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SUMMARY
INTRODUCTION -

The objectives of this project were to define current
practices for hazardous waste storage in underground tanks;
evaluate these practices in relation to spill and damage event
data and best engineering judgement; estimate the relative
probability’ and magnitude of waste release from underground
tanks; and examine appropriate alternatives for prevention and/or
mitigation of releases. The results of activities performed in
pursuit of these objectives are summarized below.

UNDERGROUND TANK USE

Based on the results of the U, S. Environmental Protection
Agency (EPA) mail survey of 1981 hazardous waste management
practices, hazardous wastes are stored in underground tanks which
range up to 50,000 gallons in capacity and 35 years in age. The
median tank capacity is 3,000 gallons while 90 percent of the
tanks have a capacity of 10,400 gallons or less. The median tank

age is 8 years and 90 percent of the tanks are less than 25 years
old. i

A majority of the tanks are <constructed of carbon steel,
although concrete, stainless steel, fiberglass reinforced plastic
(FRP) and other materials are also .used. -Ignitable wastes are
the most commonly stored waste type, followed by corrosive,
toxic, E. P. toxic wastes. Underground tanks are used to store
other types of hazardous waste significantly relatively infre-
quently.

Facilities with underground tanks which are used for hazard-
ous waste storage have up to 15 such tanks, with a majority of
facilities (55 percent) having only one underground tank. linder-
ground tank capacity ranges up to 95,000 gallons per facility
with a median <capacity of 10,000 gallons. A majority of these
facilities (63 percent) store ignitable waste, with the next most
common waste types being toxic (34 percent) and corrosive (28
percent). '

DAMAGE CASES AND SPILL EVENT REVIEW

Pamage cases and spill events were reviewed as part of the
effort to assess the adequacy of current practices for storage of
hazardous waste in wunderground tanks. Available information
which was reviewed came primarily from state and local government
agencies and trade associations. A majority of this information
is derived from petroleum product storage facilities since very

Timited information 1is available for hazardous waste storage
facilities.

Pata from an American Petroleum Institute (API) survéy of
gasoline storage tanks which were found to be leaking indicate
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that corrosion 1is the primary cause of steel tank leaks. The
ages of the leaking tanks covered by the survey ranged from 1 to
more than 31 years, with 86 percent of the responses for tanks in
the 6 to 25 year range. For FRP tanks, breakage or tank
separation (i.e., a physical separation of tank wall material)
accounted for all of the leaks. For piping, which was also
frequently cited as a leak source, corrosion was again reported
to be the primary cause of the leakage. Additional conclusions
which can be derived from the information are that poor installa-
tion <can contribute to leaks, primarily through corrosion or
loose fittings, and that 1leaks <can occur from tank systems
provided with corrosion protection if design, installation or
maintenance is inadequate.

Information collected from 1local government organizations
such as the Cape Cod Plannning and Economic Development Commi-
sion; Suffolk County, New York; and Prince George's County,
Maryland led to conclusions similar to those presented above for
the API survey (e.g., corrosion of existing steel tanks s
resulting in a significant number of releases). As a result,
local ordinances have been or are being developed to more closely
monitor the integrity of underground storage tanks. Similar
efforts have also occurred at the state level in Michigan and New
York. '

A" survey conducted by the California Regional Water Quality
Control Board, San Francisco Bay Region, of facilities storing
hazardous materials identified more than 80 facilities which used
underground tanks (primarily for product and waste solvent
storage) and were judged to have a high potential for leaking
hazardous materials. As of May 1983, tank system failures had
been found to be the cause of releases to soil and/or ground
water at 72 percent of the 57 facilities for which investigations
had been completed. Additional leaking tanks are expected to be
found as lower priorty groups of tanks are investigated

Prior to the <conduct of this survey by the San Francisco Ray
Region, 21 facilities were found to have leaking wunderground
hazardous materials storage tanks. In order to incorporate
information from these facilities (which pre-date the question-
naire survey) into this report, two case studies were prepared.
In combination, leaks from the two facilities resulted in the
closing of more than a dozen water supply wells serving about
3,000 people and clean-up costs which were estimated to have
reached $20 million by May 1983. In addition, numerous law suits
have been filed in an attempt to establish responsibility for the
leaks and to require payment of compensatory damages.

RELATIVE RELEASE PROBABILITY AND MAGNITUDE

To provide a basis for comparing the effectiveness of
alternative approaches to prevention and/or mitigation of re-
leases from underground tank storage systems, relative release
probabilities were estimated for a:"typical” underground tank



facility. This was accomplished through categorization of re-’
lease events, development of “"typical" tank system character-
jstics, and estimation of relative release magnitudes and proba-
bilities. : :

Six types of release events were identified; including: tank
overflow, tank leak, tank rupture, ancillary equipment leak,
ancillary equipment rupture, fire/explosion and other incidents
(e.g., vandalism, earthquakes, etc.). For each type of release,
the causes of release were also categorized. The tank and.
ancillary equipment 1leak and rupture release event categories
were found to share the same release cause categories (design
deficiency, installation practices, equipment failure and opera-
tional error).

The features of the "typical" tank system used for comparison
purposes were defined by the median of the EPA mailed question-
naire survey responses to the extent that data were available.
Thus, the "typical" tank system consists of a single 3,000 gallon
carbon steel tank which is filled through gravity cast iron
piping. The tank has been in service for 8 years and is wused to
store ignitable waste. The tank was installed in accordance with
specifications commonly used at the time of installation in soils
which contribute to corrosion (resistivity less than 10,000 ohm-
centimeters).

The release magnitude -associated with each of these six
release event categories depends on the release rate and dura-
tion. Release rates are based on assumptions Jjudged to be
conservative and release durations are based on assumptions
concerning the frequency of testing and tank level measurement,
Based on the assumptions made, tank leak 1is the largest volume
release event for the small model facility, followed by tank
rupture and ancillary equipment leak. For the medium sized model
facility, tank rupture 1is the largest volume release event,
followed by tank leak. Tank and ancillary equipment leak were
judged to have the highest relative release probability.

PREVENTION MITIGATION MEASURES

Six measures intended to prevent or mitigate releases from
underground tank systems due to tank or ancillary equipment
failure were examined, including: secondary containment, tank
system testing, environmental monitoring, inventory monitoring,
internal inspection and corrosion protection. FEach measure s
examined in terms of advantages and effectiveness, disadvantages
and limitations and equivalent uniform annual costs (EUAC) for
two model facility sizes.

Secondary containment is shown to be the most expensive
(based on equivalent wunifrom annual cost (EUAC)) of the control
methods examined for both the small and medium sized model
facilities under both new and retrofit conditions.  Internal in-
spection is the second most expensive method, with corrosion
protection the least expensive method.
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Although secondary <containment 1is the most expensive of the
control methods examined, it is clearly the most effective means
of preventing both leak and rupture events since it is the only
method which reduces both the estimated probability and magnitude
of release. Corrosion protection also serves to reduce the
estimated release probability, and as shown, it also can control
all four release events, Other measures, such as tank system
testing and environmental monitoring, serve to mitigate the
effects of releases by decreasing the release magnitude but are
judged to have relatively little impact on the estimated release
probability.

From a release probability perspective, secondary containment
is the most cost effective method analyzed (under the <conditions
assumed). This statement is made since secondary containment for
tank and ancillary equipment provides a three order of magnitude
greater decrease in release probability than corrosion protection
at a cost which is less than two orders of magnitude greater,
Secondary containment for both tank and ancillary equipment also
provides ‘a 99 percent decrease in the estimated release magni-
tude. Although the <cost associated with this approach is among
the highest shown, the <cost per unit of release reduction is
approximately the same as for tank containment alone. Thus,
containment for the entire tank system is indicated to be a
better investment in light of the very significant reduction in
release probability provided., :

Mitigation measures such as tank system testing and environ-
mental monitoring are shown to provide significant reductions in
the estimated release magnitude at costs per unit of reduction
which are about half those asssociated with secondary contain-
ment. However, they provide no reduction in the estimated
release probability.

Inspections are also shown to result in reductions in release
magnitude without impacting the release probability. While tank
inspection <can result in the identification of developing prob-
lems before a leak or rupture occurs, measurements are taken on a
relatively small percentage of the tank surface area., Thus, it
was Jjudged that while some reduction in the estimated relative
release probability will occur with tank inspection, the reduc-
tion will be less than one order of magnitude.

A prevention measure which has no impact on the estimated
release magnitude but which results in an estimated release
probability reduction of one order of magnitude is corrosion
protection. Based on the assumption that corrosion protection is
provided by an external coating and sacrificial anode(s), corro-
sion protection 1is shown to be the least expensive method of
achieving a reduction in estimated release probability.
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SECTION 1
INTRODUCTION

Hazardous wastes are stored using a variety of methods in-
c¢luding surface impoundments, tanks and containers. Since hazar-
dous waste mismanagement has been shown to have costly and dam-
aging consequences, there is a continuing interest in ensuring
that the management practices utilized will protect human health
and the environment. Recently, numerous cases of leaking under-
ground storage tanks have been discovered. As a result, a study
of underground hazardous waste storage facilities (defined as
tanks and appurtenances which are completely buried and are used
for storage of hazardous waste for more than 90 days) was ini-
tiated.

The objectives of this project were to define current under-
ground tank storage practices and to evaluate them in relation to
spill and damage event data and best engineering practice. Once
evaluated, this information was used to identify management al-
ternatives. Fivee management alternatives for mitigation/
prevention of waste release were then selected for evaluation,
which included examination of applicability, availability, com-
plexity, cost and effectiveness (expressed as the estimated rela-
tive probabilities and magnitudes of release).

. The results of this investigation are presented in the fol-
towing four sections. In Section 2, data derived from the EPA
Hazardous Waste Tank Questionnaire (OMB no. 2000-0424) are pre-
sented and discussed. These data provide a characterization of
underground tanks used for hazardous waste storage in terms of:
types of wastes typically stored, tank sizes, tank age, materials
of construction, methods of leak detection and frequency of use,
prevalence of tank linings, type of tank liners as a function of
waste type and type of tank Tiner as a function of waste type and
type of tank liner as a function of tank material.

Section 3 presents information regarding release events
associated with hazardous materials storage (most frequently
petroleum products). The sources of this information were State
and Local agencies, trade associations and industry. In addi-
tion, two case studies associated with hazardous waste and mater-
ials storage are included. The implications of these data with
respect to the prevalence of tank systems failures are also dis-
cussed,

Section 4 presents an analysis of estimated relative release
probabilities and magnitudes associated with a "“typical" under-
ground tank storage facility for seven types of release events
(i.e., tank leak, ancillary equipment rupture, fire or explosion,
etc.). The "typical" facility used for reference is based on the
most common current practice as determined from the data pre-
sented in Section 2 in conjunction with other relevant sources.
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Section 5 is a discussion of five waste release mitigation/
prevention measures selected to represent the range of possibili-
ties for reducing the relative probability and magnitude of re-
leases for underground hazardous waste storage tanks. FEach mea-
sure is discussed with respect to both existing and new tanks.
The discussion provides a description of each option and the
associated costs, change in probabilities and magnitudes of re-
lease and advantages and disadvantages.
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SECTION 2
UNDERGROUND TANK USE FOR HAZARDOUS WASTE STORAGE
INTRODUCTION

To put the discussion of hazardous waste storage which
appears in the following three sections 1in perspective and to
provide input to the determination of representative facility
characteristics, a profile of underground tank used for hazardous
waste storage is presented here. The presentation is based on
responses to selected portions of a mail survey of the 1981
hazardous waste management practices regulated under Subtitle C
of the Resource Conservation and Recovery Act of 1976 (RCRA) con-
ducted for the U.S. Environmental Protection Agency's 0ffice of
Solid Waste (EPA O0OSW) [1]. A description of the design of the
survey and how the responses may be used to generalize about all
hazardous waste storage tanks is currently being prepared [2].

The discussion presented 1is based on the questionnaire
responses with a focus on percentages of tanks with specific
characteristics. Data are also presented at the facility level
for selected characteristics such as -overall wunderground tank
storage capacity.

TANK USE CHARACTERISTICS

Statistics on selected variables from,fhe mail survey were
found to be of interest for this report. 0One part of the survey
asked for a detailed description of all hazardous waste tanks at
a facility. Data were obtained concerning the tank descriptions
of the wunderground hazardous waste tanks. Variables selected
from the mail survey for inclusion in this report were as fol-
lows:

o Capacity and age of underground tanks;

¢ Interval of time between underground tank inspections;

¢ Integrity testing of underground tanks;

o Safety equipment on underground tanks;

o Liners of underground tanks;

e Construction material of underground tanks;

¢ Wastes stored in underground tanks and at facilities with
underground tanks;

¢ Number of wunderground tanks per facility at facilities
with underground tanks; and

¢ Capacity of Underground tanks per facility at facilities
with underground tanks.
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Following is a summary of the mail survey results concerning
underground tanks. The responses include a total of 169 under-
ground tanks, of which none were used for wastewater treatment.
Most of the tables and figures are based on data for less than
169 underground tanks. Many of the mail survey responses were
reported either as not ascertained, unknown, or with a blank. In
addition, some questions on the mail survey relate to only a sub-
set of the 169 tanks.

Table 2-1 1ists the cumulative percent of underground tanks
by design capacity, volume contained and age. The median design
capacity and median "average volume contained" of underground
tanks are 3,000 gallons and 1,260 gallons, respectively. The
median age that an underground tank has been in use 1is eight
years, with the oldest tank in use for 35 years, Figure 2-1 re-
veals that the most frequent response to the number of years that
an underground tank has been in use is 10 years,

A total of 111 out of 168 underground tanks (56 percent of
168 responses) can be entered for internal inspection. The
median interval between internal inspections was reported to be
12 months based on 70 responses. Figure 2-2 also shows that the
most frequent response to the average number of months between
internal inspections is one year,

Many methods are used to check the integrity of underground
"tanks: - The percentages of underground tanks using different
types of integrity testing methods are as follows (based on 118
responses):

Testing Method ' Percent lising
Ultrasonic . 0
Air ' 9
Penetrant dye 0
Vacuum box - 0
Water/hydrostatic 13
Kent-Moore/Petro-tite 24
Other | : 37

Various types of safety equipment are employed for under-
ground tanks. The percentages of underground tanks using the
different types of safety equipment are as follows:



TABLE 2-1. UNDERGROUND TANKS CHARACTERISTICS

_ Average
Cumulative Design Volume
Percent Capacity Contained Tank Age
(gallons) (gallons) (years)
10 1,000 | 140 2
25 1,500 700 4
50 3,000 1,260 8
75 : 8,000 3,000 14
90 10,400 6,000 24
100 50,000 27,000 35
Total Number 155 151 165
of Responses
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Number of tanks

16 17 18 20 22 23 24

Tank age (years)

FIGURE 2-1. Frequency distribution of tank age.
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Average number of months between internal inspections

Figure 2-2. Frequency distrdibution of internal inspections
of underground tanks.




