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The first Oil Spill Conference was held in New York in December 1969. It was jointly sponsored by the 
American Petroleum Institute and the Federal Water Pollution Control Administration (FWPCA), predecessor 
of the Environmental Protection Agency. That conference attracted an international audience of 1,100 to hear 
41 technical papers, several of which dealt with the Santa Barbara oil spill which occurred in January of that 
year. The goals of the first conference were “to delineate the overall dimensions of the oil spills problem, 
explore the present state of the art of prevention and control of oil spills, and review the relevant research and 
development efforts of government and private industry, both here and abroad.” 

The 1989 Oil S p a  Conference celebrates the 20th anniversary of that first conference. Although academic 
research is widely recognized as having contributed equally with government and industry research, the goals 
of the 1989 conference remain largely as stated in 1969. However, both the state of knowledge and overall spill 
preparedness are vastly different from what they were 20 years ago. The Oil Spill Conference has become the 
major forum for sharing this information, and the Conference Proceedings volumes are critical references for 
anyone working in the field. 

The current sponsors-the U.S. Environmental Protection Agency, U.S. Coast Guard, and American 
Petroleum Instituteare proud of the part the Conference has played in the progress on all aspects of the oil 
spill problem over the past 20 years. We also recognize that our work is not yet complete. For example, spill 
cleanup methods that increase, rather than minimize, the environmental impacts of spills are still occasionally 
used in areas that contain sensitive habitats. We need to reach a consensus about those habitats for which 
ecological considerations are to be primary and, similarly, those where esthetic considerations will prevail. In 
addition, further work is needed to improve our response capability for inland spiíls. 

With this meeting, the Conference will have recorded 20 years of international thought on oil spill issues, The 
sponsors look to future Conferences to build on this base, and take this opportunity to thank the authors whose 
papers comprise the eleven Proceedings volumes, as well as the members of the Conference panels and planning 
committees who have contributed generously to it. 

June Lindstedt-Siva 
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recovery assessment, 383 
See also Kelp; Mangroves; Seaweed 

Wadden Sea, 239,265 
Washington, 421, 275, 487, 87, 459 
Washington Oiled Bird Rescue (WOBR), 

Water, industrial intakes, 473 
Water Pollution Control Statutes (WPCS), 

Water sample collection, 567 
Water supply, 39, 395, 53 

See also Groundwater 
Wave monitoring, 580 
Waxy oils, 105 
Weathering, 427, 574, 357 

Amoco Cadiz, 401 
Wildlife, 257, 303,65,459, 289 

dispersants, 309 
intertidal, 61 
monitoring, 39 
receiving and treatment facilities, 201 
See also Birds; Ducks; Fish; Inverte- 

brates 
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LIMITATIONS ON UNDERGROUND STORAGE TANK 
LEAK DETECTION SYSTEMS 

Frank E. Jonesl 
32 Orchard Way South 

Potomac, Maryland 20854 

ABSTRACT: This paper discusses the limitations imposed on internal 
volumetric leak detection systems for underground gasoline storage 
tanks by uncertainty in the value of the thermal expansion coefficient 
for gasoline and uncertainties in measurements of the temperature of 
the gasoline. For leak detection or level sensing systems that are used to 
infer or measure volumetric leak rates, correction must be made to 
account for the expansion or contraction of the gasoline. An analysis 
is made of experimental determinations, in other work, of the density 
of samples of gasoline and calculated values of the thermal expansion 
coefficient. The data are divided according to three categories of gas- 
oline: regular, unleaded, and premium. In each of these categories the 
estimate of the standard deviation of the thermal expansion coeficient 
is approximately 3percent of the mean value. Examples are given of the 
magnitude of the apparent leak rate or error in leak rate due to uncer- 
tainties in the thermal expansion coefficient. 
In order to correct for expansion or contraction of the gasoline, the 

mean temperahire of the entire quantity of the gasoline must be known. 
An error in mean temperature will result in an apparent leak rate or an 
error in leak rate. Examples are given of the magnitude of the apparent 
leak rate or error in leak rate. 

Releases from leaking underground storage tanks, particularly 
those containing petroleum products such as gasoline, can have a 
significant negative effect on the quality of groundwater resources? 
Various volumetric leak detection systems for tanks have been devel- 
oped and applied to the internal testing of underground storage tanks 
containing petroleum prod~cts .~.~*" These systems convert a change 
in measured or inferred liquid level in the tank during an interval of 
time to leak rate in gallons per hour. The performance of the systems 
is influenced by a number of factors, one of the most im rtant of 

present paper, the expansion or contraction of gasoline with tem- 
perature and the consequent limitations imposed by uncertainties in 
the thermal expansion coefficient and in the mean temperature wili be 
discussed. 

The change in volume of a quantity of gasoline due to a change in 
temperature from ti to t2 can be expressed as 

which is the variation of the product's temperat~re.'.~.' P *"  In the 

VZ - v1= vi a (t2 - tl) (1) 
Where: Vi and V2 =gallons 

ti and t2 = degrees Fahrenheit (OF) 

or in (OF)-' 
a = coefficient of thermal expansion in gaügaVF 

The value of the thermal expansion coefficient for gasoline depends 
on the composition of the gasoline and can vary from sample to 
sample of the same grade.' 

A model tank system wilí be adopted to illustrate the effects of 

1. F.E. Jones is an independent consultant. 

uncertainties in the thermal expansion coefficient and in the mean 
temperature of gasoline on the performance of leak detection 
systems. 

Thermal expansion coefficient 

The model system is a tank of 10,000 gaiions capacity for which the 
volume of gasoline contained is determined or inferred at a 1-hour 
interval, that is, two determinations are separated by 1 hour. 

Thermal expansion coefficients, used here for illustration, are taken 
from a National Bureau of Standards report published in 1978.' Data 
in the report were used by the Joint American Petroleum Institutel 
American Society for Testing and Materials Committee on Static 
Petroleum Measurement in the development of a collection of petro- 
leum measurement tables.' 

For the purposes of the present paper, the values of a are separated 
according to three groups: regular gasoline, unleaded gasoline, and 
premium gasoline. The values of a for each group are listed in Tables 
1,2, and 3, in gaügaVC and gaVgaVF. The minimum and maximum 
temperatures at which the measurements of density from which a was 
inferred are listed also. The mean value of a, the estimate of standard 
deviation (SD), and the relative SD (SDhean u) have been calcu- 
lated for each group and included in the tables. The mean values of 
a for the groups are: O.oo0704 gaVgaVF for regular gasoline; O.ooo691 
gaVgal/"F for unleaded gasoline; and 0.000695 gaVgaVF for premium 
gasoline. The corresponding values of relative SD are 3.0 percent, 2.6 
percent, and 3.2 percent. 

Two items with particular bearing on leak detection systems are (1) 
the variation in a from sample to sample within a gasoline grade (the 

Table 1. Thermal expansion coenicient for unleaded gasolina 

~~ 

0.0012307 0.00068372 40.5 85.1 
0.0012232 0.00067956 40.5 85.8 
0.0012070 0.00067056 40.5 85.8 
0.0012176 0.00067644 40.5 85.8 
0.0012646 0.00070256 49.8 86.9 
0.0012738 0.00070767 49.6 86.4 
0.0012283 0.00068239 40.5 77.4 
0.0012771 0.00070950 40.5 77.4 
0.0012388 0.00068822 39.7 69.1 
0.0013107 0.00072817 39.-4 67.6 
0.0012176 0.00067644 39.9 87.1 
Mean a = 0.001244 gaVgal/"C = O.ooo691 gal/gaU'F. Estimate of 
standard deviation (SD) = O.ooOo32 gaVgaVC = O.ooOo18 gaYgaiPF. 
SDlmean a = 0.026 = 2.6 percent. 
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Table 2. Thermal expansion coefficient for premium gasolines Table 4. Apparent leak rates due to 1-SD and 3-SD uncertainties in 
thermal expansion coefficient for a 10,000-gallon capacity tank 

a 

0.0012227 
0.0012051 
O .O012774 
0.0012140 
0.0012269 
0.0012268 
0.0012776 
0.0013060 
0.0013066 

(gaVgall"C) 
a 

(gdg@F) 
O.O0067!Z8 
0.00066950 
0.00070967 
0.00067444 
0.00068161 
0.00068156 
0.00070978 
0.00072556 
0.00072589 

54.1 
49.5 
40.3 
40.3 
49.6 
39.7 
49.6 
39.4 
39.4 

tmax 

89.8 
79.5 
95.2 
95.2 
86.0 
86.2 
76.6 
86.0 
86.0 

- ("F) 

Mean a = 0.001251 gaVgaVC = 0.000695 gaVgaY'F. Estimate of 
standard deviation (SD) = 0.000040 gaVgaVC = 0.000022 gaVg@F. 
SD/mean a = 0.032 = 3.2 percent. 

SD is a measure of this variation), and (2) the magnitude of a and the 
consequent accuracy requirements for temperature measurement. As 
a matter of convenience, a value of a of 0.000697 gaVgaVF and an SD 
of 0.000020 gaVgaV'F will be used for the calculations that follow. 

Using the model 10,000-gallon tank and determinations of the vol- 
ume of gasoline contained, at a l-hour interval, we now calculate the 
apparent leak rate due to an uncertainty in a for several values of 
change in temperature during the 1-hour interval. 

From equation 1 it foilows that the uncertainty in volume, AV, due 
to an uncertainty in thermal coefficient of expansion, Aa, is given by 
the equation 

AV = V (Aa) (t2 - ti) (2) 
Where: V = 10,OOO galions 

With these assumptions and an interval of 1 hour between determi- 
nations, the corresponding apparent leak rates for values of (tz - t,) 
are listed in Table 4. Apparent leak rates are also listed for (Aa) of 3 
SD. Table 4 shows that under the conditions stated above, if the mean 
temperature of the gasoline were to change by 0.083'F during the 
1-hour interval between measurements, the 3-SD uncertainty would 
result in an apparent leak rate of 0.05 gaVh. 

(Aa) = 0.000020 gaVgd'F 

Temperature measurements 

In order to correct for the expansion or contraction of the gasoline, 
the mean temperature of the entire quantity of gasoline must be 
known. An uncertainty or error in the measurement of the mean 

Table 3. Thermal expansion coefficient for regular gasolines 

a a tmax 
(gaVgd"C) (gaVgaV"F) ("F) 
0.0012632 0.00070178 49.5 78.3 
0.0012342 0.00068567 39.0 94.6 
0.0012500 0.00069444 40.5 76.5 
0.0012365 0.00068694 40.1 86.0 
0.0013321 O.ooW4006 49.8 86.9 
0.0012837 O.Oo(n1317 49.6 86.0 
0.0012958 0.00071989 49.6 68.4 
0.0012561 0.00069783 40.5 77.4 
0.0012521 0.00069561 39.7 77.4 
0.0012384 0.00068800 39.7 95.4 
0.0012104 0.00067244 39.7 86.2 
0.0013401 0.00074450 40.6 76.6 
0.0012700 0.00070556 40.6 76.6 
Mean a = 0.001266 gdgaVC = O.ûOû704 gaüg@F. Estimate of 
standard deviation (SD) = O.ooOo38 gaVgaWC = 0.000021 gaVgaU'F. 
SD/mean a = 0.30 = 3.0 percent. 

Apparent leak rate, 
for 1 SD in a 

Apparent leak rate, 
for 3 SD in a Temperture change 

(" (gdh) (gaW 
0.01 0.002 0.006 
0.05 0.01 0.03 
0.083 0.017 0.050 
0.1 0.02 0.06 
0.17 0.034 0.10 
0.25 0.050 0.15 
0.5 0.1 0.3 
1.0 0.2 0.6 

temperature wiil result in an apparent leak rate. For the model tank 
of 10,000-galion capacity and a value of thermal expansion coefficient 
of 0.000697 gaVgaVF, apparent leak rates due to various values of 
uncertainty or error in the measurement of mean temperature are 
listed in Table 5. Since two measurements or determinations of mean 
temperature are made, one each at the beginning and end of the 
1-hour interval, the uncertainty or error is multiplied by the square 
root of 2 to combine by root sum squares. 

Density measurement by hydrometry 

The direct measurement of the density of gasoline, using a hy- 
drometer in an attempt to avoid uncertainty in the value of the ther- 
mal expansion coefficient, would not be effective since the uncer- 
tainty in hydrometer measurements is approximately 0.1 percentn4 
Again, since two measurements would be made, one each at the 
beginning and end of the 1-hour interval, the uncertainty becomes 
0.14 percent. For the 10,000-gallon model tank, this uncertainty cor- 
responds to an apparent leak rate of 14 gaVhl 

Discussion and summary 

Claims have been made that many leak detection systems are capa- 
ble of detecting leak rates as low as 0.05 gam, a recommended crite- 
rion suggested by the National Fire Protection Association, Inc.' The 
uncertainties outlined in the present paper are limitations on the 
performance of leak detection systems that can mask or elevate leak 
rates. 

The thermal expansion coefficients used for illustration are more 
than 10 years old. There is therefore a question-whether values of 
current supplies of gasoline are significantly different from these val- 
ues. The uncertainties calculated here correspond to a tank of 10,000 
gallons capacity; uncertainties for smaller volumes would be propor- 
tionately smalier. 

It is to be emphasized that the product temperature of interest is the 
mean temperature of the entire quantity of gasoline. The accuracy or 
precision of the temperature-sensing system is neither the limitation 

Table 5. Apparent leak rafes due to uncertainty or error in mean 
temperature, t-, for a 10,000-gaiion capacity tank 

Uncertainty or error in t,,, Apparent leak rate 
PFI íaaüh) 

0.001 
0.005 
0.010 
0.020 
0.051 
0.10 
n.51 

0.01 
0.05 
0.10 
0.20 
0.50 
0.99 
5.0 
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nor the measure of the quality of the mean temperature determina- 
tion. For example, thermistor thermometers are available that, given 
a restricted range of temperature and a 3-point calibration, can enable 
one to practice thermistor thermometry that is accurate within 
&0.005"C (~0.009°F).7 However, determination of the mean tem- 
perature presents a sampling problem and a verification problem that 
dominate the measurement. 

It has been demonstrated above that the direct measurement of the 
density of gasoline using a hydrometer is not appropriate since the 
uncertainty in hydrometer measurements is approximately 0.1 per- 
cent, with a corresponding uncertainty of 14 gallons in 10,ooO gallons. 

