIB]LITY AN]) UNIT COST OF
S LINERS AND RELATED SYSTEMS

4.1 ‘OVERVIEW

~This chapter presents EPA’s evaluatron of the techmcal feasrblllty of alternatrve .
~ liner systems and estimates of the unit costs. to install secondary containment liners and
" tank double bottoms. EPA investigated the technical feasibility of liner systems by
. examining the effectiveness of different liner materials and designs for protecting the
-environment from 0il discharges and evaluating the construction feasibility of liner -
systems. The technical feasibility and unit-cost analysis is based on alternative liner
designs for six "model" facilities used to represent the dlverse universe of facilities
potentially benefitting from‘the installation of secondary containment liners and double
‘bottoms. The alternative designs examined in this analysis and evaluations of their

. effectiveness were based largely on discussions with EPA On-Scene Coordinators (OSCs)

‘and owners' and operators of facrhtles usmg, handlmg, and stormg oil and petroleum
products ' : ! :

‘ The characterrstlcs of the model facllmes also were used to develop urut—cost

' "estimates. The estimated costs of installing lmers at new facilities and retroﬁttmg liner -
\ systems to existing facilities were based on material, installation, and engmeermg cost
information provided by liner manufacturers and installers, and are presented in th]S

' chapter m terms of dollars-per—gallon of storage capacrty . .

, The remamder of thls chapter is orgamzed as follows Sectlon 4 2 dlSCUSSCS the six -

model facilities used to'represent AST facilities that currently do not use liners. Section

4.3 presents an overview of liner materials, costs, and effectiveness; current liner -

- -practices; and the: conceptual desrgns for the liner systems -analyzed in this study

" Evaluation of these designs is presented in SCCthI] 4.4. Sectlon 4.5 addresses the use of
leak detectlon methods at ASTs c

| 42 DESCRIPTION OF MODEL:FACILlﬁES

‘ The techrucal feasrbrhty and estlmated cost of lmer systems were based on the
characterrstrcs of six "model" facilities mtended to represent the universe of facilities

"_potentially benefiting from the use of liners.!® The “model facility" approach was
“selected because the technical feasibility and cost to install and maintain liner systems
vanes srgrufxcantly dependmg on the speclfic characterlstlcs ofa facxhty (e 2. the number

. 18 The estimated number of facilities not curréntly using liner systems, is presented in Chapter-3.




size, type, and arrangement of tanks) The model fac111ty approach also is necessary

because the diverse nature of facilities potentially benefitting from liners precludes
- developing facility characteristics for each of the 16 industrial categories of facrlmcs w1th
~ ASTs. Development of the six model facilities, shown in Exhibits 4-1 through 4-6,
: reﬂects information prevxously collected about fac111t1es stonng, handlmg, and usmg oil. -

The six. model facilities and thelr prmcxpal charactenstlcs that affect liner

- 'installation costs are described below. All of the model facilities are assumed to have

secondary containment dikes around their tanks although' other forms of secondary

contamment such as dlrected dramage to. collectlon ponds or sumps, also are poss1ble

-~ Model Faclllty 1 Small End User Heatmg Orl ‘Supply (Exh1b1t 4-1) con51sts ofa
one horizontal 2,000-gallon heating oil tank used to supply- fuel to a boiler or
-furnace for mdustrlal or. commercial purposes (e.g., school, hospital, or small -
manufacturer) The tanks are filled by fuel dehvery trucks and the orl is used

" on site. -

= Model Facrllty 2: Small End User Motor Fuel Storage (Exh1b1t 4-2) is a motor
‘ fuehng operation with a total storage capacity of 24,000 gallons (in three 8,000-
~ gallon horizontal tanks). The tanks are ﬁlled by fuel dehvery trucks and unloaded :
-~ to motor. vehlcles S '
Model Facrllty 3 Type 1 Bulk Storage Dlstrlbutlon (Exh1b1t 4- -3)is a small bulk - :
plant with a combined storage capacity of 45,000 gallons in three 15, OOO-%allon )
*shop-fabncated vertical tanks storing motor fuel and possibly heating 0il.20
E Fuel dehvery trucks are loaded and unloaded from a loadmg rack at the fac111ty

Model Facrhty 4 Type 2 Bulk Storage Dlstnbutlon (Exhlblt 4-4) has a -
° combined storage capac1ty of 104,000 gallons in six horizontal tanks (three of :
- 10,000-galion capacity and three of 8 ;000-gallon capacity) and two shop—fabrrcated :
'vertlcal tanks (each of 25 OOO-gallon capacrty) It also has a loadmg rack area.

Co

Yo

19 Horizontal tanks are cylmdncally shaped tanks posmoned so that the long axis of the tank is
parallel to the ground. Because of this orientation, horizontal tanks are usually supported off the ground
by concrete or metal "saddles” conformed to the rounded tank bottom. Horizontal tanks are typlmlly less

than 42,000 gallons and are shop-fabncated (i €. assembled entrrely at the piace of manufacture)

20 Vertical tanks are cylmdncally shaped tanks whose main axis is perpendlcular to the ground

o Vemcal tanks typically range in size from less than several hundred gallons to over 1 million gallons. p'

Verucal tanks may be shop—fabncated 1f small, or’ field-erected (1 €., assembled on-snte)
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| EXHIBIT41 .
MODEL FACILITY 1: SMALL END USER - SUPPLY
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\’"I'Vlodel 'Faerlity""S* Type 3‘Bulk' Storage - Dlstrlbutloh (Exhibit 4-5) has a total .-
storage capacity of 325,000 gallons, including three 25,000-gallon shop-fabncated
‘vertical tanks and a 250,000-gallon field-erected vertical tank located on a ring--

-wall foundation. Loadmg rack areas for loadmg and un]oadmg are also present at -
this type of facrhty o ‘

Model Faclhty 6:. Large Orl Termmal DlStl’lbl.lthll (Exhlblt 4-6) has.a mixture
of nine large-diameter, field-erected, vertical tanks with a combined storage -
- capacity of 50.5 million gallons. The tanks consist of: -four 10-m11hon-gal]on tanks
. (200-foot diameter); three 3-million-gallon tanks (120-foot diameter); and two- . .
- 750,000-gallon tanks (80-foot dlameter) Product is transferred to the tanks from

barges and/or tankers at off-loadmg piers and loaded mto dxstrlbutxon trucks at -
' /]oadmg racks.

- The charactenstlcs of the srx model facthtles are summarlzed in Exhlblt 4-7

~

EXHIBIT 4.7

SUMMARY OF CHARACTERISTICS OF MODEL FACILITIES '
Ir MODEL 1 | MODEL2 | MODEL3 ‘| MODEL4 | MODEL5 | MODEL 6
Total Capacity || - '2,000\ 1 24000 .| 45000 - | 1040000 | 325000 | ‘50,500,0007 |
~(gallons) . S : _ I - e . B E '
| No.ofTanks f| = 1 3 3 8. 4 9.
4 Facility Type | End user | End user | Distribution | Distribution |® Distribution Distribution_
. " Size Jl Small | - smm __Medium | - Mediom. | Medium Large

Note Facmty size categorles are. deﬁned as small being 1,321 to 42,000 gallons, medxum bemg 42 001 to l
mxlllon gallons; and large bemg greater than 1 mxlhon gallons.

