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OFFICE OF
THE ADMINISTRATOR

Honor abl e Lee M Thonas

Admi ni strat or

U S. Environnental Protection Agency
401 M Street, S. W

Washi ngton, D. C. 20460

Dear M. Thonms:

The Sci ence Advi sory Board's (SAB) Environnmental Engineering Comittee
has conpleted its review of the Underground Storage Tank (UST) Rel ease
Si mul ati on Model devel oped by the O fice of Underground Storage Tanks for
t he purpose of devel oping a Regul atory Inpact Analysis of the requirenents
proposed to regul ate underground gasoline storage tanks. The Comittee
reviewed the nodel at a public neeting on May 11, 1987.

The Conmittee's maj or concl usions and recomendati ons include the
fol | owi ng:

0 The overall structure and design of the nodel is sound, but only
in the context of substantiating regul atory decisions on underground
gasol i ne storage tanks that have been nade by other neans.

0 Because the UST nodel involves such a conplex cal cul ation of tank
failures and inpacts, it would be useful to conpare the nodel results to
sinmpl er, order-of-magnitude estinmates hi-'d on a first-order characteri -
zation of tank ages and failure probabilities. The sinplified and ful
nodel s shoul d each be conpared to data bases on tank failure that are
currently becom ng avail abl e.

0 The docunentation of the nodel is not clear,, and many of the
nodel ' s assunptions are not explicit. The nodel code should be
docunmented to facilitate a w der use



The Conmittee appreciates the opportunity to conduct this evaluation
and acknow edges the cooperation of EPA staff in its review W request
that the Agency formally respond to the scientific advice provided in
this report.

Si ncerely,

W Mg

Nort on Nel son
Chai r man
Executive Committee

C lpeh—

Raynmond Loehr
Chai r man
Envi ronnental Engi neering Conmttee
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NOTI CE

This report has been witten as part of the activities of the
Sci ence Advisory Board, a public advisory group providing
extramural scientific information and advice to the Adm nistrator

and other officials of the Environnental Protection Agency. The
Board is structured to provide a balanced expert assessnent of
scientific matters related to problems facing the Agency. Thi s

report has not been reviewed for approval by the Agency and, hence,
the contents of this report do not necessarily represent the views
and policies of the Environmental Protection Agency, nor of other
agencies in the Executive Branch of the Federal governnment, nor
does nention of trade nanmes or commrercial products constitute
endor senent of recomendation for use.
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EXECUTI VE  SUMVARY

This report presents the scientific review of EPA s Under-
ground Storage Tank (UST) Rel ease Sinmul ati on Model conducted by
t he Sci ence Advisory Board's Environnental Engi neering
Committee [1]. EPA s Ofice of Underground Storage Tanks devel oped
this nodel to support its regulatory decisions. Mre
specifically, the nodel is the basis of the UST Regul atory
| npact Anal ysis of the requirenents proposed to regul ate under-
ground gasoline storage tanks [2,3].

EPA has not directly used the nodel to devel op regul atory -
requirenents. Rather, it has been used only to substantiate
regul atory deci sions that have been made through considering
ot her factors, and to conduct the RIA. For regul atory support,

t he nodel has been designed to generate estinmates of the areal
extent of plumes of gasoline in the unsaturated zone (i.e.
floating plumes). To generate estimates of regul atory benefits
(i.e., risk reductions) in the RIA the nodel also includes
saturated zone transport of benzene, |inked to exposure and dose-
response assunptions. In this context, the Commttee believes
that the overall approach and design of the nodeling framework
are scientifically sound. However, the Conmttee does have
reservations concerning particular aspects of the current

i npl enentati on of the nodeling framework, and was not able to
fully evaluate all aspects of the nbdel. These reservations and
[imtations are identified bel ow and di scussed further in this
report.