Safety Equipment Percent Using

Lightning arrestors R 13
Sparkless motors and wiring 37
Flame arrestors 27
Nitrogen blanketing 2
Other _ 25

The results of the type of safety equipment used are based on 167
responses. ‘

The vast majority of underground tanks are constructed of
carbon steel, The percentages of underground tanks by type of
construction material are broken down as follows:

Construction Materijal Percent Using
Carbon Steel ‘ 60
Stainless Steel 9
Concrete ] 17
Fiberglass - ' - ' 9
Other _ : 5

The results of the type of tank construction material are based
on all the 169 underground tanks reported in the mail survey.

Data were also collected on the use of tank liners. Of the
39 underground tanks reported to have linings, most have plastic
liners (54 percent) or a liner made of a material other than rub-
ber, fiberglass, or steel (36 percent). Carbon steel tanks with
plastic liners make up the vast majority of 1lined tanks (43.5
percent of the 39 lined underground tanks). 0f the 39 1lined
underground tanks, most store corrosive wastes (72 percent) or
ignitable wastes (54 percent). The majority of lined underground
tanks store corrosive wastes in plastic-lined tanks (46 percent).
Many of these tanks store ignitable wastes in plastic-lined tanks
(28 percent).

Table 2-2 presents statistics on the types of waste stored
in underground tanks and the construction materials of the tanks.,
Based on responses for all 169 underground tanks reported in the
mail survey, ignitable waste is the most common (46 percent)
waste type. Carbon steel tanks which store ignitable wastes
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L=2

TABLE 2-2.

PERCENT

OF WASTE STORED AND

OF UNDERGROUND TANKS BY TYPE

CONSTRUCTION MATERIAL OF TANK

Percent Used By Construction Material of Tanks*

Waste Percent Carhon ?gign- Fiber-

Stored of Tanks*| Steel Steel Concrete glass Other
Ignitable 46 34 7 2 3 0
Corrosive 32 17 2 6.5 6.5 1
Reactive 11 1 2 4 3.5 _ .5
E.P. Toxic 24 5 0 7 7 5
Toxic 28 14 3 6 5 0
Acutely 6 6 0 0 0 0

Hazardous
Other 10 10 0 0 0 0

Percent of all underground tanks (169 tanks) with the specified type

of waste stored and construction material of tank

indicated; i.e.,

46 percent of the tanks (78 tanks) store ignitabhle waste, of which
34 percent of the tanks (57 tanks) store ignitable waste and are
Total of this column exceeds 100

constructed of carbon steel.
percent since some tanks store waste which

more than one category.

is classified as being in



comprise 34 percent of all underground tanks. Acutely hazardous
wastes and other types of wastes besides ignitables, corrosives,
reactives, E.P. toxics, and toxics are stored only in carbon
steel tanks.

Selected cumulative percentages for the number of under-
ground tanks per facility with underground tanks were found to
be:

: ) Number of Storage and/or
Cumulative Treatment Tanks per

Percent Facility-
10 : 1

25 1

50 | 1

75 | 3

90 6
100 15

As indicated, the median number of underground tanks per
facility with underground tanks is one since 55.4 percent of the
55 facilities with underground tanks have a single underground.
tank. Figure 2-3 also indicates that most facilities with under-
ground tanks have one underground tank. - Figures 2-4 and 2-5 in-
dicate the distribution of underground storage and treatment
tanks respectively. As shown, the data for these two subsets of
underground tanks follows the same trend displayed by Figure 2-3.
In addition, these data indicate that most underground tanks are
-storage tanks.

The majority of facilities with underground tanks (63 per-
cent of 65 facilities) store ignitable wastes in underground
tanks. The percent of facilities with underground tanks for each
type of waste stored in under ground tanks is as follows:

Waste Stored Percent With Waste
Ignitable 63
Corrosi?e 28
Reactive 9
E.P. Toxic 18
Toxic o 34
Acutely hazardous oo 3
Other ' 0
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Figure 2-3. Distribution of all underground tanks per facility
with underground tanks.
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Figure 2-4. Distribution of underground storage tanks per
facility with underground tanks.
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Figure 2-5. Distribution of undergfound treatment tanks per facility
with underground tanks.



The percentages of wastes stored a}e based on 65 responses for
each type of waste. -

Selected cumulative percentages of underground tank capac1ty
per facility with underground tanks are listed below:

Capacity of Storage and/or
Treatment Tanks per -

Cumulative Facility
Percent (Gallons)

10 1,000

25 3,300

50 10,000

75 , 20,000

90 31,200

100 : 95,000

For all underground tanks, the median total capacity per facility
is 10,000 gallons, based on responses for 59 facilities.

In summary, results of the mail.sqrvey on underground hazar-
dous waste tanks reveal that a typical (median) underground tank
has the following characteristics:

o Design capacity of 3,000 gallons;

o Average volume contained of 1,500 gallons;

o Installed for eight years;

¢ Checked for integrity by method other than ultrasonic,

air, penetrant dye, vacuum box, hydrostatic, or Kent-
Moore/Petro-tite methods;

e Constructed of carbon steel;

¢ Unlined; and

e Stores ignitable wastes.

Most facilities with underground tanks generally have three or
less underground tanks which typically store ignitable wastes.

The median capacity of underground tanks per facility with under-
ground tanks is 10,000 gallons,

2-12
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SECTION 3
DAMAGE CASE AND SPILL EVENT REVIEW
INTRODUCTION -

One objective of this study was to assess the adequacy of
current practices for storage of hazardous waste in underground
tanks with regard to the protection of human health and the
environment. As part of this assessment effort, available data
on damage cases and spill events (releases) were reviewed in
order to determine the extent to which releases occurred and the
causes of these releases. For the purpose of this review effort,
"available data" were defined as readily available reports and
papers which contained compilations of individual incidents. In
addition, organizations with information regarding tank investi-
gation programs and detailed investigation of two specific sites
were included. : _

A listing of the data sources included 1in this section is
presented below:

e American Petroleum Institute "Tank and Piping Leak
Survey

¢ California Water Quality Control Board, San Fransisco Bay
©  Region : : °.

e Cape Cod Planning and Economic Deve16pment Commission

¢ Maryland Petroleum Association, "Prince George's County,
Maryland, Tank Testing Program

e Michigan Department of National Resources
e New York Department of Environmental Conservation
¢ Suffolk County, New York

A summary of the overall findings resulting from the review
of these sources is also presented at the end of this section.

INFORMATION SOURCES

The relevant source of information evaluated during this
effort are individually discussed below. Each review was
prepared to provide an overview of the programs or incidents
responsible for initiating each study; to present the data
compiled during each effort; to point out some of the limitations
associated with the data presented; and to present conclusions
which can be drawn from the data.

American Petroleum Institute "Tank and Piping Leak Sdrvey"

The American Petroleum Institute (API) "Tank and Piping Leak
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Survey" was conducted from the Fall of 1977 to the Summer of 1980
to "identify the Tlocation of perforations in 1leaking tanks to
support the effectiveness of tank testing proceduress which mea-
sure liquid level loss in a tank". [1] As the study progressed
APl requested additional information such as tank age, cause of
leak, leak detect4ion method, piping system information, etc.. in
order to better understand the circumstances surrounding tank
leaks. This information was collected using a general question-
naire form distributed to the chief engineer (or the appropriate
individual(s) who handle reported leaks) at each of the major oil
companies (i.e., FExxon, Mobil, Shell, Gulf, ARCO, Chevron,
etc...) and to representatives of the Petroleum Equipment Insti-
tute (PEI) (Note: Many of PEI's member organizations are in-
volved in supplying or installing replacement tanks.) These
questionnaires were then distributed to service station owners
(or managers) who had reported leaks from underground storage
systems and who volunteered to complete the survey form. Because
of this process, only leaking systems were reported (i.e., sta-
tions without leaks did not respond to the survey) and survey
forms were not completed for every leak occurring during the data
collection effort (i.e., since the survey was voluntary not all
stations with Teaks completed survey forms). In addition, the
majority of responses were from service stations owned by the
major o0il companies.

_ The data from the survey were compiled by APl and are pre-
sented below, As noted in Table 3-1, a total of.1953 leaks were
reported; 204 of these leaks could not be categorized,. Some” 64
percent of the categorized leaks were attributed to steel tanks
without cathodic protection and 33 percent were attributed to
piping. ~ (Note: Piping leak information was not requested on the
survey form until a year after the survey was started; by that
time, 400-500 questionnaires had alrsady bheen collected. As a
result, more of the reported leaks may bhe attributable to piping
leaks.) The remaining categories only accounted for 3 percent of
the reported leaks.

A discussion of the results for each of the three categories
of leaks (from steel tanks, fiberglass tanks, and piping) is pre-
sented bhelow. Questionnaires were not completed consistently,
which resulted in different numbers of responses for the various
question; many questions going unanswered; and a need to intepret
some of the answers. Although not statistically valid (i.e., the
total universe of stations was unknown, the survey was voluntary
and as a result not all stations with leaking tanks responded;
only data from stations with leaking underground storage systems
were surveyed; and the methods used to distribute the survey
forms tended to biase the results to reprasent conditions at
facilities owned by the major oil companies) the data shows rela-
tive frequencies and trends regarding leaks.

Steel Tank Leaks (see Table 3-2)
- Corrosion was the primary cause of steel tank leaks
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TABLE 3-1. PETROLEUM PRODUCT LEAKS BY CATEGORY FROM
THE API "TANK AND PIPING LEAK SURVEY", (1977-1980)

Steel Tanks
Fiberglass Tanks

Steel Tanks with Sacrificial
Anodes '

Steel Tanks with Impressed Cur-
rent Cathodic Protection

Interior Coated Steel
Piping
Subtotal
Unspecified Tanks

-TOTAL

Total

1,112
28

19

1,749

204

1,953

Percentage

63.6
1.6
0.1

100.0
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TABLE 3-2. STEEL TANK LEAKS IDENTIFIED DURING THE API

“TANK AND PIPING LEAK SURVEY", (1977-1980)

- NUMBER OF RESPONSES

CAUSE OF LEAK
Corrosion Hole
Loose Fitting
Breakage
Dther

Subtotal
Unanswered

AGE OF TANK

0-1

2-5

6§-10
11-15
16-20
21-25
26-30

Year

Years
Years
Years
Years
Years
Years

31- + Years
Subtotal
Inanswered
HOW LEAK WAS DETECTED
Inventory Shortage
Water in Tank
Leak Detector
Tank Test
Product in Sewers, Wells, Etc.
Other
Subtotal.
Unanswered
DIND TANK HAVE A FILL TUBE?

Yes
No

Subtotal

Unanswered

1,112

Total

970
9
17
55

1,051
A1

14
117
262
296
176

80

41

988
124

134
584

122
116

1,054
58

845
205

1,050
62

Percentage

92
0
1
5

N YO W

100.0

CEN R S IS I
2O ND A e O
. [ ) 9
N 00D U0 N

100.0

— N -
P e OOV
® L] L] L] . L]

—
QWoTWPpO,m

100.0
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TABLE 3-2. (CONTINUED)

WAS LEAK BENEATH FILL TUBE? Jotal Percentage
Yes - | 180 | 25.4
No ‘ 528 74.6
Subtotal 708 100.0
Unanswered 137

WAS PART OF TANK IN GROUND WATER?

Yes 713 68.4
No : 329 31.6

Subtotal ' 1,042 100.0
Unanswered 70
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accounting for 92 percent of the responses. Addi-
tional data pointed to external (63 percent of report-
ed cases of leaks due to corrosion) corrosion as the
primary type of corrosion.

- Ages of leaking tanks ranged from less than 1 to more
than 31 years. Some 98 percent of the responses were
for tanks more than 6 years old and 86 percent were
for tanks in the 6 to 25 age range.

- Water in the tank was the primary means of leak dis-
covery (this 1is wusually found using a water-finder
paste on the bottom of the tank level gauging dip
stick), accounting for 55 percent of the finds. This
method of detection was followed by inventory shortage
and tank testing (primarily Petro-Tite) with 18 per-
cent and 12 percent of the responses, respectively.
(Note: 68 percent of the tanks were located in ground
water.); and

- Of the 845 tanks reporting to have fill tubes, (i.e.,
a pipe extending from the surface down into the inter-
jor of the tank which is used for filling purposes) 21
percent reportedly had leaks beneath the fill tube.
The actual number may have been greater since the
question pertaining to this type of leak was not an-
swered for 137 of the tanks with fill tubes.

The results of the survey indicate that corrosion is a
major cause of steel tank leaks, with a notable percent-
~age of these leaks at the base of fill tubes. Additional
data showed that 22 percent of steel tank leaks reported
had some type of "point anode" (i.e., a point from which
electric current leaves the surface of the tank, resul-
ting in a destructive alteration or eating away of the
metal) at the leak point. These data, along with other
information presented, indicate that corrosion is influ-
enced or even enhanced by a number of factors such as:

- The resistivity, pH, moisture content and sulphide
content of the soils surrounding the tank;

- The existence of “point anodes" which may result from
foreign particles (i.e., cinders, clay etc...) on the
tank surface or physical damage of the tank coating
such as a scrape which may occur during installation;
and

- Tank age. [2]

One of the most common causes considered is tank age, bhut
due to the broad range of ages over which leaks were re-
ported, age appears to be only one of possible variables
which influence the occurence of leaks due to corrosion,
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o Fiberglass Tank Leaks (see Table 3-3)

- With only 28 res?onses, one can conclude that it may
be less commonplace for fiberglass tanks to leak.
This conclusion is supported by the virtual elimina-
tion of the major source of leaks in steel tanks -
corrosion. On the other hand, this conclusion may be
bjased by the smaller number (a total of 28 responses)
and the shorter duration of use of fiberglass tanks
(approximately 15 years) compared to steel tanks.

