United States Office of EPA-560/5-86-013
Environmental Protection Toxic Substances May, 1986
Agency Washington DC 20460

Toxic Substances

<EPA

Underground Motor Fuel
Storage Tanks:
A National Survey

VOL. I. TECHNICAL REPORT

P
Arc

: H
H :
HH :
i i
R EH
e 1
Y. 4
{1 :
i :
D 3
. .
P '
HE 1
i P
M .
P e
J '
1’\ i
: 1 NI
L be
%5 H
i
U Y
ﬂ'

Office of Underground
Storage Tanks
Reference Library




30272-100

TION |l._REPORT NO. . 2. 3. Recipient's A lon Na.
REPORT DOCUMENTA . EPA' 560/5-86-013 ccession Ng
PAGE

4. Tie and Subtitie 5. Report Date

May, 19
Underground Motor Fuel Storage Tanks: A National Survey Py 24 86

7. Authorts)  Dietz, Staphenvl(.;a Flora, Jairus D., Jr.:b 8. Performing Orgenization Rept. No.

_ Strenio, Judith F;® Carmen J. Vincent® et al.

9. Performing Organization Mame and Address 10. Project/Task/Work Unit No.
Task 3

'Uostat. Inc., 1650 Research Blvd., Rockville, MD 20830 .
Midwest Research Institucte, 425 Volker Blvd., Kansas City, MO 64110 11. Contract(C) or Grant(G) No.
Battelle Columbus Division, Washington Operations, 2030 M Street, NW,

Vesningeen. Doc. 20036 geon Op «© EPA No. 68-02-4243

Washington Consulting Group, 1625 Eye Street, NW, Washington D.C. 20006 (G) and
EPA No. 68-02-3938
12. Sponsering Organization Name and Address 13. Type of Report & Period Covered
Environmental Protection Agency Final Report
Office of Toxic Substances Feb. '84 - May '86 1

Exposure Evaluation Division
401 M Street, S. 14

W,
_ Washington, D.C. 20460
15. Suppiemartary Notes

-16. Abstrect (Limit: 200 words)

A nationally representative sample of 2,812 establishments were interviewed to
determine the presence of underground motor fuel storage tanks. This sample
represented establishments in fuel-related industries (1,612), large establish-
ments in all other industries (600), and farms (600). A total of 890 of these
establishments were found to have a total of 2,445 underground motor fuel storage
tanks. Only 19 farms with 34 tanks were found. The following national estimates
were made: there are 796,000 underground motor fuel storage tanks at 326,000
establishments in the Unisted States -- 158,000 of these are on 79,000 farms. A
subsample of 218 establishments was selected for tank tightness testing, using a
modification of a commercially available test. The method over-filled the tank
system into a standpipe, and thus detected leakage anywhere in the system of tank
vessel, pipes, lines, joints, and fittings. Among the non-farm establishments
tested, the following estimates were made: 35 percent (189,000) of tank systems
were judged to be leaking under test conditions; the average leak rate of those
systems with quantifiable leak rate, adjusted for test pressure, was 0.32 gallons
per hour; half the leaks among all systems judged to be leaking were 0.25 gallons
per hour or less.

17. Document Ansiysis a. Descriptors

Establishment characteristics, leaking underground tanks, survey design, tank
characteristics, tank establishments, tank tightness testing, underground motor
fuel storage tanks

b. ldentifiers/Open-Ended Terms

€. COSAT! Field/Group

18 Availabliity Statement 19, Security Class (This Report) 21, No. of Pages
Vel I: 227
Unclassified Vol II: 350
20. Security Class (This Page) 22. Price
11
(See ANSI-Z39.19) See lnatructions on Reverse OPTIONAL FORM 272 (&-77)

(Formerly NTIS-35)
Oepartmant of Commsrce




UNDERGROUND MOTOR
FUEL STORAGE TANKS: '

A NATIONAL SURVEY

Westat, Inc.
1650 Research Boulevard
Rockville, MD 20850

Battelle Columbus Division
Washington Operations

2030 M Street, N.W.
Washington, D.C. 20036

for the:

Prepared by:

Midwest Research Institute
425 Volker Boulevard
Kansas City, MO 64110

Washington Consulting Group
1625 Eye Street, N.W.