The Conmittee recommends several ways of evaluating the
results of the UST nodel. First, because the nodel involves such
a conpl ex calculation of tank failure and plune novenent, it
woul d be useful to conpare the nodel results to sinpler, order-
of - magni tude estinmates based on a first-order characterization
of tank ages and failure probabilities. Second, the sinplified
and full nodels should each be conpared to the data bases on tank
failure that are currently becomi ng available. Third, to aid in
t he conpari son of the UST nodel to sinpler approaches, the
conposite, systemw de hazard function which results fromall the
i ndi vidual failure probabilities in the UST nodel should be
conputed and plotted. These aggregate plots will help
illumnate the overall structure and effect of the nodel's
assunptions. And |ast, because the theoretical basis for
nodel i ng gasoline flows in the unsaturated and saturated zones is
rel atively new, exanples of |aboratory and field validation of
t he nodel s should be included as part of the nodel presentation

The incorporation of two-phase flows in a regul atory nodel
such as the UST nodel represents an innovative attenpt to use
state-of-the-art science. Full review of the technical details
of the nodel's equations (particularly the plume formation and
the transfer process to the aquifer) requires technical expertise
beyond the nenbers of the present Science Advisory Board UST
Subconmi ttee. The Conmittee believes that uses other than
support of the RIA would require a nore detail ed peer review from
scientists currently working in the area of nultiphase flow



As indicated, however, the Conm ttee does have sone reser-
vations about the Model, even in its present context. These
i ncl ude:

1. The docunentation of the nodel is not clear, and nany
t he nodel"s assunptions are not explicit. The code, as
published in the Appendix of the report, is unusable.
It is a long and conpl ex code, and contains no conment
cards or other explanatory statenents that woul d nmake
it useful to anybody but the devel opers of the nodel.
The code shoul d be docunented so others can run the
nodel .

2. The air pathway is inadequately considered.
Vol atilization of constituents, including benzene,
may well affect UST releases. Unless a rationale
exi sts for discounting volatilization, such rel eases
and their novenent shoul d be consi dered.

3. Oher potential pathways are al so di scounted without
expl anation, including any surface water effects and
use of ground water for crop irrigation. Unless a
rati onal e exi sts for discounting other pathways, they
shoul d be evaluated. |If such a rationale does exist,
it should be presented and di scussed.

4. The qualitative review of the uncertainties is a good
begi nning for characterizing uncertainties. However,
it provides no insight into the magnitude of the
uncertainties and no indication of which nodel inputs
and assunptions nost influence the nodel's results.
A quantitative sensitivity analysis of the nodel should
be performed to determne the critical paraneters and
uncertainties. One should al so know whet her any of
t he assunmed inputs could take on val ues that woul d
result in a change in the cost-benefit rank ordering of
t he options consi dered, and whether the sel ected-Option
Il is sensitive to particular paranmeter uncertainties.
Until such an uncertainty analysis is undertaken, we
are unable to determ ne the degree of confidence that
shoul d be placed in the current results.

The program of fice anticipates using the UST nodel for
simlar analyses in future regul atory processes when new
regul ations are witten for presently exenpted USTs. This is an
appropriate use of the nodel. Benzene will not be an
appropriate surrogate for nost chem cal USTs, however.

More site- and area-specific uses of the nodel should not
be made until there is better docunentation and validation



The specific assunptions incorporated into the |ogic and step-by-
step approach need to be clarified for other potential users of
t he nodel

[1. I NTRODUCTI ON

In Novenber 1986, J. Wnston Porter, Assistant Adm nistrator
for Solid Waste and Enmergency Response, requested that the
Sci ence Advi sory Board (SAB) review the Underground Storage Tank
(UST) Rel ease Simulation Mddel in md-1987. The SAB Executive
Comm ttee accepted the request and assigned the review to the
Envi ronment al Engi neering Commttee (EEC)

On March 5, 1987, staff fromthe Ofice of Underground
St orage Tanks (OUST) introduced the EEC to the UST nodel and to
the UST regul atory program then under devel opnent. At the EEC s
May 11 neeting, the Agency presented additional details on the
nodel net hodol ogy and results and requested that the Conmttee
address several specific issues in the review (see Appendi x A).

The EEC formed a Subconmittee to draft a report. The
menbership of the Subconmittee and the EEC appears in Appendi x B
The Subconmittee's findings were discussed and accepted by the
EEC and subsequently revi ewed and approved by the SAB Executive
Conmi ttee.