-~ Breakage or tank separation (i.e., a physical separa-
tion of tank wall material) accounted for all leaks.
One third of these were caused by dip stick punctures

[1];

- Tank age ranged from less than 1 year to 15 years with
96 percent of the responses falling between 0 and 10
years; and

- Inventory shortage was the primary means of leak de-
tection followed by water in the tanks.

Due to the limited number of responses from facilities
with fiberglass tanks which leak, few conclusions can be
drawn from the data. The principal point to bhe made is
that fiberglass tanks require careful handling during in-
stallation and operation (i.e., dip stick leavel measure-
ments) of the facility.

o Piping Leaks (see Table 3-4)

- Corrosion was the primary cause of pipe leak, accoun-
ting for 64 percent of the responses;

- Pipe age ranges from less than 1 year to over 31 years
with 84 percent of the responses falling hetween 5 and
20 years.

- Inventory shortage was the primary means of leak de-
tection, accounting for 45 percent of the responses.

The results of the survey indicate that with steel or cast
iron pipin% corrosion was a primary cause of release. This
is partially influenced by pipe age, hut due to the wide
range of responses, pipe age is not the .only factor that
should be considered (i.e., factors such as soil character-
isti%s)and installation practices may also influence Tleak
events).

The API "Tank and Piping Leak Survey" served its purpose in
identifying the locations of the leaks in tanks. [1] The addi-
tional data obtained during the survey, though not consistently
collected or statistically based, provides insight into tank and
pipe leak occurrences.. Additional conclusions can he derived
from these data: '



TABLE 3-3. FIBERGLASS TANK LEAKS IDENTIFIED DURING THE

API "TANK AND PIPE LEAK SURVEY"

(1977-1980)

NUMBER OF RESPONSES
CAUSE OF LEAK

Breakage
Other (tank separation)

Subtotal
AGE OF TANK
0-1 Year
2-5 Years
5-10 Years
11-15 Years
Subtotal
Unanswered
HOW LEAK WAS DETECTED
Inventory Shortage
Water in Tank
Tank Test
Product in Sewers, Wells, etc.
Other

Subtotal

28
Total

17
11

N = = O WD

28

Percentage

50.7
39.3

100.0

29.6
26.0
40.7

3.7

100.0

w w»

~Nww Ny W
* . L] L] L]
- N r— "

100.0
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TABLE 3-4., PIPING LEAKS IDENTIFIED DURING THE
API "TANK AND PIPE LEAK SURVEY" (1977-1980)

NUMBER OF RESPONSES 583
CAUSE OF LEAK | Total Percentage
Corrosion 353 63.9
Loose Fitting ' 64 11.6
Flex Connector Failure 38 6.9
Breakage 43 7.8
Other 54 9.8
Subtotal 552 100.0
Unanswered 31
AGE OF LEAKING PIPING
0-1 Year ' 10 2.1
2-5 Years 31 .4
5-10 Years 158 32.8
11-15 Years : 159 . 33.1
16-20 Years : 87. 13.1
21-25 Years 24 5.0
26-30 Years 11 2.3
31- + Years 1 0.2
Subtotal 481 110.0
Unanswered 102
HOW LEAK WAS DETECTED
Inventory Shortage B 261 45,2
Water in Tank 19 3.3
Leak Detector 76 13,2
Line Test 82 14.2
Product in Sewers, Wells, etc. 60 10.4
Other . 79 13.7
Subtotal 577 100.0

Unanswered 6




¢ Poor installation can contribute to leaks either by in-
ducing corrosion or resulting in loose fittings or tank
plugs (in many instances, loose fittings were tightened
and not reported on survey forms [1]); and

e Corrosion protection systems can fail as indicated by the
21 leaks reported for steel tanks with sacrificial anodes
or impressed current cathodic protect. These failures
may be result of a number of factors such as inadequate
sizing of the sacrificial anode, improper installation,
inadequate maintenance, equipment failure or other rea-
sons.

California Water Quality Control Board, San Francisco Bavaegion

In September 1980, a case of ground water contamination
associated with underground storage of chemicals was discovered
at an electronic components manufacturing plant in Santa Clara
County. Subsequently, other plants in the region began to exa-
mine their hazardous materials storage practices. As a result of
these voluntary materials storage surveys, the California Re-
gional Water Quality Control Board, San Francisco B3ay Region, be-
came aware of 21 facilities with leaks of hazardous materials
(mostly solvents) from underground tanks and sumps by the end of
1981. '

In March 1982, the Regional Board initiated a leak. detection
program. The purpose of the Tleak detection program was to deter-
mine the overall magnitude of hazardous materials leakage (both
product and waste) from underground storage and handling facili-
ties in selected parts of the San Francisco Bay area. This leak
detection program was divided into three phases:

o Detection - To determine all sources of hazardous mater-
jals leaks to usable ground waters;

e Remedijal Action - To identify the extent of leak contami-
nation, take remedial action to prevent further migra-
tion, and clean up contaminated ground water; and

¢ Prevention - To develop construction and monitoring stan-
dards for underground storage and handling of hazardous
materials.

Activities performed by the Reginnal Board in each of these
phases are as follows:

¢ Detection - The Santa Clara Valley, Niles Cone, and
Livermore-Amador Valley ground water basins are important
supplies of potable water within the San Francisco Bay
region.. Figure 3-1 shows the Tlocation of the ground
water basins of concern, In April 1982, the Regional
Board sent a mandatory questionnaire to approximately
1,400 facilities within the three ground water basins.
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cities had enacted major portions of the model ordinance.
.These eight cities require underground storage facili-
ties, including gasoline stations, to test their tanks
for leaks. New or replacement tanks must have concrete
vaults or comparable forms of double containment. The
Regional Board has also worked to obtain statewide pas-
sage of the model ordinance.

The Regional Board is currently nearing completion of Phase
I, the Underground Leak Netection Program, A status report sum-
marizing the efforts of the Regional B8oard from April 1982 to
April 1983 1is available. [3] Results of corrective actions
undertaken at sites with documented subsurface contamination
(Phase II) are not yet available. The effectiveness of preven-
tive measures (Phase III) has yet to be determined, since adop-
tion of the model ordinance occurred only recently., Because work
on Phases Il and III is still in the early stages, results of the
program are presented only for Phase I. : ’

As part of the Leak Detection Program, 1,294 out of 1,950
facilities responded to the mandatory questionnaire as of May
1983. Questionnaires for the remaining. 656 facilities were
either undeliverable (i.e., returned by the Post 0ffice), raceiv-
ed by the facility but not completed and returned, due at a later
date, or mailed to facilities outside of the study area. A total
of 429 facilities indicated that_ they use or have used under-
ground tanks and/or sumps. ’

0f these, as .mentioned above, 87 facilities with under-
ground tanks and/or sumps were Jjudged to have the highest po-
tential for leaking hazardous materials., As of May 1983, leak
monitoring and data interpretation had been completed for 36 of
these 87 facilities, with the following results:

% of 36
No. of facilities Completed Status
20 56 Contamination due to tank
system failure
5 14 Contamination detected;
not due to tank system,
11 30 " No contamination detected.

Table 3-5 presents a comparison of facility character-
istics for the 36 facilities with known monitoring results and
the subset of 20 facilities with tank system failures. As shown,
the facility characteristics of the sites with tank system fail-
ures are comparable to the characteristics of all the sites with
known monitoring results. The typical facility has two under-
ground solvent storage tanks and one underground waste solvent
tank. Over 80 percent of the tanks are not vaulted and more than
one-half are steel, Corrosion protection consists mainly of
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Another 550 facilities not included in the original mail-
ing list were later sent questionnaires for a total of
1,950 questionnaires, Based on the responses to the sur-
vey, the Regional Board selected 87 facilities judged to
have a high potential for 1leaking hazardous materijals,
especially solvents, and required these facilities to in-
ititate soil and/or ground water monitoring for wunder-
ground contamination. The 87 priority facilities are in
addition to the 21 ongoing cases discussed above. The
Regional Board placed the 87 facilities required to in-
stitute subsurface monitoring on either a Priority 1 or
Priority 2 list. Priority 1 facilities have or have had
either a: :

- Non-vaulted buried waste solvent tank(s) without cor-
rosion protection which was placed in operation before
January 1, 1975; or

- Concrete sump(s) wused for the storage, treatment,
separation, or disposal of solvents,

A1l other facilities which have or have had any product

or waste solvent tanks, regardless of installation date

?r corrosion protection, were included in the Priority 2
ist.

Remedial Action - Currently the Regional Board staff is
working with the facilities which reported .a detectable
level of contamination in the soil and/or ground water,
This effort dincludes the 21 original cases (identified
prior to March 1982) and 36 out of thé 50 subsurface in-
vestigations submitted to the Regional Board as of May
1983, (Fourteen of the 50 facilities were found to have
contamination, but the sources were not determined as of
May 1983,) The Regional Board is still waiting for re-
sults from 37 of the 87 facilities ordered to perform
subsurface monitoring.

Corrective measures wundertaken by the industries in-
c¢lude:

- Identification of the lateral and vertical extent of
contaminant migration;

- Acgions to preclude further migration of contaminants;
an

- Remedial action to cleanup contaminated ground waters
and soils.

Prevention - The Regional Board staff was actively in-
volved 1n developing a model ordinance for underground
storage and handling of hazardous materials 1in -Santa
Clara County., In March 1982, a task force estahlished hy
the Santa Clara County Fire Chiefs bhegan meeting to
develop a model ordinance. Sixteen months Tlater, eight
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TABLE 3-5, SAN FRANCISCO BAY REGION QUESTIONNAIRE
DATA FOR SELECTED FACILITIES*

36 Facility 20 Facility Subset
Item - .
No. nf Tanks Percent No., of Tanks Percent

Unit type :
product storage tank 68 50 48 57
waste storage tank 31 23 22 26
waste treatment tank 17 12 7 8
concrete sump ‘ 13 13 8 9
other 3 2 0 0
Vaulted unit
yes 24 13 12 14
no 113 82 73 86
Unit material
steel , . - 68 50 . 49 57
stainless steel 3 2 1 o1
concrete 23 17 - 12 - 14
fiberglass 9 7 0 0
aluminum 11 8 11 13
other 2 1 2 2
unknown 21 15 11 13
Material contained in unit
solvents 87 64 59 69
corrosives : 2 1 2 2
wastewaters 19 14 . 6 7
not in use : 11 8 9 10.5
unknown 18 13 9 10.5
Unit coating/wrapping ‘
yes 68 50 53 62
no - 34 - 25 11 ’ 13
unknown 35 , 25 21 25

Unit corrosion protection?t

no 97 71 64 , 75
sacraficial anodes 1 1 0 0
impressed curren 4 3 0 0
unknown . ' 35 25 21 25
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TABLE 3-5. (CONTINUED)

36 Facility 20 Facility Subset
Item
No. of Tanks Percent No. of Tanks Percent

Corrosion protection
maintenance
yes 3 2 0 0
no 0 0 0 0
unknown 134 98 ' 85 100
Integrity checking of unit**
yes 57 42 39 46
no 36 26 23 27
unknown : 44 32 23 27
Internal inspection of unit
yes 20 15 : 12 14
no 117 85 73 86
Ground water monitoring :
no 137 100 85 100
Tank testing
yes - 26 19 24 28
no 111 81 61 72
Inventory monitoring
yes 24 18 14 16
no 113 82 71 84

* Data for 36 facilities with known monitoring results (as of May
1983) and a subset of 20 facilities with tank system fai]ures.<r
It should be noted that the data presented include all underground
tanks reported at the facilities. Information on which tank
systems have fajled was unavailable.

+ Other than coating or wrapping.

** Integrity checking of unit indicates that one or more of the
following practices was performed prior to receipt of the
questionnaire: internal inspection of unit, ground water
monitoring, tank testing, inventory control, or another type of
integrity checking.
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coating and/or wrapping of the tanks. Most facilities report
that they do not provide internal inspection of tanks, ground
water monitoring, tank testing, or inventory control.

Table 3-6 reports the levels of contamination in the soils
and ground water at the 20 sites with tank system failures. The
chemicals are grouped by ranges of concentrations as follows:

Greater than 1,000 parts per billion (ppb);
Between 500 and 1,000 ppb;

Between 100 and 500 ppb; and

Less than 100 ppb.

In most cases the chemicals detected at the 20 sites were various
mixtures of a variety of industrial solvents including:

Acetone;
Benzene;
Dichlorobenzene;
Dichloroethane (DCA);
Dichloroethylene (DCE);
Ethylbenzene;
Freon;
Isopropyl alcohol (IPA)
Methyl ethyl ketone (MEK);
1,1,1-Trichloroethane (TCA):
Trichloroethylene (TCE);
Tetrachloroethylene (PCE);
Toluene; and

. Xylene.

Although both ground water and soil data were not available for
all facilities, these data indicate that both ground water and
soil contamination were detected more frequently than either type
of contamination alone. At 10 facilities, soil contamination
levels exceeded 1,000 ppb for at least one chemical, while 11
facilities had ground water levels over 1,000 ppb. The chemicals
detected generally were distributed over a variety of concen-
tration ranges in both media for the 20 sites as a group.

As noted above, questionnaire data on the 21 facilities with
leak problems reported prior to initiation of the 3-phased leak
control program were not available. In order to incorporate in-
formation from these 21 facilities, which pre-date the question-
naire into this report, case studies at two of these facilities
were prepared. These case studies, which are presented as Exhi-
bits 3-1 and 3-2, describe the facility characteristics, the en-
vironmental setting, the release events and the associated conse-
quences. In combination, leaks from the two facilities resulted
in the closing of more than a dozen water supply wells serving
about 3,000 people and clean-up costs which are currently esti-
mated at about $20 million and are continuing. Numerous law
suits have been filed in an attempt to establish responsibility
for the leak and to require payment of compensatory damages.
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TABLE 3-6.