EPA then estimated the number of AST facxlmes represented by each model

- facility. . For this report, EPA categonzed by "size".and "use" the types of facilities in ‘the
16 industrial sectors identified in’ ‘Chapter 3 as not currently required to install liners

(presented in Exhibit 3-2)." The "size" categories are small, medium, or large, and the .-
"use" categories (based on how the oil or. petro]eum products are used. at fac1ht1es in that

-industrial sector) are:

Productlon, whlch mcludes all fac111t1es in SIC code 131 (011 Productlon),

. Storage/Dnstnbutwn, which mcludes all fac1ht1es in SIC code 46 (Plpehnes)
- SIC code 5171 (Petroleum Bulk Stations/ Terminals), SIC code 554
i (Gasolme Serv1ce Statlons) and SIC code 5983 (Fuel Oil Dealers) and

8
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e Storage/Consumptlon, whlch mcludes facrlmes in all other 1ndustr1al
sectors e : S

N '{Exhlbrt 4-8 shows the results of thls categorrzatlon by size and use for example 138,950
~ AST facilities are small productron facrhtres (1 e., have a total storage capac1ty of between
‘.'1 320 and 42 000 gallons) e

Next one or more: of the model facilities developed for thls report ‘was assigned to

',represent all facilities in each size and use category (e.g., small storage/dlstnbutlon
~ facilities). This assignment was based on' previous' analyses conducted by EPA (descrlbed
~ in Appendix B) which developed typical storage capacities for facilities in each size and

use category. For example, a typical small storage/consumptlon facility is estimated.to

~ have a storage capacity of approximately 2,000 gallons, which is the same-as the assumed
- .storage. capacity of Model Facility 1. Consequently, all 198, 529 small storage/ .

consumption facilities that currently are not required to have liners are represented by

~ Model Facility 1. The results of assigning fac111t1es to the model facrht1es developed for:
this report also are presented m Exhibit 4-8. P : :

Several of thxs report s rnodel facilities represent facrhtres from more than one size. )

_ and use category. In. addltlon, ‘because the size categories are. broad, certain size and use
- categories -are best represented by ‘more than one model facrhty In these cases, the
- - difference between the typical storage capacity -of the facrhtles in that size and use
- category and the storage.capacity of the model facilities in.this analysis prov1ded the basrs

for allocating among two model facilities. 22 - For-example; small storage/distribution ~

facilities are estimated to typically have a total storage capacity of approximately- 10,000
. gallons (see Appendix B for a detailed descnptron), for which no single model facrhty in
;- this report corresponds closely. - Therefore, small storage/dlstnbutlon facilities are best-
“represented by a-mix of Model ‘Facilities 1 and 2; which are assumed to have 2,000 and
..+ ~24,000 gallons of storage capacrty, respectlvely “As the "typical" small storage/distribution
... facility (10,000 gallons) is closer in storage capacity to that of Model Facility 1 (2,000 .
. gallons) than Model Facility.2 (24,000 gallons), a larger percentage of facilities were
- allocated to Model Facility 1. “Of the estimated 4,554 small storage/dlstrrbutron facrlmes
. 2,898 facilities are estimated to be best represented by Model Facility 1, and the
o ,jremalmng 1,656 facrlrtres are estlmated 10 be best represented by Model Facrhty 2.

21 These size and use categones were ongmally developed by EPA for use in estimating the costs of
1mplementmg the requirements of the Oil Pollution Act of 1990 (U. S. EPA, Emergency Response

- Division, "Regulatory Impact Analysrs of Revisions to the Oil Pollution Prevention 'Regulation (40 CFR -
. 112)to Implement the Facility Response Plannmg Requirements of the Oil Pollution Act of 1990", June
'1994). . See Appendix B of this report for addluonal mformatron companng that analysrs to the estimates
' presented here : : - : . , .

o~

e An alternative. allocauon formula was used for medlum storage/drstnbuuon facrlmes as descnbed in
Appendrx B. ~
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‘ ‘\4.3 LINER SYSTEM DESIGNS AND PRACTICES

e A o P B AR i PPty e+ i e

The estrmated tota] number of facrlmes represented by each model facrhty is as
follows S

B ,Model Facility 1: 201;427 S
"« Model Facility 2:  4929% =~ .
. & - 'Model Facility 3: 97,277
X Model Facility 4 55,623
+ - Model Facility 5: 13,663
¢ Model Facility 6: 3,927
: Total # Facrhtres 421 213 ;

Y

Lmers are engmeered systems that enhance the 1mperv10usness of secondary
containment structures that surround ASTs.2 - Secondary cortainment structures vary

. greatly dependrng on the size of the tanks and the physical characteristics of the facility |
-and may be constructed of compacted native soil (e.g; clay), concrete, or other synthetic

material.24 Secondary containment structures are typically designed to hold the entire

~ contents of the tank or tank battery within the structure and serve to contain any spilled -

~,.-0il or product in the event of a leak or sudden drscharge Llners may be installed within
: ‘:secondary contamrnent structures in several ways. - Liners may be placed to cover the .
‘entire interior area of a secondary. containment system, including the area beneath any

“tanks: (1 e., undertank liners), Alternatively, especially for facilities with existing vertlcal

tanks in drrect contact with the ground, liners may be installed throughout the interior

~.area of the secondary containment except underneath exxstmg vertical tanks. Although it
_is technically feasible to'move an existing AST temporan]y in order to install an '
. ‘undertank liner beneath its normal resting: area, it is usually cons1derably more ‘expensive

_than installing a double bottom, which. serves the same purpose of protecting against ,
*leaks from failing tank bottoms. © .- S : ‘ o

N

Double bottoms protect agamst leakmg or faﬂmg tank bottoms in vertrcal tanks.

‘When in direct contact with the ground, the tank bottom is susceptible to corrosion
~ (rusting of the metal), which eventually reduces the thickness of the tank bottom, - - L
_resultmg in the development of perforations (e.g., pmpomt holes) and, if left unrépaired,

rips and tears. In contrast, horlzontally ‘mounted tanks are smaller and are much less

‘susceptible to corrosion bécause they are typically supported off the ground by concrete

_or ‘metal saddles or other platforms ‘Double-bottom tanks have a second steel surface "~ ..
-above the outer tank bottom or tank foundatlon to provrde addmonal protectlon agamst a

L Secondary contamment isa general term that mcludes all structures desrgned to channel ‘and contam N

- a spxll or leak from an AST or storage facility. Secondary containment structures may include graded
‘ surfaces leadmg to:a collecnons pond dtked or bermed areas around tanks or sumps

2 Some of these materials also may be used as lmers 10 secondary contamment structures made of .

o more. permeable materials.
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-~ leaks in the event. of corrosion-induced failure of the bottom surface. Gerierally, the
- interstitial space between the two steel-bottoms of the tank includes a geosynthetic liner

and a leak detection system.’ Although.the choice of a second steel bottom may provide

" additional opportunity- for corrosion, the interstitial leak detection system would-alert the
 facility operator to any failure of the system, and the geosynthetic liner would prevent oil
- - from discharging to the environment until repalrs could be made. The space around the .
" interstitial liner and leak detection: system also is filled with concrete or. sand to provide
- -additional structural support to the inner tank bottom. For purposes of this report, EPA -
,analyzed double bottoms as "other means of secondary contamment," whlch could be
-used in place of undertank liners. : : Co :

EPA analyzed other alternatlves to double bottoms ‘but d1d not find these options
to be as usable as double bottoms. For example, one of the options considered was the

- use of electronic fluid flow indicators in horizontal wells placed beneath ASTSs to detect

leaking petrolemm products. Although this technology is relatively inexpensive, it detects
a leak only after oil has contaminated the underlying soil. For purposes of this study,
double bottoms are preferred over this option because double bottoms would a1d in

‘ detectmg a leak before soil contammatlon could occur.

Another optlon cons1dered was the mstal]atlon of a geomembrane hner along the
ns1de walls and bottom of an AST. .Although this option is not a form of leak detection,

_it is a viable method for preventmg oil from leaking intq the underlying soil provided that.
* the product stored in the AST is compatlble with the liner matérial. If it is not, '
“degradation of the liner could occur. “The use of double bottoms, however, would -

prov1de greater ﬂex1b111ty in the type of product that -could be stored in the AST

- To gather 1nformatlon on current mdustry practlce relatmg to hners EPA - ,
surveyed OSCs (EPA technical staff directly implementing the current SPCC Program),
faclhty owners and operators, liner manufacturers and installers, and State officials
responsible for AST regulatory programs: 25 These interviews were meant to provide a

‘general assessment of the advantages and disadvantages of various liner designs and

materials from a broad representation of knowledgeable sources. The interviews were

- intended to gather background information rather than bea rigorous, scientifically valid ~

survey The following section summarizes. the information obtained from the-interviews
on five toprcs the types of liner materials in use, the costs of using liners, liner use

" practices, opinions on liner effectiveness, and leak detection practices.

B 0OSCs from each of the 10 EPA Reglons, 13 facrhty owners/operators in 10 States, 15 lmer
manufacturers, 7 mstallers 2 manufacturers of spray-on coatings, and State envu'onmental agency staff i in

. all 50 States were contacted ‘Three representatives of the insurance industry were-also contacted regarding

. .the avarlabrlny of data o the probabilitiés and sizes of d1scharges from ASTs. However, these insurance
. industry contacts were not able to provide any new mformanon beyond that already identified from other .
sources. ' . - - , : Co
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- 4.31 '~."I;L‘iner‘-‘ Materials 'Currently ih ‘Usé .