Suite 214

Washington, D.C. 20006

Exposure Evaluation Division
Office of Toxic Substances
Office of Pesticides and Toxic Substances
U.S. Environmental Protection Agency

Washington,

D.C. 20460



DISCLAIMER

This report was prepared under contract to an agency of the
United States Government. Neither the United States Government
nor any of its employees, contractors, subcontractors, or their
employees makes any warranty, expressed or implied, or assumes
any legal liability or responsibility for any third party's use
of or the results of such use of any information, apparatus,
product, or process disclosed in this report, or represents that
its use by such third party would not infringe on privately owned
rights.

A A A N B N N B N B N BN N N N N NI N




AUTHORS AND CONTRIBUTORS

The research on underground storage tanks contained in this
report represents the joint efforts of several organizations and
many individuals. The project team met separately to refine the
study design, analyses, and approach to data interpretation. The
names of the principal authors and the contributions of the
various organizations are summarized below..

Westat, Inc. -- Designed and selected the national sample of
establishments with tanks; conducted on-site data collection
from establishment managers; designed and conducted fuel
inventory survey; conducted statistical analysis of all
tightness test and questionnaire data; provided national
estimates of leaking tanks and leak rate; produced
tabulations, multi-variate models and interpretive analysis:;
wrote sections of the final report and; provided overall
coordination and editing. Key Westat staff included:

Stephen K. Dietz LuAnn G. Ruther
Ralph DiGaetano Judith F. Strenio
Patricia A. Leydig Carmen J. Vincent

Midwest Research Institute -- Designed and conducted an
evaluation of available tank system test methods; selected
the field tightness test equipment and developed a test
protocol; directed tank tightness tests; selected on-site
tank and establishment data; provided data reduction of tank
leak data; conducted test/retests for quality control;
contributed to statistical and interpretive data analysis;
and wrote sections of the final report on tightness testing.
Key Midwest Research Institute staff included:

Jairus D. Flora, Jr. Sharon K. Perkins
Marilyn J. Gabriel H. Kendall Wilcox
Clarence L. Haile

Battelle, Columbus Division - Washington Operations -- As
prime contractor for the survey design, guality assurance
and data analysis, Battelle provided coordination of Westat
and Washington Consulting Group contracts and wrote the
quality control section of the final report. Battelle's
principal contributor was: .

Jean Chesson



Washington Consulting Group -- Provided design and analysis

of inventory reconciliation analysis; analyzed inventory
data; provided statistical assessment of reliability and
consistency of various inventory analysis methods to
determine leak status; and wrote the section on inventory
analysis of the final report. Washington Consulting Group's
senior analyst and author was:

/

David Cox

O.H. Materials; Double Check Company, Inc.; and Protanic,
Inc. -- Provided test crews and equipment to conduct the
field testing. The principal personnel representing each of
the firms were:

Phil Farrell - Double Check Company, Inc.
William Purpora - Protanic, Inc.
Thomas Warden - O0.H. Materials

Vista Research, Inc. -- Assisted in the development of the
test method; analyzed initial field data to determine
performance characteristics; developed techniques for
ambient noise analysis; and assisted in the preparation of
technical documents. The key Vista Research contributor
was:

Joseph W. Maresca, Jr.

EPA, OTS, Exposure Fvaluation Division -~ EPA staff played
an active role in guiding this study, from the conceptual

design through the test and analysis methods and quality
control checks on data accuracy. Principal EPA contributors
included:

EPA Task Managers: Carol Bass
Robert G. Heath
Michael R. Kalinoski

EPA Project Officers: Joseph J. Breen

Joseph S. Carra
Cindy Stroup

ii




ACKNOWLEDGEMENTS

Many individuals contributed their time and effort to this
very complex survey effort. Especially helpful and supportive at
every stage of the survey was Martin P. Halper, Director of EPA's
Exposure Evaluation Division. Valuable advice and input was
provided by Steven E. Way and David O'Brien of EPA's Office of
Solid Waste and Emergency Response. Support in obtaining
cooperation from survey respondents was provided by M. Elizabeth
Cox of EPA's Office of Enforcement and Compliance Monitoring.
Senior statistical guidance on leak status estimation was
provided by Morris H. Hansen and Benjamin Tepping of Westat.

