SECTION 9

STATISTICAL ANALYSIS

I. NATIONAL ESTIMATES OF THE NUMBERS OF UNDERGROUND MOTOR FUEL
STORAGE TANKS AND ESTABLISHMENTS WITH UNDERGROUND MOTOR FUEL
STORAGE TANKS

In the continental United States (i.e., excluding Alaska,
Hawaii, and the trust territories) there are an estimated 796,000
underground tanks currently being used for the storage of motor
fuel at an estimated 326,000 business, government and farm
establishments. Table 9-1 shows the estimated number of tanks
and establishments with tanks (as well as the mean and median
number of tanks per establishment) overall and within the
business/government stratum and the farm stratum. Overall there
are an average of 2.4 tanks per establishment with such tanks,
and a median of three tanks per establishment.

Among the business and government establishments (based on
analysis of the combined fuel establishment and large
establishment strata), there are an estimated 638,000 underground
motor fuel storage tanks in use at approximately 247,000
establishments. The average number of tanks per establishment
for the business and government sample is 2.6 tanks. The median
number of tanks per establishment is three. (The sample strata

are described in detail in Section 4 of this report.)

According to survey estimates, there are approximately
158,000 underground motor fuel storage tanks in use on about
79,000 farms, or an average of 2.0 tanks per farm with
underground motor fuel storage tanks. The median number of tanks



Table 9~1. Estimates of the number of underground motor fuel storage
tanks and the number of establishments with underground
motor fuel storage tanks in the continental United States
(95% confidence bounds in parentheses)

Number of tanks
per establishment

Number of with tanks
establishments Number
Type of with tanks of tanks
establishment (1,000's) (1,000's) Mean Median
Business & 247 638 2.6 3
government (220-275) (584-692) (2.4-2.8) -
Farms 79 158 2.0 1
(58-100) (< 453) (< 5.0) -
Total 326 796 2.4 3
(296-356) (503-1,090) (1.6-3.2) -




per farm is one tank. Because of the small sample size for
farms, the resultant large sampling weights, and the associated
broader confidence bounds, the farm sample was not combined with
the samples of fuel and large establishments in the succeeding
analyses. For a detailed discussion of the farm sample, see
Appendix G of this report.

A. Estimates by Survev Region of the Number of Underground
Motor Fuel Storage Tanks and Establishments

The survey sample was stratified to provide estimates for
six predefined survey regions. Table 9-2 lists the six survey
regions and shows the estimated number of tanks and
establishments with tanks, plus the mean and median number of
tanks per establishment, within each of the regions. The
Northeast survey region has the highest estimated number of tanks
(186,000) and establishments (69,000). The survey region with
the smallest number of tanks is the Mountain region, with an
estimated 36,000 tanks at 14,000 establishments. The average
number of tanks per establishment is 2.6 tanks, and ranged from a
high of 2.7 tanks per establishment in the Northeast to a low of
2.3 tanks per establishment for the central region. The median
number of tanks per establishment for all regions combined is
three. The Northeast, Mountain, and Pacific survey regions each
have a median of two tanks per establishment. In the Southeast,
Midwest, and Central survey regions the median number of tanks
per establishment is three.

Table 9-3 displays the estimates of the number of underground
motor fuel storage tanks and establishments with motor fuel
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Table 9-2. Estimates, by survey region, of the number (1) of underground
motor fuel storage tanks and the number of establishments
with underground motor fuel storage tanks in the continental
United States (95% confidence bounds in parentheses)

Number of tanks
per establishment

Number of with tanks
establishments Number
Survey with tanks of tanks
region (1,000's) (1,000's) Mean Median
1 69 186 2.7 2
Northeast (52-86) (175-198) (2.1-3.3) -
2 48 126 2.6 3
Southeast (39-58) (106-147) (2.4-2.8) -
3 53 139 2.6 3
Midwest (39-67) (108-170) (2.4-2.9) -
4 27 63 2.3 3
Central (15-39) (43-84) (2.0-2.6) -
5 14 36 2.5 2 "
Mountain (12-17) (23-49) (2.1-2.9) -
6 35 87 2.4 2
Pacific (29-42) (58-116) (2.0-2.9) -
Total 247 638 2.6 3
(220-275) (584-692) (2.4-2.8) -

(l)Does not include farms or tanks at farms.



Table 9-3. Estimates, by type of establishment, of the number (1) of
underground motor fuel storage tanks and the number of
establishments with underground motor fuel storage tanks
in the continental United States (95% confidence bounds
in parentheses)

Number of tanks
per establishment
Number of with tanks
establishments Number
Type of with tanks of tanks
establishment (1,000's) (1,000's) Mean Median
Government 45 98 2.2 2
and military (29-62) (69-128) (1.8-2.5) -
Gas stations 33 118 3.6 3
owned by major (26-41) (87-148) (3.3-3.8) -
petroleum
companies
Gas stations 58 204 3.5 3
owned by other (50-67) (174-233) (3.2-3.8) -
companies
Other fuel- 36 77 2.1 2
related estab- (30-43) (64-90) (1.8-2.4) -
lishments
Large non fuel- 74 142 1.9 2
related estab- (55=-93) (97-187) (1.6-2.2) -
ments (with
> 20 employees)
Total 247 638 2.6 3
(220-275) (584-692) (2.4-2.8) -
(1) poes not include farms or tanks at farms.



storage tanks as they are distributed by type of establishment.
Establishment types include:

o Government and military establishments, including
state, local and federal facilities;

e} Gas stations (SIC code 5541) owned and/or operated by
major petroleum companies (according to the
establishment manager) ;

o Gas stations (SIC code 5541) owned by other companies;

o Other fuel-related establishments (i.e., transportation
related industries); and

o Large non-fuel-related establishments (with 20 or more
employees) .

Gasoline stations without regard to ownership account for about
half (321,000) of all tanks. but a little over a third (92,000)
of the total number of establishments with tanks. Of the five
establishment types, gasoline stations owned by other (i.e., non-
major) companies account for the largest number of tanks
(203,000) . The other fuel-related establishments have the
smallest share of tanks (an estimated 77,000) and establishments
(an estimated 36,000). The large non-fuel-related establishments
category has the highest estimated number of establishments with
tanks (74,000 establishments), and has second highest estimated
number of tanks (142,000). The average number of tanks per
establishment, which is 2.6 for establishments of all types,
ranges from a high of 3.6 for gas stations owned by major
petroleum companies, to a low of 1.9 for the large non-fuel-
related establishments. The median number of tanks per
establishment is three for both of the categories of gas
stations, and two for the non-gas station categories.