The apparent leak rates due to a 1-SD uncertainty in the thermal 
expansion coefficient, and due to uncertainties or errors in mean 
temperatures, are illustrated in Tables 4 and 5, respectively. For the 
10,000-gallon quantity of gasoline, the NationalFire Protection Asso- 
ciation (NFPA) leak rate criterion, 0.05 gaiih, corresponds to a 1-SD 
uncertainty in thermal expansion coefficient for a temperature change 
between determinations of 0.25"F, to a 3-SD uncertainty for a tem- 
perature change of O.O83"F, and to an uncertainty or error in mean 
temperature of the entire quantity of gasoline of O.OO5"F. Thus, these 
two sources of uncertainty or error impose very significant limitations 
on leak detection systems. 

Conclusions 

Since the density of the gasoline in the tank is the quantity that 
changes with the temperature of the gasoline, the severe limitations 
imposed on leak detection methods by the uncertainties discussed 
above could be avoided by a direct in-tank measurement of the den- 
sity (not by hydrometer). It would then not be necessary to know the 
mean temperature very well or to know the thermal expansion coes-  
cient of the gasoline. 

A very precise and simple system for in-tank determination of the 
density of gasoline has been devised and will be the subject of a later 
paper. 

BULK STORAGE TANKS 5 
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RISK ASSESSMENT: TOOLS FOR REDUCING LIABILITY 
FROM UNDERGROUND STORAGE TANKS 

William A. Tucker and Frank L. Hearne 
Environmental Science and Engineering, Inc. 

14220 Newberry Road 
P.O. Box ESE 

Gainesville, Florida 32602 

ABSTRACT: Although regulations are being implemented at federal, 
state, and local levels, many major oil companies have decided to do 
even more than is required by law to prevent leaks from underground 
storage tanks (USTs). On the other hand, regulatory agencies directing 
cleanup of contaminated sites may demand restoration that goes be- 
yond reasonable concerns for protection of public health and the en- 
vironment. These cross-currents indicate that simply complying with 
applicable codes and regulations may not be an adequate strategy for 
cost-effectively reducing the risks of handling light refined products. 

To control risks, it is important first to understand them. Riskassess- 
ment is usefit1 before a leak occurs as well as after. Before the leak 
occurs, risk assessment requires estimates of the probability of release 
as well as the likely consequences (damages). Techniques are presented 
that can be useful to managers of a large number of tanks or insurance 
underwriters to assess risks and prioritize risk reduction measures. 
Ultimately, these procedures could be used to determine an appropriate 
budget for tank upgrade programs. 

After a leak, and armed with detailed site assessment data, relatively 
precise estimates of toxic risks are possible. More realistic risk estimates 
are possible for refined petroleum product losses than are possible at 
many hazardous waste sites because of the relatively homogeneous and 
predictable properties of refined products. Field-verified predictive 
techniques that can be used to support defensible risk estimates are re- 
viewed. Cost-effective strategies for collecting data required to support 
risk assessment and remediation of contaminated sites are stressed. 
Risks can be mitigated to generally acceptable levels at some sites 

even if contamination substantially exceeds federal maximum contami- 
nant levels (MCLs). At  other sites, remediation to lower levels would 
be advisable. 

Tank owners are confronted by two circumstances where risk as- 
sessment technqiues can be of value in managing the amount of re- 
sources dedicated to environmental concern. First, there are decisions 
involving the prevention of leaks. Federal regulations recently pro- 
mulgated under Subtitle I of the Resource Conservation and Recov- 
ery Act and an increasing number of state and local regulations dic- 
tate construction and retrofit standards designed to prevent leaks or 
spills or to contain what does occur. Regulatory requirements, al- 
though weli intended, may not be suitable in every case. In locations 
where the potential for environmental liability is very great, such as 
in the presence of vulnerable drinking water supplies, tank managers 
have frequently decided to go beyond regulatory requirements and 
provide additional leak antro1 and/or detection systems. Risk assess- 
ment techniques can be extremely useful in identiQing cases where 
such measures are prudent. 

Second, risk assessment can be valuable in providing a reasoned 
basis for setting cleanup standards when a leak has already occurred. 
Generally speaking, there is a wide variation in the cleanup standards 

required by regulation and practice in various states. The standard 
that is set by regulatory agencies will dictate, to some extent, the 
available technologies and associated costs. In many situations, estab- 
lished risk assessment techniques can be used under existing regu- 
lations to amve at reasonable and prudent standards that can be 
achieved economically while protecting human health and the envi- 
ronment. 

To manage risks, it is important first to understand them. Risk 
assessment is usefuI before a loss occurs as well as after. Before a loss 
occurs, risk assessment requires estimates of this probability of re- 
lease as well as the likely consequences (damages). After a leak, and 
armed with detailed site assessment data, relatively precise estimates 
of toxic risks are possible. This paper presents a variety of techniques 
that are available to support planning and risk management. For long- 
term planning and management, techniques wiil be presented that can 
be useful to managers of a large number of tanks, or insurance under- 
writers, to assess risks and prioritize risk reduction measures. Once a 
loss has occurred, cost-effective strategies for collecting data required 
to support remedial response planning will be stressed. Fate and 
transport and exposure assessment techniques will be presented. 
As a preface to the paper, a general concept affecting risk assess- 

ment for losses of light refined petroleum products from underground 
storage tanks (USTs) must be introduced: More realistic and precise 
risk estimates are possible for this category of environmental risks 
than are possible for hazardous waste disposal sites. There are two 
primary reasons for this conclusion and one secondary reason: 

There is much less variability in the population of USTs than 
exists within the population of hazardous waste disposal sites. As 
a result, the physical conditions of the release are more homoge- 
neous and thus more readily predictable. Robust assessment pro- 
cedures can be developed that apply to conditions at most sites. 

0 The physical and chemical properties of the contaminants are 
also much more homogeneous than the wide variety of contami- 
nants that may be present at hazardous waste sites. For example, 
all light refined products are lighter than water. In the case of 
unleaded gasoline, toxic risks can be assessed by focusing on a 
single contaminant-benzene, Although all refined products are 
not the same, and certainlyany batch of gasoline is different from 
all other batches, nonetheless light refined products do share 
many similarities. These similarities permit the development of 
robust assessment procedures that apply to many releases. 

Finally, the environmental contamination that results from the loss 
of a light refined product does not persist in the environment indefi- 
niteIy. Tucker et al. 25 showed that under a wide range of environ- 
mental settings characteristic of the state of Florida, significant levels 
of contamination do not persist in groundwater for more than 12 years 
if free-floating product is recovered expeditiously. Although con- 
tamination may persist somewhat longer in areas with less favorable 
hydrogeologic and climatic conditions, contamination is not expected 
to persist over several human generations. At most sites, some combi- 
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nation of an engineered remedial action and natural restoration proc- 
esses can lead to aquifer restoration within 5 to 20 years. This is well 
within the planning horizons of local land use and water management 
plans. 

Furthermore, the natural attenuation processes also act most effec- 
tively at the leading edge of a contaminated groundwater plume, 
controlling and limiting its maximum areal extent. Considering the 
clearly limited extent of contamination, in both space and time, it is 
possible to anticipate how land and water within a potentially con- 
taminated area would actually be used for the duration of a contami- 
nation incident. These factors reduce the uncertainty of assessing the 
risks associated with hydrocarbon losses. Some of the factors dis- 
cussed have been taken into account by insurers who offer pollution 
liability coverage for USTs.I8 

Assessing the risks posed 
by a population of tanks 

The topics to be addressed in this section should be of interest to 

Managers or engineers charged with managing a large number of 
USTs to ensure environmental compliance and cost minimiza- 
tion. In cost minimization, we include remedial costs and liability 
due to product losses. 
Insurance underwriters evaluating whether to write environ- 
mental impairment liability (EIL) coverage to USTs, and estab- 
lishing pricing strategies, including those that encourage risk re- 
duction # 

This paper wiii address the first audience, although many of the 
concepts are similar and apply to underwriters’ concerns as well. The 
tank network manager typically must cope with resource limitations 
that dictate prioritization of risk reduction measures. A variety of 
options are available, including elimination of some tanks, though 
that option may hamper operational efficiency. The objective is to 
achieve the greatest risk reduction within cost restraints, that is, the 
most “bang for the buck.” Let’s begin with the most practical prob- 
lem: how to do the most good with a fixed budget. To conclude this 
section, we will introduce additional techniques that can help define 
what the budget ought to be. 

Risk is defined as the probability of an adverse outcome multiplied 
by the consequences if that outcome occurs. In this case, it is the 
probability of a product loss, P, times the damages, D, that may be 
expected from the loss: 

two audiences: 

R i s k = P x D  (1) 
The probability of a release from a UST or a cluster of several USTs 

is principally affected by the system’s design, construction materials, 
installation procedures, and age. For systems subject to corrosion, 
the physicochemical properties of the backfill material, including its 
moisture content, are also important. The variety of release modes 
and basic engineering factors that can prevent, mitigate, or cause re- 
leases are addressed in reports from the U.S. Environmental Protec- 
tion Agency (EPA)’z~’3~’4~’s~’6 and the American Petroleum Institute 
(API).2,3 A few interesting facts are apparent from these sources. 

Most unprotected steel tanks will fail by corrosion within 20 years 
of installation. A significant percentage, however, will not. Through 
fortuitous, and largely unpredictable, combinations of ideal fabrica- 
tion and installation, approximately one-fourth of all bare steel tanks 
corrode uniformly rather than locally (for example, at a weld). Such 
tanks may maintain their integrity for much longer than 20 years. If 
a bare steel tank has not failed by corrosion in 20 years, it probably 
wil i  not for a long time. 

Another important finding from the cited sources is that a lot of 
product losses result by noncorrosive mechanisms. These are domi- 
nated by mechanical damage during or shortly after installation, over- 
fill, and pump and plumbing joint failures. i f  one considers some of 
the less frequently encountered release mechanisms, such as vandal- 
ism and earthquakes, it should be recognized that the risk cannot be 
reduced to zero. There is an inherent risk in storage of petroleum 
products regardless of system design, instailation, and operating pro- 
cedures. 

The aforementioned sources indicate that the Probability of prod- 
uct loss can be reduced by retrofitting cathodic protection, or replac- 

ing aging bare steel tanks; and by overfill protection. The probability 
of loss is also less if recent precision test results indicate that the 
system is tight. For the purpose of deciding how to spend a fixed 
budget, however, a quantitative estimate of the probability of a loss 
is not critical. It is sufficient to prioritize tanks with a large number of 
risk factors, such as older bare steel tanks without overfill protection. 
The age at which heightened concern is warranted (usually 10 to 15 
years) depends on the corrosivity of backfill materials and whether 
the tank is installed below the water fable. 

It is impossible to go into greater detail in this paper on the risk 
factors affecting probability of a release, so let’s turn to methods for 
estimating the damages if a leak were to occur. Damages are readily 
separated into two parts: remediation costs and liability to claims by 
other parties. Both can be affected by the nature and magnitude of 
the loss, the environmental setting and political jurisdiction of the 
site, and monitoring systems. The probability of substantial claims by 
third parties is also correlated with nearby water use, buildings, un- 
derground utilities, population density, and critical habitats. 

Nature and magnitude of loss. It is impossible to predict in advance 
the type of loss that may occur. if it were possible, the tank manager 
would be able to prevent it. Some correlations with available informa- 
tion about the UST system may be anticipated, however. 

Effective monitoring systems can reduce the loss. The losses that 
cause the most damage are slow leaks that go undetected for a long 
time.17 Catastrophic losses due to tank rupture by mechanical dam- 
age, overfills, and spills are responded to quickly. The spread of con- 
tamination over a large area can be, and usually is, prevented. Slow 
leaks can go undetected for months, without effective leak detection. 
In the past, they were often discovered oniy by their symptoms of 
taste and odor after spreading over a large area. These conditions 
increase remediation costs and the probability of substantial claims 
by other parties. An effective monitoring system that detects such 
slow leaks within hours, a week, or a month, will be responded to by 
emptying the UST system. The total volume lost would thus be re- 
duced substantially. Automatic, continously operating leak detection 
systems have the potential to virtually eliminate slow leak losses. 
Reliability and down-time of such systems need to be accounted for. 
Inventory reconciliation and/or monthly sampling of monitor wells 
may also be expected to substantially reduce the volume lost by slow 
leaks, which historically have lasted for several months before de- 
tection. 

Overfill protection. Overfîll protection can reduce the number of 
losses significantly, but has relatively less effect on risk reduction. 
Historically, overtïiis have been a relatively freguent cause of losses, 
but overfill losses have below-average volume.’ ,I6 Response to over- 
fills is relatively rapid, which further reduces the damages from this 
type of loss. 

Environmental setting. Critical factors are depth to water, whether 
an uppermost water table aquifer is used for potable supplies locally, 
the permeabilty of unsaturated soils above the water table, and the 
rate of groundwater movement in the uppermost aquifer. These fac- 
tors can be addressed using DRASTIC, a screening tool used by EPA 
to evaluate the vulnerability of groundwater systems to superficial 
contamination.’ 

Political setting. States and/or local jurisdictions that tend to en- 
force stringent cleanup standards can affect remedial costs. Jurisdic- 
tions that frequently impose fines or other penalties can be a signifi- 
cant source of claims by other parties. 

Monitoring systems. The importance of effective monitoring in re- 
ducing risk was discussed under “Nature and Magnitude of Loss.” 
Rapid response is critical to avoiding claims by other parties and can 
also significantly reduce response and remediation costs for slow 
leaks. Monitoring systems do not substantially reduce damages from 
catastrophic fast leaks, which are readily detected and responded to 
regardless of the monitoring system in use. 

Receptors. The tank network manager should prioritize sites for 
risk reduction measures based on the potential to cause harm, includ- 
ing the following risk factors: 

Nearest downgradient potable well 
Number of potable wells within a specific distance 
Nearest residential, commercial, or institutional structure 
Number of people who occupy such structures within a specific 

Proximity to underground utilities (buried cables, sewers, water 
distance 

mains) 
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Proximity of critical habitats, such as protected wetlands, surface 
waters, endangered species habitats, and recreational fisheries. 