I11. REVIEWOF THE UST RELEASE SI MULATI ON MODELS

A, CGENERAL COMMENTS

The Conmittee believes that the overall approach and design
of the nodeling franework is sound, but that limtations in the
current inplementation are such that it should be used only in
the context of substantiating regulatory decisions on underground
gasol i ne storage tanks that have been nade by other neans. For
regul atory support, the nodel has been designed to generate
estimtes of the areal extent of plumes of gasoline in the
unsaturated zone (i.e., floating plumes). To generate estimates
of regulatory benefits (i.e., risk reductions) in the Regulatory
I mpact Analysis (RIA), the nodel also includes saturated zone

transport of benzene, linked to exposure and dose-response
assunptions. The nodel's conponents are logically structured and
i nked, in general. Section B, below, discusses sone of the

calculations in nore detail

Because the UST nodel involves such a conplex cal cul ation of
tank failure and inpacts, it would be useful to conpare the nodel
results to sinpler, order-of-nagnitude estinates based on a first-
order characterization of tank ages and failure probabilities.

The sinplified and full nodels should each be conpared to the
dat a- bases on tank failure that are currently becom ng avail abl e.



To aid in the conparison of the UST nodel to sinpler
approaches, the conposite, systemw de hazard function that
results fromall the individual failure probabilities in the UST
Model should be conputed and plotted. This would include both
the hazard rate (the probability of failure in a given year given
that a tank has survived to that tinme) and the survival
di stribution (the cunul ative failure probability as a function of
age). These aggregate plots will help illum nate the overal
structure and effect of the nodel's assunptions.

The Conm ttee, however, does have sonme resrvations about the
nodel, even in its present context. These include:

1. The docunentation of the nodel is not clear, and nany of
of the nodel's assunptions are not explicit. The |inkages
between conmponents are not well discussed. The nodel's
code is inpenetrable, as it is presented with no expl ana-
tions or comments. The references used to support the
ri sk analysis are too frequently drawn from unpubli shed
sources even though better published works exist.

2. The air pathway is inadequately considered.
Vol atilization of constituents, including benzene, nmay
wel | affect UST rel eases (see Appendix C). Spills may
volatilize before they infilitrate to ground water.
Constituents may al so volatilize fromthe unsaturated
and saturated zone plunes. Not only will this mechanism
af fect ground water releases, but it also creates a new
pat hway for risks. Unless a rationale exists for discounting
vol atilization, such rel eases and their novenent shoul d
be consi der ed.

3. O her potential pathways are al so di scounted w t hout
expl anation, i1ncluding any surface water effects and use
of gound water for crop irrigation. Unless rationale
exi sts for discounting other pathways, they should be
eval uat ed.

4. Monte Carlo Methods: The sanpling procedure simulating
mul tiple tank histories, whereby the tank population is
di vided into cohorts representing tank types and
hydr ogeol ogi c settings, appears to be appropriate and
wel | thought out. It is not clear frompage C1
however, whether the 2000, 1000, or 500 tank
replications tested are within each cohort or over the entire
tank popul ation. Also, when testing the nodel at different
sanple sizes, it is not clear which summary statistics are
consi dered. Presumably, the summary statistics relate to
the total plume acres and detection-replacenent costs
for the entire tank popul ation, but this is not stated in
the text. Finally, the convergance of the nodel at
"smal | " sanple sizes (i.e., 500 tanks) should be
denonstrated graphically by plotting the sunmary statistics
as a function of sanple size.




5. Chapter 9 of the RIA presents a qualitative review of
the uncertainties in the UST nodel and their possible inpli-
cations. The chapter provides a good begi nning for
characterizing uncertainties. However, it provides no
insight into the magnitude of the uncertainities and no
i ndi cati on of which nodel inputs and assunptions nost
influence the results. A quantitative sensitivity analysis
of the nodel should be perfornmed to determne the critica
paraneters and uncertainties. One should al so know whet her
any of the assuned inputs could take on val ues that would
result in a change in the cost-benefit rank ordering of the
options consi dered, and whether the selected Option Il is
sensitive to particular paraneter uncertainities. Wth
the current results it is difficult to determ ne which of the
uncertainities identified in Chapter 9 are likely to be
nost critical to the regulatory assessnent. Conparison of
nodel results (i.e. the conposite damage function, the
nunber of |eak incidents predicted, etc.) to other avail -
able estimates would help in this assessnent, in addition to
t he recommended sensitivity anal ysis.