II. CHARACTERISTICS OF ESTABLISHMENTS WITH UNDERGROUND MOTOR
FUEL STORAGE TANKS

There are an estimated 247,000 government and business
establishments that use underground tanks to store motor fuel.
Table 9-4 displays the estimated number, the 95 percent
confidence bounds for the estimates, and the percentage
distribution of the type of establishment, within region. The
differences in the distribution of establishment types within the
survey regions are described in Section 9.II.A. 1In addition,
specific establishment characteristics were analyzed by region
and establishment type, and are displayed in Tables 9-5 and 9-6.
These tables are discussed in Section 9.II.B.

A. Distribution of Types of Establishments within Survey
Region

The distribution of establishment types is relatively
similar across the six survey regions, although there are some
differences, particularly in gas station ownership type in
certain regions. While gas stations owned by major petroleum
companies account for 13 percent of the establishments across all
regions, 23 percent of the establishments in the Pacific region
were gas stations owned by major petroleum companies. 1In
contrast, the lowest proportion of gas station establishments
owned by major petroleum companies (8%) occurs in the mountain
regions. Gas stations owned by other companies (i.e., not owned
by major petroleum companies) account for 24 percent of the
establishments in all survey regions, but for only 11 percent of
the establishments in the Pacific survey region. The Midwest
survey region has the highest proportion (29%) of gas stations
owned by other companies.
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The Central region has the highest proportion of government
and military establishments, with 24 percent compared to 18
percent for all regions. The Midwest survey region has a
slightly lower percentage of large non-fuel-related
establishments, with 23 percent compared to 30 percent for all
regions. The proportion of other fuel related establishments is

nearly identical across regions.

B. Selected Establishment Characteristics, Analyzed by

Region and by Establishment Type

Selected establishment characteristics were analyzed by
region and by establishment type for the establishments with
underground motor fuel storage tanks. These analyses were based
on a file of 876 establishments, weighted to represent 247,000
establishments. The percent of establishments exhibiting each of
the selected characteristics is displayed in Table 9-5 (by
region) and Table 9-6 (by establishment type).

1. Establishments with Underground Waste 0il Tanks

Overall, 31 percent of the establishments have underground
waste oil tanks on site. Most owner/operators knew whether or
not their establishments have waste oil tanks (over 99%). The
Central and Southeast regions have the smallest percentage of
establishments with underground waste oil tanks (24% and 25%
respectively) and the Pacific region has the largest percentage
(43%). Among establishment types, gas stations of both types
have higher percentages of underground waste oil tanks than other
establishment types. More than half (59%) of the gas stations
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owned by major petroleum companies have underground waste oil
tanks, and 46 percent of the gas stations owned by other
companies have underground waste oil tanks. Government and
military establishments and large non-fuel-related establishments
have the smallest percentage of establishments with underground
waste oil tanks, with 17 percent and 16 percent respectively.

Approximately 98 percent of the establishments that have
underground waste oil tanks have only one of these tanks.
Altogether, there are an estimated 78,000 underground waste oil
tanks at establishments that also have underground motor fuel
tanks. (This estimate does not include waste oil tanks that may
be at establishments that do not have underground motor fuel
storage tanks, since those establishments were not surveyed.)

2. Establishments with Abandoned Underground Tanks

Approximately 14 percent of the establishments that have in-
use underground motor fuel storage tanks also have one or more
tanks on site that have been abandoned (i.e., are no longer in
use, and have not been removed.) Again, most owner/operators
(95%) knew whether their establishment had such a tank on site.
Across regions the percentages of establishments with abandoned
tanks is similar, ranging from a high of 17 percent in the
Central region to a low of 9 percent in the Pacific region. A
more striking difference can be seen in the percentages of
establishments with abandoned tanks across establishment types.
Only 4 percent of the gas stations owned by major petroleum
companies have abandoned tanks, while 22 percent of the gas
stations owned by other companies have abandoned tanks.

Nearly 70 percent of the establishments with in-use motor
fuel tanks that have abandoned underground tanks have only one
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3. Establishments with Clean Sand or Gravel as Tank
Backfill

Overall, 78 percent of the establishments claim to have used
clean sand, pearock or peagravel for backfill around their tanks.
(This estimate is based on the three-quarters [74%) of
owner/operators who knew the backfill material.) The remaining
22 percent used excavation soil, rubble, clay and combinations
including these materials to fill around their tanks. In the
Central and Pacific regions a lower percentage of establishments
used the clean sand/clean gravel backfill (63% and 65%
respectively), while in the Midwest the percentage using this
type of backfill was higher (88%). A higher percentage of both
types of gas stations used clean sand/clean gravel backfill.
Among gas stations owned by major petroleum companies, 92 percent
used clean sand/clean gravel as backfill, while among gas
stations owned by other companies 89 percent used this type of
backfill. Only 66 percent of the large establishments used clean
sand/clean gravel as backfill.



4. Establishments Required to Have Tank Installation

Permits

Operators of 56 percent of the establishments with
underground motor fuel storage tanks did not know whether the
establishment was required to obtain a permit for the
installation of the underground tanks. Among those who did know,
56 percent said they were required to obtain such a permit. The
Central region has the lowest percentage of establishments
reporting a required installation permit (37%) while the Pacific
region has the highest percentage (78%). Among gas stations
owned by major petroleum companies, where this question was
answered, 87 percent said they were required to have installation
permits. However, among government and military establishments,
where this question was answered, the owner/operators said an
installation permit was required for only 33 percent of the
establishments.

5. Establishments Required to Have Tank
Operating Licenses

Whether the establishment was required to have an operating
license was known by 84 percent of responding owner/operators.
At these establishments, only 29 percent of the establishments
overall are required to have tank operating licenses, according
to the establishment operators. Differences in the proportions
of establishments required to have licenses are noticeable across
survey regions and establishment types in patterns similar to the
differences in percentages of establishments required to have
installation permits. Again the Pacific survey region has the
highest percentage of establishments requiring licenses (49%, or
two thirds more that the overall percentage), and the Central



survey region has the lowest (15%, or about half of the overall
percentage.) Only 11 percent of the government and military
establishments are required to have operating licenses, while 55
percent of the gas stations owned by major petroleum companies

have such licenses.