John Michael, also of Westat, provided guidance and review of
regression and logistic modeling efforts. We wish to recognize
the work of Annett Nold of EPA's Exposure Evaluation Division
who, together with Debra Sarvela and Jon Chen of General Software
Corporation, are responsible for Appendix H on soil data. Our
thanks to Joan Blake of EPA's Exposure Evaluation Division for
her work in summarizing the many peer reviewer comments and the
final implementation of reviewer suggestions. There were many
others in EPA's Exposure Evaluation Division and Office of Solid
Waste and Emergency Response who provided valuable support and
assistance at various stages in the survey. Finally, we would
like to thank Sandy Gallagher and Joyce Jones for their long
hours of word processing in preparing the final report.

iii



e
e o R

TABLE OF CONTENTS

Section Page

LISTOFTABLES ® 6 6 0 06 060 0000606000006 0000000000000 000 Viii
LISTOF FIGURES ® 6 0 0 0 000 000600006008 0000000800008 000 xii

EXECUTIVE SUMRY ® 0 06 00060 006 08 0606000000 000080000080 Xiii

l INTRODUCTION .ooo‘o.u.u...ooooo.ooooooo.-..-.-..-- l-l

I. Definition of Key Terms ...ceccoeeseessoss 1
II. Types of Tanks Covered by the Survey ..... 1-
ITI. Limitations of the Data Presented

in This Report ....ceseeeecscccccssnsaes 1
Iv. Overview of the Report ....ccccceveonncesees 1

2 CONCLUSIONS ® © 0 06 0 0 0 00 00 060008 0000000000008 008000 00 2-

1l
I. Accuracy of Estimates ...cccec0eeeescscces 2-1
IT. National Estimates ....ccccceeevsosecceses 2=4
III. Leak Rates Under Operating Conditions .... 2=7 ﬁ
IV. Establishment Characteristics ..cc¢eeeceees 2=9
V. Tank Characteristics ...cceeeeecevsccccees 2=1
VI. Tank Characteristics Associated
With Leaks8 .ccecovecescsssssocsscscsccases 2=1
2

VII. Operational Findings ......cecceevcecncsns -12 H
3 QUALITY ASSURANCE APPROACH .ccccsccscooossnescseaes 3-1 ?
I. Development of Sampling Frame and %

Sample SeleCtion ® 8 0 0 0 0 00 0 00 0 000 0 0000 0 0o 3-2 l
II. Preparation of Questionnaires and ;

Interviews ....cceceeesesscossscscssssss 3-3
ITII. Interviewing .....cceececsescccsncscconeces 3=3
Iv. Data Tracking ....cceececcoscccscssscssses 3=5
V. Selection of Establishments for

Tightness Testing ....cccceeeecesccceces 3-6
VI. Tightness Testing ...cccevcccececscsccesees 3=6
VII. Data Handling and Management ......¢ccce0e 3-10
VIII. Data Analysis ....ccceeeecccccccsossseness 3-11

4 SAMPLE DESIGN, ESTIMATION OF SAMPLE WEIGHTS
ANDVARIANCES ® 6 6 0 8 0 0 0 0 0 0 0 06 0 0 00 00 5 5 00NN S 0N O N 4-1

I. Scope of the SUrvey .cccceescccccssscsccascse 42
II. Sample Design and Site Selection ......... 4-4
ITII. Establishment Frame Construction

and SampPle ..cccescccesccsssscsssossssss 4=7
Iv. Subsample of Eligible Establishments for
. Physical Tank Tightness Tests .......... 4-13
V. Calculation of Final Sample Weights

and Variance Estimation ...cccceececceee 4-14



Section

5

FIELD PROCEDURES -- QUESTIONNAIRE AND

INVENTORY ..veoceeeccescocssnccsccsscsssssssssccnscse

I. Westat Screening Procedures .......... ceee

II. Data Collection Procedures .......c... ceen

III. Field Interview Data Collection
Statistics .tiviieriertrneerssecereccenenne

Iv. Followup Procedures ....:seseescosccncssscs

TANK TESTING FIELD PROCEDURES ....ccveeescconses

I. Pre-test Preparations ...c.cecceveencsee

II. Site Description Information ........ ceene
III. Tank System Tightness Testing ............
Iv. Environmental Data Collection ....ceeceeee
V. Tightness Testing Field Experience .......