CONTAMINATION FOUND AT 20 SITES

IN SAN FRANCISCO BAY AREA WITH TANK SYSTEM FAILURES*

SOIL

(PPB)

GROUNDWATER (PPB)

Facllity

>1000

500-1000

100-500

<100

>1000

500~ 1000

100-500

<100

Bls-2-ethyihexyl-
phthalate

Ethy Ibenzene

Naphthalene

Benzela)pyrene

aot

MEK

MEK

IPA

Cel losolve
Cyclohexanone

Nt

NT

NT

NT

1PA

Cyanlde

NT

NT

NT

NT

IPA

Dichloromethane

Acetone

ND

TCA
TCE
IPA

TCA

TCE

DCE

Toluene

Methy lene Chlor lc!o

Benzene
Chiorobenzene
1,2-Trans-DCE
Ethy Ibenzene
Mothylene Chioride
Toluena
TCE
1,1,2-Trichloro~
1,2,2-Trl-
fiouroethane
Methy Icy Iohexane

TCA

Methy lene Chlorlde
MEK
Acetone

Methy tene Chlor lde
MEK

Acetone

DCE

Ethylbenzene

Methy lens Chlorlde

ND




81-¢

SOiL _(PPB) GROUNDWATER (PPB)
Facl )ity >1000 500-1000 100-500 <100 >1000 500-1000 100-500 <100
10 ND ND ND TCA Trans~1,2-DCE 1,2-Dichloro-1,2,2- | 1,1,2-Trichloro- Viny ! Chtoride
Xy lene Tri-t luorocethane tiuoroethane 1,1-0CE
, TCE
n ND ND ND ND MEK ND ND ND
12 MEK ND ND ND MEK ND Toluene TCA
Cyclohexanone - Cyciohexanone Freon TCE
1PA PA
Acetone
Xy leno
13 ND ND Toluene ND Ethy ibenzene Dichlorobenzene ND PCE
Xylene Benzene
TCE DCE
Chlorobenzene OCA
Toluene Freon
14 Trichlorobenzene ND TCE PCE ND TCE ND PCE
Dichtorobenzene Freon TCA Freon Hexane
Acetone
Ethy | Benzene
Toiuene
Benzene
15 Phenol (11 Acetone Trichloro-
Methano) t luoroethane
TCA Methy lene Chioride
IPA
Xy lene
n-Buty! Acetfate
16 Stoddard Solvent ND ND N
" TCE Freon ND ND ND ND ND ND
Xylene
18 NO NO ND ND Disesel MEK ND ND
Naptha
Xylene
Toluene
Cel losoive
Acetate
_A — ] __A B —— S ————

- NS SRas-—— B




]
b

TABLE 3-6. (CONTINUED)

SO(L (PPB) GROUNDWATER (PP8)
Facltiity >1000 500-1000 100-500 <100 >1000 500-1000 100-500 <100
o
19 Dlchlorobanzene DCE ND Chlorof orm ND Xy lenes Ethy Ibonzene DCE
Freon TCA TCE PCE
TCE
PCE
20 Mothy (ene Chiorlde ND ND Xy lene Methoxyathanol Hep tanot Octanol Acatone
Oxybl sethanol Cyclopetnane Met hoxypropanol Other Heptanols
Heptanone Methy lene Chtorlde
Caprolactum
Hexanol¢ Acld
Hexanol

* See Table 3-5 tor additional Information on these tacliities

* Not detected

? Not tested

#% glank Indlcates that data were not avellable as of May 1963

Key to

abbreviations:

DCA =

DCE =

PA =

MEK =

TCA =

Ice =

Dichioroethane

Dichloroethy lene

tsopropy| alcohol

Methyi athyl ketone

Parchloroethy lene (tetrachlioroethylane)
1,1,t=Trichioroethane

Trichtoroethyiene




In summary, the Regional Board has discovered numerous leaks
of solvents from underground storage systems in the San Francisco
Bay Region and more are expected to be found. The Regional Board
has nearly completed the first phase of its program to identify,
correct, and prevent chemical leaks from underground storage sys-
tems. As of May 1983, tank system failures had released solvents
into the soil and/or ground water at 41 sites (21 sites were
identified before the questionnaire was developed and the 20
sites shown in Table 3-5). This represents 72 percent of the 57
facilities with know monitoring results as of May 1983, and near-
ly 10 percent of the 429 facilities found by the survey to use
underground tanks or sumps in the Santa Clara Valley Region.

Remedial measures at these facilities and at other sites
where contamination has been detected but not linked with tank
system failures are continuing. The Regional Board judged the
potential hazards associated with leaks to be high enough to sup-
port efforts to develop and enact ordinances at the local Tlevel
and to assist in the development of Tlegislation statewide to
regulate underground tanks storing hazardous materials.

Cape Cod Planning and Economic Development Commission

After completing their 208 Water Quality Management Plan in
1978, the Cape Cod Planning and Economic Development Commission
(CCPEDC) developed a number of model ground water protection by-
laws and regulations as guidelines for a ground water protection
program. Since May, 1980, 14 of the 15 Cape Cod communities have
adopted one or more of these ordinances which have resulted in
various levels of requirements such as tank registration, tank
inspection and zoning restrictions in ground water recharge
areas. Since enactment of these ordinances, eight of the more
than 159 underground tanks tested were found to bhe leaking (in-
formation on the details of these leak events was unavailable),
A telephone conversation with the local health official in Barn-
stable, Massachusetts revealed that many of the larger oil com-
panies replaced the steel tanks at their service stations as soon
as the ordinances were passed. [4]

Maryland Petroleum Association, "Prince George's County,
Maryland, Tank Testing Program’

In 1977 The Prince George's County (P.G. County) Government
passed legislation requiring tank and piping system testing for
tank storage facilities in response to a number of gasoline leak
incidents at service stations in the. County. Although P.G.
County does not maintain statistics on its tank testing program,
the Maryland Petroleum Association compiled the results of tests
conducted on underground tank systems as of January, 1978,

These data are presented in Table 3-7 and represent the re-
sults of Petro-Tite (Kent-Moore) testing of service station tank
systems. (Note: Even though piping system testing was included
in these tests, no distinction between tank and pipe leaks was
made in the available statistics.) It is important to note that
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only petroleum products and waste oils associated with service
stations are stored underground in P.G. County and that all of
the tanks tested as of January, 1978 were more than 10 years
old. [6] :

: As shown in Table 3-7, 18 percent of the tank systems tested
by the Petro-Tite method were indicated to be leaking. Further
investigation of these 108 tanks revealed 61 "verified" leaks (10
percent versus 18 percent of tanks tested). (Note: [Information
on how leaks were verified could not be obtained.) These data
indicate that the tank testing method used (under circumstances
of application and verification about which 1ittle is known) was,
at best, about 50 percent accurate,. However, the testing ap-
proach used did identify a significant number of leaking tanks
which were subsequently removed from service or reconditioned.

Michigan Department of Natural Resources

As a result of a growing number of reports of spills and
leaks from underground storage of petroleum fuels and an in-
-creasing awareness of the potential for ground water contamina-
tion, the Michigan Department of Natural Resources (DNR) under-
took an investigation to evaluate the problems associated with
the underground storage of petroleum fuels. This evaluation re-
sulted in a report which was released in September 1981, and con-
tained information pertaining to spill and leak Pvents in the
State. (7] - '

Approximately 25,000 underground commercial fuel tanks are
in use in the State. These do not include abandoned, private or
underground bulk storage tanks. As reported in Michigan's Pollu-
tion Emergency Alerting System (PEAS) files, a total of 396 re-
ports of pollution of soils and/or groundwater by petroleum fuels
from underground tanks were submitted from 1977 to 1978, A
breakdown of these reports showed 30 percent were due to overfil-
ling, 26 percent were leaks from underground tanks, 9 percent
were pipe leaks, and 36 percent from unknown sources. Another
study completed in 1978 that assessed ground water contamination
in Michigan, showed that 21 percent of the 268 known ground water
contamination sites ‘"involved petroleum .contamination either
known or suspected to be from underground tanks". [7]

The data presented above only represents releases reported
over a two year period. On-going work by the NDNR is finding that
more releases are reported from the discovery of gasoline in
drinking water wells, subsurface construction sites and buried
cable systems than from reports of spills or product loss from
tanks. [7] This leads one to believe that the study conducted
may have only identified a small portion of the total number of
leaking tanks. In addition, it should also be noted that while
30 percent of the reported cases are due to tank leaks and 9 per-
cent of the reports are due to pipe leaks, it is plausible that
many of the reported cases from unknown sources are also ]ike]y
to be due to one of these two events.
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TABLE 3-7. PRINCE GEORGE'S COUNTY, MARYLAND TANK TESTING
PROGRAM RESULTS FOR UNDERGROUND GASOLINE TANKS
AS OF JANUARY 1978,

Number Percent
Tank systems tested | 604 40*
Tank systems that failed the test 108 ‘18
Number of verified leaking tank systems 61 | 10

(56 percent accuracy of test results)

* A1l tanks tested as of January 1978, were more than 10 years
old. The tested tanks represent approximately 40 percent of
all underground commercial gasoline tanks in the County, hased
on extrapolation from an average of 3.72 tanks per station for

310 (with known numbers of tanks) of the total 406 stations in
the County. '

Parfftipating: Amoco, BP, Cities, Crown Central, FExxon, Gulf,
Mobil, Phillips, Shell, Sun, Texaco and Tenneco

Source: Maryland Petroleum Association. [4]
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New York Department of Environmental Conservation

The New York Department of Environmental Conservation (DEC)
undertook a two-year bulk storage study program in an effort to
reduce petroleum and hazardous liquid leaks and spills into the
environment. As part of their program, information was compiled
on the number of underground tanks in the State and the inci-
.dences of well contamination by gasoline. Additional data per-
taining to oil spills reported in 1979 were also included, but no
distinction was made between underground and aboveground tank in-
cidences. ' .

The DEC estimates that there are 83,000 functioning under-
ground tanks in the State and that 20 percent of these currently
leak. The methods used to derive these estimates are presented
in Appendix I. In addition, the State expects that many of the
estimated 28,000 underground tanks that have been abandoned over
the past 10 years contain materials (primarily gasoline) which,
if the tanks are steel, will leak once the tanks corrode. [8]

In a 1979 survey of 1local health units in New York, 187
wells were reportedly contaminated by gasoline, The information
obtained from this survey is presented in Tahle 3-8, [8]

The work that New York has conducted to date shows that a
significant -number of wells have been contaminated as a result of
leaks from underground storage facilities (primarily petroleum).
These figures, which are four years old and do not cover the
whole state, combined with the estimated number of current leaks,
indicate that more well contamination incidents may have alrz2ady
occurred or will occur in the future, '

Suffolk County, New York

In September, 1979, Article 12 of the Suffolk County Sani-
tary Code was enacted to control ground water contamination re-
sulting from the .storage of hazardous materials in underground
and aboveground tanks. As a result of the permitting, inspection
and testing program subsequently conducted by the Suffolk County
Department of Health Services, the information presented in Table
3-9 was obtained for underground tanks. [9]

These data represent the results of the first phase of
regulation implementation conducted from 1980 to 1982 for all
tanks 20-years old or older. Additional phases of implementation
are currently underway which will eventually result in the per-
mitting, inspection and testing of all tanks in the county.

As shown above, of the 4554 underground ‘tanks registered
(primarily petroleum product storage tanks) as of December 1982,
1024 privately-owned and 82 county-owned tanks over 20 years old
had been tested. The test results showed that approximately 10
percent (98 privately-owned and 15 county-owned tanks) of the 20-
years old or older underground storage tanks were leaking. If
piping system leaks were included in these statistics the number
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TABLE 3-8. .SOURCES OF WELL CONTAMINATION BY GASOLINE AS REPORTED
IN A SURVEY OF LOCAL HEALTH UNITS IN NEW YORK IN 1978*

Number of Percent of

Sources of Contamination Incidences Total
Gasoline Stations 94 50
Buried Gasoline Tanks at Sites 16 8
Other Than Gasoline Stations
Other** 24 14
Unknown 53 28

TOTAL : 187 100

* Data from 13 counties in the state were not included in this
survey.
** Includes contamination from other sources such as transfer
~spills, tank truck accidents, etc... -
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TABLE 3-9. RESULTS OF SUFFOLK COUNTY, NEW YORK
Tank Testing Program as of December 1982.

Privately owned tanks tested* 1,024
Private]y.owned tanks leaking 98
County owned tanks tested* . 92
County owned tanks 1eakfng 15
Percent of total tanks leaking 10
Tanks registered as of December 1982

(includes all tanks all ages) : 4,554

* A1l tanks tested were >20 years old and almost all were steel.
Tanks were tested using the Petro-Tite (Kent-Moore) test under
the supervision of Suffolk County Department of Health Services
Personnel.

(Source: Article 12, Suffolk .-County Sanitary Code Statistics
(December 1982)) - ‘
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of leaking systems would bhe closer to 30 percent. [10] (Note:
Statistics on piping system leaks were not available.) Specific
information as to the causes, volumes, durations or impacts of
these leaks was not available.

_ As noted above, the implementation of Article 12 has re-

sulted in the discovery of a number of underground storage system
leaks, the majority of which can be attributed to piping system
leaks. As a result of the efforts of Suffolk County Department
of Health Services, these leaks have been remedied and a number
of tanks (911) have been removed or abandonded. However, it can
be assumed that additional leaks will be discovered at facilities
not yet tested, even though the remaining universe of tanks is
less than 20 years old. (This assumption is supported by work
conducted by Warren Rogers Associates [2] (see Appendix J) which
indicates that tank age is not the principal factor controlling
when a tank will begin leaking.)

CONCLUSIONS

The reports, studies and papers presented in this section,
though not all-inclusive, document a number of cases of Tleaks
from underground storage facilities as shown., (Note: A majority
of these cases are product related (primarily petroleum) due to
the historical awareness of the costs associated with product
loss.) The following conclusions can be drawn from the informa-
tion reviewed. )

¢ A large number of leaking underground storage tank sys-
tems have been discovered (primarily petroleum product
storage) over the past 6 years, and indications are
that many more will be discovered in the future as in-
vestigations continue and awareness increases, This is
supported by the efforts in the San Francisco Bay
Region where investigations showed that 72 percent of
the facilities tested (with test results available as
of May 1983) had one or more leaking tank systems (see
Table 3-10).

e Due to the range of percentages of leaking tank systems
to tank systems tested (see Table 3-10), it is diffi-
cult to draw quantitative conclusions as to the extent
of the problem of underground storage.