6. Establishments with Insurance Coverage for Sudden
Motor Fuel Spills

Among all regions and establishment types, 81 percent of
establishment operators who answered this question believe they
have insurance to cover damage to people or property caused by
sudden motor fuel spills. Most (85%) did answer the
questionnaire item. The Mountain region has the highest
percentage of establishments with sudden spill coverage, with 96
percent of the establishment operators claiming to have this type
of coverage, closely followed by the Pacific region, with 92
percent of the establishment operators claiming to have this type
of coverage. Among the five establishment types, government and
military have the lowest percentage of establishments covered for
sudden spills (70%) and large non-fuel-related establishments
have the highest percentage covered, with 88 percent of the
establishment operators claiming to have this type of coverage.

7. Establishments with Insurance Coverage for Non-~
sudden Motor Fuel Spills (Including Leaks)

A total of 69 percent of the establishment operators who
answered this item believe that their establishments have
insurance to cover damage to people and property caused by non-
sudden spills of motor fuel (such as tank system leaks). (Since



this type of insurance coverage is not yet common, this belief
may be unfounded.) A slightly lower number (78%) answered this
item than answered the "sudden spills" question. A higher
percentage of the operators in the Mountain and Pacific regions
believe that their establishments are covered by insurance for
non-sudden motor fuel spills (94% in the Mountain region and 89%
in the Pacific region). There was very little difference in the
percentage of operators claiming non-sudden spill coverage across
establishment types.

IIT. CHARACTERISTICS OF UNDERGROUND MOTOR FUEL STORAGE
TANKS

There are an estimated 638,000 underground motor fuel
storage tanks at business and government establishments in the
continental United States. Table 9~7 shows the numerical and
percent distribution of these tanks by survey region and
establishment type. The differences in these distributions -
across survey region are described in Section 9.III.A below.
Selected tank characteristics, including tank age, tank capacity,
products held in the tank, and various installation
characteristics, were also analyzed by survey region and by
establishment type. The results of these analyses are reported
in Tables 9-8 through 9-15, and are discussed in Section 9.III.B.

A. Distribution of Tanks by Type of Establishment within
Survey Region

As is shown in Table 9-7, tanks at government and military
establishments account for 15 percent of all of the underground
motor fuel tanks. This proportion is about the same across all
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Table 9-8. Estimates, by survey region, of the mean and median
age (%T years) of underground motor fuel storage
tanks (1) (95% confidence bounds about the mean
in parentheses)

:
]

Mean Median '
tank age tank age
Survey region (in years) (in years)

1 12 12
Northeast (11-13)
2 12 11
Southeast (11-14)
3 12 11 -
Midwest (11-14) .
4 12 10
Central ' (9-15)
5 11 11 =
Mountain (9-14) ;
6 12 11 f%
Pacific (7-18) : .
Total 12 11 ;ﬁ
(11-13)
(1)Does not include tanks at farms. .
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Table 9-9. Estimates, by establishment type, of the mean and
median age (i? Years) of underground motor fuel
storage tanks 1 (95% confidence bounds about
the mean in parentheses)

Mean Median
tank age tank age
Type of establishment (in years) (in years)
Government & military 12 9
(10-14)
Gas stations owned by 12 11
major petroleum (9-14)
companies
Gas stations owned by 14 13
other companies (13-16)
Other fuel-related 12 11
establishments (10-13)
Large non-fuel- 10 7
related establishments (9-12)
Total 12 11
(11-13)

(l)Does not include tanks at farms.
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Table 9-10.

Estimates, by survey region, of the mean and median
capacity (in ?i}lons) of underground motor fuel
storage tanks (95% confidence bounds about the
mean in parentheses)

Survey region

Mean Median
tank capacity tank capacity
(in gallons) (in gallons)

1l 4,583 4,000
Northeast (3,662-5,503)
2 5,744 6,000
Southeast (4,931-6,557)
3 5,710 5,000
Midwest (5,064-6,357)
4 5,176 4,000
Central (4,751-5,601)
5 5,866 5,000
Mountain (5,711-6,020)
§ 6,180 6,000
Pacific (4,954-7,406)
Total 5,405 4,000

(5,026-5,783)

(1)Does not include tanks at farms.
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Table 9-11. Estimates, by establishment type, of the mean and
median capacity (i?l?allons) of underground motor
fuel storage tanks (95% confidence bounds about
the mean in parentheses)

Mean Median

tank capacity tank capacity

Type of establishment (in gallons) (in gallons)
Government & military 4,342 2,000

(3,059-5,626)

Gas stations owned by 6,821 6,000
major petroleum (6,120-7,522)
companies
Gas stations owned by 5,093 4,000
other companies (4,513-5,674)
Other fuel-related 5,687 4,000
establishments (4,963-6,410)
Large non fuel- 5,261 4,000
related establishments (4,374-6,149)

Total 5,405 4,000

(5,026-5,783)

(1) poes not include tanks at farms.
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Table 9-23. Estimates number and percent of tank systems1 judged
to be leaking under test conditions for tank systems
with selected installation characteristics (95%
confidence bounds in parentheses).

. Percent of Number of systems
Installation Sampls systems judged judged to be leak-
characteristics size to be leaking ing (in 1,000's)
Fiberglass tanks 30 31% 12
(15-48%) (1-24)
Bare (uncoated 33 32% 14
steel) tanks (14-49%) (0-28)
Coated steel tanks 192 38% 97
(30-46%) (65-128)
Tanks with cathodic 10 60% 9
protection installed (0-100%) (< 25)
Tanks installed par- 40 47% 23
tially or completely (25-69%) (9-36)
below the water table
Tanks covered by a 263 39% 136
paved surface (32-45%) (103-198)
Tanks connected to 71 41% 37
a pressure pump . (27-55%) (21-52)
delivery system
Tanks with metered 351 36% 164
dispensing systems (31-40%) (130-198)
Tanks that were 42 23% 14
self-installed (31-40%) (3-26)
Tanks that were 2nd- 13 52% : 9
hand when installed (26-78%) (4-14)
National totals3 383 35% 177
(30-40%) (139-214)

lpoes not include farm tanks.

2Includes all individually tested tank systems with conclusive
results. Excludes tank systems for which test results were
inconclusive, tanks tested as part of a manifolded tank system.