B. RESPONSES TO SPECI FI C TECHNI CAL QUESTI ONS (See Appendi x A)

1. Transport of gasoline in the unsaturated zone and

2. Transport of benzene fromfloating plune to aqueous
pl une

The characterization of nultiphase flow through ground water
systens is a new area of research in environnental science,
t hough some technical foundations are available fromthe field of
petrol eum engi neering. As such, the incorporation of two-phase
flows in a regul atory nodel such as the UST nodel represents an
i nnovative attenpt to use state-of-the-art science. Because the
t heoretical basis for nodeling gasoline flows in the unsaturated
and saturated zones is relatively new, exanples of |aboratory and
field validation of the nodels should be included as part of the
nodel presentation.

The general approach and conmponents included in the nodel
appear to be appropriate. However, full review of the technical
details of the nodel's equations requires technical expertise
beyond the nenbers of the present Science Advisory Board UST
Subcommittee. Peer review fromscientists currently working in
the area of multiphase flow is recomended.

The plunme formation and the transfer process to the aquifer
shoul d be nore fully described and subsequently revi ewed, possibly
by specialists in these areas. The current descriptions of these
processes left the Conmittee with questions about the mass
bal ance in the nodeling framework. How is the mass discharge
froma ruptured tank accounted for in the formation of the
floating plume which is defined by equations that yield
vol unetric values? Are these consistent with the mass di scharge
rates?



The description of mass transfer fromthe immscible to the
di ssol ved phase on page 230 of the report (1), is inadequate.
Note that on page 232, the value of 5.5 x 10" kg/nf/sec is
a mass transfer rate, not a "diffusion coefficient” as stated in
t he text.

The degree to which a point source is a reasonable
approxi mati on of the transfer of benzene fromthe lens to the
ground wat er should be further exam ned, as well as the benzene
transfer nmechanismitself. The areal extent of the benzene | ayer
(or lens) provides a basis for determ ning the cost of renedial
action. In the RIA the benzene is transferred fromthe
imm scible layer to ground water. In reality, this input to the
transport nodel is an area source rather than a point source.
The inplications and errors introduced by this approximtion
shoul d be eval uat ed.

3. Transport of aqueous plune to well

The equation used to estimate the concentration of
m sci bl e (di ssol ved) benzene at downgradi ent nonitoring wells
uses an accepted advective dispersive nodel with sorption and
decay. The transport conponents are described by three-
di mensi onal advective flux. The differential equation ({1}),
p.232) is solved in the usual fashion for a point source under
steady conditions in an infinite medium

The final working equation is appropriate for a slowy
| eaki ng underground tank, the rate of release fromwhich is
assuned to exist for a sufficiently long period to achieve a
steady-state condition. The steady-state equation, however, is
not appropriate for tine-variable discharges and particularly not
for relatively rapid rel eases, e.g. a "catastrophic" event.
Since the time variation may be significant in such conditions,
it would be appropriate to nake available the solutions for this
case and discuss the situations in which it may be consi dered.

The basic equation is solved for a conservative substance,
for which case the retardation effect is elimnated in a steady
state solution. For the analysis of non-conservative
constituents and time-variable rel eases, the retardation
coefficient is retained in the final solution. Although it is
recogni zed in the description of the nodel that these cases may
be inportant, they are not specifically addressed in the
docunents, and the degree to which they can be included in the
nodel is not specified.

Fundanental |y, the plunme equation and the ground water
equati ons conpose a two-phase system and shoul d be sol ved
simul taneously. The Committee appreciates that the systemis
conpl ex and all the nmechani snms not fully understood, nuch |ess
guantified. |In spite of these recognized limtations, the
fundanmental relations should be explicitly expressed in
differential formincluding both state, as well as nass,
equations. The necessary approxi mati ons and enpiricisns may then
be i ntroduced.

6



The Conmittee recognizes the difficulty of assigning
di spersion coefficients representative of regional areas based on
soil classification. To evaluate the effect of a plume on a well
supply in relatively close proximty to the source, however, it
may not be necessary to incorporate three denensional dispersion
The analysis may be greatly sinplified, yet remain equally valid
usi ng the one-di nensi onal -di spersion condition. 1In sonme
i nstances (short distances and hi gher ground water velocities),
no significant error is introduced if dispersion is elimnated in
al I di nensi ons.