TANK TESTING DATA REDUCTION AND QUALITY
ASSURANCE (RETEST) RESULTS ...cccocesovcssccnssns

I. Data Collection and Reduction ..c¢.coeeeeee
II. Retest Results ...cicceenvncccescccosssasne

STATISTICAL ANALYSIS OF LEAK DATA AND LEAK
STATUS DETERMINATION ...cceccteeoccsscescsccasssas

I. Total Measurement Error ..... chesessees s
II. Adjusting Measured Leak Rates to
Account for Test Pressure .....ececeeeeceee
III. Determination of Leak Status ....cccvevees
Iv. Assessing the Utility of Testing for
Leaking by Filling Tanks to Capacity
V. Assessing the Contribution of
Distribution Line Leaks to Measured
Tank System LeaKS .eeeesecssvscecccnsssos
VI. Percent of Tank Systems Leaking Under
Operating Conditions ....ceiveeeencnccnns

STATISTICALANALYSIS ® & » 5 0 5 0 0 0 8 6 00 0 S S S S S 0 s 0 0 o

I. National Estimates of the Numbers of
Underground Motor Fuel Storage Tanks
and Establishments with Underground
Motor Fuel Storage Tanks .....ccovececes

II. Characteristics of Establishments With
Underground Motor Fuel Storage Tanks ...

III. Characteristics of Underground Motor

Fuel Storage TanksS ..ceeessesscssssacssss
Iv. Leak Status of Underground Motor Fuel

Storage Tank Systems ......ccceeeeeeeees
V. Leak Rates of Underground Motor Fuel

Storage Tank Systems ....ceeseeecacscess
VI. Statistical Associations of Leak Status

and Leak Rate with Other Vvariables .....

vi

ENEEEFEEEENEENENENEEERAN



Section
10 INVENTORY RECONCILATION TECHNIQUES .. cesssns
I. Introduction ® @ @ 6 @ o 5 9 0 00 00 0 0 0 o0 e o ¢ ¢ & 0
II. Methods and Data .....cc0ccsc0cccscescses
III. Comparison of Methods ......coceveeeucns
Iv. Quality Control Samples ..c.ceveccecsesse
V. CoNClusSions ..cieeceesnenccsscssscsccnss
Appendices (Under separate cover)
A SAMPLE DESIGN AND ESTIMATION OF WEIGHTS AND
VARIANCES ...............I.......'.............
B SURVEY PROCEDURES AND ELIGIBILITY AND
RESPONSE RATES .t ceceecessesoscssoncscsssacsscn
C DEVELOPMENT OF A TANK TEST METHOD ...cceccccese
D TANK TESTING DATA REDUCTION AND STATISTICAL
ANALYSIS LEADING TO LEAK STATUS DETERMINATION
E INYENTORY RECONCILIATION METHODS .¢ccccecocses
F DATA COLLECTION FORMS AND MATERIALS ..:.coccses
G NATIONAL UNDERGROUND STORAGE TANK SURVEY
NATIONALSAMPLE OF FARMS ® ® & 8 0 0 & 0 0 0 0 0 00 O 00 00 o
H ENVIRONMENTAL DATA COVERAGE .:¢ecesceescsccsans
I WLTIVARIATE ANALYSIS .I......I....I.......‘. LN

vii



Table

LIST OF TABLES

Estimates, by type of establishment, of the number

of underground motor fuel storage tanks and the
number of establishments with underground motor
fuel storage tanks in the continental U.S. ......

Estimated number and percent of tank systems
judged to be leaking under test conditions by
establishment type .......e0iveiveennn ceesseraene

Estimates by establishment type of mean and
median leak rates among tank systems judged to
be leaking under test conditions ......cc0ic0000ns

Field interviewing and inventory response rates
Tank testing completion statistics .......cc000n

Selected SIC codes for fuel tank establishment

frame ‘i veeeeeroneeavsecrsescosocscssssosccssccsas

Six regions for the National Survey of
Underground Motor Fuel Storage Tanks .......... ..