3since the categories overlap, the national totals are given to
provide a reference point, not as the total of the rows alone.
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is some indication that the oldest steel tanks (> 20 years old)
may have a higher proportion leaking than younger steel tanks. A
comparison of percent judged to be leaking by tank material
cannot be made for tanks more than 20 years old, since no
fiberglass tanks that old were found in the survey. For age
categories where a comparison can be made by tank material, no

significant differences appear.

2. Tank Capacity

While the percentage of tank systems judged to be leaking
under test conditions nationally is 35 percent for all tested
tank systems, there is some variation in the percentage across
size categories. Table 9-20 displays the estimated number and
percent of tank systems judged to be leaking under test
conditions within eight arbitrary size categories. The
percentage of tank systems judged leaking is somewhat lower than
the national percentage in the two smallest size categories. An
estimated 23 percent of the tank systems that are 1100 gallons or
less are judged to be leaking, and 27 percent of the tank systems
ranging in size from 1101 to 3999 gallons are judged to be
leaking. The size categories with the largest percentages of
tank systems that are judged to be leaking are systems with tanks
that are 5000 to 5999 gallons, with 61 percent; systems with
tanks that are 10,000 to 11,999 gallons, with 45 percent; and
systems with tanks that are 12,000 or more gallons, with 44
percent. The size categories with the largest estimated numbers
of leaking tank systems are those systems with tanks that are
10,000 to 11,999 gallons, and 4,000 to 4,999 gallons.
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3. Type of Motor Fuel Stored

There were interesting differences in the leak status of
tank systems depending upon the type of motor fuel they had
stored during the prior year, as may be seen in Table 9-21.
Among tank systems that store unleaded gasoline the percent
leaking under test conditions is 33 percent which is nearly the
same as the national percentage. However, among tank systems
used to store leaded gasoline, only 18 percent, or about half of
the national percentage, are judged to be leaking. Among tank
systems storing diesel fuel, the percent judged to be leaking is
57 percent, or nearly two-thirds more than the national
percentage. Very small numbers of tank systems used to store
other fuel types such as aviation fuel and gasohol were tested,
so reliable estimates of leak status can not be provided for
tanks storing these fuel types.

4. Manifolded Systems

A somewhat higher proportion of the tank systems that are
part of a manifolded tank system are judged to be leaking under
test conditions, as is displayed in Table 9-22. Among tank

systems that are a manifolded system of two or more tanks, or are

individually tested members of such a system, 54 percent of the
tank systems are leaking, compared with single tank systems,
where 31 percent of the tank systems are leaking.

5. Material of Construction

Single~tank systems with tanks made of fiberglass, coated
steel and bare (uncoated) steel were analyzed separately, with




the results displayed in Table 9-23. The percent of tank systems
judged to be leaking under test conditions within each category
of material of construction was nearly the same as the overall
percent: compared to 35 percent of tank systems judged to be
leaking overall, 31 percent of the systems with fiberglass tanks
are leaking, 32 percent of the systems with bare steel tanks are
leaking, and 38 percent of the systems with coated steel tanks
are leaking. Systems with coated steel tanks account for the
majority of all tank systems, and therefore not surprisingly
account for the largest number of tank systems judged to be
leaking within construction material type.

6. Cathodic Protection

Only a small percentage (about 5% nationally) of tank
systems have cathodic protection, and a small number of these
systems were tested. The results of these tests for ten systems
with cathodic protection are displayed in Table 9-23 and show
that 60 percent of cathodically protected tank systems are
estimated to be leaking. However, the confidence bounds on this
estimate are not tight. In fact, the 95 percent confidence
limits range from 0-100 percent. A tighter bound can be
constructed by requiring a lower confidence: for example, the 50
percent confidence bounds are 33-87 percent.

This result should not be taken to imply that cathodic
protection, when properly installed, maintained, checked by the
local establishment operator, and covering the entire tank system
is not an effective leak prevention system in principle.

However, it does raise a question that would bear further
investigation, namely, how feasible it is to achieve the above
conditions in practice. A possible explanation for the high
proportion judged to be leaking among cathodically protected tank



systems is that such protections are only judged worth the
installation expense for tank systems believed to be at high risk
of leaking. Thus, the figure would be more a description of the
tank system universe to which cathodic protection is applied than
a measure of what would happen were it to be adopted on a wider

basis.

7. Water Table ILevel

Systems with tanks that are installed in or beneath the
water table may be more susceptible to corrosion than tanks that
are installed above the water table. Based on an analysis of
forty tank systems with tanks reported to be installed in or
beneath the water table, it is estimated that 47 percent of the
tank systems with tanks installed in -or beneath the water table
are leaking under test conditions. This is a somewhat higher
percentage than the national percentage of 35 percent of systems
leaking.

8. Surface over the Tank

Tank systems with tanks that are covered by a paved surface
might be expected to be more protected than tank systems with
tanks that are not covered by pavement. However, 37 percent of
the tank systems with tanks covered by paved surfaces were judged
to be leaking under test conditions, which is nearly identical to
the overall percentage of tank systems that are leaking (35%).




9. Type of Pumping System

Conclusive test results were obtained for 71 tanks with
pressure pumping delivery systems. The results of the analysis
of these tests are displayed in Table 9-23. Under test
conditions, 41 percent of tank systems that include a pressure
pumping delivery system are judged to be leaking. This
percentage is only slightly higher than the overall percentage
(35%) of tank systems that were judged to be leaking.

10. Metered Dispensing Systems

As shown in Table 9-23, based on tests of 351 tank systems,
36 percent of tanks systems with metered dispensing systems are
judged to be leaking under test conditions. This percentage is
nearly identical to the overall percentage of tanks judged to be
leaking.

11. Self-Installed Tanks

Forty-two of the tank systems for which conclusivg test
results are available were reported to be installed by the
establishment itself. The leak status of these self-installed
tank systems is displayed in Table 9-23. Among self-installed
tank systems, 23 percent were judged to be leaking, which is
twelve percentage points lower than the overall percentage of 35
percent.
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12. Secondhand Tanks

About 4 percent of the tanks overall were secondhand when
installed. Thirteen systems with secondhand tanks were included
in the tank testing program and provided conclusive test results,
which are displayed in Table 9-23. Based on this small number of
conclusive tests, 52 percent of the systems with secondhand tanks
were found to be leaking under test conditions.