Impervrous sorls26 (clay, soﬂ-bentomte mrxtures) concrete bltumlnous concrete, \

- j»geomembranes (polymenc sheets and bentonite Jnats), and steel liner systems are all

- used by industry. Spray-on liner systems also are available and tend to be used in
" conjunction with concrete secondary contamment structures, although some
~manufacturers have developed -spray-on systems that work with earthen berms-(the ,
material adheres to and seals the surface of the dike wall or berm, preventmg product
- from permeatmg through cracks or other unperfecnons) - | \ T

Facﬂrty owners and operators reported that most secondary containment
structures are made from earthen materials. Five out of 13 facility owners/operator
~ respondents further indicated that impervious soil was the preferred liner ‘material. In
. contrast, manufacturers and installers reported that synthettcs were the most common
materials tised for secondary-containment liners. The synthetic materials most often cited
‘by the manufacturer and installer respondents were high density polyethylene (HDPE),
" .polyvmyl chlonde (PVC) XR- 5@ Hypalon® and Hytrel® ' :

. 4.32 Costchmers “ .

N i Qprmons varred on the cost to mstall operate, and mamtarn hner systems
‘Several owners and operators mentroned that, in their experience, maintaining.
- geomembrane systems is expensive. However, several liner manufacturers asserted that
- geomembrane liner systems have low. operation and maintenance (O&M) costs followmg _
__the initial installation; most of the" lmer ‘manufacturers and installers interviewed :
~ suggested that the only routtne mamtenance necessary is a penodlc 1nspectlon and Tepair
if damage is. found AUECE IR SRS . S
Installed lmer cost quotes from dlfferent compames vaned s1gn1ficantly, even for «
7 1dent1cal liner materials. In addition, recommended liner thicknesses also varred '
: ~s1gruf1cantly for 1dent1cal lmer matenals and apphcanons. o

4.3.3 Lmer Use Practrces

In general lmers are not consmtently used throughout the mdustry Frve of the

; 13 owners/operators -who were contacted said that liners were not used at their facilities.
-Four facilities had incorporated liners into new- desrgns and on some Tetrofitted tanks and
secondary containment structures. ‘OSCs and owners/operators agreed that liner systems
~are used primarily at large facrlrtres (1 e., with-total storage capacity- greater than 1 million
gallons) and that small facilities (.e., ]ess than 42,000 gallons) usual]y use hners only

' when mandated by State regulatrons - : :

2 For purposes of this report, the term 1mperv10ns soil" means a naturally occurrmg or adapted sorl
that has a hydraulic- conductrvrty of  x 10 cm/s or less .
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 The liner manufacturer and installer respondents stated that, while some existing
- facilities are being retrofitted with new tank bottoms (double bottoms) and liners in -
. secondary containment areas, it is mostly new facilities that-are protected with these
systems. Most respondents agreed that, in'general, few existing facilities appear to be _
: retroﬁtted with hner systems except m the States that mandate lmers

State regulatton of ASTs, including the reqmred use of hners varies. Twenty-

seven States have ‘adopted, in varying degrees, the National Fire Protection Association =
(NFPA) standards or other fire codes related to ASTs. Fifteen States have. sgecrﬁc AST

~ requirements in their regulations; seven States require liners .at AST facilities.?” Of the -

© seven States that requrre liners, six specrfy maximum permeablhty liners; Two additional

~States are-proposing liner regulations with specific permeability requirements.- Four - - |
States specify that AST facilities must adhere to the Oil Pollution Prevention regulation,
“while another four States delegate the regulation of ASTs to local agencies. Four States

_ that currently do not regulate ASTs have proposed or will be proposmg AST regulatrons

4.3 4 Lmer Eﬂ’ectrveness

‘ Lmer manufacturers and mstallers report that the des:gn lrfe of a liner is between
15 and 30 years, except for -spray-on liners whose design life is between 8 and 15 years.

- . These numbers are conservative estimates of the life span of a liner based on the

manufacturer’s warranty, .which is derived from accelerated tests performed to evaluate -
' hner eﬁectlveness and longevrty

~- Although OSCs have limited experlence wrth hners those mtervrewed agree that

- 'with proper installation and maintenance, liners are effectrve in preventtng ground-water - -
' contamination and in détecting leaks from AST bottoms.2® However, facility

owner/operator respondents stated that liner maintenance is not always. a high pnorlty,
sand poeor maintenance can 51gn1f1cantly reduce the effectlveness of certain types of hners

Each type of lmer has dlfferent requrrements wrth regard to proper mamtenance
-and reparrs as brreﬂy descrrbed below

Impemous Sorl Some s1lty clay hners requrre constant or penodlc
hydration us1ng E:| sprmlder or irrigation system. Facilities also. sometimes
apply controls to prevent liner-penetration from animal’ activity or

-, undesirable vegetation, and regularly inspect the liner for damage from

- heavy precipitation, erosion, and settling. If the original soil lineris

damaged 1t may need to be comp]etely replaced

2z See Chapter 3fora drscussron of State regulatlons and mdustry practlces related to liner systems

.28 OSCs also noted that most sprlls occur outside of the tank secondary contamment areas such as at

loadmg racks during product transfer operattons Such sprlls wou]d not be addressed by lmers in tank
secondary contamment areas.
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' ~-‘4.35 Lmer Desngns Used in thls Study o T

e .?Coated or Uncoated Concrete Some concrete Imers may requrre -
" .evaluation of the expansxon/contractlon joints. Such an evaluation could
~include penodlcally conﬁrrmng wall-to-floor mtegnty, and checking for _
) cracklng Facrhtles also typlcally evaluate the mtegrlty of concrete coatmgs

o ~Geomembranes Routine mamtenance of geomembrane lmers typrcal]y ‘
" includes visual inspection of liner integrity and, in some cases, testing of the
. seams. Facilities may also use controls to prevent liner penetration from

- animals or vegetatron , | co

e

For thls study, EPA deve]oped representatlve hner system de51gns that could be

_used -at the six model facilities as a basis to-evaluate liner system technical feasibility and

installation costs. To provrde a visual descnpnon of how different types of liner system

designs can be applied at a fac111ty, Exhibit 4-9 shows-a general schematic of a generic
- AST facility, consisting of a single, large, vertically-mounted AST; a smaller, horizontally -

mounted AST;, an aboveground prpmg system and a lined, dlked contamment area w1th

an access road w1th1n 1t

Exhlblt 4-9 a]so mdlcates the areas of the: genenc faclhty that are presented in

o detarl in Exhibits 4-10: through 4-14,:as described below. Some demgns may be more

su1tab]e than. others for vanous lmer apphcatlons

e i'Exhlbrt 4-10 presents cross-sectlon detarls of hner mstallanons in a‘
. -.containment area‘using four a]ternatrve types of liner materials: ‘an "
“nnpervrous soil liner, a- concrete liner, a geomembrane liner, anda
;- - bentonite mat liner: ‘Although the designs depicted are typical examples
_‘varlous desrgns and mstallatlon methods ex:st for these lmer matenals

BRRRES PO ‘TExlnblt 4-11 shows detarls of the lmer system at the mterface of the vertxcal
. tank (i.e., where the tank base meets the liner material) for the same four. .
-, liner matenals as shown in Exhibit 4-10. 'These drawings show that hner

' ~*';systems do not. protect agamst dlscharges from tank bottoms

L a A Exhlblt 4-12 detalls methods for secunng hners to tank foundatrons and-
SR _foundatlons for above-ground piping supports that penetrate the floor of
 the! secondary contamment area S

L e EXhlblt 4-13 presents desrgns for mstallmg liners where access roads are
) ,entlrely w1thm the. secondary contamment area. :
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‘Exhlblt 4.14 presents four poss1b]e de51gns for addressmg leaks from tank .-
- bottoms of vertical ASTs, which may not be controlled by a secondary
' “containment liner system. 29 . Two designs are. for undertank liner systems.
installed with new tanks, while the other two are for retrofitting existing
tanks with doub]e bottoms and leak detectlon systems

44 LINER FEASIBILITY EVALUATION ,

EPA assessed the techmca] feas1b111ty of Tiner systems based.on: the ‘degree of -
,‘ enwronmental protectlon afforded ease of constructton, and cost as descrlbed below. 30