Initial sample sizes for fuel establishment,
large establishment, and farm samples by
SUrvey region .....icciccetcicesccnssensas ceraens

Number of eligible cases for fuel establish-
ments, large establishments, and farm samples
by survey region ....ccceeeceescsssccscssssnssnsns

Ssummary of business and government establishment
subsample for tank tightness testing by region ..

Field interviewing and inventory status
statistics ..ttt ietieertttirsnectencennsens

Problems encountered in inventory recordkeeping ..

Technical problems SUMMAYY ..ccoeeeeeseccaocssons

Retest results (volume change rates measured
under test conditions, not adjusted to operating

PreSSUYeS) ceeeveocosscnocsososscsasscncssesoscsssscsse

Estimated percentage of underground motor fuel
storage tank systems judged to be leaking under
test conditions in the U.S., business and

government sectors, using statistical tests ......

viii

- e N ES NF B WP Wy WP W W W W W We W W M W



LIST OF TABLES (Continued)

8-2 Estimated percentage of underground motor fuel
storage tank systems judged to be leaking under
test conditions in the U.S., business and
government sectors, based on NFPA .05 gallons
per hour criterion ......ccceceeeeceracssscascscnns

9-1 Estimates of the number of underground motor
fuel storage tanks and the number of establish-
ments with underground motor fuel storge tanks
in the continental U.S. .icieececccscccoseccccocns

9-2 Estimates, by survey region, of the number of
underground motor fuel storage tanks and the
number of establishments with underground
motor fuel storage tanks in the continental U.S. .

9-3 Estimates, by type of establishment, of the
number of underground motor fuel storage tanks
and the number of establishments with under-
ground motor fuel storage tanks in the
continental U.S. ..icievesccscoscccosccsocsssccsocss

9-4 Estimates of the number and percent of estab-
lishments with underground motor fuel storage
tanks across establishment types for the six
BUYrvey regions .....iceecscccssssccccccssasscccccs

9-5 Estimates, by survey region, of the percent of
establishments with underground motor fuel
storage tanks with selected characteristics ......

9-6 Estimates, by establishment type, of the
percent of establishments with underground
motor fuel storage tanks with selected
characteristics .....ciiietereneeecertenncnascnnanns

9-7 Estimates of the number and percent of
underground motor fuel storage tanks across
establishment types for the six survey regions ...

9-8 Estimates, by survey region, of the mean and
median age (in years) of underground motor
fuel storage tanks ............. ceecesccscccncnnns

9-9 Estimates, by establishment type, of the mean
and median age (in years) of underground motor
fuel storage tanks ......cc0eevececcccccssccscccans

9-10 Estimates, by survey region, of the mean and

median capacity (in gallons) of underground
motor fuel storage tanks ...cceceeccrscasacsccannss

ix

9-4



Table Page
9-11 Estimates, by establishment type, of the mean
and median capacity (in gallons) of underground
motor fuel storage tanks o000 00 00 00 0000000800 ms 000 9_21
9-12 Estimates, by survey region, of percent of

underground motor fuel storage tanks that
stored specified fuel types within the prior
year co..looo--o-ooo.oooooooocooooooooooooocooo.oo 9-22

9-13 Estimates, by establishment type, of percent of ‘
underground motor fuel storage tanks that
stored specified fuel types within the prior
YEAY ot cvoesoovtoscocostossassccsrssosssosostssssscscsosnsss 9-23

9-14 Estimates, by survey region, of the percent of
underground motor fuel storage tank systems
with selected installation characteristics ceesea 9-24

9-15 Estimates, by establishment type, of the
percent of underground motor fuel storage tank
systems with selected installation character-
1stics i vierteeercncrssesessocnssossscacssnsnosssans 9-26

9-~-16 Estimated number and percent of tank systems
judged to be leaking under test conditions
within each survey region ......ccvieeseerscescans 9-40

9-17 Estimated number and percent of tank systems
judged to be leaking under test conditions
within establishment types ....cccvcverececncncens 9-41

9-18 Estimates by survey region and establishment
type of percent of underground motor fuel
storage tank systems judged to be leaking
under test conditions .......cictiiieerecnrtercanne 9-42

9-19 Estimated number and percent of tank systems
judged to be leaking under test conditions
within tank age categories ......ciceiievinnnnenns 9-45

9-19A Estimated number and percent of tank systems
judged to be leaking under test conditions
by age and material of tank construction ......... 9-46

9-20 Estimated number and percent of tank systems
judged to be leaking under test conditions
within tank capacity category ......cceeeeeeeeen.. 9

47




TIST OF TABLES (Continued)

Estimates by fuel types stored during the prior
year of the number and percent of tank systems
judged to be leaking under test conditions .......