¢ Once a leak occurs it may go undetected for years and
may result in clean-up costs totalling in the 10's of
millions of dollars, as evidenced by the case studies
presented in this section,

¢ The impact from underground storage releases may be

effected significantly by the geolongic conditions of
the area. .
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Le-¢t

TABLE 3-10,

SUMMARY OF REPORTED

TANK SYSTEM LEAKS

Number Tank

Tank System

Number of Leaking ~Universe
Source " System Leaks Tank Systems Tank System of Tank
Reported Tested Tested % System
API "Tank and Pipe Leak Survey
(Petroleum Products) 1,953 Unknown NA Unknown
California Regional Water Quality
Board, San Francisco Bay Region
Statistics? 41 57 72 429
Cape Cod Area Statistics
(Petroleum Products) 8 159 5 Unknown
Michigan DNR "Underground Gasoline
Storage Study" 452 Unknown NA 25,000
New York DEC Statistics
(estimates) 16,000 NA 20 83,000
(estimated) (estimated) (estimated)
Prince George's County, Maryland
1977 Statistics (Petroleum Products) 61 604 10 Unknown
Suffolk County, New York .
Statistics (Petroleum Products) 103 1,116 9 Unknown

1) Tank systems include both tanks and pipe - ]eaks for .a fac1]1ty

with one or more underground storage tanks.

2) These values represent the number of facilities with one or more
The number of tank systems per facility is unknown

tank systems,

(these range from 1 to >100 underground tanks per facility) and the
number of leaking systems per facility is unknown.



In addition to the figures presented in Table 3-10, Warren
Rogers Associates, which has collected data from approximately
10,000 gasoline tank storage sites in the United States and
Canada, estimates that there are currently 75,000 leaking gaso-
line storage tanks in the U.S. [11]

If one assumes that many of the existing underground haz-
ardous waste storage facilities employ similar storage practices
(i.e., unprotected steel tanks and piping), an assumption which
appears to be confirmed by available data, the potential for sim-
ilar problems occurring is probably significantly higher than for
gasoline unless installation methods and designs are improved.
This is based on the assumption that hazardous waste storage
facilities store a variety of wastes, some of which may he corro-
sive or incompatible with tank materials used at the facility.
This increases the chances of operator error (e.g., storing waste
in the wrong tank or not testing a waste to determine which of
the several tanks to store it in) and, as a result, increases the
possibility of tank failure. ’
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EXHIBIT 3-1
SITE A STORAGE SYSTEM FAILURE DAMAGE CASE SUMMARY

FACILITY INFORMATION

Site A manufactures electronic components (SIC 367) and uses
a variety of solvents or solvent-based chemicals in the manufac-
turing process including:

Acetone; ‘
1,1-Dichloroethylene (DCE);

Freon 113; o Hexelmethyldisilane (HMDS);
Isopropyl alcohol (IPA);

Methyl alcohol;

1,1,1-Trichloroethane (TCA); and

Xylene

Waste solvents generated by the manufacturing operations are
‘stored in one of three ways, as follows:

¢ Containers -- A variety of strippers with propriety for-
mulations supplied by outside vendors are used in the
manufacturing process. Since the specific chemical for-
mulations of these materials are not known by operating
personnel at Site A, waste strippers are seg- regated for
storage by using containers to avo1d potent1a] compata-
bility problems.

o Small waste tank -- Most mixing of chemicals for use in
.the production process occurs in one area of the plant.
In this area, containers 1in which <chemicals are re-
ceived are cleaned so that they can he disposed in a san-
itary landfill, Waste from the container washing process
are stored in a 550 gallon underground tank.

e Large waste tank -- Formerly, waste solvents generated
throughout the plant were collected from sink drains with
a gravity piping system and stored in a 6,000 gallon
underground fiberglass tank. Following failure of this
tank, which is the subject of this damage case discus-
sion, waste solvents have been stored in a temporary
1,000 gallon tank. :

ENVIRONMENTAL SETTING

Site A is Tlocated in a suburban area adjacent to a major
city and is surrounded by residential neighborhoods and small
farms. Shopping centers, park land, and other industrial facili-
ties are also situated in the immediate vicinity. The site lies
in a valley approximately 210 feet above sea Tlevel -between a
ground water recharge area and several water supply wells.

The geology of the broad alluvial valley surrounding Site A
is the result of active stream erosion and deposition. Streams

3-29



flowing out of the highlands and into the valley have deposited
lTarge quantities of debris as alluvial fans and outwash plains.
The alluvial sediments range in thickness from zero along the
hills bordering the valley to 400 feet in the center of the
valley. These alluvial fan deposits are very permeable, and the
discontinuous clay beds in the area are poor barriers to vertical
ground water migration. The large number of high production
(over 1,000 gpm) water wells reflects the permeability of the
alluvial sediments. Within a one-mile radius of Site A, there
are 25 active or potentially active water supply wells.

. The alluvial deposits at Site A vary in thickness from 330
to 360 feet and contain four aquifers. The aquifers are desig-
nated "“A", "B", "C", and "D" with increasing depth from the
ground surface, as follows: '

Approximate Depth Below

~ Aquifer - Ground Surface (Feet)
A 30 - 50
"g 60 - 100
“c 150 - 190
“p" ' 220 - 270

A1l four aquifers average approximately 40 percent sand and gra-
vel over their total depth, These deposits are separated by silt
and silty clay 1layers ranging .from a few feet to 60 feet in
thickness. Aquifers "A", "B", and "C" have percentages of silt
~and clay varying between 3 percent and 19 percent. Aquifer "D"
has a slightly higher silt and clay content. Although the silt
and clay layers separating the aquifers at the site are discon-
tinuous, they cause ground water to flow primarily in a horizon-
tal direction,

Primary recharge to the aquifers under Site A comes from in-
filtration ponds along a creek situated approximately 4,000 feet
to the east. Ground water elevations indicate a 1local flow to
the west, except when irrigation wells north of Site A cause the
flow to be in a more northwesterly direction. A well owned by a
local water company that is part of a drinking water supply sys-
tem for about 700 residents is located approximately 2,000 feet
northwest of Site A. Thus, ground water flow from the primary
aquifer recharge area passes through Site A toward drinking water
sources. ' :

Recharge to the aquifers in the region also occurs by infil-
tration of idirrigation water applied to lawns and agricultural
lands and by percolation of percipitation. The estimated diract
recharge from irrigation water is small relative to recharge from
the percolation ponds. Average annual precipitation for the site
area is moderate. (Seasonal rainfall at a nearby weather station
averages 14,2 inches (360 millimeters) per year.)
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RELEASE FACTS

As a result of construction activities unrelated to Site A,
waste solvent storage tanks, solvent contamination of soils and
subsequently ground water was discovered. Follow-up investiga-
tions identified a 6,000 gallon fiberglass waste solvent storage
tank as the source of the solvent contamination. Visual inspec-
tion of the tank following excavation revealed that the tank
.walls had deteriorated to the extent that in some areas only the
reinforcing ribs remained. The cause of this tank wall failure
has not been determined and is currently under litigation.

The duration and maximum magnitude of the leak has been es-
timated at 1-1/2 years and 58,000 gallons, respectively, based on
a mass balance analysis of solvent purchase and waste removal
records. Ideally, a mass balance analysis can be performed by
matching the total mass of materials entering a fixed system with
the total mass of all materialts 1leaving the system plus any
accumulation. However, correlation of solvent purchased with
waste solvent removed is difficult under real industrial condi-
tions for several reasons. First, solvent is usually purchased
well in advance of the time it is actually used., Second, waste
solvent is not removed until the holding tanks or drums accumu-
late a specified volume. Moreover, some solvent remains either
in the original container or on the surfaces of the material
cleaned. Thus, mass balance variances of 5 to 10 percent can be
expected due to these factors. In addition, approximately 11
percent of all solvent is lost through evaporation,.

Table 1 summarizes the results of the mass balance analysis
conducted for Site A. As shown, essentially all of the solvent
purchased at Site A 1is accounted for during years 1 to 4-1/2 and
year 6. However, an imbalance between "solvents used" and "total
out" hegan in the middle of year 4 and continued until the leak
was detected near the end of year 5. During this 1-1/2 year per-
iod, the facility can account for the removal of only 43 percent
of the solvents used. Thus, the maximum amount of solvent lost
appears to equal 57 percent of the total solvent used or approxi-
mately 58,000 gallons. The amount of 1,1,1-trichloroethane (TCA)
used is included in the table since high concentrations of this
solvent were found in the soil and ground water at Site A, as
described later in this report,

During the year following the discovery of the leaking tank,
Site A had approximately 76 wells drilled on and off their prop-
erty to determine the areal extent and severity of contamination
resulting from the tank leak. In addition to 28 on-site and 40
off-site observation wells, there were 5 on-site and 3 off-site
pumping wells installed. The facility also performed sampling at
-9 nearby idrrigation and drinking water wells., Since ground
water flow at Site A moved in a westerly to northwesterly direc-
tion, the wells radiated out from the facility in this diraction
(downgradient) for a distance of approximately 1 mile from the
site, '
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TABLE 1. SOLVENTS USED v. SOLVENTS REMOVED AT SITE A
~(_IN GALLONS)

- Solvents Used* Solvents Removed** » Solvents
Year Months# Total Solvents Used (TCA) ## Drums Bulk Evaporation+ Total Qut++ Lost %
1 1-12 1,587 62 9 g 175 175
2 13-24 9,755 79 2,875 5,040 1,073 8,988
3 25-36 18,081 327 4,260 8,758 | 1,989 ) 15,004
4 37-42 16,952 . 671 14,814 - 5,000 1,865 21,680
w  SUBTOTAL 46,375 1,139 21,949 1 8,798 5,102 45,849 !
I‘&’ 3
4 43-48 '35,726 386 19,032 1,400 3,930 - 24,360
5 49-60 66,720 3,570 9,465 2,904 7,339 19,708
SUBTOTAL 102,446 3,956 28,497 4,304 11,269 44,068 57
6 61-72 19,068 3,614 6,750 9,425 2,097 18,272 4
*  Based on three-month moving average of solvents purchased. ++ Quantity accounted for by removal or evaporation
** Based on date solvent accumulated for removal. # Consecutive from facility startup.

+ Estimated ## I1,1,I-Tri-chloroethane



A variety of well drilling and construction methods were
employed at Site A. Borings were drilled by either a continuous
flight, hollow stem auger; a mud rotary rig; the reverse cir-
cultation drilling method; or the caisson auger technique. Var-
jous diameters  of steel and PVC casing were used in the wells.
Although different types of well casings and other construction
methods may affect the accuracy of sampling results, no informa-
tion was available on how these factors may have affected the
analytical results. '

Ground water level measurements were taken using a Soil Test
M-scope. Most ground water samples were obtained using a sub-
mersible bladder, and in a few cases a teflon bailer was used.
Analysis of the ground water was performed in accordance with EPA
Standards. Soil samples were taken with splitspoon and auger re-
turn samplerss Physical testing of the soils included moisture
content, dry density, liquid limits, plastic limits, grain size
distribution and permeability. Chemical testing of the soils
involved several methods. Most soil samples were analyzed by
purge and trap/gas chromatography/flame ionization detection
(PAT/GC/FIN). Some were analyzed by purge and trap/gas
chromatography/mass spectrometry (PAT/GC/MS) for quality control
or improved quantification.

Results of this ground water and soil chemical testing
program revealed a solvent (especially TCA) plume in aquifers
"A", "B", and "C" ,which extended approximately 4,500 feet west-
northwest of the site with a maximum width of about 2,000 feet.
The highest concentrations of solvents in the soil and in the
ground water were obtained from auger caisson borings 32 to 38
feet helow the ground surface and from aquifer "A" monitoring
wells located within 50 feet of the former waste solvent tank,
respectively. Table 2 reports the mean solvent concentrations
found at Site A within 50 feet of the tank that failed,

REMEDIAL MEASURES

Remedial measures undertaken at Site A included on-site and
off-site work., The on-site remedial effort included removal of
soils in the area of the former waste solvent storage tank since
these contaminated soils had the potential to act as a continuing
source of solvent to the ground water system. In addition, a
series of ground water purge wells were installed to hydraulical-
ly contain solvents on-site. The off-site remedial plan involved
the placement of a four-tiered ground water purge well system to
reduce the width and length of the solvent plume. This series of
redundant recovery wells was designed to lower the concentration
of TCA which had contaminated and resulted in the closure of the
drinking water well located 2,000 feet from the faulty tank. The
well system also was installed to prevent TCA from reaching an-
other drinking water well situated approximately 6,000 feet in a
hydraulically downgradient direction.
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TABLE 2. MEAN SOLVENT CONCENTRATIONS FOUND IN THE SOIL
AND GROUNDWATER AT SITE A (PPM)*

Soil Ground Water

(Dry Weight) . (Wet Weight)
1,1,1-Trichloroethane (TCA) 1,000 540
Xylenes and ethyl benzené , 600 : ' 80
Acetone 1,000 25,000
Isopropanol (IPA) 3,000 | 43,000
Freon 113 .18

ve-¢

*  Solvent concentrations found within 50 feet of the tank that failed.



The augered caisson method was considered to be the only
cost-effective way to remove the soils surrounding .the former
leaky tank. Open excavation would have undermined the building
footings at Site A and the use of tie-back pilings was considered
too risky and costly. The soil removal area extended approxi-
mately 50 feet wide by 65 feet long and 52 feet. deep. The es-
timated 3,400 cubic yards of soil removed and transported to a
Class I disposal site contained an estimated 38,000 -pounds of
solvent.

Water pumped from the ground water purge wells located on
the periphery of the soil removal area was loaded into tank
trucks and hauled to a 1licensed off-site disposal facility.
Pumping the other on-site recovery wells which are downgradient
of Site A near the property line lowered the water levels in ob-
servation wells beyond the solvent plume. Water from these wells
is treated by carbon absorption and discharged to a nearby creek
via storm sewers, TCA concentrations. at one of these wells de-
creased from 6.8 ppm to 0.55 ppm after the first three months of
pumping. However, the length of time required to reduce the sol-
vent concentrations in the on-site ground water purge system to
stable and acceptable levels is unknown.