- Environmental Protection. Envxronmental protectton constltutes protectmg
ground water, aiding in leak detection, and preventing oil spills from
reaching surface waters. The degree of environmental protection provided
by a liner system depends on its permeability, which is influenced by among
other factors: - workmanship in installation; quality and regularity of

- upkeep; chemical resistivity; resistance to weathering ¢aused by. ultravxolet

- exposure, freeze/thaw cycles, erosmn, and wet/dry cycles; and re51stance to

. other damage caused by vandahsm, animal activity, and undes1rable
' vegetatlon : :

. Ease of Constructlon Factors that comphcate construction 1nclude

constrained site conditions, adverse climatic conditions, matenal avaﬂablhty,
- and the skﬂl of the msta]lers :

: Cost Cost mcludes capltal costs for materials and installation, annual
operating costs (e.g., animal and vegetatlon control; security;, and hydratlon
of c]ay-based materlal) and mamtenance costs, such as liner system repalrs

- Exhibit 4-15 summarizes the feamblhty of usmg lmers at oﬂ-stonng AST faCIhthS

. for enwronmental protection and shows the constructibility of liner systems Liner

“systems are rated relative to each other on a scale from 1105, where 1 is distinctively -
mfenor to other ratmgs and Sis dlstmctlvely supenor

» Undertank leaks are often very dlfﬁcult to detect The potenual damagc to the environment from

~an undertank leak is decreased. greatly when an undertank liner is in place. EPA found that a number of

potential designs are available for undertank containment and leak detection and evaluated two commonly

used designs shown in Exhibit 4-14. Both designs mclude leak detecnon ‘which should be an mtegral part
of every undertank containment demgn

30 Information in thts section is mtended to prowde a general comparlson of liner materials and thexr

" relative advantages and disadvantages. This information should not be construed as constituting

governmental approval of any specific design or product EPA does not endorse or recommend specrflc
A lmer products or materials. ' .
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; 44.1. /:-P.rot"ection of the" ’Enviromnent and-Construct'i(jn 'Eas’ei f

Impervmus soil. Imperwous soﬂs (see footnote #26). include- native sﬂty clay and
- soils mixed with bentonite. The inherent permeability 'of these soils is rated in the mid- .

. range among the liner materials that were evaluated; however, ol resastmty is high.

Impervious soil liners are susceptible to degradatlon from-weathering, animal activity, and
vegetation. - Construction of liners from impervious soils is relatively simple at new.
facﬂmes, but generally more dlfflcult at e)ostmg facﬂmes

Concrete Concrete is widely used for secondary contalnment espemally at:
smaller facilities. . The' ability of concrete containmerit structures to protect the
environment varies depending on the condition of the concrete surface, particularly its
degree of crackmg Uncoated concrete is more permeable than coated concrete, whose
~permeability is similar to that of geomembranes, and both coated and uncoated concrete
“are highly resistant to oil. ‘Both'coated and uncoated concrete are relatlvely Tesistant to
weathering except that uncoated concrete is. susceptible to damage from freezing and
thawing especxal]y if the concrete is cracked. Concrete systems are generally easy to

construct in new apphcatlons and more dlfflcult for retroﬁt applications of ex1st1ng
obstrucnons such as pumps and pipes. : ‘ ‘

i

Geomembranes A W]de range of geomembrane liner. matenals are available,

including polymeric sheets, bentonite mats, and spray-on, coatings compounded with S
polysulfide. The. inherent impermeability of liners made from these materials is high, and * *

.oil resistivity is-generally good. These: protective qualities can be degraded by weathering
_caused by exposure to the sun‘and, in the case of bentonite mats, cracking caused by
~wet/dry cycles.. Exposed geomembranes and polysulﬁde coatings may be susceptible to’
damage from vandalism or. animal actmty Animal activity and undesirable vegetation
are also of concern with bentonite mats. Repalrs to geomembrane liners may be costly
.and must be made promptly upon discovery. The ease of installing geomemibrane liners

 -varies' dependmg largely on the stiffness of the material. - Geomembrane liner systems .
‘ can be mstalled 1n e1ther new or ex1stmg facﬂmes

Steel Steel liner systems are not w1de]y used although they are well sulted for -

~ small horizontal tanks (up to approximately 20,000-gallon capacity) and when space
7 limitations require. erection of a hlgh vertical. wall. Because steel resists all oil products

and is essentially 1mpermeable, it is highly protective of the environment. ‘Compared to

_ other liner systems, steel. liner systems offer the greatest resistance ‘to weathering and
-other damage. Construction of steel liners requires extensive design and planmng prior.
to installation, and steel liner systems are generally more difficult to install in existing

facilities than in new facilities because of -existing obstructions such as pipes and pumps.

" Retroﬁttmg existing containment areas may pose safety problems because welding may
‘be required close to flammable products; as a result, tank contents may have to be

removed and the tank cleaned before the installation can begin. Compared to other

~ liner systems steel is not econom1ca1 for most. facilities.
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442 Estrmated Facthty Costs

The estunated caprtal unit costs for both retrofrttmg existing facrht]es and for —
mstalhng liner systems at new facilities are shown in Exhibit 4-16. O&M costs are - .
“addressed qualitatively in Exhibit 4-17. The cost estimates presented in'the exhibits are
meant to be representative estimates based on the: characteristics of the model facilities
rather than definitive estimates apphcable to a SpCleiC type of facility. Capital costs for

- existing facilities are based on installing a secondary containment lmer system (cxcept
underneath tanks) and installing double bottoms on all vertical ASTs.>! For new -
fac1l1t1es ‘costs are estimated assuming that undertank lmers would be mstalled along w1th
~the secondary containment. lmer S L 7

The exhlbrts do not mclude steel hners ‘because their cost IS prohﬂ:rtrve except in ..
special circumstances. Costs are presented in 1991 dollars, correspondlng to when most
“of the information on installation and O&M costs was collected. The cost estimates
. presented i in the exhibits were developed based.on information in the 1991 Means
constructron cost data estimating guide, which presents average costs for 30 major -

: cmes In addmon the cost estrmates reﬂect the followmg assumptlons

. ,Grubbmg, so1l excavatlon, and gradmg €osts are not- included in- the cost . -
, . " -estimates for new facilities, but are 1ncluded m the estrmates for 1nstallatlon \
' o at e)ostmg facﬂrtles : ‘ '

"f "Concrete lmers are 4 mches thrck
‘ ’f'.'_ “ \(\;‘.Lmers comprrsmg po]ymenc sheets are placed on top of a layer of sand 6
o q::mches deep : ‘
o L ‘Lmers compnsmg bentomte mats are covered wnh 6 mches of s011 that is

o \seeded w1th grass, fertrllzed and mulched -

o The cost ‘of mstalhng an rmperwous soil liner involves the material price, -
o loadlng, haulmg 5 mxles one way, dumpmg, spreadmg, and compactlng ’

. . ‘Thc lmer is assumed to be covered w1th 6 mches of soil that is seeded with
o ":grass, fertrhzed and mulched ’ : :

31 Vemcal ASTs are assumcd to rest on concrete pads that provrde protection comparable to a double -
bottom. Horizontally mounted tanks are assymed to be supported off the ground by saddles, whrch allows 4
- mstallatlon of the secondary contammem liner beneath them.. - '