Estimated number and percent of tank systems
judged to be leaking under test conditions

for single tanks and tank systems in manifolded
systems ...... 00ttt ietrssr ettt ttetsstener o0

Estimated number and percent of tank systems
judged to be leaking under test conditions for
tank systems with selected installation
characteristics ....ciiveesiecccccrsocosccccoscsscnns

Estimates by survey region of the mean and
median leak rates among tank systems judged to
be leaking under test conditions ....ccceecceeee.n

Estimates by establishment type of the mean
and median leak rates among tank systems judged
to be leaking under test conditions ..............

Estimated mean and median leak rates among tank
systems judged to be leaking under test
conditions within tank age categories .......cc00..

Estimated mean and median leak rates among tank
systems judged to be leaking under test

conditions within tank size categories ............

Estimates by fuel types stored during the prior
year of the mean and median leak rates among

tank systems judged to be leaking under test
conditions ...ieieieesesciteteccsestsiscscnosannens

Estimated mean and median leak rates among tank
systems judged to be leaking under test
conditions for tanks in manifolded systems

and single tanksS ...ciceeresersscstcrcoscnssossesas

Estimated mean and median leak rates among tank
systems judged to be leaking under test
conditions for tanks with selected installation
characteristics ......ccivevreevroevencanenns e e

Simple correlation of leak status and leak rate
with explanatory variables ..... ceesesesseccssnaons

Sample sizes for pairwise comparisons between
methods ® & © 9 & 5 4 0 0 ® 00 9 9 S 9 S S 0 S S S S O S SO S S O G S0 0 B ® o ®

xi

9-60



10-3

Number and percent of tank systems judged to

be leaking, judged not to be leaking, and
providing inconclusive results for inventory
methods and tightness testing ........cceccveeeeen
Comparison of EPA inventory reconcilation

method with Warren Rogers Associates inventory
reconciliation method ........000cc00cececcccccccns

Comparison of EPA inventory reconciliation
method with tightness testing .....cccceeceveneenn

Comparison of Warren Rogers Associates

inventory reconciliation method with tightness
testing ® ® & 5 & 0 9 0 O 08 00 8 OB O 00 PO 0SS 0 SN S0 S s PG e e e
Simulated quality control inventory data .........

Inventory analysis of quality control samples ....

LIST OF FIGURES

Petro-Tite test equipment ........ccieevicercascs

Petro-Tite line test equipment ......ccc0ceeeens

xii

10-7

10-10

10-11

10~-12

10-14

10-15

W
»
N
»
N
B
3
_
n
N
»
)
»
’
;
|
|




EXECUTIVE SUMMARY

Background and Objectives - The U.S. Environmental
Protection Agency's Office of Toxic Substances (OTS) conducted a
national survey of underground motor fuel storage tank systems.
This study was conducted in support of the EPA's Office of
Underground Storage Tanks, which has responsibility for
implementing the requirements of the 1984 Amendments to the Solid
Waste Disposal Act. The results of the survey are presented in

this report.

The primary objectives of the national survey were to
provide estimates of: (1) the total number of underground motor
fuel storage tanks; (2) the number of establishments with
underground motor fuel storage tanks; (3) the number of tanks
that leak; and (4) characteristics of tanks and tank
establishments. These tank and establishment characteristics
were analyzed in a search for possible correlations with leak
status (i.e., whether or not a tank system leaks) and leak rate.
In addition, OTS conducted an evaluation of the use of inventory
reconciliation analysis as an indirect method of detecting and

measuring leaks.