The offsite drinking water supply well that was closed bhe-
cause of solvent contamination was returned to service as a
ground water purge well. Water from this well was treated by a
carbon absorption system at Site A and discharged to storm
sewers, Treatment of ground water from this well was stopped
after one year when TCA concentrations fell sharply and met dis-=
charge permit discharge limits. The state has yet to determine
what residual 1level of TCA 1is acceptable for drinking water.
Presently the state's action level for TCA in the ground water is
0.3 ppm.

Data from the tiers of other off-site ground water recovery/
observation wells indicated a reduction of solvent concentrations
within the plume and a reversal of downgradient migration. The
one aquifer "A" well located near the second tier of the ground
water purge system rarely showed any detectable levels of chemi-
cals. Solvent concentrations in the "B" aquifer decreased by ap-
proximately one order of magnitude from the first tier to the
third tier of off-site observation wells about 3,000 feet apart
where TCA levels dropped to less than 0.005 ppm after one year of
pumping. The highest TCA concentration measured in the off-site
"B" aquifer decreased from 11 ppm to 0.12 ppm after less than 12
months of pumping. The greatest TCA level in the off-site "“C"
aquifer was found approximately 3,400 feet from the faulty tank
and dropped from 0.23 ppm to 0.15 ppm in less than a month of
ground water purging. Concentrations of TCA recorded for aquifer
“D" off-site wells never exceeded the permit limit and most were
not detectable. Freon and DCE were the only solvents other than
TCA detected off-site. The maximum levels of freon and DCE were
recorded in aquifer "B" about 1,000 feet from the waste solvent
tank at 0.026 ppm and 0.047 ppm, respectively.
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As of May 1983, remedial measures involving purge well pump-
ing and treatment of the extracted ground water were continuing.
Completion of these activities 1is dependent on state agency
acceptance of aquifer water quality, but may be accomplished by
the end of 1983,

RELEASE CONSEQUENCES

As of May 1983, Site A had spent an estimated $12 million
over 1-1/2 years on cleanup of the contamination, and costs con-
tinue to be incurred. Although pollution Tevels have been re-
duced significantly as a result of remedial measures, engineers
agree that pumping will probably never completely remove the con-
taminants from the aquifers.

One drinking water supply well located about 2,000 feet from
the leak site, which served 700 residents, was closed because of
high TCA concentrations. Several individual water supply wells
were also closed, and the leak may also have resulted in minor
contamination of another major drinking water source about 6,000
feet from the tank,

The spill also spawned a multimillion-dollar .lawsuit by
nearby residents who have charged the site with negligent con-
tamination and with being the cause af numerous birth defects in
the neighborhood. Site A maintains that no scientific 1ink has
been established between its leak and the alleged "high number of
birth défects in a nearby neighborhood. TCA, the solvent found
in the drinking water well at concentrations far exceeding the
state's recommended level, is an organic that can cause damage to
the central nervous system, the liver and the cardiovascular sys-
tem if ingested in large doses. In addition, it can cause loss
of coordination, eye irritation and dizziness. The National Tox-
icology Program concluded in a recent draft report that TCA is a
liver carcinogen in mice but not in rats,

SUMMARY

Lack of inventory and/or environmental monitoring, tank in-
spection or tank testing programs at Site A allowed a waste sol-
vent storage tank leak to go undetected for approximately 1-1/2
years. The leaked material contaminated soil and ground water,
As a result of the duration and size of the leak and the hydro-
geology of the site, transport of the contamination into three
aquifers and over an area of about 1/3 square mile occurred,

One drinking water well serving a total of about 700 people,
several private wells, and possibly another public drinking water
well were closed because of contaminants found in the wells,
- Cleanup costs have exceeded $12 million and are continuing. These
efforts have been effective in reducing levels of ground water
contamination. In addition, law suits concerning damages resul-
‘ting from consumption of contaminated ground water have been
filed.
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EXHIBIT 3-2
SITE B STORAGE SYSTEM FAILURE DAMAGE CASE SUMMARY

FACILITY INFORMATION

Site B manufactures electronic computing equipment (SIC
3573), semi-conductors and related devices (SIC 3674) and uses
numerous underground tanks for the storage and treatment of pro-
cess chemicals and industrial wastes, Site B has over 100 under-
ground tanks or concrete sumps and about 190,000 feet of under-
ground piping. The tanks are constructed of a variety of mater-
ials, including carbon steel, stainless steel, fiberglass, and
polypropylene. Information on piping materials in use was un-
available.

0f the 32 existing underground product storage tanks at
Site B, 26 (81 percent) are vaulted (i.e., located in a concrete
vault). Nearly all of the vaulted product storage tanks are
6,000 or 7,000 gallon capacity, are constructed of stainless
steel, and are less than six years old. Chemicals stored in
these vaulted tanks include:

Acetone;

Ethyl amyl ketone (EAK);
Freon 113;

Isophorone;

Isopropyl alcohol (IPA);
Kerosene; and

Nitrogen,.

The remaining eight product storage tanks (19 percent) are
non-vaulted. The typical non-vaulted tank at Site B has a capac-
ity less than 3,000 gallons, is made of carbon steel, stores gas-
oline, and was installed more than 10 years ago.

0f the 31 existing underground waste storage tanks at Site
B, 28 are vaulted. Most of the vaulted tanks are made of steel,
are less than 5 years old, have a capacity of several thousand
gallons, and contain waste solvents such as acetone; EAK; freon;
IPA; isophorone; 1,1,1-trichloroethane (TCA); 1,1,1-trichloroe-
thylene (TCE); or xylene. The three non-vaulted waste storage
tanks are older than the vaulted tanks and have smaller capaci-
ties.

Site B has 49 existing treatment tanks or concrete sumps.
About one-half of the treatment units are vaulted tanks and one-
half are concrete sumps. In addition, there are two nonvaulted
treatment tanks. A typical vaulted treatment unit has a 1,000
gallon capacity, is fiberglass, and is less than six years old,
The concrete sumps tend to be older than the treatment tanks and
range in capacity from 150 to 10,000 gallons.

The facility has removed, abandoned, or relocated ahbout 64
additional tanks or sumps, and more than 3,000 feet of piping.
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Some of these units were removed from service as a result of con-
tamination detected near the units. Reasons for discontinuing
use of other units are not known. Of the six areas where sources
of contamination have been detected at Site B, five have resulted
in the removal of underground storage units and the excavation of
surrounding soils. These areas include: :

Tank Farm A;

Tank Farm B;

Building 14 chemical waste transfer sump;
Building 25 ink waste tank; and

Building 100 chromic acid tank.

The three cases of documented ground water contamination at Site
B are Tank Farms A and B and the area surrounding Wells A-30 and
A-31. Remedial actions at the other three areas appear to have
prevented migration of chemicals into the ground water.

Following is a presentation of the known facts concerning
tanks removed because of associated contamination, (Note: The
excavated tanks and related underground equipment were not all
leaking. The corporate practice manual for Site B concerning
containment of industrial liquids requires that underground sys-
tems with actual or potential leaks be replaced in accordance
with the most stringent government regulation, safety and fire
protection requirements, or other corporate standards and prac-
tices. The Site B corporate practice states that all newly con-
structed or replaced facilities storing solvents wunderground
shall have secondary containment. The definition of secondary
containment 1is one layer each of chemical/physical resistant
coating and liner or two single layers of liner which are applied
to or supported by an appropriate structure,) '

¢ At Tank Farm A, 17 non-vaulted solvent tanks and one 2000
gallon non-vaulted waste solvent tank were removed after
11 years of operation. One 24,000 gallon concrete vault
containing mixed solvent waste was also removed after
five years of use. A11 units were monitored by 1level
gauges and, except for the concrete tank, were con-
structed of asphalt-coated carbon steel with capacities
between 2,000 and 10,000 gallons, with a median capacity
of 2,000 gallons. Solvents stored included acetone, EAK,
IPA, disophorone, kerosene, sodium hydroxide, petroleum
naptha 365, and 1,1,1-trichloroethane (TCA). The speci-
fic cause of the leaking tanks at Tank Farm A is unknown,
but possible sources may be attributed to improper dis-
posal of the chemicals or past operational problems. It
is unknown how the leaks were discovered.

# At Tank Farm B, nine solvent and six waste solvent under-
ground storage tanks were removed after less than eight
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years of operation. Six of the tanks were excavated
after about three years of use. These six tanks (five
‘product and one waste) each had a capacity of 2,700 gal-
lons and were double-walled with an inner wall of stain-
less steel and an outer wall of carbon steel. The re-
maining tanks ranged in size from 1,000 to 5,000 gallons,
were constructed of stainless steel or carbon steel with
cathodic protection, and were provided with vapor detec-
tors. Chemicals stored included acetone, IPA, freon,
methylene, chloride, N-methyl-2-pyrrolidone, and mixed
solvents. During excavation of the tanks, a drainline
from one of the mixed solvent waste tanks was found to be
severely corroded. Just prior to excavation, however,
the tank and drainline were tested and revealed no pro-
blems.

o At Building 14, the 440 gallon capacity concrete waste
transfer sump and its liner were replaced after approx-
imately nine years of operation, Elevated levels of
chromium had been found in soil samples taken from out-
side the building. However, these levels were thought to
be due to the mineral <content of backfill material
brought on-site during construction of Building 14,
rather than tank or piping leaks.

o At Building 25, the 4,000 gallon capacity ink waste tank
and the surrounding soils were excavated six years after
installation, The excavation appears to have stopped
inks from migrating to the ground water, Information on
the cause of the leak and how it was discovered was un-
availabhle.

o At Building 100, the 1,000 gallan capacity concrete tank
with a plastic liner to hold chromic acid waste was aban-
doned six years after installation and removed four years
after abandonment. DNuring removal a total of about 340
cubic yards of material (tank and associated soils) were
disposed at a Class I Site. Specifics on why the tank
failed and how the leak was discovered were not avail-
able, ' '

ENVIRONMENTAL SETTING

Site B is located in a suburban area adjacent to a major
city and is surrounded by residential neighborhoods, small farms,
“a hospital, freeway, and golf course. Other industrial facil-
ities are situated in the immediate vicinity. The site occupies
an area of approximately one square mile with more than 30 build-
ings built in a valley between a ground water recharge basin and
numerous wells,

The genlogy of the broad alluvial valley surrounding Site B
resulted from stream erosion and deposition. Streams flowing out

3-39



of the highlands and into the valley deposited large quantities
~of debris as alluvial fans and outwash plains. The alluvial sed-
iments range in thickness from zero along the hills bordering the
valley to 400 feet in the center of the valley. These deposits
are very permeable and the discontinuous clay beds in the area
are poor barriers to vertical ground water migration, The high
.permeability of the alluvial sediments is reflected by a large
number of water supply wells, In the area of ground water flow
downgradient of and near Site B, there are 18 active and 7 inac-
tive wells,

Site B is underlain by a four aquifer system, designated as
aquifers "A", "B", "C", and "D" with increasing depth from the
~ground surface. Aquifers "B" and "C" appear to be interconnected
at numerous random locations and, thus, they do not act as inde-
pendent permeable formations. The shallow "A" aquifer is gen-
erally between 20 and 50 feet below the ground surface, The
underlying suite of aquifers begin at about 60 feet and extend to
approximately 300 feet below the ground surface.

A generalized description of the subsoil conditions at Site
B is as follows:

o Surface to 20 feet - Moist dense brown clayey silt and
stiff silty clay; '

6 20 feet to 30 feet - Saturated brown sandy silt and silty
: sand with lenses of silty clay;

o 30 feet to 60 feet - Stiff brown and blue-grey silty clay
and clay; and

o 60 feet and deeper - Interbedded sands, silts, clays, and
: gravels., '

A creek which is the primary recharge source for the ground
water aquifers is located about 4,000 feet northeast from the
center of Site B. Infiltration ponds along the creek are a few
miles downstream, Recharge also occurs to a lesser extent by in-
filtration of irrigation water and through percolation of rain-.
fall which averages- 14.2 inches per year. The flow of ground
water at Site B is in a west-northwesterly direction.

RELEASE FACTS

As discussed above, six areas of documented contamination
have occurred at Site B. Three of these areas have polluted the -
ground water as far away as 7,000 feet or more. The plume of
contaminated ground water emanating from the site has been linked
with the contamination of two public drinking water wells located
3,000 feet west and 1 mile northwest of the facility., The water
company voluntarily closed the two drinking water sources when
trace amounts of TCA and Freon 113 were detected in the wells.
Contamination from the site has also been 1linked with the
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contamination of 10 private wells., The County environmental
health sanitarian recommended that four of the 10 contaminated
private wells be closed, including one well serving a mobile home
park with 400 residences and three owned by individuals.

The ground water investigation for Site B involves three
areas which have been documented as sources of contamination.
These areas are termed "Tank Farm A", "Tank Farm B", and "Wells
A-30/A-31". At each location the facility has conducted field
explorations of the extent of soil and ground water contamination
in an effort to determine the most effective remedial strategy.
The facility has drilled nearly 250 wells, including more than
200 on-site and about 40 off-site wells, as part of the investi-
gation.

Comparative analyses of well installation and sampling
methods were performed at Site B. Most well borings were drilled
using a mud rotary rig; some were drilled using a hollow-stem
auger, The analyses for organics in the soils and groundwater
showed that the drilling procedure did not effect the results.
Tests were also performed to examine the difference in results
due to collecting samples with a teflon bailer as opposed to a
polyethylene, disposable bottle; the sorption potential of PVC;
and the use of PVC glue for joining well casings. It was found
that the use of polyethylene sample bottles and PVC well casing
during normal sampling times did not produce any significant
analytical differences. However, the practice of using PVC glue
for joining well casings at Site B was stopped after testing in-
dicated the potential for the organics found in PVC glue to ad-
sorb or desorb organic materials. :

The analyses of the soils and ground watar were performed in
accordance with EPA standards. Soil samples were taken with a
drill rig equipped with hollow-stem augers and a split-barrel
sampler. Ground water sampling in boreholes involved lowering a
fresh polyethylene bottle in the bore of the auger and allowing
it to fill when submerged. Ground water sampling from wells was
performed using a submersible electric pump and PVC pipe. A1l
water samples were taken from the pump discharge line in plastic
and glass hottles, except for the volatile organics samples which
were taken by lowering a clean polyethylene hottle into the well.
Quality control was maintained by taking duplicate and blank sam-
ples.