To decide the most effective way to spend a fixed budget, relative 
ranking of sites according to risk is sufficient. The riskiest sites are 
highlighted for risk reduction actions. UST removal versus upgrade 
can be evaluated in the context of the criticality of the installation to 
meet operational objectives of the facility. Absolute risk estimates are 
required to determine the most appropriate response-to determine 
what the budget ought to be. Absolute risk estimates may also be 
needed to underwrite insurance. The former problem is solved by a 
classic optimization or total cost minimization technique once the ab- 
solute economic risk is estimated. This absolute risk can be caIculated 
by Equation 1, with 

P = P. + P, 
Where: P, = probability of loss by noncorrosive mechanisms 

P, = probability of loss by corrosive failure. 
Damages cover remedial costs and claims by others, including fines. 

A nominal estimate of remedial costs can be made considering the 
depth to groundwater, the transmissivity of the aquifer (affects pump- 
ing rate), the texture of soils in the unsaturated zone, and the political 
jurisdiction. The estimated remedial cost should be modified accord- 
ing to the anticipated response time based on the monitoring system 
in use at the facility. 

Claims by others are expected to correlate with the number and 
severity of risk factors itemized earlier, and inversely with the re- 
sponse time of the monitoring system. This element of risk can be 
modified to consider such insurance-related issues as deductibles and 
maximum coverage per claim. 

Through Equation 1, a variety of risk reduction measures can be 
evaluated: Tank removal, replacement and upgrade, overfill protec- 
tion, and installation of more sophisticated monitoring equipment 
reduce the risk estimate. Costs of these options can be compared with 
the risk reduction (in dollars) to determine the Iowest cost plus risk 
strategy. 

Risk assessment after a loss 

After a loss has occurred, risk assessment is an integral part of re- 
sponse planning. Risk assessment techniques similar to those applied 
for hazardous waste sites are generally appr~priate.'~ Florida and 
California, among other states, specifically identify risk assessment 
procedures as an integral element of the response planning process. 
The California Department of Health Services (CDHS) issued guide- 
lines in 1986;'' Florida's regulations are codified in Florida Adminis- 
trative Code Section 17-70. Selected topics pertinent to petroleum 
losses are discussed below. 

Planning field data collection. California's site mitigation decision 
tree" and the data quality objectives process under Superfund are 
examples of the integration of risk assessment considerations into the 
field data collection planning process. The author recommends the 
process outlined in Figure 1 at each decision point regarding addi- 
tional data collection. Extreme assumptions (best case and worst 
case) should be adopted to fiii ail data gaps. ïivo risk estimates should 
be made based on the extreme assumptions, an upper and lower 
bound. If the upper bound estimate represents a risk acceptable to all 
parties, then additional data collection is not required. A no-action 
alternative would be viable. If the lower bound risk is unacceptable, 
then remediation should proceed. If the upper and lower bounds span 
the acceptable risk range, this analysis would imply significant uncer- 
tainty regarding the risks posed by contamination at the site, and 
additional data would be necessary to reduce the uncertainty in the 
risk estimate. 

The step in Figure 1 labeled "Determine additional data require- 
ments" involves a variety of considerations that cannot be developed, 
in this paper. It is critical that additional data collection be designed 
to reduce the uncertainty in the risk estimate cost effectively. 

Selection of indicator chemicals. One of the simplest features of risk 
assessment for subsurface losses of light refined products is the selec- 
tion of indicator chemicals. Toxicity of unleaded gasoline is associated 
primarily with the benzene fraction2' and this simplifying concept has 
been applied to risk assessment by the Florida Petroleum Council" 
and EPA.'ss'6 Tetraethyl lead and ethylene dibromide additives are 
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Figure 1. Data collection process flow chart 

significant contributors to toxicity and risk for some gasolines. Other 
aromatics, including toluene and xylenes, can also contribute to taste 
and odor problems but are of relatively low toxicity when compared 
to benzene. Diesel fuels and light fuel oils generally contain poly- 
nuclear aromatic hydrocarbons (PNAs). The specific PNAs typicaiiy 
observed in significant concentrations in light refined products are 
two- and three-ring structures (such as naphthalene) usuaily consid- 
ered to have lower toxicity than the heavier PNAs, which include 
benzo(a)pyrene. Nonetheless, these compounds are occasionally 
grouped and reported as total PNAs. When this approach is used, 
the lighter PNAs are usually attributed the same toxicity as 
benzo(a)pyrene, a procedure that probably overstates the risk. 

Fate and transport assessment. The migration behavior of free 
product in the subsurface is quite complex and wiil not be described 
in detail here. If free product is encountered at a site, risks may be 
presumed to be unacceptable, and recovery of the product is usually 
warranted (Figure 1). Fate and transport assessment in support of risk 
assessment would generally focus on sites with residual contamination 
after free product has been recovered. 

Residual hydrocarbons are petroleum products immobilized in soill 
sediment pores by capillary action against the forces of gravity or 
hydraulic gradients. Theoretical prediction, or modeling, of the leach- 
ing, volatilization, biodegradation, and transport of the constituents 
of residual hydrocarbons is complicated and, for most purposes, can 
only be handled by computer simulation. There is a strong interaction 
between the unsaturated and saturated zones, since a major fraction 
of the residual hydrocarbons may be found near the fluctuating water 
table elevation. Recent research has focused on simulation of the bio- 
degradation process because microbial action is apparently the dom- 
inant fate process ultimately restoring contaminatedsoils and ground- 
water. 

Significant advances have been made recently in the development 
of computer models that address these complexities. Corapcioglu and 
Baehr" and Baehr and Corapcioglus presented a model for the fate of 
an eight-component mixture analogous to gasoline in the unsatsrated 
zone. Their model rigorously evaluates leaching, volatilization, and 
biodegradation and their effects on contaminant migration to ground- 
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water and weathering of the residual product. 'l%e model has not been 
validated and does not simulate fate in groundwater. Its extensive 
input and computational requirements qualify it as a research tool, 
unsuitable for routine site-specific application in its current state of 
development. 

Borden and Bedient6,' presented Bioplume II, an aquifer fate and 
transport model that emphasizes dissolved oxygen availability as the 
critical constraint on biodegradation. It simultaneously simulates dis- 
solved hydrocarbons and oxygen in the aquifier, triggering rapid de- 
gradation at the boundaries of a plume where both constituents are 
optimal. Bioplume II has been field-validated at a site in Michigan. 
Bioplume II does not simulate the fate of residual hydrocarbons in the 
unsaturated zone. Its input requirements are generally consistent with 
data routinely available at contaminated sites, with the exception that 
aquifer dissolved oxygen is not routinely monitored. 

presented the Underground Leak Bansport As- 
sessment (ULTRA) model, a comprehensive model of the fate and 
transport of benzene released with petroleum hydrocarbon losses. It 
addresses unsaturated and saturated zones as a coupled system. Oxy- 
gen availability is addressed by imposing an upper bound on the bio- 
degradation rate, but the oxygen distribution is not resolved spatialiy 
as in Bioplume II. 

In summary, the ULTRA concept includes the following: 
0 Water flows from the land surface through soils to the aquifer. 

The source of benzene is associated with residual hydrocarbons 
in the unsaturated soil zone immediately above the water table. 

O Infîítrating rainwater dissolves benzene from the residual hydro- 
carbons and cames it to the aquifer. 

0 Benzene may also be released to the aquifer if the water table 
rises into the contaminated zone. 
Benzene concentrations in the source area decrease with time as 
leaching carries benzene to the aquifer, and natural mitigation by 
volatilization and biodegradation takes place. 

O Benzene released to the aquifer is transported with the flowing 
groundwater and diluted by dispersion processes. 

O Contaminated groundwater may be pumped out of the aquifer to 
simulate groundwater restoration actions. 
Benzene may be biodegraded within the aquifer or volatilized 
from the water table. 

ULTRA was validated against field data from two leak sites in 
Florida, as indicated by a comparison of predicted and observed 
groundwater concentrations at one of the sites, shown as Figure 2. 
Similar results were observed at the second site. Concentrations pre- 
dicted by ULTRA are expected to be reliable to within a factor of 5.  
These applications illustrate that natural mitigation processes acting 
in the subsurface are more effective than groundwater pumping and 
treatment systems in reducing benzene concentrations in the subsur- 
face. This is illustrated by Figure 3, which shows the fate of subsurface 
benzene at one of the two sites. 

ULTRA is a powerful predictive tool in support of risk assessment 
of petroleum-contaminated sites, particularly since it has been field- 
verified, and its input requirements are consistent with data routinely 
available at contaminated sites. 

Exposure assessment. Exposure to toxic contaminants in the ground 
is virtually negligible in most situations. Exposure to groundwater 
contaminants occurs principaüy after the water is extracted by a well 
and used domestically. One exception to this rule occurs when free 
product or groundwater containing volatile contaminants migrates 
under a residence or other structure. If the water table is fairly close 
to the surface, vapors can diffuse through the unsaturated zone and 
accumulate in the confined air of the building. 

Jury et al. presented the theory of molecular diffusion of vapors 
through soils. The flux, F (mg/m2/day) is given by: 

Tucker et al. 

Where: na = air-fïlled porosity of the soils 
n = porosity of the soils 

Da = molecular diffusion coefficient of the contaminant in 
air (&day) 

C. =yncentration in the air phase at equilibrium with the 
free product or contaminated groundwater (mg/m3) 

If free product contains 2percent benzene, the concentration in air 
h = depth to product or water (m) 

S E I  
OBSEAVED - PREDICTED 

e o 
o 

10184 1105 4185 ri85 10185 1186 

TIME (MONTHS) 

Figure 2. Comparison of predicted and observed concentration of 
benzene in the recovery well-Ver0 Beach site 

at equilibrium is 2 percent of the saturation vapor density of benzene 
or 8,740 mg/m3. To evaluate vapor diffusion flux from contaminated 
groundwater, Henry's law avlies, resulting in C, (mg/m3) = 0.235 C, 
( p a ) ,  D. = 0.90 m2/day."s Thus, 

nioß 
nzh F = 7,850 - 

-REMAINING IW.I 

VOLATILIZED FROM SOIL (39.h)' 

NOTE: MISCELLANEOUS NATURAL PROCESSES INCLUDE BENZENE 
DEORADAlION AND VOLATILIUTIOtI FROM THE AOUIFER. AND 
DISCHARGE TO SURFACE WATERS. THESE PROCESSES ARE 
ACCOUNTED FOR, BUT NOT SUMMARIZED IN MODEL OUTPUTS, 
IN THE CURRENT VERSION OF ULTRA. 

Figure 3. Model-predicted fate of subsurface benzene during 17 
months after free-product recovery-Ver0 Beach site 
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where free product containing 2 percent benzene is present; and 
nim C, 

nzh F = 0.212 - 
where free product is not present. 

a simple ventilation model, that is 
The steady-state concentration in the structure can be calculated by 

F 
G = m  

Where: Ci = concentration in indoor air (mg/m3) 
N = number of air exchanges per day 
h =building height 

Applying reasonable values for a detached one-story residence of 
N = 20 day-' and h = 3 m, then 

C ' = a  F 

Qpical values of (ni0%*) range from 5 x lo-' for clay soils to 0.15 
for a clean sand. h a m s  are intermediate and average 0.03.B 

Following EPA risk assessment guidelines, Ci should not exceed 
0.0135 mg/m3 (lifetime cancer risk of 
may be appropriate since the exposure is not expected to persist for 
70 years. This concentration should be contrasted with the average 
indoor benzene concentration of 0.0258 mg/m3 reported from 353 
homes by Sample and Gilbert." 

The results of calculations based on these formulae and data are 
presented in Table 1, which shows the maximum concentration of 
benzene in groundwater to avoid indoor air concentrations exceeding 
0.0135 mg/m3. Air diffusion through clay soils is so slow that even if 
there were floating product under the building, it would not result in 
unacceptable air concentrations. On the other hand, in loamy or 
sandy soils, unacceptable exposures could occur by contamhated 
groundwater transport under buildings, regardless of the source of 
potable water for the residents. 

Assuming that contaminated groundwater is used domestically, a 
variety of exposure pathways are possible. Recent research indicates 
that inhalation exposures in the home may well exceed direct inges- 
tion of tap water where volatile contaminats are concerned. Direct 
ingestion of unboiled tap water is a relatively smali source of exposure 
for most p e ~ p l e . ~  The International Commission for Radiological 
Protection (ICRP)" recommends assuming 0.1 to 0.2 Uday of direct 
tap water ingestion. In several studies discussed by Andelmann: in- 
take of tap water by adults (including beverages such as coffee and 
tea) ranged from 0.96 to 1.3 L/day. A portion of this intake is associ- 
ated with beverages prepared from boiled water, which tends to drive 
off volatiles such as benzene. It is clear that we do not ingest the 
amount of benzene contained in 2 L of water per day. There is good 
reason to believe, however, that we would inhale that much benzene 
from the release to indoor air of volatiles from the much larger vol- 
ume of water used in a house every day. Results, such as those re- 
ported by Andelmann4 support an assumption that domestic use of 
water results in exposure to the volatile contaminants contained in 
2 to 4 L of water per day. Most of the exposure is by inhalation. As 
a result, provision of bottled water for drinking and cooking does not 
substantially reduce exposure if contaminated water is still used for 
bathing and sanitary purposes in the home. 

A final exposure pathway of interest is the use of well water to 
irrigate vegetable crops such as are commonly grown in back yard 

The risk level of 

Table 1. Maximum benzene concentrations in groundwater to avoid 
unacceptable indoor air exposures (pgk) 

Soil type Depth to water 
(ml Clay Loam Sand 
1 NA 130 25 
3 NA 380 76 
6 NA 760 150 

10 NA 1,300 250 
NA =Not applicable; even the presence of floating product could 

not cause unacceptable indoor air exposures. 
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gardens. Briggs, et presented a method for estimating plant 
uptake from irrigation water. Their results indicate that the concen- 
tration of benzene in plant tissues, on a wet weight basis (Cp, @kg), 
would be about equal to the concentration in irrigation water, given 
in &L. If back yard gardeners consume an average 0.1 kg of home- 
grown produce per day their exposure would be: 

Based on the discussion of exposure to indoor water uses, at the 
Federal maximum contaminant level (MCL) of 5 &L, people are 
exposed to about 10 to 20 Fg of benzene per day. A similar exposure 
would occur if well water were used to irrigate the back yard vegetable 
garden and the concentration was approximately 100 &L. If this 
exposure persisted for 15 years, the incremental individual cancer risk 
would be approximately 

To summarize this discussion of exposure pathways, it was found 
that even where local groundwater is not used for domestic purposes, 
exposures to subsurface hydrocarbons can occur by volatilization 
from the water table or use of well water to irrigate vegetable gardens. 
Site-specific assessment would always be required to evaluate ex- 
posures. If a loss occurred far from any occupied buildings, ground- 
water contamination may pose negligible risk. In many populated 
areas with shallow water tables, however, groundwater contamination 
exceeding approximately 100 pg/L benzene could pose an unaccept- 
able risk regardless of the source of tap water. 