Scope - The target universe included the following kinds of
establishments if they had motor fuel stored in underground
tanks: (1) fuel-related establishments, including business,
government and military (establishments which store fuel for
retail sales or transportation services including gas stations,
trucking companies, auto dealers, marinas and other industry
groups using or dispensing motor gasolines, diesel fuel, aviation
gasoline, and jet fuel); (2) large establishments in non-fuel-
related industries (establishments which store fuel for purposes
such as company vehicles and private fleets); and (3) farms. The

xiii



survey excluded: tanks storing heating oil, used motor oil,
éhemicals, hazardous wastes and sewage; tanks which are above or
partially above ground, abandoned or nonfunctional tanks; private
non-business tanks; bulk storage tanks; and tanks which do not

dispense fuel to end users.

Data Collected - Survey data collection was conducted with a
national probability sample of 890 establishments, with a total
of 2,445 tanks. A subsample of 218 establishments was selected
for physical tank testing, and at those sites there were 433 tank

system tests that yielded conclusive results.

Three different primary data collection efforts were used in
this survey. In-person interviews were conducted with tank
establishment operators in order to collect a variety of
information such as the type of business, type of fuel stored,
numpber of tanks, and tank characteristics (such as capacity, age,
material of construction). The second type of data collection
involved fuel inventory data which were provided by establishment
operators and analyzed to evaluate inventory reconciliation
techniques as an indirect method of detecting and measuring
leaks. The third data collection effort involved physical tank
system tightness tests at a representative subsample of
establishments.

Response Rate - A rigorous guality assurance program was

implemented at every stage of the survey. Response rate for the
interview with tank owner/operators was 99 percent, which is very
high. The tank testing phase achieved an excellent cooperation
rate of 95 percent; even after allowing for untestable tanks, the
tank testing response rate remained at a high level of 85
percent. For the inventory data collection, 78 percent of those
contacted provided complete or partially complete data. However,
only 41 percent produced data that were sufficiently complete and

Xiv




accurate to be used in the inventory reconciliation analysis of
this study.

Terminoioqv - Several terms are important to the

understanding of the survey's results and are thus defined here.
The estimates apply to the tank system which includes the

underground vessel together with all connecting distribution
lines, vent and fill pipes and connections. Manifolded tank
systems consist of two or more tank systems which are joined
together. Whether or not a tank system passed the tightness test

is determined by a statistical decision rule applied to the
physical measurement data. This decision rule involves the null
hypothesis that the tank system is tight. This test has a 5
percent risk of falsely declaring a test failure, and a 5 percent
risk of not detecting a failure at 0.10 gallons per hour. The
actual test failures could be due to product loss anywhere in the
tank system -- in the vessel, lines, pipes, or bungs.

Major Findings - Following are the major findings of this
study. The estimates given are subject to sampling error and
nonsampling error. The ranges in parentheses following the
estimates represent 95 percent confidence limits for the
estimates due to sampling error. These national estimates are
for the contiguous United States.

1. There are an estimated 796,000 (503,000-1,090,000)
individual motor fuel storage tanks in the United
States.

o 158,000 (35-453,000) of these are on farms.
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The above tanks are located at an estimated 326,000
(296,000-356,000) establishments.

o 79,000 (58,000-100,000) of these are farms.

o The estimated mean of number of tanks per
establishment is 2.4 (1.6-3.2), overall, which
varies from 1.9 for large establishments that are
not in a fuel-related business to 3.5 for gasoline
stations.

Under test conditions, an estimated 35 percent (30-40%)
of the non-farm underground motor fuel storage tank
systems, including manifolded systems, did not pass the
tightness test. This represents an estimated 189,000
(153,000~-226,000) tank systems. Using a different test
criterion (i.e., the commonly used NFPA 0.05 gallon per
hour cutoff) rather than the statistical significance
test used above leads to a very similar estimate (33%)
of tanks not passing the tightness test with an
estimated 44 percent total classified as
"uncertifiable" (i.e., 44% = 33% test failures plus 11%
untestable tanks and inconclusive test results which
are also counted as uncertifiable in most commercial
tests). Of the physical tank system tests attempted, 5
percent were untestable with the method used because of
unusual system configurations or large interferences.