4. Assunptions about well |ocations

The rationale presented (in Chapter 3 {Section D} and
Appendi x F) for determining well |ocations and popul ati ons at
ri sk froml eaking USTs appears to be sound and clearly shows the
associ ati on between USTs and popul ation density. The inverse
associ ati on between popul ati on centers and shal | ow ground wat er
use, especially private wells, is also fully considered. For the
pur poses of generating supporting evidence for the RIA the
nmet hodol ogy enpl oyed shoul d suffice since, on a community basis,
adequately conservative estimtes are generated. Such generic
assunpti ons, however; are not applicable to site-specific
anal ysi s.

5. Calculations of benzene risk

The standard nmet hod used for cal cul ati ons of benzene
risk is sufficiently conmprehensive and conservative for a R A
Benzene toxicity is largely characterized by carcinogenic effects
having typically long latency periods requiring lifetinme
exposures. The exposure tines nodel ed for |eaking USTs seemto
be unlikely to approach those needed to create carcinogenic
results. It may be worthwhile to sel ect another conpound with
acute short-termeffects, if possible, for a check on the
exposure risks.

6. Use of benzene as a surrogate for gasoline

Use of any single conpound as a surrogate for a
m xture as conplex as gasoline is an oversinplication raising
some concern. Gasoline is made up of a variety of conmpounds of
hi ghly vari abl e chem cal nature and behavior: aliphatic and
cycl oparaf fini c hydrocarbons; benzenoi d conpounds |i ke benzene,
t ol uene, xylene, and cunene; conpounds with two or nore ring
structures and a wi de variety of subsequent groups; and a broad
and vari abl e assortnent of other conmpounds containing sul fur,
nitrogen, or oxygenated groups.



The chem cal behaviors of each of these groups greatly
affect their transport through the soil, their solubility in
water, and thus their transport in ground water. The range of
properties is so great that representative substances from each
group ought to be evaluated in the nodel to at |east establish
t he range of exposures that could result.

C. OIHER POTENTI AL USES OF THE MODEL

The program office anticipates using the UST nodel in
future regul atory processes when new regul ations are witten for
presently exenpted USTs. This is an appropriate use of the
nodel . Benzene will not be an appropriate surrogate for nost
chem cal USTs, however.

More site- and area-specific uses of the nodel should not
be made until there is better docunmentation and validation. The
speci fic assunptions incorporated into the |ogic and step-by-step
apgr?ach need to be clarified for other potential users of the
nodel .

The code, as published in the Appendi x of the report, if
unusable (1). It is a long and conpl ex code, and contains no
conment cards or other explanatory statenents which would nmake it
useful to users of the nodel. The code should be documented so
others can run the nodel. The Comm ttee suggests that the nodel
be run by an independent contractor who can eval uate the code
itself. This independent evaluation may al so poi nt out
weaknesses of the nodel in the support of the regul ations.

The present Subcomm ttee did not feel conpetent to provide
an in-depth review of all aspects of this very conplex nodel. |If
uses ot her than support of the RIA is nmade of the nodel, we
suggest that a nore detail ed peer review be conduct ed.
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APR 8, 1987
OFFICE OF
THE ADMINISTRATOR

VEMORANDUM
SUBJECT: UST Rel ease Simul ati on Mbdel - Areas for Science Advisory

Board (SAB) Revi ew

\
FROM Samy K. Ng .
O fice of Underground ;St or age Tanks

TO Eric Males
Sci ence Advi sory Board

As requested by the Environmental Engineering Committee of the SAB, we have
consi dered the areas of the Underground Storage Tank (UST) Rel ease Sinulation
Model (“Model”) that mght be appropriate for the Conmttee' s review

The UST Mbdel is conposed of three main routines: the failure routine, the

rel ease routine, and the transport routine. |In the failure routine, the nodel
determnes the tine and location of failure within an UST facility; the rel ease
routine calculates the tinme to detection of the release, the total volune of
product released, and the cost of repairing or replacing the facility. The
transport routine determnes the travel tine of the release fromthe facility to
its point of detection. It then calculates the area of the floating plune that
results if the rel ease reaches groundwater and conputes the di scounted cost of
any corrective action necessary to clean up the release and the plune.