Conclusions 

The applicability and utility of a wide range of risk assessment 
procedures to manage the risks posed by subsurface losses of light 
refined petroleum products have been illustrated. Anyone charged 
with the responsibility of managing UST facilities to avoid environ- 
mental liabilities should be aware of the variety of ways that risk 
assessment can support rational planning and decision-making. 
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TECHNOLOGIES FOR THE REMOTE DETECTION OF 
HYDROCARBONS IN THE SUBSURFACE 

Mike McCarthy, Barbara J. Denahan, John R. Herbert 
Hunter Environmental Services, Inc., and 
Environmental Science and Engineering 

P.O. Box ESE 
Gainesville, Florida 32602 

ABSTRACT: An increase in the frequency of hydrogeologic assess- 
menfs in response to hydrocarbon losses from storage systems has 
prompted this research effort to evaluate economical and effective re- 
mote detection techniques. Two general technology groups were evalu- 
ated for their ability to detect the contaminant as well as their cost 
effectiveness. These technologies include soil gas and geophysical tech- 
niques. The soil gas techniques evaluated included active and passive 
procedures. The geophysical technologies which were evaluated on the 
basis of the same criteria included electromagnetic surveys, resistivity, 
and ground penetrating radar. ,This paper describes the interference 
factors associated with each technique and the relative costs of the 
technologies given the same set of assumptions. 

A nationwide increase in assessment activity to delineate the hori- 
zontal and vertical extent of subsurface product losses from storage 
tanks and pipelines has prompted efforts to control escalating costs 
associated with these investigations. Over the past several years, 
reconnaissance techniques that preliminarily define the extent of hy- 
drocarbon plumes have proven successful in reducing investigative 
costs by limiting the number of monitoring wells required. To develop 
an understanding of the relative effectiveness of these technologies, a 
research effort was funded by the American Petroleum institute 
(MI) to examine two families of promising technologies. 

The first of these families is the soil gas technique which encom- 
passes both active and passive soil gas technologies. The soil gas 
technique is dependent on the volatilization of hydrocarbon gases into 
the interstices of the soil in response to differential pressures and 
temperatures in the subsurface. The soil gas concentrations are rela- 
tively correlatable to the concentrations of contaminants present in 
the soil or ground water. 

The second type of technology evaluated was geophysical techni- 
ques which include electromagnetic surveys, resistivity, and ground 
penetrating radar. These techniques rely upon the conductivity differ- 
ential and the complex dielectric permittivity differential between the 
contaminant plume and the subsurface materials. 

The objective of this study is to review and evaluate the available 
technologies and their associated costs. The results of a field verifica- 
tion program Are currently being evaluated to compare the detection 
capabilities of the technologies examined with known hydrocarbon 
plumes. 

Soil gas technology 

The theory which describes the movement of volatile contaminants 
through the soil column indicates that volatile organic contaminants 

present in the ground water and soil volatilize from these sources into 
overlying air-filed soil pores and migrate upward by molecular diffu- 
sion. Although contaminants can diffuse through either air or water- 
filled pores, molecular diffusion in air is a much more rapid process 
than aqueous diff~sion.~ Therefore, volatile contaminants which par- 
tition readily to air wilí diffuse more quickly in dry soils than in 
saturated or nearly saturated soils. Contaminant movement from the 
ground water into the soil gas is a function of the concentration of 
volatiles in the ground water, their vapor pressures, and their parti- 
tioning coefficients. Technologies evaluated in this study which are 
dependent upon upward migration of volatile components into the 
interstices of the soil column include organic vapor tnalyzers (OVA), 
explosimeters, accumulator devices, capture bagslcharcoal tubes, and 
photoionization detectors (PID). 

The physicochemical basis for all soil gas techniques involves three 
fundamental concepts from the thermodynamics of partitioning phe- 
nomena. The primary assumptions are that the partial vapor pressure 
of a compound in the soil void volume is proportional to the concen- 
tration of the compound in the other phases present in the soil and 
that these phases are in approximate equilibrium with the vapor. 
There are three important phases and theoretical relationships that 
govern the soil gas equilibrium compositions. The free product phase 
is governed by Raoult’s Law. Raoult’s Law applies to ideal solutions 
at relatively high concentrations. The equilibrium between free prod- 
uct petroleum in soil and petroleum components present in the soil 
gas is approximately governed by Raoult’s Law. For dissolved constit- 
uents in the ground water, the governing relationship is Henry’s Law 
which states that the vapor concentration of a component over a dilute 
solution of that component is proportional to the concentration in the 
aqueous phase times a constant. 

The equilibrium between the soil gas concentration of a compound 
and that compound adsorbed to soil particles is governed approxi- 
mately by a linear relationship. The concentration of a petroleum 
constituent in the soil gas is proportional to its concentration in the 
organic carbon present in the soil. This partitioning is dependent upon 
the organic carbon content of the soil and a linear partitioning rela- 
tionship between the adsorbed concentration and the vapor concen- 
tration. The constants for this relationship have not been well defined 
in the literature. 

in summary, the soil gas measurement technique can be used to 
estimate the concentration of petroleum components present in the 
ground since the soil gas vapor concentration is proportional to the 
concentration of each component present in the soil and ground 
water. The governing relationships are approximately linear; how- 
ever, the scale factors such as the partition coefficients between ad- 
sorbed species and soil gas concentrations are not well documented. 
As a result, soil gas measurements are more useful for estimating 
extent of contamination relative to uncontaminated areas than 
estimating absolute concentrations. 

13 
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Interference factors 

Environmental factors that inhibit uniform volatilization and vola- 
tilization rates also inhibit an instrument's ability to detect volatiles in 
the soil gases. However, some of these factors may be overcome and 
valuable data may stili be obtained. Factors which affect data col- 
lection are: 

Geology (permeability/porosity variation) 
0 Temperature 
0 Depth of groundwater 

Moisture 
Presence of nonhydrocarbon contaminants 

Geology. The geology of the study area is an important factor. More 
specifically, soil porosity and permeability determine the applicability 
of soil gas as a detection method since significant interstices must be 
present and accessible for the gases to migrate upward through the 
soil column. If vadose zone soil conditions in the vicinity of the col- 
lector are such that volatile hydrocarbons in the soil gases cannot 
reach the collector, then an erroneous reading could result. Thomp- 
son and Marcin'' state that "soils possessing air-filled porosities less 
than five percent may not yield an adequate sample volume." 

A homogeneous soil column of sand is preferred for using soil gas 
techniques. In areas where the soils are inhomogeneous, the con- 
taminant volatiles move through the soils unevenly and produce 
slightly variable data. If enough data are collected, concentration 
isopleths will smooth any anomalous high or low readings inside the 
plume area. 

Temperature. The volatilization rate of the contaminants is a 
temperature-dependent phenomenon with higher volatilization rates 
occurring at higher temperatures. Therefore, the concentrations ob- 
tained using soil gas techniques wili generally be higher at higher 
effective ground temperatures than at lower effective ground tem- 
peratures. Krauss et al.'' report that soil gas concentrations fluctuate 
at any given location throughout a 24-hour period, but that diurnal 
fluctuations in response to the warming and cooling of the soils during 
the day and evening are not evident. Soil temperatures do not vary 
significantly below 36 inches deep. The U.S. Department of Com- 
merce reports a range of zero to one degree Fahrenheit ( O F )  between 
the minimum and maximum temperatures in soil at a depth of 40 
inches in sandy, South Florida soils. Ducharme' found no daily vari- 
ation in soil temperature below six feet (ft) in the same geographic 
area. 

Depth. The concentration of the soil gases tends to be greater near 
the area where free product is present, where contaminated soil is 
present, or where elevated concentrations of dissolved hydrocarbon 
constituents are present in the ground water. Thompson and Marrin" 
report that petroleum hydrocarbons are best detected with probes 
that sample the soil gas near the top of the water table. 

The depth of the contaminated zone in relation to each aquifer and 
aquitard is also an important factor. If the hydrogeologic system 
consists of multiple aquifers and aquitards, then the contaminated 
zone may be overlain by an uncontaminated aquifer or a dense con- 
fining layer inhibiting the detection of volatile  hydrocarbon^.'^ 

In addition to the above depth considerations, a soil gas probe 
should not be installed at a shallow depth in order to minimize the 
introduction of ambient atmospheric au  into the soil gas probe 
sample. 

Moisture. The presence of a high moisture content in the soil may 
retard the ability to detect soil gas at the surface due to the lower 
diffusion rates of vapors in water-med pores. For example, heavy rain 
may have the same effect as having the contaminants under an over- 
lying aquifer or aquitard. Low soil moisture content to the point that 
vapors are vented to the atmosphere through a well defined network 
of cracks will tend to result in lower soil gas readings than will mod- 
erate soil moisture conditions. Krauss et al.'' indicate that moderate 
soil moisture content increases the soil gas response. Soil gas samples 
should be collected when the extreme conditions of heavy wet soils or 
dry cracked soils are absent. 

Non-hydrocarbon contaminants. The presence of non-hydrocarbon 
contaminant plumes may mask hydrocarbon plumes in circumstances 
where total organic vapor detection instruments are used to screen a 
site. 

Active soil gas collectors 

Technologies that operate on the principle of detecting volatile 
contaminant vapors in the soil column fall into two classes: active 
collectors, and passive collectors. Active soil gas collectors are tech- 
niques that involve driving a hollow tube into the soil and then pump- 
ing the soil gases out of the soil for analysis. Active soil gas sampling 
techniques evaluated in this paper are: OVAs, capture bags, ex- 
plosimeters, and PIDs. The OVAs, PIDs, and explosimeters provide 
real time data from each sample station. 

Organic vapor analyzers. The OVA operates on the basic principle 
of a flame ionization detector which is sensitive to the presence of 
organic vapors. OVAs can be used in a survey mode or in a chro- 
matographic mode. in the survey mode, an au  sample is continuously 
delivered to a chamber containing a hydrogen flame. If the air con- 
tains an organic vapor, the molecules are ionized and a current pro- 
portional to the concentration of the organic vapor is carried between 
the detector electrodes. The response of the OVA to an organic 
contaminant is expressed relative to a standard since different organic 
contaminants will ionize to varying extents in the hydrogen flame. 

The OVA operating as a chromatograph uses hydrogen gas as a 
carrier and the flame ionization detector as the sensor. A volume of 
the sample is injected through a chromatographic column appropriate 
to detect the contaminant of concern. As the sample passes through 
the column, its components interact with the materials in the column 
and the sample is separated into its components. As the components 
leave the column, they are detected by the flame ionization detector. 
The residence time of the sample or the time it takes for a sample to 
pass through the column and then be detected identifies the com- 
pound. The intensity of the reading is an indication of the concen- 
tration of the individual components. 

Explosimeters. The explosimeter operates on the principle of the 
Wheatstone bridge. The soil gas sample is aspirated into a chamber 
in the explosimeter, and the sample is burned with heat from a plat- 
inum filament. Heat generated by the burned sample reduces the 
resistance of the filament, and the resistance change causes deflec- 
tions on the meter. The explosimeter is calibrated to methané and 
indicates percent of the lower explosive limit referenced to methane. 
The explosimeter provides instantaneous data but cannot differ- 
entiate one flammable gas from another. The instrument is sensitive 
down to 1,ooO ppm (0.1 percent) with an accuracy of 20 to 30 percent. 

Photoionization detectors. The PID operates in a similar manner to 
the OVA in scanning mode. A PID uses an ultraviolet (UV) light 
source to ionize gaseous or vaporous compounds. The ions are col- 
lecfed on positive and negative electrodes, creating a current propor- 
tional to the concentration of the contaminant. PIDs draw air into the 
ionization chamber where certain molecules are ionized. Hydro- 
carbons and many hydrocarbon components are detectable with a 
PID. The PID detects total organic volatiles including petroleum 
derived hydrocarbons and does not differentiate between species. The 
detection limit is 0.5 ppm with a long-term relative standard deviation 
of 4.5 percent. A PID survey provides instantaneous data. 

Capture bags. Capture bags are not a detector but a device for 
preserving the vapor sample for later analysis. Samples held in chemi- 
cally inert Tedlar capture bags can be analyzed by any of the previ- 
ously mentioned techniques or any of the standard laboratory 
methods. Gas-filled capture bags may lose their contents to molecular 
diffusion through the walls of the infiated bag. This process may work 
over a relatively short period of time. Polished stainless steel canisters 
can be used to hold gas samples for up to 30 days without compro- 
mising sample quality. The caniders can be cleaned and re-used. 
Laboratory methods used for soil gas assessments are gas chroma- 
tography (GC) with a PID. Methods which include the use of capture 
bags and analysis with GC have had good correlation of data with 
values measured in the ground water by direct analy~is.'~ 

Passive soil gas collectors 

Passive soil gas collectors are sampling devices that contain a col- 
lection medium (adsorbent). The medium is containerized and buried 
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within one or two ft of the land suiface and left for several days 
(usually 5 to 48 days, depending on site conditions). After the soil gas 
has had time to equilibrate between the adsorbent and the sur- 
rounding soils, the contaminants trapped on the medium in the con- 
tainers are removed and analyzed. Passive soil gas sampling tech- 
niques that are being evaluated in this study are accumulator devices 
such as Curie point wires and industrial hygiene samplers. 

industrial hygiene devices. Industrial hygiene samplers consist of 
activated carbon filters placed in open inverted containers and buried 
one to three f t  deep in the areas under evaluation. “Passive soil gas 
samplers operate on the principle of binary diffusion to induce a VOC 
mass flow onto the adsorbent,” according to Kerfoot et al.’ The 
samplers are exposed for the appropriate length of time then re- 
moved, sealed, and sent to a laboratory for analy~is.’.’~ Occupational 
Safety and Health Administration (OSHA) research has shown that 
volatile organic compounds (VOCs) collected during sampling can be 
transported to a laboratory for analysis without loss when they are 
adsorbed to ~harcoal .~ 

Curie point wires. Curie point wire devices consist of activated 
carbon attached to a Curie point wire. Raising the wire to its Curie 
point results in a rapid desorption of the volatiles that have accumu- 
Iated on the activated carbon after having been left in place from two 
to four weeks. 