32 Means Slte Work and Landscape Cost Data, llth Edmon R S Means Co




, | R - c
o . S . T C . L ) - N AN_:E«:, ,\., .
NQIYxy vav sjue} vu-::oEnu_vUNm —m—EON—.—On— 24 :4 mb_:—_ONu [epouwt Uwvn—u -w syuel ay) Uw:movb $1500 u_uO.SU.- Eoch jquop O«u:—o—.: 0ou O—u N pue 1. wu_:—_ONn— [opoN 10} mumOO ~GO\=U._ Yyl D~SZ . /1
. o T .Wu—cmﬁ hUuDEﬁ—ﬂ 100}~ OQN h——Ou pue .hO-OEm_ﬁ 100J-0Z1 3313 ..-Uuosw_ﬁ aOO.«-Om om) J0) «GO.S”& juej wo0oq qnop 1oj st quO .«O Qcc peS” NW A w
o , . - yue ._EoEm_u 100)-0f U0 uou o131 Yuk) WoNoq I|qROP pue syue) J1auiEp 100J-Z1 2141 10} 1JOIIAI Yue) WOOq JQNOP I0j I 1500 Ho 000'18$ 5 , ”
R : , B , ) "syue] I9JWEIP 100J-Z] OM) 10] 1JOIISI JUE) WONI0Q S|qNOp Joj 1 1500 JO 000'EZ$ I3 .
. ‘ o - B .9.:8 opwerp 88.3 uo.:: 10§ 1 uobou YUue) wWooq 3|qnop 1oj st 1509 JO. 000°LTS 5 - 3
) - S . . . e . . - . 'Papnpu} AousBunuod 1usoed-gg 5
‘ - . K R S I o D h.v HqLyxg 1§ PIZUIBWIWINS 218 SDIYIOE] PO, XS AL 3 : -
o : e o ‘ . "SIEIIOP 1661 UT -5 B
i ; ‘ - .. ‘. . .‘ i ‘ . | < £, \,., , ) <, N o (Fe y 4, ". cal ' . o ) ,a to- ) /W
000'98TPS 0006s'ES | 000'L08'ES 00029’ | - 0000ge'ES 000€8TES | 000%OV'ES ey g o
000°SLSTS - 000'v68'TS. | 000'0lT$ 000'0VIVS - | 000'%0ETS |- 000'BOSIS | - 000'009'1$’ | AmweamoNgg ff .
000'¢b1s | cco,mwﬁn ‘ |000°0s1S - | - 000'I61S . | ooo'bels | | Cooo'orts . | - oooLris ‘ Fmoed Sunsixg
: 000268 o 000'0Ls . o00'sss .| | ooo‘1pIs “ooovss, | oooves | ooo'e9s ~ .l . Aummgmons# || m
\ ooosys . |- ooo'ers 00p9ss . | 000998 oo0'srs | ooo'ers [ .o00'ss’ R y— Sunsicg
o e b eeoszs | 000'ges 000°LYS 000°SZS 000z ~ |- ooo'sTs | - AmpezmoN b ||
; . oooees - | 000'9gs . 000w “0009s§. | 000'9E$ Coooges | ooeses {l  omoegdupeng || m
1 eooers L000Lls | o000z - | “ooo'ses | ooo'is | - 0o0'9rs o goosts [l Awwoegaones | 0
T B 1 owoms | 0008l - |- fo%.«a | owems. | eeomst o f . ooosis foes Sunswg || L
o 000718 - -  o00'6s . 000'EIS co00zzs | ooo'ss - | - oooes | - deoms - fl 0 Awweamenze |
~ oo0'ss 000%§. 00048 ooo'ss | ooovs | ' oooss | 00098 foea Sunsng o
oo0'ss | - oo0%s. - | - ooors . ooo'ss | oo0es .| ooo'ss | - ooo'ss . e moN 1# | ,
. uQ Aexdg apyinsijog AR I L) OHRWAIOY pagoD - | pareoou() ‘10§ payIpo _ Kep) A§ saneN
. o . mmzs.nzmzomc . o . ; E.M..zuzau o - .. mos m:cEEEE, - FALYIOVE | T

e — ‘ — TAAOW , -
. S : _ < ”,m
, o \m?-.ﬁuoﬂm AMEOE ﬁ_ m,.—smm,—.é GM—ZE .mO m~w>d<z< ,-.mOU m—>~9§<m200 R e
R , IR 187 H—Eﬂxw P a o A

. . a ) - ’ ' , ) : )




S ~ EXHIBIT 4-17 ,
. ANNUAL OPERATIONS AND MAINTENANCE cosrs

lMPERVlOUS SOIL | - CONCRETE ° | ' GEOMEMBRANES
‘ || Native | Modified | Uncoated | Coated | Polymeric | Bentonite | Polysulfide -
. TYPE " Silty - Soil ' - | Shee: Mat Sprdy On
- Clay C ) ‘ . ) I Sl
Operational , Luw i} Low Moderate . Low " Low ; ‘, Low to Hrgh , I_ow\ '
Liner System Low | Low | Moderate | ‘High 1 ngh' o Moderate | Hign
" Repair ‘ o - A I
L Retroflttlng of doub]e bottoms occurs during a routlne inspection. and

‘maintenance period when the tank has been drained, cleaned, and
- temporanly taken out of service. : :

. Soﬂs wrth hrgh permeabrhty can- be modified to produce an.impervious ‘soil

liner by applylng 3 pounds of bentonite to each square foot of soil. The
“ Tiner is covered ‘with 6 mches of sorl that is seeded with grass, fertrlrzed and
C mulched : ~ ,

< Tank foundatron lmers are mstalled at new, large and medium sized
' facilitiés.. This involves installation of a HDPE liner, a 2-inch sand layer,
.cathodic protection; and an additional 2-inch sand layer. At existing .
~facilities, -additional equipment such as cranes and temporary tank. pads are
s requrred for retroflttrng undertank lrners :

e Large facrhtres have roads wrthm secondary contamment structures
- - Crushed stone roads-are constructed over a liner system consrstmg ofa’
- geomembrane and impervious: soil layers In the case of concrete lmers,
the concrete 1s thlckened along the course. of the road ~

As 1nd1cated in Exhibit 4—16 for all liner systems the cost to retroflt liners is'
hrgher than installing liners at new facilities because of the added drfflculty and cost

‘associated with working around ‘existing tanks and appurtenances’ (e.g plplng) In
addmon, certam general conclusmns are’ apparent from the table:

. »J : V(Coated concrete was the most expenswe altematrve for all model facrlrtres '

. Uncoated concrete, 1mperv10us modrfied sorl bentomte mat, and
- polysulfide spray-on liner systems were the least costly. for retroﬁttmg of
- existing facilities with total storage capacities of less than approxlmately
; 100 000 gallons : .

R 4
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e . -\-,For a large facrhty (e g " total storage capacxty of greater than or equal to l
"~ .million gallons), native soil 'and bentomte mat liner systems were the least ‘
costly alternatives. =~ .- : : ~

.«  Forall model facrlmes the bentomte mat hner system was consmtently one
.'of the least expenswe alternatives. :

.« 'For all model facrlltles, the costs for polymerlc sheet hner systems were _
. similar to the costs of other optlons however polymertc sheets were never
. , the least expensrve alternative. - :

.
.

A range of costs (expressed in dollars per gallon of storage capacrty) to” 1nstall new

and retrofitted liners at the six model facilities is presented in Exhibit 4-18. These ranges

are based on the least and most expensive liner cost estimates presented in Exhibit 4-16.
Generally, the larger the facility, the Jower the price per gallon of capacity to constructa

* liner system because, for most:secondary contamment structures of typical proportions,
‘the volume of the secondary containment structure increases at a faster rate than its -
. area. Because secondary containment structures are designed to hold the entire contents

of the largest tank or aggregate volume of tanks permanently manifolded together within

~ the structure, the volume of the structure is typlcally roughly equivalent to the storage-

L capacny of the tank or tanks w1th1n that structure. Because the increase in surface area
- results in costs roughly equivalent to the incremental matenal and installation-cost of
. liners (which cover the surface area of the secondary contamment) and the increase in -

volume corresponds with the additional amount of available storage capacity, the ratio of *
available storage volume to surface area mcreases with tank size. This, in turn, translates ‘

“into declining cost per gallon of.storage capacity. For example, if two facilities have
- secondary containment areas of 50,000 square feet, and one has a dike height 6 mches

- higher than the other, the dlfference in height would add very little t0 the cost.of -

installing a liner (the increase in lined surface area would be approximately 45 to 50 |

x square yards), but the facrhty could store as much as ‘180,000 more gallons of 011 .

As shown in. Exhlblt 4-18 the cost for mstallmg a hner system at an AST w1th a

© -’ nominal capacity at a small end-user facility (Model Facility 1) is estimated to range from-

$1.50 to $4.50 per gallon of storage capacity. ' A liner system at a large oil términal -

facility (Model Facility 6) is estimated to cost approximately $0.03 to $0. 11 per gallon of - g

L

- capacity. In general, the costs to install liner systems at facilities would be better -

' represented in dollars per gallon of throughput rather. than dollars per gallon of storage

~ capacity since throughput is a better representation of the economical value of the tank; -
. however, EPA lacks suff1c1ent data on average throughput to present costs in this

manner.