The distribution of Freon 113 and TCA in aquifer "A" two
years after the contamination at Site B was detected was largely
concentrated in the on-site area. Both chemicals had spread
4,000 feet by 2,500 feet in a west northwest direction and ap-
peared to originate from the same dual sources, Tank Farms A and
B, as shown in Figures 1 and 2. The similarity of the two con-
taminant plumes suggested that the chemicals migrated with the
general ground water flow.

The horizontal movement, however, was very slow in aquifer
"A", considering that the chemicals had probably bheen in the
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ground for several years. Since aquifer "A" has limited trans-
missivity and is only partially saturated, lateral migration of
the chemicals was limited. Freon 113 and TCA, being more dense
than water, appear to have migrated downward into the underlying
aquifers., Once in the hydraulically interconnected aquifers "B"
and "C", the contaminants moved horizontally with the ground
water due to the high transmissivity and saturation of the forma-
tion. : '

In aquifer "B" the distribution of freon and TCA two years
after the detection of contamination at Site B revealed that
their plumes extended northwesterly for 7,000 feet or more from
the source, as shown in Figures 3 and 4. The alignment of the
chemical plume with the contaminated public drinking water well
located one mile northwest of the site suggests that pumping of
the well influenced ground water flow rate and dirsction. A spur
from the main plume toward another polluted public drinking water
well located approximately 3,000 feet west of Site B also sug-
gests that pumping attracted contaminants toward this well., The
estimated ambient ground water velocity of five feet per day or
1,300 feet per year implies that a plume extending over 7,000
feet required the chemicals to reside in the aquifer at least
four years. fiven the length of time that the Tank Farms had
occupied the site, a four-year interval is plausible.

. At the time the contour maps shown in Figures 1 to 4 were

prepared, two years after the contamination was detected and
remedial work was started, the maximum concentration of Freon 113
in the "A" aquifer was found near Tank Farm "B" at a level of 11
ppm. Tank Farm "A" revealed the greatest concentrations of TCA
in the "A" aquifer at 50 ppm. In aquifer "B", the highest con-
centration of - freon (1.6 ppm) was found less than 1,000 feat
downgradient of Tank Farm "“B", and the greatest concentration of
TCA was about 0.1 ppm found approximately one mile off-site,

High concentrations of another chemical, 1,1,1-trichloroe-
thylene (TCE), were found in the soil and ground water near Wells
A-30 and A-31. Possible contamination sources may have been im-
proper disposal of the chemical in the area of the wells or past
operational problems at the abandoned Tank Farm A, High levels
of TCE appear to have been confined to Wells A-30 and A-31.
Nearly all concentrations of TCE reported for aquifers "A" and
"B" monitoring wells in the vicinity of Wells A-30 and A-31 were
less than 1 ppb, whereas Well A-30 showed as much as 410 ppb in
the "A" aquifer. ' ‘

REMEDIAL MEASURES

Remedial measures undertaken at Site B included localized
ground water extraction at the three sources of contamination and
soils removal. "The on-site cleanup system involved a series of
removal wells placed in the "A" and "B" aquifers near the site
boundary in a west-northwest orientation. The system also in-
cluded an extensive array of monitoring wells to evaluate the
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efficiency of the cleanup. The plan for off-site remedial work
was not available at the time that this case study was conducted,
Remedial measures began in 1980 and are continuing.

Remedial measures in the immediate vicinity of Tank Farm "A"
included the removal of 17 solvent tanks, a waste solvent tank,
and a waste solvent .concrete vault. The specific cause(s) of
contamination and the volume of solvent released in this area are
unknown. Improper disposal of the chemicals or past operational
problems, however, are possible sources of contamination at the .
abandoned Tank Farm. In other words leaking tanks or piping have
not been reported as the cause of the contamination.

The excavated soil (about 7,000 cubic yards) and ground
‘water from the Tank Farm "“A" area were disposed of at a Class I
disposal facility. A biological oxidation and activated carbon
adsorption system was constructed for ground water treatment at
the abandoned facility. During excavation, soil and water sam-
ples were taken and analyzed by gas chromatography. The highest
concentrations found were:

Soil Ground Watar

(ppm) (ppm)
Acetone 5,000 220,000%
EAK N 70
IPA . 5,000 -, 23,000
Isophorone ) 150 . 45
Kerosene 12,000 3,500
Petroleum naptha 25,000 3,300
TCA 3,300 2,200
Xylene 3 2990

* Water sample extracted from soil

Remedial actions at Tank Farm "B" were started about one:
year after the remedial actions were started at Tank Farm A. The
cleanup effort included the removal of nine solvent and six waste
solvent underground tanks. The cause of contamination appeared
to be a severely corroded three-inch drainline from one of the
waste solvent tanks. The spilled material surrounding the tank
consisted mostly of Freon 113, though acetone, IPA, TCA, and
methylene chloride were also detected. Concentrations of the
material that was stored in the waste solvent tank were as
follows:

Freon 113 93%

TCA D.9 ppm
Methylene chloride 4,3 ppm
Acetone 1.0 ppm.
I[PA 280 ppm

The excavated soil and grbund water from the Tank Farm "B" area
were hauled to a Class I disposal site,
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As of this writing cleanup measures for the third area of
contamination at Site B, Wells A-3 and A-31 were not known. Soil
boring work has been done to identify the possible sources of TCE
found in the wells, Remedial efforts are continuing on-site and
off-site at Site B, and the date for completion of these activi-
ties is unknown.

RELEASE CONSEQUENCES

. Site B has not publicly disclosed the cost of remedial mea-
sures for cleanup of underground storage system failures. How-
ever, it has been estimated that more than $10 million has bheen
spent over three years. Two public drinking water supply wells
located about 3,000 feet and one mile from Site B and serving at
least 2,000 people were taken out of service because of Freon 113
and TCA contamination. The plume of chemicals from Site B also
contaminated 10 private wells. The county health department
recommended that four out of the 10 polluted private wells be
closed as a result of the most recent data linking TCA to cancer,
The public wells were taken out of use even though Tevels of TCA
were 10 times less than the State's recommended 1imit of .3 ppm.
There is no recommended limit for freon.

SUMMARY

Lack of inventory and/or environmental monitoring, tank in-
spection or tank testing programs at Site B allowed many leaks to
go undetected for as long as 11 years before detection, The
source of pollution has been determined: for only one of the three
areas found to have soil .and ground water contamination, The
duration and size of the leaks and the hydrogeology of the area
allowed the released chemicals to enter three aquifers and to
travel for a distance of more than a mile,

Two public drinking water supply wells serving at least
2,000 people and 4 out of 10 contaminated private wells have been
closed as a result of underground tank system leaks at Site B.
Remedial measures are in progress and have been estimated to have
cost approximately $10 million through May 1983 (including on-
site excavation of tanks, piping and soils). The cleanup efforts
have prevented contamination levels from increasing or spreading
to a larger area. :
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SECTION 4
RELATIVE RELEASE PROBABILITY AND MAGNITUDE

INTRODUCTION

Hazardous waste releases to the environment from underground
storage facilities can result from a number of events such as
spills during filling or emptying operations, tank overflow or
tank and piping system Teaks and failures. The purpose of this
section is to evaluate the potential for releéase from underground
storage systems both in terms of magnitude and probability. In
order to organize the presentation of the methods and results of
the release potential assessment, this section was subdivided
into five parts as follows:

¢ A general overview of release events and variables

- effecting them for all types of underground hazardous

waste storage facilities is provided. Release events and
variables associated with transfer are excluded.

¢ A "typical" underground hazardous waste storage facility
which will be used to evaluate the relative importance of
release events in terms of release probability and
magnitude is described.

® The specific release events and variables as well as the
relative release magnitudes and probabilities associated
with the "typical" underground storage facility are
reviewed.

e Brief discussions of additional factors such as envi-
ronmental setting and waste type which effect release
variables and release magnitude, are provided; and

¢ Data limitations are noted.

Specific underground storage management options and their
relative impact on reducing hazardous waste releases as compared
to the "typical" facility are discussed in Section 5. The health
and environmental concerns, such as environmental pathways and
human exposure that arise once the stored material leaves a tank
system, are not addressed in this report

RELEASE EVENTS AND VARIABLES

The purpose of this subsection is to provide a "shopping
list" of release events and variables which can be used to
construct fault-trees for the many different types of underground
hazardous waste storage facilities. The release events



considered in this analysis include tank overflow, tank leak,
tank rupture, ancillary equipment leak, ancillary equipment
rupture, fire or explosion and other incidents. The occurrence

of these events and their magnitudes may be influenced by one or
a number of different variables which are presented in Figures 4-
1 through 4-9. ~

To show the relationship between the release events and
variables resulting in hazardous waste releases to the environ-
ment a fault-tree was developed. The basic components of this
fault tree were derived from the fault-tree analyses for
aboveground facilities conducted by F.G. Bercha and Associates
Limited [1, 2], JRB Associates [3] and the information obtained
from telephone conversations and documents presented in Appendix
G.

The components of the fault-tree presented in Figures 4-1
through 4-9 are connected by either "and" gates or "or" gates
which determine the specific relationship between the
probabilities of events and/or variables occurring. An "and"
gate represents a situation where both of the components must
exist or occur for the next step up on the tree to be affected.
This situation will result in a multiplication of probabilities
of occurrence. For example, in Figures 4-3 and 4-4, the
probability of tank leak will be reduced significantly if, when a
tank leak occurs, the facility has secondary containment with a
leak detection system. Similarly, in Figure 4-8 both an ignition
and fuel source (i.e., tank overflow, tank leak, etc.) must be
present before a fire or explosion will occur.

An "or" gate represents a situation where the component will
occur regardless of the existence or occurrence of the other
factors. The "or" gate situation will result in addition of the
probabilities of occurrence. This is evident 'in Figure 4-6 where
variables such as corrosion, seal failure and operator error can
occur with or without the occurrence of the others.

The events and the variables presented in Figures 4-1 through
4-9 are in most cases directly related to the waste stored and/or
the complexity of the storage facility. For example, a fire or
explosion will not occur unless an ignitable or reactive waste is
stored, and release cannot be influenced by the failure of a
corrosion protection system or an overflow prevention system when
they do not exist. As a result, the variables presented in these
tables may or may not influence the release from specific under-
ground storage facility.

Each of the release events, with the exception of fire or
explosion and other incidents, are divided into four general
categories: design/installation deficiency, operator error,
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equipment failure and control system failure. These categories
are further divided into the variables which have the greatest
influence on release potential and magnitude. Brief descriptions
of each of these events and the variables associated with release
potential and magnitude are presented below.

Tank Qverflow

Tank overflow occurs while filling. As shown in Figure 4-1,
this event is influenced by variables such as inadequate design
of the overflow control system, overestimation of the available
capacity of the tank, failure of the tank level gauge and failure
of the automatic shutdown system. The major cause of tank
overflow is operator error which depends on factors such as tank
filling method, operator competence and whether or not the
facility has an automatic shutdown system. In most cases release
magnitude is influenced by the operator's ability to identify the
problem and the time it subsequently takes to stop the filling
operation.

Tank Leak

Tank leak occurs at relatively low rates over an extended
period of time (i.e., weeks, months, years). One of the primary
causes of leaks in steel tanks is external corrosion which is
influenced by installation procedures, soil characteristics
(especially soil resistivity and moisture content), tank age and
corrosion protection system effectiveness. Since steel tanks are’
not the only tanks used in underground storage, tank material,
installation procedures and 1leak prevention systems (i.e.,
secondary containment, corrosion protection systems, etc.) must
2e4?ddressed when assessing leak potential (see Figures 4-3 and

Once a leak occurs, the magnitude of release is dependent
upon the size of the leak (i.e., gallons per day) as well as the
time it takes for the leak to be detected and stopped. As a
result, the existence of a leak detection system or secondary
containment, the operators' ability to note level discrepancies
in the tank and/or the frequency of tank testing will be the
primary factors effecting release magnitude.

Tank Rupture

Tank rupture is defined as the release of large quantities of
stored material over a relatively short period of time (i.e.,
minutes, hours, days). Tank ruptures result from the failure of
the tank material due to factors such as failure of the venting
system, puncture or cracking of a Fiberglass Reinforced Plastic
(FRP) tank, uneven settling from improper installation, and tank

4-12



material failure resulting from the introduction of incompatible
wastes. As shown in Figures 4-4 and 4-5, additional varijables
also contribute to release potential.

The magnitude of release from tank ruptures is dependent upon
"the size of the tank, the volume of waste in the tank when the
rupture occurs, the existence of a release detection system or
secondary containment and the operator's ability to note the loss
of stored material. Tank rupture will be identified sooner than
tank leaks due to the drastic change in volume of the tank
contents or other evidence of system failure.

Ancillary Equipment Leak

Ancillary equipment leaks occur from pipes, pumps, valves,
etc. at relatively low rates (i.e., a few gallons per day), over
.an extended period of time (i.e., weeks, months, years). The
major factors, as shown in Figures 4-4 and 4-6, that influence
ancillary equipment leaks are external corrosion of steel piping
and loose fittings or joints which may result from improper
inst?11ation or time-induced stresses (i.e., vibration, settling,
etc.).

The magnitude of releases are affected by the same factors as
tank leaks--the size of the leak (i.e., gallons per ‘day) and
detection by the operator. Hawever, due to the lower rate of
release, these leaks may go undetected for longer periods. of
time. .As with tank leaks, a Teak detection system or secondary
containment and/or frequent system testing decreases release
magnitudes from ancillary equipment.

Ancillary Equipment Rupture

Ancillary equipment ruptures are defined as the release of
large quantities Si.eq greater than 10 percent of the material
being transported) of material from pipes, pumps, valves, etc.,
over a relatively short period of time (i.e., minutes, hours,
days). These ruptures are similar to tank rupture in that
release usually results from equipment failure due to
overpressurization, piping system fracture from induced stresses
or improper installation, and piping system failure. (See Figures
4-4 and 4-7).