Once the soil gas samples are obtained, the samples are generally 
analyzed by gas chromatography or mass spectrometry. The samples 
can be analyzed in a standard laboratory or, in the case of gas chro- 
matography, they may be analyzed in an on-site mobile laboratory. 
Non-mobile and mobile laboratory methods of analyzing for hydro- 
carbons are similar, using standard analytical methods and associated 
quality assurance/quality control (QNQC) procedures. A Curie 
point heating device is used for desorption of the soil gas sample 
directly into a mass spectrometer. Kerfoot et al.’ describe analyzing 
for chloroform using the gas chromatograph method, and Bisque’ 
describes analyzing for hydrocarbons using the Curie point mass spec- 
trometry method. The accuracy of this technique is found to be 95 
percent for Curie point wires. 

Geophysical survey technology 

Instruments which operate on the basis of geophysical character- 
istics have been used for detection of contamination in the ground- 
water for less than 10 years.’ Resistivity and electromagnetic (EM, 
also known as conductivity meter) surveys are geophysical techniques 
which operate on the principle of electrical conductance and may be 
applicable to the detection of hydrocarbon plumes. Ground pene- 
trating radar (GPR) operates by detecting differences in electro- 
magnetic permittivity. 

The geophysical principles upon which the technologies are based 
create some limitations for the instruments? The following section 
describes some of the limitations that are common to most geo- 
physical instruments. 

Geophysical interference factors 

The instruments that operate on the principle of conductivity de- 
pend on the contaminant of concern having a significantly different 
conductivity than the surrounding native materials. Certain factors 
mask the differences between the contaminants and the surrounding 
materials, thereby inhibiting an instrument’s ability to detect the pres- 
ence of contaminants in the ground water and soils. In some cases, 
these factors may be compensated for and valuable data may be 
obtained. Factors which affect data collection for instruments based 
on conductance are: 

0 Manmade structures 
0 Geologic features 

Contaminant conductance 
Depth 

Manmade structures. Manmade structures are a significant factor 
when performing a contamination survey based on conductivity. 

Highly conductive linear features above and below ground, such as 
fences, telephone lines, power lines, buried pipes, cables, and rein- 
forcing in buildings and sidewalks, as well as vehicles, can affect 
instrument readings.’ Benson indicates that such interferences can 
sometimes be avoided by moving away from the troublesome object 
if the site configuration and plume size allow this’Interfering objects 
sometimes also can be moved, or the data point simply disregarded. 

Geology. Benson et  al. also reported that interference due to the 
geological structure and stratigraphic complexity of the site may mask 
the contaminant pIume.2 If, for example, an air-filled void exists in the 
subsurface and the contaminant of concern has a low conductivity, 
then the void could be mistaken for the contaminant. If a site had a 
steep slope and the water table was within the vertical zone of in- 
vestigation in only a portion of the site, then the water table could 
create some interference. Benson determined that some instruments 
do not work well in the presence of a shallow clay layer (due to its 
naturally high conductivity), a shallow water table, or, for other 
methods, a very low water table. Depth of signal penetration of the 
formations is site specific and depends on soil characteristics and the 
type of instrument used. For example, Benson found that increased 
clay content may enhance the performance of complex resistivity but 
degrades that of ground penetrating radar (GPR). 

Contaminant conductance. The conductivity of the contaminant of 
concern is an important factor: if the conductivity of a formation or 
soil is significantly different than that of the contaminant, an instru- 
ment may be able to detect the presence of the plume. 

Depth to contaminant. Geophysical instruments are limited in the 
depths to which they can effectively detect changes in the properties 
being measured. The signal can be masked by the factors discussed 
above. Because of that interference, contamination which occurs at 
depth is not detectable by some geophysical techniques. In all meth- 
ods except GPR, the depth of investigation is determined by the 
instrument geometry. With GPR, depth of penetration is a function 
of both subsurface properties and the frequency of the signal gener- 
ated. Some of the geophysical instruments can be operated in a 
sounding mode (in which the signal is sent deeper and deeper into the 
ground at the same location) and thereby collect data at various 
depths. Soundings by resistivity and conductivity devices are still 
subject to interference in either highly conductive or nonconductive 
materiais.* 

Geophysical instrumentation 

Ground penetrating radar. GPR uses high frequency radio waves to 
obtain subsurface data. The waves radiate into the subsurface from a 
small antenna, and are then reflected back to the surface where they 
are picked up by a receiving antenna. Changes in the signal are 
recorded to provide a subsurface profile of shallow geologic condi- 
tions. Signal changes are caused by the different electrical properties 
of the materials that are encountered by the radio waves. The depth 
of penetration at a site is dependent on the electrical properties of 
subsurface materials at each site. For example, clay or salt water 
aquifers severely limit the depth of penetration. Average penetration 
is less than 10 meters.2”’ 

GPR is a rapid reconnaissance method which can provide a high 
resolution view of the subsurface and/or the contaminant plume? 
0lhoeftl4 reported that GPR can detect water-insoluble organics 
floating on top of the water table at sites where interference factors 
are s m d .  

Electromagneties. An electromagnetic survey is conducted using a 
terrain conductivity meter, commonly referred to as an electro- 
magnetometer (EM). An EM operates as follows: “A transmitter coil 
induces a current loop into the subsurface. The magnitude of this 
current loop is directly proportional to the terrain conductivity in the 
area of the loop. The current loop in turn generates a magnetic field 
which is proportional to the amount of current within that particular 
loop. The magnetic field is detected by the receiver portion of the 
instrument which yields an output voltage that is linearly related to 
the terrain conductivity. B changing the intraloop spacing, different depths can be surveyed. ,,,Y 
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Table 1. Cost comparisons for nonintrusive hydrocarbon detection techniques 

Field days Field Sample Sample Equipment Total Data turn 
Methods Instruments aer method Mobilization effort Per diem shiming analvsis rental cost around time 

$100.00 $350.00 $70.00 $0.00 $0.00 $58.00 $578.00 Minutes 

$100.00 $350.00 $70.00 $0.00 $0.00 $58.00 $578.00 Minutes 
$100.00 $700.00 $140.00 $0.00 $0.00 $49.00 $989.00 Hours 

Soilgas PID 1 

- OVA (total) 1 
- OVA (GC), 2 
- Explosimeter 1 

active 

$100.00 $350.00 $70.00 $0.00 . $0.00 $19.00 $539.00 Minutes 
Capture bag 1 $100.00 $350.00 $70.00 $60.00 $1,250.00 $15.00 $1,845.00 -30 days 
GC or GCMS2 
Capture bag 1 $100.00 $350.00 $70.00 $0.00 $1,500.00 $15.00 $2,035.00 Hours 
GC or GCMS 

- 
- 

Soil gas Curie Point 2 $200.00 $700.00 $14.00 $a.00 $1,875.00 $0.00 $2,975.00 -60days 
passive wire 

Industrial 2 $200.00 $700.00 $140.00 $60.00 $1,250.00 $0.00 $2,350.00 -60days 
hygiene 
samplers 
Industrial 2 $200.00 $700.00 $140.00 $0.00 $1,500.00 $0.00 $2,540.00 -50 days 
hygiene 
samolers, 

- 

- 

$0.00 $2,150.00 $2,67000 Hoursto 

$0.00 $35.00 $555.00 Minutes 

Geophysical GPR3 1 $100.00 $350.00 $70.00 $0.00 
surveys days 

EM 1 $100.00 $350.00 $70.00 $0.00 
Resistivitv 1 $100.00 $350.00 $70.00 $0.00 

- 
- 

1. OVA being used as a GC WU take one day more to complete the same number of samples as using the OVA as a scanning device. 
2. The analysis was performed in an on-site mobile laboratory. 
3. Cost of a GPR survey may vary from $2,500 to $iO,ooO depending on site size and the amount of data reduction. 

Saunders and Germeroth determined that an EM detector can 
detect floating hydrocarbon product with thicknesses greater than 0.1 
ft, and that at some sites a relationship could be developed between 
the EM data set and the thickness of floating hydrocarbon." EM data 
can be used to detect conductive contaminant plumes which may 
contain dissolved hydrocarbon compounds; Glaccum et al. did not 
address floating hydrocarbons as a part of this study.6 

Resistivity. Electrical resistivity is a direct earth contact technique 
in which current probes make physical connection with the In 
paved areas, holes must be drilled or broken through to the soil. 
Electrical current flows into the ground through one set of electrodes, 
and the potential drop is measured across a second set of electrodes. 
Various geometries of electrode arrays are used to achieve specific 
objectives, such as greater depth of penetration and detection of 
lateral variations. Resistivity data can be gained on the depth of the 
water table, aquitards, and bedr~ck. '~  Olhoeft indicates that the elec- 
trical conductivity of a formation is determined primarily by the vol- 
ume of water in the formation and the electrical conductivity of the 
materials îïliing the pores." 

Electrical resistivity requires more time than EM or GPR to cover 
an but provides more accurate and detailed profiles of the 
subsurface with depth. Contaminant plumes can be detected by elec- 
trical resistivity if the electrical resistance of the plume is different 
than that of the surrounding f~rmation.'"~ Andres and Canace indi- 
cated that electrical resistivity is able to detect hydrocarbon plumes 
when the contaminants have lowered the resistivity of the ground 
water below background and that the detectability of the hydrocarbon 
plume depends on the relative thickness of the plume.' 

Method cost assessment 

In an assessment of the relative cost of employing one instrument 
and technology versus another, it is important to identify the assump- 
tions and not misrepresent or inadvertently penalize any instrument. 
The assumptions to be used for this analysis have been chosen to fix 
many variables that generally occur in an actual field effort. The 
assumptions are as follows. 
0 The site is 50 miles ftom the origination point of the equipment, 

costing $100.00 in mobilization fees per trip. 

O The field effort takes one day for geophysical methods, one day for 
soil gas (capture bag), and two days for passive soil gas techniques. 
One day is budgeted for deployment and one day for retrieval of 
passive devices, allowing a three week accumulation period. 

O Fifteen soil gas samples can be analyzed in one day using GC in a 
mobile lab. 

O One day of field effort will cover a 100 x 100 foot square area. 
O Per diem will equal $70.00 per day. 
o Shipping, for methods that require off-site chemistry labs, will cost 
$60.00 per day. 

O The average rate for the personnel on site is $35.00 per hour or 
$350.00 per day. 

O Each day is estimated to be a 10-hour day. 
Table 1 summarizes the cost of performing reconnaissance surveys 

for the techniques discussed in this paper, given the assumptions 
presented above. 
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FACILITY-SPECIFIC CONTINGENCY PLANNING 
UNDER THE OIL SPCC REGULATIONS 

Donald P. Smith 
U. S. Environmental Protection Agency, Region VI 

1445 Ross Avenue, Suite 1200 
Dallas, Texas 75202 

Sandra K .  Novotny and Thearin R. Wendel 
. C-E Environmental, Inc. 
1101 15th Street, Suite 500 
Washington, D .  C. 20005 

ABSTRACT Under the U, S. Environmental Protection Agency's 
(EPA) Oil Spill Prevention, Control, and Countermeasures (SPCC) 
program, facilities must complete an oil spill prevention and control 
plan. If a facility is unable to complete a control plan, a contingency 
plan must be compleied in accordance with the SPCC regulations. A 
recent EPA SPCC Program Task Force found these regulations to be 
inadequate in several areas, including mandatory facility-specific con- 
tingency planning. 

Contingency planning should be conducted in a three-phase ap- 
proach: completing risk assessment of the specific facility, determining 
the manner in which identified risks will be managed, andpreparing for 
the execution of contingency plans during a spill emergency. A risk 
assessment of a facility subject to the SPCC regulations consists of 
hazard identification, vulnerability and exposure analysis, and event 
and fault tree analysis. Risk management consists of various compo- 
nents, including the identification of personnel, equipment, emergency 
procedures, and waste disposal options. The execution of a contingency 
plan depends upon accessibility of the appropriate equipment, which 
may include tnrcks, boats, communication systems, booms, and dis- 
persants. Contingency plans for facilities covered under the SPCC 
regulations should provide specific information related to notification 
procedures, spill response, and mitigation. 

On May 13,1988, the Environmental Protection Agency's (EPA's) 
Spill Prevention, Control, and Countermeasures (SPCC) Task Force 
published a report that identified several areas of deficiency in the 
SPCC regulations. Among these areas, and of particular concern, was 
the lack of site-specific spill contingency planning. This void can be 
attributed to several factors, one of which is the lack of clear regula- 
tory guidelines. Although contingency planning is, in fact, referenced 
in Volume 40 of the Code of Federal Regulations (CFR), Part 109, 
this regulation does not provide an explicit set of guidelines for facility 
owners. The SPCC regulations in 40 CFR Part 112, in a similar man- 
ner, do not specifically address contingency planning and instead 
focus upon prevention measures. It is generally believed that proper 
contingency planning would have averted the serious consequences of 
the Ashland oil spill in Floreffe, Pennsylvania, on January 5,1988. As 
in the case of the Ashland Oil Co. spill, a little effort devoted to plan- 
ning would go a long way toward mitigation in the future. 

Proper contingency planning is straightforward, and should be 
completed by facility owners. To complete an effective contingency 
plan, three steps must be taken: conducting a risk assessment of the 

specific facility, determining the manner in which risks will be man- 
aged, and preparing for the execution of the contingency plan during 
a spill emergency. 

Risk assessment at a facility refers to engineering and management 
decisions regarding the facility's design capabilities. Arisk assessment 
for a facility covered under the SPCC regulations should consist of the 
foilowing three components: hazard identification, vulnerability and 
exposure analysis, and event and fault tree analysis. Identifying po- 
tential hazards will provide specific information on situations that may 
be harmful. This information usually describes storage areas, product 
volumes, and the nature of hazards. The vulnerability analysis identi- 
fies areas of immediate concern following a spill event and provides 
an estimate of the area most likely to be affected. Considerable atten- 
tion must be paid to population centers, wetlands, and areas that may 
be inhabited by endangered species. Finally, an event and fault tree 
analysis will identify potential spill scenarios. This type of informa- 
tion, which is usually based on prior spills at the facility, can be used 
to estimate possible spill sizes, pathways, and causes of spills a t  other 
facilities. 