V. LEAK RATES OF UNDERGROUND MOTOR FUEL STORAGE TANK SYSTEMS

This section provides an analysis of the estimated mean and
median leak rates for tank systems that were judged to be leaking
under test conditions. Analyses of mean (average) leak rates are
based only on those tank system test results which provided valid
system leak rates. Tank systems with leak rates that were coded
by the test crew as "unquantifiably large" are excluded from the
calculations of the mean leak rates. These comprise 20 percent
of the tank systems judged to be leaking. The largest quantified
leak rate (after adjustment) was 3.04 gallons per hour. Tank
systems that were judged to be leaking and have unquantifiably
large leaks were included in the analyses to derive the median
leak rates, however. The leak rates reported in this section,
whether mean or median, are rates in gallons per hour as adjusted
to operating pressures. The adjustment procedure is described in
detail in Section 8 and Appendix D of this report.

Each table describes in footnotes the set of test results
each column is based on. The medians are based on more cases
than the means, since the unquantifiably large leaks are included
in calculating the median but not in calculating the mean.
Further, some tables include results from manifolded systems not
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separated for testing, and others, based on characteristics of
individual tanks (such as tank age), do not. The total mean and
median leak rates are different in these two groups. The overall
mean leak rate, based on all quantified tank systems judged to be
leaking (118 cases) is 0.32 gallons per hour (0.24-0.39 gallons
per hour). The mean for the tests which are of single tanks and
associated piping (109 cases) is 0.31 gallons per hour (0.23-0.39
gallons per hour). The median leak rate for all tests (149
cases) is 0.25, while the median for single tank system tests

(138 cases) is 0.21.

Mean leak rates for tanks with quantified leak rates are
calculated as the weighted arithmetic mean, using sample weights,
which allows us to project from the sample to the universe. It
is presented as a commonly used and well understood measure of
"average" value. However, the mean has two drawbacks which the
median does not suffer from: data from unquantifiably large
leaks cannot be incorporated in calculating the mean (which
biases the mean towards zero); and a single large quantified
value can affect the mean greatly (pulling it away from zero),
while having no impact on the median. The median is the "middle
value" -- i.e., half the values are larger, and half are smaller
(including the unquantifiably large leaks at the large end of the
scale). It is calculated on an unweighted basis. In a data set
with a non-symmetric distribution and significant outliers, the
mean and median measure different things, and a discrepancy
between them indicates skewness or outliers in the data, which
should be kept in mind in undertaking any interpretation.

The overall mean leak rate for tanks leaking under test
conditions is 0.32 gallons per hour, and the median leak rate is
0.25 gallons per hour. The distribution of observed leak rates
(adjusted to operating conditions) of the 149 tank systems judged
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to be leaking is shown below. Note that the intervals are not of
equal width.

Proportion of
test results

Interval in interval
Up to 0.0549 11%
(0.0550-0.149) 30%
(0.150-0.249) 10%
(0.250-0.349) 5%
(0.350-0.449) 5%
(0.450-0.549) 5%
(0.550-1.49) 10%
Quantified, >1.49 3%
Unquantifiably large 21%

A. Mean and Median l.eak Rates withi urvey Regions and

Establishment Types

Within survey regions, mean leak rates for leaking tank
systems ranged from a low of 0.24 gallons per hour for the
Northeast survey region to a high of 0.48 gallons per hour for
the Central survey region (Table 9-24). The Midwest and Pacific
survey regions have the lowest median leak rates (of 0.13 gallons‘
per hour) and the Mountain survey region has the highest median
leak rate (0.44 gallons per hour) followed closely by the Central
survey region with 0.41 gallons per hour.

Within establishment types, leaking tank systems at
government and military establishments, gas stations owned by
other companies and large establishments have leak rates that
range between 0.24 and 0.26 gallons per hour, which is below the
overall average of 0.32 gallons per hour (Table 9-25). Leaking
tank systems at gas stations owned by major petroleum companies
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Table 9-24. Estimates by survey Eegion mean and median leak rates
among tank systems-’“ judged by be leaking under test
conditions (95% confidence bounds in parentheses)

Sample Mean Sample Median4
Size adjusted size5 adjusted
Survey (N3)5 leak rate (N4) leak rate
Region (gph) (gph)
1 29 0.24 38 0.22
Northeast (0.23-0.26)
2 28 0.30 39 0.34
Southeast (0.17-0.43)
3 23 0.32 26 0.13
Midwest (0.06-0.57)
4 17 0.48 22 0.41
Central (0.26-0.71)
5 9 0.34 12 0.44
Mountain (0.27-0.41)
6 12 0.33 12 0.13
Pacific (0.02-0.69)
Total 118 0.32 149 0.25
(0.24-0.39)

1in this table tank system tests results are reported for single tank

systems unless the tanks were tested as a part of a manifolded tank .
system that was not broken apart. These manifolded tank systems are
included in this table.

2Does not include farm tanks.

3Leak rates of leaking tank systems were adjusted to operating
pressure.

4calculation of median adjusted leak rate included tank systems judged
to have ungquantifiably large leaks.

5N3 = Number of tank systems judged to be leaking under tests
conditions that had quantifiable leak rates.

N4 = N3 + those tank systems judged to be leaking under test
conditions that had ungquantifiably large leaks.
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Table 9-25. Estimates by establishmeni Eype of mean and median leak
rates among tank systems “’“ judged to be leaking under
test conditions (95% confidence bounds in parentheses)

Sample Mean Sample Median?
size adjusted3 size5 adjusted

Establishment (N3)> leak rate (N4) leak rate

Type (gph) (gph)
Government 14 0.26 20 0.27
and military (0.06-0.47)
Gas stations 18 0.42 21 0.29
owned by major (0.18-0.68)
petroleun
companies
Gas stations 30 0.24 46 0.28
owned by other (0.13-0.34)
companies
Other fuel- 33 0.45 36 0.32
related estab- (0.20-0.71)
lishments
Large non-fuel 23 0.25 26 0.14
related estab- (0.14-0.36)
lishments
Total 118 0.32 149 0.25

(0.24-0.39)

11in this table tank system tests results are reported for single tank
systems unless the tanks were tested as a part of a manifolded tank
system that was not broken apart. These tank systems are included in
this table.

2Does not include farm tanks.
3Leak rates of leaking tank systems were adjusted to operating pressure.

4calculation of median adjusted leak rate includes tank systems judged
to have unquantifiably large leaks.