'Existi‘ng ASTs are. assumed to be retrofitted with double bottoms to prevent

o undertank discharges. The-cost of retrofitting ASTs with double bottoms is proportional |
. to the area of the tank bottom: These retrofits were found to vary from $15 to $115 per
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T EXHIBIT4-18 /
]ESTIMATED LINER CAPITAL COST PER GALLON or STORAGE CAPACITY

o COST FOR RETROFIT ~ COST FOR NEW
MODEL ~INSTALLATION . - | INSTALLATION
' FACILITY (DOLLARS/GALLON) N (DOLLARS/GALLON)V
ll ] migm | Low " High
1 J $200, | osas0 | s1se | s400
2 © $046: | %100 |  $038 | $092 ..
1 3 sos0 | o s124 |7 s036 | - s062
4 | som . | soes | . s023 | s045
1 s 5036 - | s059 . | $019 | $043
A e ] seer ___gg_l_l__f 5003 | s008 |

. ‘square foot dependmg on the tank s1ze, WIth the hlgher cost per square foot assocrated
. with smaller tanks. New installations of undertank liners can be completed for
o apprommately $4 to $34 per square foot dependmg on tank size.

- Annual Q&M costs were. exammed quahtatlvely in the ana1y31s They are -
.. generally low for i impervious soils and geomembrane liners (except for bentonite mats,

.+ -which must be hydrated regularly) Operatronal costs for coated concrete are lower than" o

.uncoated concrete; however, the ‘costs o’ ‘repair. cracks, deteriorated expansion joints, and
sealants for coated concrete systems are greater. A]though liner manufacturers rated. -

‘operational-costs for bentonite mats as low, facility owners and operators who had
installed these types of hners stated that the operating costs were high. Exposed -

. geomembrane liners are susceptrb]e to damage from vandahsm and accrdents and any
) needed repau's may be costly ' ‘

EPA determmed that there is: not sufflc1ent mformatlon to quantlfy the. number, ’ |

R 'srze, and costs associated with releases that liner usage may prevent However, initial

" research does indicate that the cost of remedxatmg oil releases will vary greatly
_depending on the characteristics of the ail (e.g., viscosity), characteristics of the soil and
- ground-water (e g., depth to ground water, velocity .of flow, depth of saturation, and

- effects from nearby pumping), external factors such as weather, and remediation

“technique used. Preliminary analysis. suggest that remedlatlon costs can range up to

o : greater than $100 per gallon of oil. released
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LEAK DETECTION METHODS -

’

Current technology has produced a varlety of leak detectlon systems 1nclud1ng

V alarms  inventory control, acoustic emissions testing, - volumetric measurement, and

interstitial space monitoring, and mdustry is aggressively developmg technology to make
leak detection more reliable. EPA has found that Jeak detection systems are part of an
-effective liner system for ASTSs, serving to bring a leak or spill to the owner’s or
“operator’s attention while the lmer prevents leaks and spllls from reachmg soll or ground

' water.

Leak detecnon methods are typlcally class1f1ed as either contmuous or penodxc
systems, although many current technologies may be configured to prov1de either type of
operation. Continuous leak detection provides. umnterrupted monitoring and,
consequently, instant Tnotification of tank failure or an oil discharge. Examples of -

- continuous systems are overfill alarms, overfill sumps, tell-tale drains, interstitial space o

‘monitors, and horizontal wells with e]ectromc fluid-flow indicators. These systems are

- most effective in. preventmg adverse environmental impacts of discharges when integrated

with leak containment systems because leak detection systems by themselves only alert
facility operators to the existence of the discharge.. For example, when used in
conjunction with double tank bottoms, interstitial space monitoring may consist of a

" hydrocarbon sensitive tape lying between a ‘tank’s external bottom and its internal double
- bottom. Use of tell-tale-drains on ASTs also is common at facilities that have installed .

double- bottom retrofits. Tell-tale drams are used to check the 1ntegr1ty of the double -
bottom by providing a-drain path for-any liquid that has accumulated in the space

" between. the. two bottoms. While -overfill alarms and sumps are a form of leak defection,
~ they do not ‘provide notlﬁcatlon of tank bottom fallure

Penodtc leak detection mvolves checks or tests at regular intervals to deterrmne

-the occurrence of oil dlscharges or tank bottom failure. The type of system used -

- generally depends on the type and size of the tank being monitored. Periodic systems
include: . mtemal/external visual inspections; pressure/vacuum testing of tanks and plptng, :

- volumetric prec1s1on testmg of the tank; inventory record and measurement

. reconciliation; acoustic emissions testing; and chemical gas detection methods. OSCs

agreed that visual inspection is the most common form of leak detection at AST facilities.

‘When visual leak detection is used, dally records need to be maintained, mterpreted and
“reviewed to provide the most sensitive leak detection threshold pos51ble The most '

51gn1fxcant drawback to visually mspectmg verncally mounted tanks is the inability to A

‘ ,examme the tank bottom whlle the tank i is in semce

PCI’]Od]C leak detection systems are generally requlred in States that regulate

. ASTs; however, these methods are not adequate in certain situations. For example,
-visual inspections cannot be conducted for the bottom or internal area of vertical ASTs’

without the removal of stored product: In such circumstances, other non-invasive
perlodlc methods (1.e “those that do not reqmre tank entry) such as acoustic emlssmns
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' testing and prec:smn volumetnc detecnon, must be used “These methods can have "
‘detectlon thresholds as low as one gallon of leakmg product per- hour

Intrus1ve methods of leak detectlon have an extreme]y hlgh detectablhty rate

because areas that are suspected to have failed can.be examined by other means. of
integrity testing (i.e., ultrasonic, radiographic, dye penetrant magnetic partlcle, and

vacuum box testmg) Internal inspections can be expensive and result in 51gn1f1cant tank "
down-time; consequently, intervals between tests have. historically been as Jong as 20
years. Internal inspections. alone may not be adequate to identify tank bottom fax]ures .
because of the long time between bottom fallure and leak dlscovery gwen the average

" time between tests

Other non-invasive methods of leak detectton such as 1nventory reconcxhatlon can
be useful at detecting large leaks; however, 1nventory checks may not detect slow,

* continuous leaks because of the normal margin of error in’ makmg measurements ‘and the

effects of temperature-related expansmn of product volumé-in the tank. Although the

. types of systems described in the paragraphs above are effective for detectlon of sma]]er
Jeaks, thelr expense can be s1gmﬁcant R = :




5. RECOMMENDATIONS

' Thts chapter presents the Agency s recommendatlons The recommendatlon of
 this Report to Congress is based pnmarlly on the results of EPA’s study of liners as well
as insights the Agency has gained over the past 20 years: into the problems posed by
onshore AST facilities. As a first step toward addressing the potential risks to public

. health and the ervironment as a result of contamination from AST facilities located near
‘ nav1gab1e waters, the Agency recommends initiating, through a Federal Register. notice or
- stakeholder workgroups, a process 1nvolv1ng broad pubhc participation to develop a

voluntary program. ‘This process would give stakeholders the opportunity to share new.
.or additional data and information to characterize the sources, causes, and extent of soil
~ and ground-water contamination and efforts underway to address contamination at AST

- facilities nationwide. ‘Such data are critical to. determmmg the most approprlate and

effectrve means to reduce contamrnatron

As envisioned by EPA, the vo]untary program would be de51gned to encourage

. facility owners or operators, through incentives sich as technical assistance, cost savings,

~and public recognition, to identify and report contamination, take actions to prevent leaks
and spills, and remediate soil and ground-water contamination. This program would

. complement the Agency’s efforts to develop cleaner, cheaper, and smarter approaches to

enwronmcntal problems through innovative sohitions that depart from the traditional -
regulatory approach The: Agency favors ‘a voluntary, rather than regulatory, approach at

“this time in order to provide greater flexibility in addressing contamination at the vast,
- range of oil storage facility types, sizes, and locations. "A voluntary program could focus

.more dlrectly on facilities that may pose the greatest hazard to public health and the
environment. For example, the program may initially focus on larger, older facilities, and

“facilities located near 'waters, sensitive areas, ‘Or- populatlons In addition, a voluntary
_approach could allow unplementatlon -of the most appropnate prevention and cleanup

activities for each facility. The program would look for incentives for industry to

- implement reasonable and cost-effectlve measures to address exrstmg problems and help
: prevent future ones: :