Once a risk assessment has been completed, the manner in which 
the risk will be managed needs to be determined-that is, a contin- 
gency plan must be developed to outline methods for mitigating dam- 
age from an oil spill. Contingency planning involves the elimination 
or minimization of the risks identified during the risk analysis, and 
related preparedness actions. 

The third component of risk assessment is the most critical phase. 
Once a contingency plan has been completed, equipment or other re- 
sources identified in the contingency plan must be purchased or other- 
wise provided. A contingency plan that is ignored or only partially 
fulfilled will be of no use in an emergency situation. A contingency 
plan should be capable of being followed during an emergency; it is 
only a plan until an emergency occurs, and then it becomes a method 
of action. Therefore, adherence to the contingency plan during an 
emergency is of utmost importance. 

Risk assessment 

Hazard identuication. In order to identify a hazard, certain criteria 
must be analyzed. The total amount of storage capacity at the facility, 
in both holding and retention ponds for each storage tank and at each 
transfer point, must be determined in order to understand the maxi- 
mum spill potential. 
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An understanding of the kind of oil being stored, as well as the 
location and types of tanks being used, is also necessary. Preliminary 
analyses of the oil types should be conducted to aid spill responders 
in cleanup efforts. Although the properties of products vary widely, 
different oils have common, basic features that permit categorizing 
(see Table 1). By categorizing oils, an evaluation of potential environ- 
mental effects and a determination of mitigation actions can be esti- 
mated. The following four categories are used for efficient decision- 
making related to spill response activities: 

Category 1: Light, volatile oils 
Category 2: Non-adhering oils 

0 Category 3: Heavy, adhering oils 
0 Category 4: Non-fluid oils 
It is important to acknowledge the dynamic nature of these oil 

categories. Many oils are able to undergo extensive property changes 
during the period of an emergency, while others may not be affected 
by exposure to similar conditions. 

Category i: Light, volatile oils. The first category of oils includes 
diesel oils and many light crude oils. These materiais can be flam- 
mable at the outset of a spill, but this threat can be diminished with 
exposure to the environment and under certain spill conditions. 
Category 1 oils are distinguished by high fluidity, clarity, rapid 
spreading rates, strong odors, and high evaporation rates. They tend 
to remain surface-bound and can be removed by flushing with water. 

The lighter members of this category tend to evaporate rapidly. 
Heavier members will evaporate but wul often leave some form of 
residue that may fall into a different category. Their tendency to 
penetrate porous surfaces is high, and they may contaminate sub- 
strata. When fresh, volatile oils can be toxic and can form unstable 
emulsions. 

Category 2: Non-adhering oils. The second category of oils includes 
medium to heavy paraffin-base oils and is distinguishable by its waxy, 
oily, non-adhering nature. Although these types of oils adhere 
to vegetation, they are generally easiiy removed by flushing. Their 
tendency to penetrate permeable substrates is variable, and increases 
as the temperature rises. The toxicity concerns related to these oils 
vary in relation to the atmospheric conditions. When exposed to cool 
climates, they tend to become solid and fall into category 4. Charac- 
teristic of this category are fluids and emulsified oils. 

Category 3: Heavy, adhering oils. The third category of oils typically 
includes residual fuel oils and heavier asphaltic and mixed-base crude 

oils. They are generally viscous, sticky or tarry, and brownish-black 
in color. Plants and animals may be smothered by these heavy, viscous 
products. Many category 3 oils have a specific gravity near or exceed- 
ing that of water and tend to sink. These types of oils may weather 
quickly and become category 4 oils. 

Category 4: Non-fluid oils. The fourth category of oils includes 
residual oils, heavy crude oils, and some high-paraffin crude oils. 
Weathered oils that are solid or non-fluid at spill temperatures may 
also be included under category 4. In solid form, these oils are essen- 
tially non-toxic. When subjected to high temperatures for protracted 
periods of time, they tend to melt or liquefy, thus contaminating a 
larger area. 

Vulnerability and exposure analysis. It is important for both the 
facility owner and emergency response personnel to understand 
which areas are particularly vulnerable to an oil spill. This under- 
standing requires a knowledge of the types of areas that are particu- 
larly affected by oil spills. In addition, information regarding the local 
geography and the use of downstream water must be gathered. 

A facility owner should be aware of local water use and the place- 
ment of water intake controls in rivers or aquifers that are used for 
drinking water. The fouling of wetlands of any kind must also be 
avoided. Oil in such areas is certain to affect water supplies, fish and 
wildlife breeding grounds, and endangered species habitats. 

Event and fault tree analysis. Perhaps the most critical aspect of oil 
spill contingency planning is the establishment of spill scenarios. Be- 
fore scenarios can be constructed, the possible sources of pollution 
must be identified. A detailed drawing of the facility layout and design 
will facilitate the identification of spill sources and probable spill 
pathways. The facility description should include the company name 
and address, and a description of the type of operation being con- 
ducted. A detailed survey analysis of the facility boundaries, along 
with a detailed listing of storage areas and capacities, will also aid in 
identifying potential spill sources and pathways. 

To further define potential spill sources, the facility’s storage and 
transfer equipment must be examined for leaks or other problems. 
Weak links in the storage system, such as corroding tanks or tanks 
made from steel not in accordance with API 6540 version VII, need 
to be considered as possible spill sources. Weak links in the transfer 
operation, such as uncapped pipes or pipes that pass through a dike, 
should also be considered as sources of potential spills. 
Risk assessment conclusions. By using the information gathered 

Table 1. Four categories of oil and their properties 

Catenoris Definitions %es of oil Analvtical orooerties Phvsical chemical Drooerties 
1 Light volatile oils 

4 

Non-adhering oils 

Heavy sticky oils 

Non-fluid oils 
(at ambient 
temperature) 

Distillate fuel and most 
light crude oils 

Medium to heavy paraffin- 
base refined and crude oils 

Residual fuel oils; medium 
to heavy asphaltic and 
mixed-base crudes 

Residual and heavy crude 
oils (all types) 

Highly fluid; usuaUy transparent, 
but can be opaque; strong odor; 
rapid spreading; can be rinsed 
from plant sample by simple 
agitation 

Moderate to high viscosity; waxy 
or oily feel; can be rinsed from 
surfaces by low-pressure water 
flushing 
Qpically opaque brown or black; 
sticky or tarry; viscous; cannot be 
rinsed from plant sample by 
agitation 

Tarry or waxy lumps 

May be flammable; high rate of 
evaporative loss of volatile compo- 
nents; assumed to be highly toxic to 
marine or aquatic biota when fresh; 
tend to form unstable emulsions; may 
penetrate substrates 
Generally removable from surfaces; 
penetration of substrates variable; 
toxicity variable; includes water in oil 
emulsions 
High viscosity; hard to remove from 
surfaces; tends to form stable emul- 
sions; high specific gravity and po- 
tential for sinking after weathering; 
low substrate penetration; low toxicity 
(biological effects due primarily to 
smothering); will interfere with many 
types of recovery equipment 
Non-spreading; cannot be recovered 
from water surfaces using most con- 
ventional cleanup equipment; cannot 
be pumped without preheating or 
slurring; initially relatively non-toxic; 
may melt and flow when stranded in 
sun 
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through hazard identification, vulnerabdty and exposure analysis, 
and event and fault tree analysis, a facility owner or operator will be 
able to assess the potential harm caused by a spill at the facility. Ways 
in which to mitigate, or even eliminate, a facility’s potential for harm 
may also be identified. 

Risk management 

With the knowledge gained from the first step of risk assessment, 
the facility owner or operator can create a contingency plan, which 
consists of countermeasures to be taken if a spill becomes unmanage- 
able. Contingency plans should identify a spill response coordinator, 
company and contracted resources, and the methods to use resources 
most effectively. Much of the information required for the completion 
of a contingency plan can be derived from the associated risk assess- 
ment. 

When a facility-specific contingency plan is prepared, several dif- 
ferent procedures and classes of equipment can be considered for use 
during the removal phase of an oil spill; however, it is extremely 
important to choose the right tools for the job. The type of oil in- 
volved, as well as the nature of the spiil conditions, must be identified 
before any removal actions can be undertaken. More often than not, 
the availability of required resources is the greatest difficulty encoun- 
tered during the initiation of a spill response. It is important to estab- 
lish a spill contractor and equipment inventory list, with special con- 
sideration being given to the abilities of a spill contractor and the 
availability of equipment. To facilitate decision-making procedures, 
the establishment of some form of decision matrix can be useful. This 
matrix should provide decision-makers with the ability to identi@ the 
particular contractor who is properly equipped to respond quickly to 
a spiil. 

Most facilities use company personnel for response to an oil spill; 
however, occasionally more experienced personnel are required. One 
of the major disadvantages to the use of company personnel, who are 
primarily assigned duties related to tompany operations, for cleanup 
procedures is the lack of extensive spill training. Without the help of 
well-trained experts, additional complications may arise during spill 
removal. 

Manned response use and implementation. Proper employment of 
spill resources can be achieved through the use of a pre-deployment 
policy. For example, appropriate boom placement on a waterway can 
prevent extensive cleanup operations. The determination of locations 
and placements of booms, which should provide possible off-site mi- 
gration patterns and access points, can be determined by examining 
the facility schematic. It is important to understand the limitations of 
spill equipment; the improper deployment of personnel and equip- 
ment can be a costly mistake. The ability to employ equipment is 
often subject to available access points. The identification of access 
points is extremely important, and permission to use selected roads 
must be obtained in advance. Extensive communications prior to, 
during, and following a spill response are imperative. The use of radio 
and telephone communication can reduce the incidence of costly 
mistakes. The failure to communicate continually in an informative 
manner is by far the most critical factor in spill response activities. 

Spill containment is another facet of proper contingency planning. 
Once oil has been discharged into the environment, a variety of 
techniques to contain the spill may be employed. Decisions must be 
made with respect to the use of dispersants, absorbents, skimmers, 
vacuum trucks, and the nature of waste disposal. Ali of these tech- 
niques require extensive planning before containment plans can be 
carried out; some of these methods require permission from federal, 
state, and local authorities. To better illustrate facility policies regard- 
ing s p a  containment, a schematic with speciec placement of equip- 
ment should be prepared. 

Waste dspusai options. Although waste disposal practices vary 
from area to area, some of the most common practices are reclama- 
tion, incineration, biodegradation, and land farming. These options 
must be selected in accordance with state and local contingency plans. 
The decision to dispose of waste should never be made hastily, as this 
can prove to be costly. The locations of potential disposal sites near 
a facility or spill site should be identified and cataloged for future 
reference. When a disposal option has been selected, primary consid- 
eration should be given to procedures for carrying it out. Each of the 
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various methods of waste disposal have distinct advantages and dis- 
advantages. For example, in order to incinerate oily waste, qualified 
personnel must be present in the event that a fire becomes uncon- 
troliable. This method of waste disposal is extremely efficient for oil- 
soaked branches and brush that cannot be salvaged. 

Disposal planning can provide field response personnel the knowl- 
edge necessary to mitigate a spill incident effectively. Upon comple- 
tion of a spill response, an assessment of the contingency plan should 
be considered. The success of future spill responses can be judged by 
the improvements made to the existing contingency plan. 

Execution of the contingency plan 

A contingency plan should define response equipment that is avd-  
able or must be purchased, as well as the procedures necessary to use 
the equipment. The facility owner or operator must follow the plan set 
forth in the contingency plan. The following items are examples of 
information and equipment that commonly need to be in place or 
purchased, as required by a contingency plan: 

Contractor listing 
Manpower listing 

0 Heavy equipment 
Transportation 
Vacuum trucks 
Boats 

0 Communications 
Booms 

0 Skimmers 
Absorbents 

0 Dispersants 
Disposal options 

If these preparations are completed, the facility is likely to have an 
excellent contingency plan and to be well prepared for responding to 
an oil spill. 

When a spill is discovered, the responsible party must initiate ac- 
tions that will mitigate the spill event. These actions usually follow 
rigid requirements that are set forth in the facility’s spill contingency 
plan. These requirements involve specific procedures related to noti- 
fication, spiil response, and mitigation. 

Once a spill response has been determined to be necessary, certain 
types of data are required for an appropriate response action. Infor- 
mation regarding the spill and the affected, or potentially affected, 
area should be collected. Although most of this information should 
be available as a result of contingency planning, variable data (such 
as meteorological conditions) that are available only at the time of 
the incident should be collected to determine the most effective re- 
sponse. The checklist provided in the Appendix, which is a general 
synopsis of the spill data, will aid in selecting protection or cleanup 
methods. Tune, location, and the volume of the spill, as well as the 
characteristics of the oil, will be used in determining the extent of 
the spill. Meteorological, wildlife, and water body data, which is ex- 
tremely important to the success of spill response efforts, can be coI- 
lected through various information channels, including the National 
Weather Bureau, topographical maps, and aerial reconnaissance. 
Once this information is gathered, the responders can act effectively. 

Summary 

All spi!l incidents cannot be predicted. Contingency planning pro- 
vides the basis for functional responses during emergency situations. 
Understanding this philosophy will enable planners to predict possi- 
ble spill scenarios with improved accuracy. 

Appendix 

Spill Data 
Source: 
Time: 
Date: 
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Volume of discharge: Visibility: 
Size and location of slick: 
Direction of slick: Hydrological Data: 

'Iffpe of oil: 1. Light volatile oils 
2. Non-adhering oils 
3. Heavy, adhering oils 
4. Non-fluids oils Additional Data: 

Meteorological Data 
Air temperature: 
Wind speed: 
Precipitation: 
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A COMPARISON OF REGULATIONS 
RELATED TO THE OIL SPCC PROGRAM 

Sandra K. Novotny and Thearin R. Wendel 
C-E Environmental, Inc. 

1101 15th Street 
Washington, D. C. 20005 

ABSTRACT: Several federal agencies regulate selected aspects of the 
production, refining, transportation, and storage of petroleum and 
petroleum products. Based on analyses of such programs, the U.S. 
Environmental Protection Agency (EPA) may propose modifications 
to the Oil Spill Prevention, Control, and Countermeasures (SPCC) 
program. These proposed changes would be likely to result in improved 
consistency with other government and industry standards. 