The percentage of fiberglass and steel tank systems
that did not pass the tank tightness test were about
the same. Steel tanks, which comprise an estimated 89
percent of all underground motor fuel storage tanks,
show little increase in the percentage of tank systems
not passing the test as they age except for the oldest
tanks (over 20 years), for which the percent increases
substantially. There is a much smaller sample of
fiberglass tanks, so no comparison by material was
possible for the tanks aged 20 or more years, but
fiberglass and steel tank systems have no significant
difference in percent not passing the test at
comparable ages. These findings should not necessarily
be interpreted as causal effects of age and tank
material. Such statistical associations could be
caused by other associated variables.

Xvi



This report presents many descriptive statistics on the
characteristics of underground tanks and the facilities
or establishments at which they are located. For
example, based on the national sample estimates:

o Thirty-one percent of establishments with
underground storage of motor fuels also store
waste oil underground;

o Fourteen percent of establishments have one or
more abandoned tanks on site;

o Seventy-eight percent of establishments used clean
sand, pearock, or peagravel to backfill around
tanks;

o Twenty~-nine percent of establishments are required
to have tank operating licenses;

o Sixty-nine percent of establishments believe they
are insured for non-catastrophic leaks;

o Eleven percent of underground motor fuel tanks are
fiberglass;

o Twenty-one percent of tanks are installed

partially or completely below the water table;

o Twenty~three percent of tanks are in manifolded
systems; and

o The mean age of tanks is 12 years.

The statistical analysis did not identify any single
explanatory variable (such as age of tank, type of
material, or fuel type) that is strongly correlated
with tightness test results. Additional multiple
regression and logistic models were developed which
suggested the possible influence of a few variables,
but their ability to predict the test outcome was weak,
as described in the appendices of this report. Soil
characteristics were not among the variables analyzed
because they were not available in the data base during
this study. Soil data more recently developed by EPA
and General Software Corporation are described in the
appendices of this report.
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There is only limited agreement between inventory
analysis methods and tightness test outcomes on a tank-
by-tank basis. It is possible that a longer period
than 28 days of inventory data might improve the level
of agreement. While each of three inventory methods
provided roughly similar overall estimates for the
percent of tank systems that might leak, there were
substantial disagreements among the inventory methods
as to which tank systems leak.

o It is very difficult to obtain‘'accurate and usable
inventory data. Owners and operators had trouble
following even simple inventory data collection
procedures. The 78 percent response rate was
achieved only after extensive followup efforts.

It is not that inventory control does not work, it
is just that the successful execution of it is
difficult to achieve.

o] EPA feels that the failure of the inventory
analyses as part of the survey was a result of
human error and inconsistency and we do not view .
it as a basic failing of inventory methods.

For the tank system tightness tests, EPA initially
conducted an extensive evaluation program to test
existing methods, then selected one of these, modified
it to improve its accuracy, and characterized its field
performance. The method used by EPA has stated
procedures to identify and correct for potential
interference problems which commonly occur in the field
and which can otherwise invalidate the test results.
These interferences include tank end deflection,
temperature effects, water table and vapor pockets.
With the modified method, EPA was able to detect a 0.10
gallon/hour leak with 95 percent probability while
correctly identifying a tight system with 95 percent
probability.

None of the existing test methods evaluated by EPA
could consistently and reliably achieve detection of
the 0.05 gallon/hour leak rate specified by the NFPA
329 "Recommended Practices for Underground Leakage of
Flammable and Combustible Liquids, 1983." This
conclusion is based entirely on the data collected
during EPA's evaluation program since supporting data
which had been requested from the test companies to
document their performance claims were not received.
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While some methods can provide reliable results under
some specific conditions, most of them do not take
definitive steps to deal with the commonly occurring
interference problems previously mentioned. EPA
believes that in general the field performance of
existing test methods could be improved by:

- training field crews to identify interference
problens;

- developing stated procedures to deal with
interference problems; and

- increasing frequency and duration of data
collection.

In any case, it is important that those who must rely
on the results from these methods be informed about
their performance characteristics. 1If valid
performance data on a method do not exist, they should
be generated. If they do exist, they should be made
available to those who are potential users.

Simply put, EPA believes that there are problems with
existing tank system tightness tests. EPA believes
these problems are correctable and for this survey EPA
chose a method, modified it to deal with these problems
and was able to improve the accuracy over existing
methods.
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