5N3 = Number of tank systems judged to be leaking under test conditions
that had quantifiable leak rates.

N4 = N3 + those tank systems judged to be leaking under test conditions
that had unquantifiably large leaks.




and other fuel-related establishments have mean leak rates that
are higher (0.42 and 0.45 gallons per hour respectively) than the
overall average. Leaking tank sys%ems at large non-fuel-related
establishments have a median leak rate that is lower (at 0.14
gallons per hour) than the overall median rate of 0.25 gallons

per hour.

B. Mean and Median Leak Rates for Tank Systems with
Selected Characteristics

Tables 9-26 through 9-30 below display analyses of the mean
and median leak rates for leaking tank systems with selected
characteristics. The characteristics include tank age, tank
size, type of product held in the tank, and various installation
characteristics.

1. ean and Median Leak Rates within Tank Aqge
Categories

Table 9-26 shows the mean and median leak rates for the
tanks judged to be leaking under test conditions. Leaking tanks
that are less than five years old and leaking tanks of unknown
age have the highest mean leak rate (0.46 gallons per hour).
Leaking tanks that are less than five years old also have the
highest median leak rate.

The lowest mean and median leak rates were found among
leaking tanks that are five to eight years old and leaking tanks
that are more than 20 years old.
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Table 9-26. Estimated mean and median leak rates among tank systemsl'2

judged to be leaking under test conditions within tank
age categories. (95% confidence bounds in parentheses)

Sample Mean Sample Medlan4
siz adjusted siz adjusted
Tank Age (N5) leak rate (N6) leak rate
Categories (gph) (gph)
< 5 years old 14 0.46 21 0.71 ;
(0.20-0.71)
5-8 years old 17 0.14 20 0.11
(0.09-0.18)
9-12 years old 20 0.27 21 0.18 ,
(0.12-0.42) <
13-20 years old 10 0.22 18 0.52
(0.10-0.34)
> 20 years old 17 0.15 21 0.16
(0.11-0.20)
Age unknown 30 0.46 36 0.39
(0.21-0.71)
Total 109 0.31 138 0.21
(0.23-0.39)

1rn this table tank system test results are reported for single tank
systems. Tank systems that were tested as a part of a manifolded tank
system that was not broken apart are not included.

2poes not include farm tanks.

3Leak rates of leaking tank systems were adjusted to operating pressure.

4calculation of median adjusted leak rate includes tank systems judged to
have unquantifiably large leaks.

5N5 = Number of tank systems judged to be leaking under tests conditions fJ
that had quantifiable leak rates.

N6 = N5 + those tank systems judged to be leaking under test conditions
that had unquantifiably large leaks.




Table 9-27. Estimated mean and median leak rates among tank sytems 1,2
judged to be leaking under test conditions within tank
size categories. (95% confidence bounds in parentheses)

Sample Mean Sample Median4
Size adjusted3 size5 adjusted’
Tank Size (N5)° leak rate (N6) leak rate
Categories (gph) (gph)
< 1100 gallons 16 0.14 21 0.10
(0.08-0.21)
1101 to 3999 i3 0.26 16 0.18
gallons (0.09-0.43)
4000 to 4999 is 0.20 24 0.21
gallons (0.13-0.28)
5000 to 5999 6 0.15 10 0.23
gallons (0.11-0.18)
6000 to 7999 10 0.35 17 1.24
gallons (-0.07-0.77)
8000 to 9999 8 0.53 12 0.89
gallons (0.30-0.76)
10,000 to 11,999 28 0.30 28 0.12
gallons (0.18-0.43)
> 12,000 gallons 10 0.83 10 0.37

(-0.05-1.72)

Total 109 0.31 138 0.21
(0.23-0.39)

lIn this table tank system test results are reported for single tank
systems. Tank systems that were tested as a-part of a manifolded tank
system that was not broken apart are not included.

2poes not include farm tanks.

3Leak rates of leaking tank systems were adjusted to operating pressure.

4calculation of median adjusted leak rate includes tank systems judged to
have unquantifiably large leaks.

N\
5N5 = Number of tank systems judged to be leakinyg under test conditions
that had quantifiable leak rates.

N6 = N5 + those tanks judged to be leaking under test conditions that had
unquantifiably/large leak.
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Table 9-28. Estimates by fuel types stored during the prigrzyear of the
mean and median leak rates among tank systems—’<“ judged to
be leaking under test conditions (95% confidence bounds in

parentheses)
Samplg Mean Sample Median* 3
size adjusted3 siz adjusted
Fuel types ({N3) leak rate (N4) leak rate
(gph)
Leaded gasoline 120 0.22 24 0.22
(0.14-0.31)
Unleaded gasoline 42 0.36 60 0.49
(0.25-0.47) :
Diesel fuel 50 0.27 56 0.14
(0.17-0.37)

11n this table tank system test results are reported for single tank
systems unless the tank systems were tested as a part of a manifolded
tank system that was not broken apart. These manifolded tank systems
are not included in the table.

2poes not include farm tanks.

3Leak rates of leaking tank systems were adjusted to operating pressure.

4calculation of median adjusted leak rate includes tank systems judged to

have unquantifiably large leaks.

5N3 = Number of tank systems judged to be leaking under test conditions
that had quantifiable leak rates.

N4 = N3 + those tank systems judged to be leaking under test conditions
that had unquantifiably large leaks.
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Table 9-29. Estimated mean and median leak rates among tank systemsl'2

judged to be leaking under test conditions for tanks in
manifolded systems and single tanks. (95% confidence
bounds in parentheses.)

Sample Mean Sample Median?
Size adjusted size5 adjusted
Tank type (N3)3 leak rate (N4) leak rate
(gph) (gph)
Single tanks 93 0.27 109 0.16
(not manifolded) (0.20-0.35)
Tanks in mani- 25 0.49 40 0.71
folded systems (0.22-0.75)
Total 118 0.32 149 0.25
(0.24-0.39)

lin this table tank system test results are reported for single tank
systems unless the tanks were tested as a part of a manifolded tank
system that was not broken apart. These manifolded tank systems are
included in the table.

2poes not include farm tanks.
3Leak rates of leaking tanks were adjusted to operating pressure.

4calculation of median adjusted leak rate included tank systems judged to
have unquantifiably large leaks.

5N3 = Number of tank systems judged to be leaking under test conditions
that had quantifiable leak rates.