Regulatory changa may occur in two extensive and significant areas: 
adoption of specific and widely recognized industry and regulatory 
tank standards, and mandatory contingency planning at all facilities 
covered by the SPCC regulations. Relevant indushial, trade associ- 
ation, and technical standards generated by the American Petroleum 
Institute, the Underwriters Laboratories, Inc., the National Fire Pro- 
tection Association, the American National Standards Institute, and the 
National Association of Corrosion Engineers have been reviewed for 
applicability to the SPCC regulations. Areas of concern include mate- 
rials specifications, welding requirements, pressure testing prior to 
service, overpressure and vacuum relief requirements, design specifica- 
tions, hydrostatic testing requirements, and siting specifications. 

Related federal statutes and regulations include the Resource Conser- 
vation and Recovery Act, U.S. Coast Guard regulations, the Occupa- 
tional Safety and Health Act, Ofice of Pipeline Safety regulations, 
Minerals Management Service regulations, and Underground Storage 
Tank regulations. Regulatory references to tank and ancillary equip- 
ment integrity, tank and ancillary equipment standards, containment, 
inspections and testing, leak prevention and detection, and contingency 
planning could be adopted in the revised SPCC regulations. 

The U.S. Environmental Protection Agency (EPA) Spill Preven- 
tion, Control, and Countermeasures (SPCC) program regulates 
nontranspoÍtation-related facilities that may reasonably be expected 
to discharge oil into or upon the navigable water of the United States 
or its adjoining shorelines, and that have oil storage capacities of more 
than 660 gallons in a single tank or collectively 1,320 gallons or more 

Table 1. Storage tank codes and standards of industry and private concerns 

Pressure 
Piping vessel 
code code Storage tank codes and standards -- 

API 
inspection UL UL NFPA ANSI 

covered by codeor standard B31.3 VIII 650 620 12B 12D 12P 12R1 guide 58 142 30 B96.1 
API series 12 ASME 

Key areaslquestions ANSI Section API API 

Organization, I I 1 1 1 1 1 1  I P P  I I 

Material specifications/ 
requirements X X x x x x x  x x  X 

Welding specifications/ 

Preservice pressure testing 

requirements X X x x  X X 

requirements X X x x  x x  x x  x X 
Overpressurehacuum relief 

requirements X X x x x x x x  x x  x X 
Basic sizing niles X X x x x x x  x x  X 
Siting requirements X x x  X X X 
Leak detection guidance X X 

In-service inspection 

Return to service inspection/ 

1. P =private, I =industry 
Source: C-E Environmental, Inc. Analysis 

requirements X 

test requirements X X 
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aboveground, or 42,000 gallons or more underground. The SPCC 
program, which was established in 1973 to set minimum standards for 
certain aspects of facility design, operation, and procedures, regulates 
more than 650,000 facilities. 

Several other federal agencies regulate selected aspects of the pro- 
duction, refining, transportation, and storage of petroleum and petro- 
leum products. Industry standards used throughout the private sector 
are often adopted or incorporated by reference in the regulatory or 
standards-setting language of such programs. As a result of accidental 
oil discharges that have occurred during recent years, EPA is re- 
viewing related federal programs, as well as industry guidelines, to 
identify components that would strengthen the current SPCC pro- 
gram. Regulatory changes may occur in two significant areas: adop- 
tion of specific industry and regulatory standards, and mandatory 
contingency planning at all facilities covered by SPCC regulations. 
Provisions on the applicability of the SPCC regulations are likely to 
remain unchanged. 

Industry and regulatory tank standards 

Industry standards. EPA SPCC regulations do not now require 
adherence to specific standards with respect to aboveground storage 
tanks for petroleum products. Many standards, however, are com- 
moniy and voluntarily followed by SPCC-regulated facilities and 
should be considered in good spill prevention programs. These stan- 
dards include those issued by the American Society of Mechanical 
Engineers (ASME), American Petroleum Institute (API), Under- 
writers Laboratories, Inc. (UL), National Fire Protection Association 
(NFPA), American National Standards Institute (ANSI), and Na- 
tional Association of Corrosion Engineers (NACE). m o  sets of stan- 
dards issued by these organizations have emerged as major guidance 
resources for oil facilities: API 650, which describes specifications for 
aboveground storage tanks; and NFPA 30, which describes pro- 
cedures for handling ignitable liquid wastes. 

Revisions to the SPCC regulations may require compliance with 
applicable industrial and scientific codes and standards presently in 
existence. In addition to tank structures, standards could be applied 
to all piping, valves, fittings, and auxiliary equipment. Relevant 
standards address materials specifications, welding requirements, 
pressure testing prior to service, overpressure and vacuum relief re- 
quirements, design specifications with respect to sizing, and siting 
specifications. Table 1 presents the various codes and standards that 
are related to these areas of concern. 

Specifications and requirements for construction materials in tank 
systems are provided in nearly all industrial standards, including 
ANSI B31.3, ANSI B96.1, ASME section VIII, API 650, API 620, 
API series 12, UL 58, and UL 142. With respect to welding specifica- 
tions, ANSI B31.3, ANSI B96.1, ASME section VIII, API 650, API 
620, and API Series 12 apply. Preservice pressure testing require- 
ments for tank systems are specified by the same codes outlined for 
welding specifications, as well as those set forth by NFPA 30, UL 58, 
and UL 142. AU industrial standards covered in this review, with the 
exception of the API inspection guide, outline specific requirements 
for overpressure and vacuum relief. 

Basic sizing rules are specified by the majority of these standards; 
however, siting requirements are found in fewer-ANSI B31.3, API 
650, API 620, API 12R1, NFPA 30, and ANSI B96.1. Only the API 
inspection guide and NFPA 30 provide leak detection guidance and 
test requirements for systems that are being returned to service. Fi- 
nally, and unfortunately, only the API inspection guide requires 
in-service inspections. 

Regulatory standards. Six federal programs may be compared to 
the EPA SPCC program. Some are issued from within the EPA, while 
others are managed by other federal organizations. These programs 
are the Resource Conservation and Recovery Act (RCRA) as en- 
forced by EPA, U.S. Coast Guard (USCG) regulations, the Occu- 
pational Safety and Health Act (OSHA), the U.S. Department of 
Transportation’s Office of Pipeline Safety (OPS) regulations, the 
U.S. Department of the Interior’s Minerals Management Service 
(MMS) regulations, and Underground Storage Tank (UST) regu- 
lations as enforced by EPA. Various standards outlined in these reg- 
ulations are critical to good spill prevention programs, and could be 
adopted or incorporated by reference in the SPCC regulations in the 

future. Such standards address tank and ancillary equipment in- 
tegrity, tank and ancillary equipment standards, containment, in- 
spections and testing, and leak prevention and detection. The SPCC 
regulations, as outlined in 40 Code of Federal Regulations (CFR) 
Parts 109, 110, 112, 113, and 114, are currently presented as recom- 
mendations; however, revisions to these regulations could include 
mandatory compliance. 

The six programs under review were examined by applications to 
the SPCC program. Under RCRA, facilities that generate, treat, 
store, or dispose of hazardous wastes, as defined in 40 CFR 261.3, are 
subject to compliance. USCG regulates facilities capable of trans- 
ferring oil in bulk to or from any vessel with a capacity of 250 or more 
barrels of oil, as outlined in 33 CFR Part 154, and the transfer of oil 
on navigable waters to, from, or within vessels with capacities of 250 
or more barrels of oil, as outlined in 33 CFR Part 156. Under 29 CFR 
1910.106, the Occupational Safety and Health Administration regu- 
lates occupational settings where flammable and combustible liquids 
are present. Pipeline facilities and the transportation of hazardous 
liquids by pipeline in interstate and foreign commerce are regulated 
under OPS in 49 CFR Part 195. MMS is authorized to regulate all 
operations conducted under a lease issued or maintained at a facility 
on the outer continental shelf. UST, the last program reviewed, reg- 
ulates any single tank, or combination of tanks, that are positioned 10 
percent or more beneath the earth‘s surface. 

Operation approvals or permits are required by four of these pro- 
grams. Under RCRA, an EPA identification number must first be 
obtained. An operating permit, which usually involves a lengthy and 
extremely detailed application process, must then be obtained before 
operations are allowed to begin. If ownership of a permitted facility 
is transferred, a notification of RCRA requirements must be provided 
to the new owner by the previous owner. USCG requires a letter of 
intent to be submitted 60 days prior to commencement of facility 
operations. Along with the letter of intent, an operations manual 
must be submitted for review and approval by the Coast Guard. 
Following approval, a letter of adequacy must be received from the 
Coast Guard before operation startup. Noncompliance with 33 CFR 
Part 156 can result in immediate suspension of operations by the 
Coast Guard. MMS requires an exploration plan, or a development 
and production plan, to be submitted to MMS prior to operations, in 
addition to an environmental report. As for USCG, noncompliance 
with MMS regulations can result in an immediate suspension of Oper- 
ations. Last, the UST program requires a notification of tank installa- 
tion or use to be sub-hitied to the Office of Underground Storage 
Tanks (OUST). 

A review of related federal regulations regarding the integrity of 
tank and ancillary equipment indicates that RCRA requires certifica- 
tion (which must accompany a RCRA permit application) by a profes- 
sional engineer (PE), to document design standards, tank age, corro- 
sion protection, leak testing results, and cathodic protection. API and 
NACE standards are recommended for use as guidelines. USCG 
issues specific requirements for hose assemblies, burst pressure, load- 
ing arms, closure, monitoring devices, and small discharge contain- 
ment; ANSI B16.5, B16.24, B31.3 and B31.3a are recommended as 
guidelines. OSHA requires tanks to be spaced 3 to 20 feet apart, and 
that proper venting and fire resistant supports be installed. API 620 
and 2000, the ASME Boiler and Pressure Code, ANSI 31, and UL 
standards are suggested by OSHA as guidelines. The Office of Pipe- 
line Safety outlines specific minimum requirements for the design and 
construction of pipes, valves, and pumps, and specifically requires 
certain API, ASME, MMS, ANSI, and American Society for Testing 
Materials (ASTM) standards to be followed. The use of “best avail- 
able and safest technologies” is loosely recommended by MMS. The 
sixth federal program under review, the UST regulations, specifies 
proper installation and design practices, corrosion protection, filing 
practices, repair limitations, closure requirements, leak detection, 
reporting requirements, and corrective action. UST also recommends 
that a national consensus of codes of practice be followed, including 
NFF’A, ANSI, ASME, and APL 

Three of these programs contain specific provisions for contain- 
ment. RCRA requires secondary containment with appropriate mate- 
rial composition, adequate sizing to accommodate 100 percent of each 
tank’s capacity, adequate base support, and a base that is sloped. 
According to OSHA, dikes must also be able to contain 100 percent 
of each tank’s capacity. In addition, dike walls must average less than 
6 feet in height, and earthen dikes must be more than 3 feet in height 
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BULK STORAGE TANKS 25 

Table 1. Related federai regulations 

Resource Conservation Occupational Safety Office of hünerals Office of Underground 
and Recovery Act Coast Guard and Health Act Pipeline Safety hlanagement Service Storage Tanks 

Applicabdity Facilities that generate, Facilities capable of Occupational settings 
treat, store, or dispose 
of hazardous wastes as 
defined in 40 CFR 
261.3 or more barrels of oil 29 CFR 1910.106 

transferring oil in bulk 
to or from any vessel 
with a capacity of 250 

as outlined in 33 CFR 

where fiammable and 
combustible liquids are 
present as outlined in 

Pipeline facilities and the 
transportation of haz- 
ardous liquids by pipe- 
line in interstate and 
foreign commerce as 
outlined in 49 CFR 
195 

All operations conducted 
under a lease issued or 
maintained at a facility on 
the outer continental shelf 

Any one or  combination 
of tanks, including at- 
tached underground 
pipes, 10 percent or 
more beneath the sur- 
face (certain small 
tanks. residential sys- 
tems and surface im- 
poundments excluded) 

EPA identification 
number 

RCRA operating permit 
Facility transfer of 

ownership requires 
notification of RCRA 
requirements to new 
owner by previous 
owner 

Certified by P E  to in- 
clude design standards, 
tank age, corrosion 
protection, leak test 
results, and cathodic 
protection 

Certification of integrity 
submitted with RCRA 
permit application 

Interim status facilities 
must keep certiücation 
on file 

154 
ïkansfer of oil on naviga- 

ble waters to, from, or 
wtthin vessels with 250 
or  more barrels of oil 
as outlined in 33 CFR 
156 

Letter of intent submit- 
ted 60 days prior to 
operations 

Operations manual, sub- 
mitted with the letter 
of intent, to be re- 
viewed and approved 
by USCG 

sued by USCG prior 
to operations 

CFR 156 can result in 
immediate suspension 
of operations 

Letter of adequacy is- 

Noncompliance of 33 

Approval 
requirements 
and permits 

n or  devel- Notification of tank exis- 
tence or  installation is 
required 

Exi ration i 
Öpmcnt a id  production 
plan submitted prior to 
operations 

Environmental rcport sub- 
mitted prior to operations 

Noncompliance can rcjult in 
immediate suspension of 
operations 

Study program conducted 
by lessec, if requested 
during suspension 

Tank and 
ancillary 
equipment 
integrity 

Tank and 
ancillary 
equipment 
standards 

API and NACE recom- Requirements for hose Tanks spaced at least 
mended as guidelines assemblies. burst pres- 3-20 feet apart 

sure. loading arms, Venting 
closure, monitoring Fue resistant supports 
devices, and smaU dis- 
charge containment 

Specific minimum re- 
quirements for design, 

valves and pumps 
12-inch underground 

pipe clearance 

COnStNCtiOn Of pipes, 

Use of “best available and 
safest technologies” 

Proper installation and 
design practiccs. cor- 
rosion protection, fill- 
ing practices, repair 
limitations, closure re- 
quirements, leak 
detection, reporting 
requirements, cor- 
rective action 

National consensus codes 
of practice (NFPA, 
ANSI, ASME. API) 

Containment Secondary containment 
with proper composi- 
tion material, ade- 
quate size to contain 
100% tank capacity. 
base support, and 
sloped base 

Optional secondary de- 
vices such as liners, 
vaults, and double- 
wailed tanks, 
recommended 