EPA views such a program as a cooperatlve effort. among EPA, State
governments, industry, and environmental groups. Based on this study’s findings, EPA
believes the program should include commltments from fac111t1es to:

, >Address known contarmnatlon and to assure that exlstmg contamlnatlon wﬂl
not be. al]owed to migrate offS1te :

‘,Report to appropnate government agenc1es the status of facrllty
contamlnatlon and. actlons underway to address any prob]cms
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. Adopt the most protectrve approprlate preventlon standards and upgrade i
. ';.equrpment as mecessary; and

e e ,‘?Momtor and/or 1mplement leak detectron to ensure that new leaks are .
| addressed N
o 'Prov1ded stakeholders commit. to the voluntary approach a successful program will entall
- the identification.of specific actlons for partlcrpatmg facilities to undertake and mclude
{means for. ob]ectrvely measunng results :

“EPA has evaluated the feasrbrhty of conductmg a voluntary program to address | .
the problem of AST releases and concluded that a voluntary program is worth pursurng
- for the followmg reasons -

= . The universe of large AST facxhtles is relatively easy to defme and 1s
| ' represented by several large trade assocratlons :

. -, o ,The program is con51stent w1th the Agency s goal of developrng and
~promotmg mnovatlve approaches to achleve environmental goals

T - Clear, achlevable goals are apparent (e g . 10 mltlgate the spread of exrstmg
. _contammatron and to prevent future releases) . o
a e ef'llemble approaches (ie., numerous. technologlcal optxons and management
Lo practlces) are available to address the problem, thus allowing participants
to implement the program in-a tarlored manner appropnate to the1r '

- ft,_crrcumstances
. "‘EPA is commrtted to provrdmg techmcal assrstance as well as other -
S ~Vmcent1ves Do R .. ~_ o
e fThere are. estabhshed mdustry and state practlces and standards that can

E ’be used as a bas:s for constructmg a comprehensrve program

EPA 1dent1fied several charactenstlcs shared by successful voluntary programs
These mclude : . :

o The p_rogram ‘must have goals that are clearly defmed up front - ThlS
V .+ assures that participants are workmg toward the same objectrves and -
T T "/provtdes a framework that 1ncreases efflcrency

s+ The program must have achlevable goals ~ The goals of the program must .
. be realistic in order to ensure wrdespread part1c1patron and avord wastmg

o I'CSOUI'CGS
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The program must offer useful incentives — Successfu] voluntary programs‘s

offer benefits to attract and maintain the mterest of participants. Such
mcentrves have mcluded '

- Cost savmgs/long—term proﬁts/more effmrent operatlons (release
preventlon reduces product loss); : :

R Pubhcxty (news]etters préss releases, etc.); -

- Recogmtlon (certificates of participation and achlevement),

- Techmcal assrstance (advxce and sources of mformatlon),

- Reducmg or ehmmatmg the need for regulatlons and

- . Other types of assistance, such as assistance in 1dent1fy1ng ,
- Federal/State/prtvate financial options (i.e., information on msurance'
: programs, State grant programs, etc.).

| EPA will vigorously pursue other mcentlves and w111 work wrth mterested

partles over the commg months to. help 1dent1fy them

The grogram must have a structure 1n place to work with all potentlally

~ affected and interested parties and promote contmued participation — We -

. believe it is imperative that a voluntary program ensure broad participation “
~and be structured sO that al] mvolved can affect the decrslon-makmg '

process

':7The program must effectlvely track progress and drssemmate success stories
~— Project tracking enables the Agency to determine whether the program .

is successful, 1dent1fy areas where adjustments are needed, Tesolve issues,

.- and p]an future: goals Success stones help foster new 1nvolvement

v

-“?‘The ropram must have the su ort of the lead agenc the ubhc and ’

participants — For a program to be successful it needs a rea] and strong

. commitment of those mvolved

In keepmg w1th the Agency ) 1mt1at1ves to deve]op mnovatrve common-sense
approaches o environmental problems, EPA supports a voluntary prevention and
cleanup program as a first step in addressing the environmental problem presented by

" contamination from AST facilities. Industry representatlves have expressed their support

for such a program as a more ‘cost-effective, flexible alternative than traditional
regulation. EPA fully supports such an’ attempt, and believes it will be successful,
provided that it has the full commitment of those involved. - The  Agency believes it is -

essential that stakeholders have the opportunity to participate in the development and

execution of this voluntary program and will establish an open process for publxc mput' :

* into the- program S desrgn and 1mplementat10n o

7
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- APPENDIX A: STATE REGULATIONS

EPA revrewed current and proposed AST regulatrons for the 50 States to gather
“information on liner systems and to estimate the number of facrlmes currently required to
use liners as a result of State regulation. ‘Exhibit A-1 summarizes the results of this

- review. The following components of AST regulatory programs were exammed

o Status of AST requ1rements (i-e., full AST regulations, NFPA or other fire

. codes only, proposed AST regulatrons with NFPA or other fire codes, or
proposed AST regulatrons only);

' Status of liner requrrements (current ptoposed, or noﬁe)-

Status of sptll data collection (full AST regu]atlons some sprl] data
collection, AST data base started but is not extensive of easy to access, or.
: spll] data col]ected but. not requrred by regu]atron) and

e

" jWhether a cost/benefrt data analysrs was performed

‘ 'Sectlon 3 12 provrdes a more detalled d1scuss1on of the nine States (AK, CO 'FL, MO
- NJ, NY, R], SD, and WI) that have promulgated or-proposed regulations: specifying the

use of "impermeable" secondary contamment systems hners, or other drversronary

: structures and systems

- 75
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' EXHIBIT A-l
k STATE REGULATIONS”

BASISFOR | .~ LINER

AST | REQUIREMENT | Spill Data - | Cos/Benefit " Comments
REQUIRE- [ . - Collected Data :
MENTS Current | Proposed o ‘ ‘
1 ) N Some - Guidelines available:
X X 1 W Liners fequired at new facilities -
3 S , = - only o ‘
1 4 c
’ X g Working on draft reguiations
“ caformia |  x | . | | * N .
“ Colorado .1 i ' Proposed AST regulations-
‘ “ Connecticut ~ || -~ -1 . A , x | . * Proposed AST regulations
| Delaware S B DA . Somé
'“F‘Iorida S o x bex ) o x X |
“ Georgla - T
Il Hawali . | 1 1 ] some
: ll ldnho"‘” 1 e B )
l[ Mlinois 1
|l 1ndiana i |
I Towa ° -1, ) * .
:»Iientu“cky o 1 _‘ N S R o’ Segan data base in *92; no’
' ‘ : I : ' | B regulations; local control
‘ ﬂ Louisiana - 1 ‘ '
33 Information as of April 1994.
- LEGEND-.
X - = . AST regulation, . -
1 = NFPA or other fire codes
* = data base staned but not extensive nor easy to access’
[} =" " spill data is collected, but not reqmred by regulauon
Ce - = proposed AST regulation - -
76
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proposed AST regulauon

BASIS FOR, | INEF . B
-AST . | _ ‘ Spill Data Cost/Benefit. -
REQUIRE- E Collected | = " Data
'~ MENTS ‘ ‘
. , : “ |- Some ol terminal regulations;
Maine ' 1 o . proposed AST regulations
: ' currently under development
. ~
Maryland . X X . X
Massachusetts X X - Regulations -only cover tauks >
’ - 10,000 gallons . -
‘ Il Micﬁigs;’n 1 * No regulations; local control .
L ‘ ] R Cost/benefit data from the failed
) Mm.so'f : ‘ :X X X liner requirement available
- Mississippi 1
Missouri . . 1.
“Montana’ 1
Nebraska 1 Requires liners on a case by case
) ’ basis :
" Nevada ‘ 1
|l New 1 * )
) Hampshire : ‘
"New Jersey - X : X.
New Mexico 1 No regulations; Ibrcal‘boptrol
| NewYork = X’ X X )
. North Carolina | -1 -]
North Dakota -~ 1 <0
Ohio 1 : ‘o Pinposed regulations currently
C ' | under development; no
"| provisions available
Oklahoma - 1 .
Oregon’ 1 .0
Pennsylvania X !k New and retrofit tust meet API
h o standards -
LEGEND . -0 \
X = AST regulation o
1’ = - NFPA or other fire codes - -
[ = data base started but not extensive nor easy to access
o = spill data is "collectéd, but not requnred by regulatlon .
. =