N4 = N3 + those tank systems judged to be leaking under test conditions
that had unquantifiably large leaks.



Table 9-30. Estimated mean and median leak rates among tank systemsl'2
judged to be leaking under test conditions for tanks with
selected installation characteristics. (95% confidence
bounds in parentheses.)

Sample Mean Sample Median*
Size adjusted3 sizes adjusted
(Ns5) 5 leak rate (N6) leak rate
(gph) (gph)

Fiberglass tanks 110 0.42 10 0.14

(0.22-0.61)
Bare (uncoated 8 0.60. 10 0.39 :
steel) tanks (0.12-1.08) wj
Coated steel tanks (1] 0.26 75 0.23

(0.19-0.32)
Tanks installed 16 0.49 19 0.20
partially or com- (0.09-0.89
pletely below the
water table
Tanks covered by 79 0.29 100 0.20
a paved surface ' (0.22-0.37)
Tanks connected to 23 0.25 29 0.18
a pressure pump (0.12-0.39) i
delivery system j
Tanks with metered 101 0.32 129 0.22
dispensing systems (0.23-0.40)
Tanks that were 9 0.26 11 0.13
self~installed (-0.05-0.56) '
Total 109 0.31 138 0.21

(0.23-0.39)
11n this table tank system test results are reported for single tank ,

systems. Tanks that were tested as a part of a manifolded tank system .

that was not broken apart are not included.
2poes not include farm tanks. “J

3Leak rates of leaking tank systems were adjusted to operating pressure.

4calculation of median adjusted leak rate included tank systems judged to
have unquantifiably large leaks.

5N5 = Number of tank systems judged to be leaking under tests conditions
that had quantifiable leak rates.

N6 = N5 + those tank systems judged to be leaking under test conditions
that had unquantifiably large leaks.
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2. Mean and Median Leak Rates within Tank Size

Categories

Table 9-27 shows the mean and median leak rates for eight
size categories among tank systems judged to be leaking under
test conditions. Systems with tanks that are 12,000 gallons or
more in size have the largest mean leak rate (of 0.83 gallons per
hour), and systems with tanks in the smallest size category (1100
gallons or less) have both the smallest mean leak rate (0.14
gallons per hour) and the smallest median leak rate (0.10 gallons
per hour). The tank size category with the largest median leak
rate is the 6000 to 7999 gallon category, where the median was
1.24 gallons per hour, due in large part to the fact that seven
of the seventeen tanks tested in this category have '
unquantifiably large leaks.

3. Mean and Median Leak Rates by Types of Motor Fuel
Stored

Table 9-28 shows mean and median leak rates for leaking
tanks storing different types of motor fuels. Leaking tank
systems that store unleaded gasoline have the highest mean (0.35
gallons per hour) and median (0.49 gallons per hour) leak rates.
Leaking tank systems that store leaded gasoline have the lowest
mean leak rate (of 0.22 gallons per hour), but leaking diesel
tank systems have the lowest median 1leak rate (of 0.14 gallons
per hour).
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4. Mean and Median leak Rates for Manifolded
Tank Systems

Table 9-29 shows the mean and median leak rates for leaking
tanks that are in single tank systems and those that are in
manifolded tank systems. Both the mean and the median leak rates
are higher for leaking tank systems that are manifolded. Leaking
Tank systems that are manifolded have a mean leak rate of 0.49
gallons per hour (which is nearly 50% higher than the overall
mean leak rate of 0.31 gallons per hour) and a median leak rate
of 0.71 gallons per hour, which is nearly three times greater
than the overall median leak rate of 0.25 gallons per hour.

5. Material of Construction

Table 9-30 shows the mean and median leak rates for leaking
tank systems that have tanks which are fiberglass, bare
(uncoated) steel, and coated steel. Leaking tank systems with
tanks that are bare steel have the highest mean (0.60 gallons per
hour) and median (0.39 gallons per hour) leak rates, but the
category also has a small sample size. Leaking tank systems with
coated steel tanks have the lowest mean leak rate, of 0.25
gallons per hour. Although there are a large number of tank
systems with unquantifiably large leaks in this category, the
median leak rate is only 0.23 gallons per hour.

6. Water Table level

The mean leak rate for leaking tank systems installed in or
beneath the water table is 0.49 gallons per hour, based on 16
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tank systems tested (see Table 9-30). The median leak rate among
these tanks is 0.20 gallons per hour.

7. Surface over Tank

As is shown in Table 9-30, the mean and median leak rates
for tank systems where the tank is covered by a paved surface is
nearly equal to the overall mean and median leak rates.

8. Mean and Median Leak Rates for Tank Systems with
Pressure Pump Distribution Systems

Leaking tank systems with pressurized distribution systems
have lower mean and median leak rates than leaking tank systems
overall, as is shown in Table 9-30. The mean leak rate for tank
systems with pressurized distribution systems is 0.25 gallons per
hour, and the median is 0.18 gallons per hour.

9. Mean and Median Leak Rates for Tank Systems with
Metered Dispensing Systems

Leaking tank systems that have metered dispensing systems
have mean and median leak rates that are nearly identical to the
overall mean and median leak rates. (See Table 9-30.)
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10. e [} ates for Tank 8 s at
W -Inst ed

Table 9-30 shows the mean and median leak rates for leaking
tank systems which were installed by the establishment itself.
Only a small number of tank systems in this category were tested,
in view of which the mean and median rates may be regarded as not
substantially different from the overall means and medians.

VI. ATIONS OF LEAK STATUS AND LEAK E H
ER V. ABLES

A. Introduction

In this section we present the results of statistical
correlations found between leak status and each of 49 possible
explanatory variables. Similarly, results are reported for leak
rate.

In addition, multivariate and logistic models were developed
to identify significant predictor variables. Because these
models resulted in rather low predictive power, they are
considered preliminary, and further research is required. These
models and their development are detailed in Appendix I.