W believe that the nost productive manner in which the Conmittee m ght
participate in the review of the Mbdel would be to focus on one or nore fairly
broad, but technically conplex and sensitive areas of the analysis in which the
speci al expertise of the Conmttee reviewers are particularly strong. Qur
suggestion is that the Committee focus on the transport-to-exposure aspect of
the Model. We believe that the Comrittee's review of the assunptions,

conput ati onal procedures, and data associated with the estimated risks of UST
failures would be a particularly hel pful conterpart to the review that we

are currently conducti ng.



page 2

The following list provides sone of the issues in which the Commttee may
be interested in pursuing:

0 nodel | i ng of transport of gasoline in the unsaturated zone,

0 nodel I i ng of the transfer of benzene fromthe floating plunme to the
aqueous plume and its transport through groundwater to the wells,

o well locations and the popul ati on exposure to benzene in drinking
wat er, and

0 risks resulting fromexposure to the benzene conponent of gasoli ne.

If you have any questions, please give ne a call at 382-7903. | |ook
forward to working with you and the Committee on this project.

cc: Louise Wse, OUST
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APPENDI X C

Rough Cal cul ati on of UST Leak Vol atilization

Vol atilization Estimation:
E =D Gj AP43 wrL
Where i can be benzene, EDB, al cohol, or other constituents.

O = diffusion coeffieient of benzene = 0.08708 cné/ sec @DZOOC

Csi = saturated concentration = pM= 3.73 x 78 = 0.016 g/cm® @.20°C
RT 62.3 x 293

vapor pressure (nmm Hg)

M = nol ecul ar wei ght
T = tenperature (K°)
R = Uni versal gas constant (nnwkg-cn?/K°-nDIe)

P = soil porosity = 0.4

W = weight of benzene in gasoline = 10%

L = depth of benzene to ground level L
Lo

10 m (to cone center of mass)
14 m

A = exposed area of benzene A; = 1,037 e (prs)
Ay - 7,500 n?

= 0.08708 x 0.016 x 1.6 x 107 x 0.4 4/ 3 x 0.1/1000 = 0. 658 g/ sec.

An
=
[

E o 0.08708 x 0.016 x 7.5 x 10/ x 0.295 x 0.1/1400 = 0. 220 g/ sec.
Assune
Average rate of |eaching downward = 0.5 nf day

Average rate of spreading with ground water velocity = 1.0 m day
(0.1 to 5.0)

tq Ly/tq = 8/0.5 = 16 days

250/ 1.0 = 250 days

t2 L2/t2
Vol atilization Anrount:

Case 1: 0.658 g/sec. x 8640 sec./day x 16 days = 90, 962 grans
(fromthe unsaturated zone floating plune, spreading cone)

Case 2: 0.220 x 8640 x 250 = 475,000 grans
(fromthe ground water, dissolved plune)



Case 1 loss to air: 90, 962/ 1.01 x 108 0. 068% of tota

Case 2 loss to air: 475, 000/ 6. 75 x 106 7.040% of tota
7.108% of gasoline lost to air

Not e: The gasoline vapor can mgrate to basenments via pipeline trenches.

Assunpti ons:
vq1 = leaching downward velocity = 0.5 mday
Vo = ground water flow velocity = 1.0 mday (0.1 to 5.0 nm day)
Aq = downward spreading area = prs = 1,037 n? = 10.37 x 106 cn?
Ay = plume spreading in ground water = 7,500 n? = 75 x 106 cn?
Vi = pr2H3 = (225)(12) /3 = 2,827 m = 2.8 x 109 cn?®
Vo = 7500 n? x 0.001m = 75m® = 75 x 106 cmd
M =28x 109 cm? x 0.9 g/cm® x 0.1 x 0.4 = 1.01 x 108 gram

(density) (conc' n)(porosity)

75 x 106 cn® x 0.9 x 0.1 = 6.75 x 106 gram

>



Rough Calculation of UST Leak Volatilization

(not to scale)

Ground level
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