77




" BASIS FOR

K

v:‘5°ﬂ~>_‘<

N NE

data base started, but-not extensive nor easy (o access
" spill data is collected, but not required by regulatlon :
\ proposed AST regulanon i

) .. AST - REQUIREMENT | -Spill Data ‘Cost/Benefit Comments
A R mEQUIRE- [T ] .| .. Collécted “Data '
- . .. || MENTS Current | Proposed | - - oo i
Rhode 1and_|
)| South Carolina ' 1 o . . -
Soutii Dakota x X
Tepnessee | 1 No regulations; jocal control . -
Texas 1 X ‘
Uabh | 1 ) ’
Il Vermont - l Y .
" chulat\on apphm to facﬂms
with AST capacity in excess of
L M i 25,000 gallons of oil> Requires
Virginia -, || X installation of release prevention
- .  barriers either under or if the
* bottom of new or retrofitted
_tanks. : a
'.Washing;on 1 ox Only covers marine terminals
West Virginia Y B - '
J| Wisconsin ~ X X ‘
"~|!Wiomlng S T ' e
< . - '
, \ N
LEGEND .
. AST regulauon -
“NFPA or other fire codes -
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-Size and Use AR T o L
Category | Prodiction | Storage/Distribution | Storage/Consumption

»’Small g 37,800 galions | I-(-)-—:-(-)OO, gallons -~ | . 2,000 gallons.

| - Medium || 96,600 gallons | 250,000 gallons | 205,000 gallons

. §  Large | Not Applicable | - 21,400,000 gallons | 4,028,000 gailons

- APPENDIX B: MODEL FACILITIES

e s ; n

This appendlx descnbes how EPA used prevmus analyses to. determme how the .
‘model facilities developed for this analysrs would represent the dwersrty of facﬂmes w1th

- ASTs that do not have liner systems in place

B.1 Allocatlon of AST Facllmes mto Size and Use Categorles ., .

As descnbed in Chapter 2 the universe of AST facxlmes that current]y is

_ estimated not to have liners was divided into size categories based on their- storage L
tapacity and use categories (see Exhibit 2-6) This classification scheme has been used in
-a previous EPA analysis supporting revisions to the Oil Pollution Prevention

regulation.* EPA’s earlier- .analysis .also estimated the storage capacity for typlca] (ie.,

representative) facilities in eight of the nine size and use categories. (Because only a

- negligible number of large facilities were estimated to exist, no typical storage capacity .
~ was estimated for this category) The results of.the analysxs are presented in Exhxblt B-1.

 EXHIBIT B-1

TYPICAL STORAGE CAPACITIES F OR FACILITIES |
‘ FROM PRE‘VIOUS EPA ANALYSIS

To ensure cons1stency in its analyses, EPA used the typlcal storage capacmes from

this earlier -analysis to determine which model facilities developed in this analysis best

. tepresented each size and use category. Spemflcally, EPA compared the. typical storage
capacities used in the previous analysis (and presented in Exhibit B-1) with the assumed
* storage capacities of the model facilities developed for this report. If a single model -
facility from this report closely agreed with the storage capacity from the earlier analysis,
~ then that model facility was assumed to represent all of the AST facilities that currently
do not have liners in that size and use category (as presented in Exhibit 2-6). For

4 [SER EPA, Emergency Response Dmsmn, “Regulatory Impact Analysrs of Revisions to the 011 .

Polluuon Prevention Regulation (40 CFR 112) to Implement the Facnhty Response Planmng
‘ Reqmrements of the 011 Pollution Act of 1990", June 1994."
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. ~exarnp1e, Model Facrllty 1 has an assumed storage capacrty of 2 000 gallons, Wthh equals-'.

-~ the typical storage capacity of small storage/consumptlon facilities from EPA’s earlier

analysis. Consequently, all 198,529 small storage/consumptron fac1ht1es are consrdered to .

.' be represented by Model Facxhty 1

Where the typrcal storage capacity of facﬂmes in a size and use category dld not -

' c]osely agree with a single model facility from' this. report, two model facilities were used
. to represent that-size and use. category The allocation of facilities between the two
“model facilities generally was based on the difference between the typical storage
- category, as presented in Exhibit B-1, and the assumed storage capacities of the model

facilities. For example, small storage/dlstnbutlon facilities are estimated to typrcally have

a totdl storage capacity of approximately 10,000 gallons, for which no single model facility

in this report corresponds closely. - Therefore, small storage/dlstnbutlon facilities are best o

represented by a mix of Model Facilities 1 and 2, which are assumed to have 2,000 and

- 24,000 gallons of storage capacrty, respectively. . As the "“typical" small storage/dlstrrbunon ;

B facility (10,000 gallons) is closer in storage capacity to that of Model Facility- 1 (2,000

gallons) than Model Facility 2 (24, 000 gallons), facilities were allocated dlsproporttonately S

to Mode] Facility 1. Of the estimated 4,554 small storage/distribution facilities, 2,898 -

“ ~ facilities are estimated to be best represented by Model Facility 1, and the. remammg

1,656 facilities are estimated-to be best represented by Model Facility 2. The model
~facilities selected to- rePresent each size: and use category and. the allocatron ratios are
e presented in Exhlbrt B—2 - L « »

« - EXHIBIT B2 - |
CATEGORIZATIQN OF FACILITIES NOT CURRENTLY REQUIRED ,
U TOINSTALLLINERS o .
o Size and S A E AT AR AN BTN
o Use  ff _E’Pr(")dttg:ti@ ;\’f o ".‘;Storage/DiStribution |- Storage/Consumption -
Category R 1 T - T o
Sm all ‘Model Facrhty 2 (34%) Model Facility 1(64%) | -  Model Faclhtyl |
Model Facility 3 (66%) -;Model Facility 2 (36%) (100%).
| 1+ M edrum> * " Model Facrhty 4 ~| Model Facrhty 3 (41%) Model Fac111ty 4 (54%)
- (100%) R Model Facrhty 5 (59%) -Model Facility 5 (46%)
‘\Large "  Not Appllcable Model Facrhty 6 (100%)

In the case of medium storage/distribution facilities, however, an alternative
- formula was used. The medium storage/distribution category of facilities. includes
gasolme service stations with ASTs. Iglstoncally, most gaso]me service stations stored
product in USTs however where land hmltatlons requrre or bm]dmg codes allow ASTs
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are’ used at these faerhties for product storage ‘Model 3 w1th a storage capacity of

" 45,000 gallons, is an effective representation of such medium-sized gasoline service -
stations. As shown in Exhibit 3-2, there are an estimated 5,967 medium:sized gasoline -

" service stations. Therefore, 5,967 of the 14,681 medium’ storage/distribution facilities are

‘represented by Model 3, and the remaining 8,714 are represented by Model 5, whose ‘
assumed storage capacity of 325,000 gallons is closest to the typical storage capacrty of

- facilities in this size and use category (e, 250 000 gallons).

To determme the total number of facrhties that each model facrhty represents the ,

- percentages in Exhibit B-2 were multiphed by the estimated number of AST facilities in

B

the correspondmg size and use category in Exhibit 2°6 and the amounts were summed by o
model fac111ty '

e Model Facility 1 201 427 . ‘ -2,898 small Storage/diStribution facilities
—_— | S All small storage/consumption facilities
. Mode] Facility,z: 49296 1,656 small ’storage/dlstributlon facilities
e 47 640 small productlon facrhties ‘
"« Model Facility 3: 97277 - 91,310 small production facilities
- o Lo 5, 967 ‘medium storage/dlstrlbutlon facrhties
= ‘Model Facility 4: - 55,623 - o " All medium productlon facrhties ‘
P 15 880 medlum storage/consumption facilities
o i‘vModeI Facility»‘S‘: 13,663 . '8, 714 medium storage/drstnbutlon facilities’
RN S SRR 'f'4 949 medium storage/consumptlon facrhties
'« Model Faclhty 6 ' 3,927 . - :FAll large storage/consumptlon facrhties -

“$21,213 facilities -

“er



	Exhibit 2-1: Estimated Number of Fbcilities Meeting the
	Exhibit 4-7: Summary of Characteristics of Model Facilities
	Exhibit 4-17: Annual Operatiop and Maintenance Costs*
	Storage Capacity

	State Regulations
	Required to Install Liners