ANSI 816.5, B16.24, 
B31.3 and B31.3a 
recommended as 
guidelines standards, suggested 

API 620 and 2000, 
AShíE Boiler and 
Pressure Code, or UL 

ANSI 831 recommended 
for piping 

Dikes must be able to 
contain 1004  tank 
capacity 

Dike walls must average 
lees than 6 feet in 
height 

Earthen dikes more than 
3 feet in height must 
be 2 feet in width at  
top 

Declaration of inspection One-time testing (includ- 
completed prior to oil ing hydrostatic) for 
transfer strength and tightness 

Facility inspections per- AShíE, API, or  UL 
formed annually compliance must be 

Hydrostatic testing of marked on tank prior 
hosing required to use 

Periodic OSHA 
inspections 

APL ASME, hLMS, 
ANSI, and ASTM 
standards cited and 
incorporated in 
regulations 

Curbs. gutters. drip pans. 
and drains installed in 
deck areas to collect all 
contaminants not autho- 
rized for discharge 

Artificial islands, such as  on 
the Alaskan North Slope. 
must have an impervious 
berm 

Inspections and 
testing 

Inspection schedule sub- 
mitted with RCRA 
permit application 

Facility inspections con- 
ducted weekly 

Tank system inspections 
conducted daily 

Testing of emergency 
equipment 

Annual inspection of 
cathodic prevention 

Pipes must be tested 
during construction 

Cathodic protection must 
be tested by test leads 

Required hydrostatic 
testing 

Annual facility pipeline 
system inspections 

Biennial inspectian of 
valves 

Annual onsite facility 
inspection 

Periodic onsite inspections 
without prior notice 

híonitoring of environ- 
mental impacts 

Corrosion testing of wells 
Operators must self-inspect 

facilities dairy 

Inspection on instaliation 
can be conducted 

Postinstallation integrity 
test 

Internal inspections, 
where feasible 

Various kinds of testing 
can be done 

Leak prevention 
and detection 

Secondary containment Hydrostatic testing of 
leak detection certified hoses 
by PE  in RCRA per- 
mit application 

Interim status facilities 
must keep certification 
on file 

Each component of a 
pipeline system must 
be provided aith cor- 
rosion protection 

Use of bloB-out preventers 
Frequent pressure testing of 

well casing 

Corrosion protection 
Soil gas monitoring 
Water table monitoring 
in-tank monitoring 
Interception weil 

monitoring 

Source: C-E Environmental, Inc. Analysis 

and2 feet in width at the top. MMS requires that curbs, gutters, drip 
pans, and drains shall be installed in deck areas to collect ali con- 
taminants not authorized for discharge. Artificial islands, such as on 
the Alaskan North Slope, must possess an impervious berm to comply 
with MMS regulations. 

Although all of the federal programs reviewed include specifica- 
tions for the inspection and testing of tanks and ancillary equipment, 
the SPCC regulations are currently among the least mandatory. 

RCRA requires that an inspection schedule, which must accom- 
pany every RCRA permit application, must include inspections of 
every facility on a weekly basis, and tank system inspections on a daily 

basis. Also included at the time of RCRA permit application is a PE 
certification that secondary containment leak detection capabilities 
has been installed. Testing of emergency equipment must be per- 
formed on a regular basis. Cathodic corrosion prevention equipment 
must also be inspected annually. USCG requires a declaration of 
inspection to be completed prior to all oil transfers, a facility inspec- 
tion to be performed annually, and hydrostatic testing of hosing to be 
conducted, as required. 

In contrast, OSHA requires only a one-time testing (including hy- 
drostatic testing) for strength and tightness; however, compliance 
with ASME, API, or UL standards must be marked on all tanks prior 
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Table 3. Contingency planning 

Resource Conservation Occupational Safety Office of Minerals Office of Underground 
and Recovery Act Coast Guard and Health Act Pipeline Safety Management Services Storage Tanks 

Contingency 24-hour surveillance Emergency procedures Maintain liaison with Environmental protection 
planning system, or controlled delineated in the local authorities. equipment 

access barrier, facility Operations Maintain current maps Safety equipment 
required Manual (33 CFR of system Contingency plans for drill 

Danger signs posted 154.310) Pipeline markers as site and associated 
required onshore activities 

Emergency Contingency plan üied Shutdown procedures Emergency venting Manual for emergency “Lessee shall take all steps 
preparedness with state and local Appropriate communi- Earthquake resistancy procedures to be necessary to prevent 

authorities, and cation system Elimination or  control of reviewed annually accidents and fires” 
submitted with RCRA Adequate lighting ignition sources Shutdown procedures 
permit application Preparedness plans Post-accident review of 

Assigned spill incorporated in facility employee activities 
coordmators safety and health 

program 

Source: C-E Environmental, Inc. Analysis 

to use. OSHA is authorized, at its discretion, to inspect facilities 
periodically. 

OPS regulations include several elements of good inspection and 
testing procedures: testing of pipes during construction, testing of 
cathodic protection by use of test leads, hydrostatic testing, biennial 
inspections of valves, corrosion protection throughout pipeline sys- 
tems, and annual inspections of facility pipeline systems. in MMS 
regulations, the use of blowout preventers is specified, as is the prac- 
tice of frequently pressure-testing well casings. 

Last, under UST regulations, corrosion protection and monitoring 
of soil gas levels, water tables, tanks, and interception wells are re- 
quired. 

A summary of this comparison of regulatory standards is presented 
in Table 2. 

Contingency planning 

A comparison of contingency planning activities required by the 
federal programs under review indicates that contingency planning is 
becoming an increasingly significant component of hazardous mate- 
rials management plans. As the current SPCC regulations stand, con- 
tingency planning for facilities is required only in the event that a 
complete SPCC plan is not feasible; however, EPA has the authority 
to mandate site-specific contingency planning at all SPCC-regulated 
facilities. 

The RCRA contingency planning provisions are extremely relevant 
to the SPCC program, and could serve as a model for modifications 
to the SPCC requirements. RCRA regulations require a written con- 
tingency plan to be submitted at the time of RCRA permit applica- 
tion, nled with state and local authorities, and maintained on site. The 
contingency plan must provide a list of persons qualified to act as 
emergency coordinators, a list of emergency equipment at the facility, 
and a facility evacuation plan. In addition, a 24-hour surveillance 
system must be operative at all RCRA-regulated facilities; in lieu of 
a surveillance system, access to a facility must be completely con- 
trolied by use of barriers. Danger signs are also required to be posted 
at appropriate locations throughout the facility property. 

Spill prevention programs should coordinate closely with Title III of 
the Superfund Amendments and Reauthorization Act (SARA). Un- 
der Title III, owners and operators of regulated facilities are required 
to develop methods for determining the occurrence of a release and 
the area or population likely to be affected in the event of a release, 
and must identify transport routes for extremely hazardous sub- 
stances. ïîtle iIi also requires preparation of release response pro- 
cedures, a list of community and facility emergency coordinators, 
notification procedures, evacuation plans, and emergency response 
and medical personnel training. 

The National Oil and Hazardous Substances Pollution Contingency 
Plan (NCP), as authorized by the Comprehensive Environmental 
Response, Compensation, and Liability Act and the Clean Water 
Act, outlines guidelines for preparing federal, regional, and local 
contingency plans. Although NCP guidelines do not apply to facili- 
ties, relevant procedures for use in site-specific contingency planning 
may be adapted by industry and other federal programs. 

Facilities subject to the USCG regulations must submit an opera- 
tions manual, prior to commencement of operations, that establishes 
emergency shutdown procedures. The “person in charge” of an oil 
transfer operation must be fuliy qualified to serve as an emergency 
coordinator, and must ensure that adequate communication and light- 
ing systems are maintained. 

The Occupational Safety and Health Act standards for contingency 
planningrequire that an emergency action plan be prepared in writing 
and maintained on site at all facilities with ten or more employees. 
The emergency plan must describe escape procedures, medical ser- 
vices, designated persons in charge, and emergency training pro- 
grams. OSHA provisions for a fire prevention plan require a listing of 
all fire hazards present at a facility, a description of handling and 
storage procedures, a description of fire protection equipment, iden- 
tification of potential ignition sources, the names of persons in charge 
of fire equipment, housekeeping procedures, and maintenance of fire 
prevention equipment. OSHA hazard communication programs 
require container labeling, where appropriate, and other types of 
warnings and material safety data sheets. 

The Office of Pipeline Safety requires that facilities establish close 
liaison with local facilities. At each site, a current map of pipeline 
systems must be maintained, and pipeline markers are to be installed, 
where appropriate. A manual for emergency procedures, which is to 
be reviewed annually in house, must include emergency shutdown 
procedures. 
MMS requires the use of environmental protection equipment and 

safety equipment. Although regulations issued through MMS loosely 
require lessees of oil facilities to “take all steps necessary to prevent 
accidents and fires,” contingency plans for drilling sites and associ- 
ated onshore activities are required to be prepared. 

A comparison of contingency planning and associated emergency 
response guidelines and requirements is presented in Table 3. 

Conclusions 

This analysis of programs related to EPA’s SPCC program reflects 
four major points. First, oil facilities are regulated by several federal 
agencies, and not only by EPA. Second, other federal programs often 
enforce much stricter requirements than those imposed by the SPCC 
program’s current guidelines. Third, EPA possesses the authority to 
promulgate new mandatory requirements for the storage of oil, and 
may elect to do so in the near future. Finally, certain elements of good 
spill prevention practices are common to federal regulatory programs. 
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EVALUATION OF THE ACCURACY OF 
VOLUMETRIC LEAK DETECTION METHODS 

FOR UNDERGROUND STORAGE TANKS CONTAINING GASOLINE, 

Joseph W. Maresca, Jr., James W. Starr, Robert D. Roach 
Vista Research, Inc. 

100 View Street 
P.O. Box 998 

Moimtain View, California 94042 

John S. Farlow 
U. S. Environmental Protection Agency 

Releases Control Branch 
Risk Reduction Engineering Laboratory 

Edison, New Jersey 08837 

ABSTRACT: A United States Environmental Protection Agency 
(EPA) research program evaluated the current perfomiance of com- 
mercially available volumetric test methods for the detection of small 
leaks in underground gasoline storage tanks. The evaluations wereper- 
formed at the EPA Risk Reduction Engineering Laboratory’s Under- 
ground Storage Tank Test Apparatus in Edison, New Jersey. 

The methodology iued for evaluation made it possible to determine 
and resolve most of the technological and engineering issues associated 
with yolitmetric leak detection, as well as to define the current practice 
of commercially available test methods. The approach used (1) experi- 
mentally validated models of the important sources of ambient nobe 
that affect volume changes in nonleaking and leaking tanks, (2) a large 
data base of product-temperature changes that result from the delivery 
of product to a tank at a different temperature than the product in the 
tank, and (3) a matheriatical model of each test method to estimate the 
performance of that method. The test-method model includes the in- 
strumentation noise, the configuration of the sensors, the test protocol, 
the data analysis algorithms, and the detection criterion. 

Twenty-five commercially available volumetric leak detection sys- 
tems were evaluated. The leak rate measurable by these systems ranged 
from 0.26 to 6.78 Llh (0.07to 1.79 gallh), with a probability of detec- 
tion of 0.95 and a probability of false alam of 0.05. Five methoh 
achieved a performance between 0.19 Llh (0.05 gallh) and 0.57 Llh 
(0.15 gallh). Only one method was able to detect leaks less than 0.57 
Llh (0.15 gallìi) if the probability of detection was increased to 0.99 and 
the probability of false alarm was decreased to 0.01. The measurable 
leak rates ranged from 0.45 to 12.94 Llh (0.12 to 3.42 gallh) with these 
more stringent detection and false alarm parameters. 

The performance of the methods evaluated was primarily limited by 
test protocol, operational sensor configuration, data analysis, and cali- 
bration, rather than by hardware. The experiniental analysis and model 
calculations suggested that substantial performance improvements can 
be realized by making procedural changes. With modifications, it is 
estimated that more than 60 percent of the methods should be able to 
achieve a probability of detection of 0.99 and a probability of false 
alarm of 0.01 for leak rates between 0.19 Llh (0.05 gallh) and 0.56 Llh 

1. Mention of trade names or commercial products docs not consti- 
tute an endorsement or  recommendation for use. 

(0.15 gallh), and 100 percent should be able to achieve this perform- 
ance for leak rates of approximately 0.76 Llh (0.20 gallh). 

Leaking underground storage tank systems represent a serious en- 
vironmental threat. Estimates of the fraction of underground storage 
tank systems that may be leaking range from 10 to 25 percent. 
Records from past release incidents indicate that without the use of 
release detection, a release can become substantial before it is de- 
tected.’Os’l 

There are many commercially available methods for detecting leaks 
in underground storage tanks. Those which are the most widely used 
in the petroleum industry are in a category called volumetric tank 
tests (also known as “precision,” “tank tightness,” or “tank integrity” 
tests). The premise of a volumetric tank test, and hence its name, is 
that any change in the volume of fluid within a tank can be interpreted 
as a leak. Detection of these leaks is difficult because there are many 
physical mechanisms that produce volume changes that can be mis- 
taken for leaks. Most of the volumetric tanks tests on the market 
today claim the abiiity to detect leaks as small as 0.19 U h  (0.05 gallh). 
(This is the “practice” recommended in the National Fire Protection 
Association (NFPA) Pamphlet 3295 for volumetric tests in tanks less 
than 47,316 L (12,499 gal) in capacity). These volumetric tank tests, 
however, do not specify the reliability of their test results in terms of 
probability of detection (PD) and probability of false alarm (PFA) 
against this 0.19 LJh leak rate. The 1984 Hazardous and Solid Waste 
Amendments to the Resource Conservation and Recovery Act of 
1976 charged the U.S. Environmental Protection Agency (EPA) with 
developing regulations for the detection of releases from under- 
ground storage tanks. The new regulations, released in September 
1988, state that all volumetric tank test methods must have the capa- 
bility of detecting leaks as small as 0.38 Ldh (0.1 gallh) with a PD of 
0.95 and a PEA of 0.05. These are only minimum standards, and the 
tank owner-operator may want better protection against the possi- 
bility of a testing mistake. 

Development of technically sound and defensible regulations re- 
quired that both the threat to the environment and the technological 
limits of reIease detection be known. The threat to the environment 
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