B. Simple Correlations

No single explanatory variable, among the 49 examined, had a
strong correlation with either leak status or leak rate -- i.e.,
no correlation coefficient was larger than .34 (Table 9-31). The

9-70

1
J




Table 9-31. SIMPLE CORRELATION OF LEAK STATUS AND LEAK RATE WITH EXPLANATORY VARIABLES

Correlation{1) with v1i, Correlation{1) with Y2,
Explanatory Lesk atatus Lesk rate (gal/Hr),,
Varisble Meaning Deflnition (1 = Lesk; 0 = No Lask) among lesking tanke'2)
X1 Gas Station 1= Yes; 0 = No -.08 -.06
X2 # Underqground tanks Number st facility .12 .10
X3 Tank capacity Gallons .18 .34
X4 Average low fill level(3) As fraction of tank capacity -.05 -.07
X;z (Age of tank)z in (yegrs)z 11 -.20
X6 Leaded gasoline 1 =z yes; 0 = No .26 -1
X7 ODiesel fuel 1z Yes; 0 = No 24 -.08
X8 Aviastion fuel 1= Yes; 0 = No .13 .07
X9 Gasohol 1 = Yes; 0 = No -.07 0
X10 Other 1= Yes; 0 = No .08 .29
X1 Suction pump 1= Yes; 0 = No .003 -.12
X12 Depth buried Inches from aurface
to top of tank .10 -.006
e o
X15 Tank tested 1 if tested aftsr placed !
in gervice; 0 otherwiae .03 01 |
X16 Yesrs since test Since most recent teet .06° -.21 :
X17 Tank msterial 1 = steel: 0 = fibergleas .02 -.09
x18 Tank lined 1= Yes; 0 = No .07 .02
X19 Tank coated 1z Yes; O = No -0 -.25
X20 Passive cethodic protection 1 = Yes; 0 = No .10 .05
x21 Impressed current cath. 1 = Yes; 0 = No !
protection 0 0
X23 Other protection 1=yes; 0 = No -.08 0
X24 Previous tank lesk 1z Yea; 0 = No -.05 -.084 ;
X25 Previous line leak 1= Yes; 0 = No i .05 .23 ;
X26 Frequency of delivers Number per year ! ~-.05 -.003
X27 ) Send fill 1= Yes; 0 = No ; 03 -.10
x28 . Cravel fili 1= Yea; 0 = No : .006 .16 ‘
X29 Concrets pad 1= Yes; 0 = No 07 -.09 ]
x30 Packed earth pad 1z Yes; 0 2 No .03 -.09
X31 Dist. to nesrest tank or (feat)
structure -.04 -.09

‘Pear:on's correlation coefficient; Kendall's Tau-8 was also calculsted for ell

nesrly every variasble.

2Usinq dste only from individual leaking tsnks with quantifimble leake.

’I.e., Jjust before product is added.

4
At time of test.
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Table 9-31. SIMPLE CORRELATION OF LEAK STATUS AND LEAK RATE WITH EXPLANATORY VARIABLES (Continued)
Correletion{?) with Y1, {Corralation{l) with Y2,
Explanstory Leak atatus Leak rata (gal/Hr),
Verisble Meaning Definition {1 = Laaks 0 = No Laak) | among leaking tanke(2)
X32 Intersction: age & material (x$ ) (1-x17) -.03 -.07
X33 Interaction: gasohol & x9 (1-X17)
- matariel 0 0

X34 Parmit to install 1 =Yes; 0 = No A2 $17
X35 Permit to stors 1= Yas; 0 = No .02 .09
x36 Avarsge high fill lavel(6) As fraction of tank capacity -.06 -.09
XT3 Average fuel delivery in gellona (to one tank) .15 .23
XTa Max. ever stored gallons .1 .29
XT18A Attached to other tank 1= Yea; 0 = No .22 .26
X719 Tenk proximity to weter 1 = above; 2 = partially

table above; 3 = balow; 4 = other .13 .28
X720 Manway with tank 1z Yee; 0 = No .19 .13
X736 Not self-installed 1= Yes; 0 = No .12 A2
X85 Remote gauge 1= Yos; 0 = No -.005 .05
XB19 Llog of dsliveriss 1=Yes; 0 = No -.03 .002
XC7 Any absndonad tank(5) 1= Yes; 0 = No -.03 .03
xC8 # Absndaned tanke (coded as zero if nons) 12 -.09
XF1A Corrosion pravention equip./ 1= Yee; 0 = No

mat . -.02 -.12
XG20 Trsined to check pump 1=1Yes; 0 = No 14 .24
XG2E Trained to check lins leseake 1= Yee; 0 = No .10 .18
XG2F Trained to check leak 1z Yea; 0 = No -

pravention .10 .15
XG2G Trained to check leak 1z Yee: 0 = No

monitoring .15 47

5

At thst facility.

6I.e.. Juet sfter product is deliversd.
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highest correlations with "leak status" (i.e., whether or not a
tank is leaking) were found with the following variables:

Correlation
Variable Coefficient
Leaded gas ~-0.26
Diesel fuel +0.24
Tank manifolded +0.22
Tank has manway +0.19

Among leaking tank systems, the leak rate had stronger
correlations. Eleven variables had a correlation coefficient
larger than .20, as shown below:

Correlation
Variable Coefficient
Tank capacity +0.34
Maximum ever stored +0.29
Other fuel type +0.29
Proximity to water table +0.28
Tank coated -0.25
Attached to other tank +0.24
Trained to check pump +0.24
Previous line leak +0.23
Average fuel delivery (gal.) +0.23
Years since tssted -0.21
(Age of tank) -0.20

The last variable in the list above is "age squared." It

was used rather than "age" because of the non~linear relationship
suggested by the plotted data. The sample size for most of these
correlation coefficients is about 380. Due to missing data, some
sample sizes are smaller, but all had a sample of 200 or more
except X13 (N = 89), X16 (N = 72), and X18 (N = 173).
Correlations with leak rate were calculated using all tanks that



were tested for leaks. Somewhat different correlations might be
found if only leaking tanks were included.

While this represents a considerable number of variables
with non-trivial correlations with leak status and leak rate,
none of the correlations would be considered strong and,
therefore, no single variable will have a strong predictive
ability.

Some variables of possible interest, such as soil
characteristics, were not included because they were not

collected in this study. However, data were included on the back

fill material where used (sand, gravel, etc.).

c. Multiple Regression and lLogistic Models

Multivariate models were developed to explain leak status
and leak rate in terms of various predictor variables. Although
some statistically significant relationships were found, the
overall predictive ability of the models was low. The models
could account for only 8 percent of the variance in leak status
and 20 percent of the variance in leak rate. Therefore, further
research in this area is still required. Appendix I describes
the model development method and specifies which variables were
statistically significant. Logistic and regression models
identified several of the same variables as significant.
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