The magnitude of release from ancillary equipment rupture is
dependent upon the volume of waste being transported through the
system and the operator's ability to identify the problem.
Controls such as secondary containment or release detection
systems and tank level monitoring will reduce the magnitude of
release.
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Fire or Explosion

Fire or explosion is defined as a sudden release of a
portion or all of the stored material in a tank as a result of
the ignition and/or sudden expansion of a flammable or reactive
waste, These events are slightly different from the events
described above in that they may occur as the result of an
overflow, leak or rupture, or they may arise from conditions
within the system such as chemical reactions and thermal
expansion (see Figure 4-8).

As mentioned above, these events can result in the release of
a portion or all of the stored material depending on the
circumstances leading to the events and the control systems
available (i.e., foam system, sprinkler systems, etc.).

Other Incidents

Other incidents are defined as events that occur due to
natural phenomena, vandalism, etc., which have not been discussed
under the other headings. These incidents are dependent on the
facility location in the case of variables such as earthquakes
and flood, and on the uncontrolled or unpredictable nature of
people. Steps such as proper designs and secur1ty systems can
reduce the probab1l1ty of their occurrence.

The magnitudes of these release events are variable depending
on the extent of the damage incurred, For example, an earthquake
may result in either a teak or a rupture depending on the system
design.

"TYPICAL" FACILITY

In this subsection, a "typical" underground storage facility
is defined to provide a baseline for developing release pro-
babilities and magnitudes. The characteristics of this facility
were selected by evaluating current practices to determine the
most common features of underground storage facilities. Current
practices were defined using data from the "Hazardous Waste Tank
Questionnaire” (OMB # : 2000-0424), information collected from
equipment manufacturers, trade associations and "standards"”
organizations (i.e., American Society for Testing and Materials,
National Fire Protection Association, etc.), information
presented in Section 3 and Appendix G.

Current practices were found to include a wide variety of
equipment types (i.e., tanks, ancillary equipment and control
systems), facility ages, management/maintenance programs,
installation practices and environmental settings. In fact, the
features of the alternative management systems discussed in
Section 5 are currently used to varying degrees. In this section,
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a single, "typical" facility (see Figure 4-10) which represents
the most common underground storage facility (as defined by the
information sources noted above) was evaluated. The
characteristics of -this facility are presented below.
Alternative systems designed to represent a range of options for
reducing the probability and magnitude of release as compared to
the "typical" facility are discussed in Section 5.

"Typical" Facility Characteristics

Equipment Type--
The "typical" underground storage facility was assumed to
consist of:

¢ One 3,000 gallon carbon steel tank conforming to ULS58
with a black asphaltum coating;

o Waste being -stored is ignitable;
¢ Unprotected cast iron piping;

e A trap to prevent vapor migration to the point production
facility;

o Steel vent pipes; and
e Gravity piping (so no pumps are included).

"Fac1l1ty Age--
: Facility age was assumed to be 8 years.

Management/Maintenance Programs--

Until recently, the concern for management/maintenance
programs for underground hazardous waste storage facilities has
been minimal. This statement is supported by the large number of
releases from underground product storage tanks noted in Section
3 that had gone undetected for relatively long periods of time
and by the assumption that the 1oss of stored product would be of
more concern (due to cost considerations) than would waste
release. Consequently, the management/maintenance program for
the "typical" facility under consideration is assumed to be
limited to a simple tank level checking program (i.e., once a
week) with waste removal when the tank is three quarters full and
tank testing (Petro-tite or equivalent) every 5 years.

Installation Procedures--

Installation of underground tanks is normally in accordance
with specifications of the NFPA (NFPA 30) [4] the American
Petroleum Institute (API 1615) [5] and/or the tank manufacturer.
Installation usually involves excavating an appropriately sized
hole and trench for tanks and piping, placing tank and piping in
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the excavated areas on sand or gravel bedding, anchoring the
tank, if it is located in an area subject to a high groundwater
table or flooding, attaching ancillary equipment such as vents,
pumps and valves, backfilling with sand or gravel, and installing
a concrete pad if the tank is to bear traffic or barriers if
traffic is to be prohibited. These procedures were assumed to be
used to install the "typical" storage facility with the exception
of anchoring since it is assumed that the facility is not subject
to high groundwater or flooding. :

Environmental Setting-- _

The environmental setting selected- for this analysis
consists of poorly drained acidic soils with a resistivity of
less than 10,000 OHM-centimeters [4]. (An assumption was made
that no corrosion protection system was installed even though
NFPA specifies corrosion protection for soils with resistivities
at this level. This assumption was made because the results of
the API "Leak Survey" showed a large number of tanks without
corrosion protection.,) In addition, the site is not located in a
flood plain and depth to groundwater is at Teast 20 feet,

“TYPICAL™ FACILITY RELEASE MAGNITUDES AND PROBABILITIES

The purpose of this subsection is to present the release
events, magnitudes and probabilities associated with the
"typical” facility. Initially, the assumptions associated with
each event are discussed along with "the resulting release
magnitudes. This is then followed by a discussion of the
relative release probabilities of each event.

To provide a breakdown of the variables effecting the
"typical" facility release events, the fault-tree shown 1in
Figures 4-11 through 4-18 was created from the "shopping list" of
events and variables presented earlier in Figures 4-1 through 4-
9. As shown, parts of the general fault-tree such as the
"Release Containment System Failure" shown in Figures 4-3 and 4-4
were not included (see Figure 4-13) since they did.not apply to
the "typical" facility.

The procedures and assumptions used to develop the release
magnitudes and relative probabilities are described below.

Release Magnitudes

Magnitudes of the release events associated with the
"typical" facility were estimated by assuming an average volume
of waste stored in the tank and the time which might elapse
before the release was detected. Release magnitudes for the
"typical" facility are discussed below in terms of the events
leading to the release, the variables which influence their
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magnitude and the assumptions made to calculate release
magnitudes. The values derived from this exercise are discussed

below.

Tank Overflow: The volume of waste released due to tank
overflow is influenced primarily by the operator's
failure to have the tank emptied (it is assumed that the
tank under consideration is emptied when it reaches 75
percent capacity or every 15 days, whichever comes
first), or overestimating the available capacity of the
tank. The assumptions made to estimate the "typical"
facility release magnitude include:

- overflow would only occur during filling operations;

- a single batch load of 150 gallons is drained to the
tank daily (assume 75 gallon capacity available in tank
at time of filling resulting in overflow of 50 percent
(75 gallons) of the batch discharge); and

- the overflow would be noticed by the facility operator
the same day it occurred.

A release of approximately 75 gallons would occur as a
result of this event. [50 percent of batch lost x 150

.gallons/batch = 75 gallons].

Tank Leak: The volume of waste released due to tank leak
is dependent on the number, size and location of
perforations in the tank wall, the existence of secondary
containment and/or leak monitoring systems, and the time
it takes the operator to detect the leak. The
assumptions made to estimate the "typical" facility
release magnitude include: )

- the number and size of tank wall perforations are such
that 2 gallons of stored material leak from the tank
each day;

- all of the perforations are in the lower third of the
tank;

- tank testing is conducted once every 5 years and the
leak occurred 6 months after the last test (i.e., the
leak would go undetected for 4.5 years).

A release of approximately 3,300 gallons would occur as a

result of this event. [1,643 days x 2 gallons/day =
3,285 gallons]. .
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Tank Rupture: The volume of waste released due to tank
rupture is influenced primarily by the location of the
opening, the volume of waste in the tank at the time of
the event, the existence of secondary containment and/or
a relese detection system, and the time it takes the
operator to detect the loss of material. The assumptions
made to estimate the "typical" facility release magnitude
include:

- the opening is located at the bottom of the tank;

- the tank contains 1,500 gallons of waste material at
the time of rupture;

- the entire contents 1,(500 gallons) of the tank are
lost over a period of a few days; and

- the rupture is detected after 1 week when the operator
makes his weekly tank level reading. (Assume a loss of
150 gallons per day).

A release of approximately 2,550 gallons would occur as a
result of this event. [1,500 gallons (tank content) + (7
days x 150 gallons/day) = 2,550 gallons].

‘Ancillary Equipment Leak: The volume of waste released
due to ancillary equipment leaks is primarily controlled -
by the size of the Teak, the existence of leak monitoring
systems and/or secondary containment and the frequency of
tank and pipe testing. The assumptions made to estimate
the "typical" facility release magnitude include:

- the size and location of the leak are such that one
percent (1.5 gallons per day) of the daily batch
discharge to the tank is released;

- the facility does not have a leak monitoring system or
secondary containment;

- tank and pipe testing are conducted once every 5 years;
and

- the leak occurred 6 months after the last test (i.e.

the leak would go undetected until the next test is
performed (4.5 years)).
A release of approximately 2,470 gallons would occur as a

result of this event., [1,643 days x 1.5 gallons/day
2,465 gallons].
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¢ Ancillary Equipment Rupture: The volume of waste
released due to ancillary equipment rupture is primarily
controlled by the volume of waste transported through the
system, the existence of a leak monitoring system and/or
secondary containment and the ability of the operator . to
detect level discrepancies in the tank. ' The assumptions
mad? to estimate the "typical" facility release magnitude
include:

the release is due to a pipe break and 90 percent (135
gallons per day) of the daily batch discharge to the
tank is released;

the facility does not have a leak monitoring system or
secondary containment; and

the release would go undetected for 2 weeks. (The leak
would be detected as a result of level discrepancies
noted during tank level reading.)

A release of approximately 1,890 gallons would occur as a
result of this event. [14 days x 135 gallons/day = 1,880
gallons].

@ Fire or Explosion: The volume of waste released due to
fire or explosion is primarily controlled by storage
facility safety practices and control measures.such as
spark arrestors on vent pipes, safety training programs
for employees and fire suppression systems. The
assumptions made to estimate the "typical" facility
release magnitude include:

the release is the result of a fire followed by an
explosion;

the storage facility does not have a safety training
program, fire suppression system or any other fire or
explosion prevention equipment;

the tank contains 1,500 gallons at the time of the
event; and '

the entire contents are released as a result of the
event.

Approximately 500 gallons would be lost with a portion
being combusted and the balance being released to the
environment (i.e., land and air).

4-28



¢ Other Incidents: The volume of waste released due to
other incidents is dependent on the type of event. The
primary factors which influence this event are facility
location (i.e., whether the facility is located in a
fault zone, flood plain, etc.) and facility security. The
assumptions made to estimate the "typical" facility
release magnitude include:

- the release is a result of arson;

- the storage facility does not have a fire suppression
system;

- the tank contains 1,500 gallons at the time of the
event; and

- the entire contents of the tank are released as a
result of the event.

Approximately 1,500 gallons would be lost with a portion
being combusted and the balance being released to the
environment (i.e., land and air).

A summary of the release volumes from these events is
presented in Table 4-1.

Relative Re]easé'ProBabi1ities

Release probabilities used in this analysis were derived
using judgment supported by values from studies done by F.G.
Bercha [li and JRB [3]. The principal reference source for
estimating release probabilities was an F.G. Bercha report [1]
since these values were relative rather than absolute, and thus
were more closely appropriate for the analysis conducted in this
section.

These values from F.G. Bercha [1] were then compared to those
used in the JRB report to check the relative relationship between
fault-tree components. Probability values from the F.G. Bercha
study [1] were based primarily on the “"Reactor Safety Study"
prepared for the U.S. Nuclear Regulatory Commission (NRC) in
October 1975 [6], correspondence with equipment manufacturers and
facility operators and judgment [3]. As a result, these values
represent estimates of bulk plant storage relative release
probabilities. Probability values in the JRB report [3] were
based on the NRC data mentioned above and additional sources.
These values represented actual vs. relative values and were
considered inconsistent with the fault-tree developed for this
analysis which considers relative rather than absolute
probabilities. In both cases, NRC data cannot be considered to
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Tank Rupture: As shown in Figure 4-13, the primary
causes of tank rupture are des1gn/1nstgllat1on deficienc

(10‘5) and/or equipment failure The principa

variable influencing design/insta]]at1on deficiency is
improper installation which may result in excessive
stress due to wuneven settling, etc. 1In the case of
equipment failure, the primary cause is tank wall failure
which is caused by corrosion. Since the "typical"
facility has a carbon steel tank that is not pressurized
(i.e., pump fed), there is less likelihood of rupture
than for a facility with FRP tank or a pump fed system.

Ancillary Equipment Leak: As shown in Figure 4-14, the
primary causes of ancillary equapment leaks are
design/installation deficiency ( and/or equipment
failure (10-1), Design/instal]at1on deficiency is the
most significant factor and occurs primarily due to
improper installation procedures such as inadequate
tightening and sealing of fittings and inadequate care
taken to prevent conditions (i.e., point anodes) which
induce corrosion. Equipment failure occurs to a lesser
degree, but is still a significant cause of ancillary
equipment leaks. The primary causes of equipment failure
are corrosion and seal failure.

~Ancillary Equipment Rupture: As shown in Figure 4-15,
*the primary causes of ancillary equipment rupture are
design/installation deficiency (10-4) and/or equipment
failure (10‘4). The principal variables influencing
design/installation deficiency are improper installation
and subsequent induced stresses, both of which may result
in excessive strain on the system due to differential
settlement or vehicular traffic. Equipment failure is
somewhat related to design/installation deficiency since
pipe wall or equipment failure may result from induced
stresses combined with corrosion induced weaknesses. In
addition, seal failure may result in equipment failure.

Fire or Explosion: As shown in Figure 4-16, fire or
explosion is directly attributable to the probabilities
of the previously discussed events occurring as well as
the existence of an ignition source. Since the waste
stored at the "typical" facility is ignitable, this event
_may occur, but its probability will be low since both
ignition and material sources must be available for this
event to occur. As aresult, the probabilities of each
must be multiplied to obtain the probability of this
event occurring. As presented earlier, the events which
will most 1ikely result in_providing a source for
combustion are tank leaks (10-l) and ancillary equipment
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leaks (10-1), Th1s, combined with a probability of
ignition of 10=9, results in a probability of fire or
explosion of 10-

¢ Other Incidents: As shown in Figure 4-17, the primary

" cause of other incidents is vandalism (10-6) Since the
"typical" facility is underground; is located outside of
the flood plain; and is not located in a region of high
seismic activity, there is little likelihood of this
event occurring.

From the information presented above, the most likely events
leading to releases of hazardous waste to the environment are
tank and ancillary equipment leaks. Release probabilities for
each event are controlled by the principal variables mentioned
above since, once a release occurs, there are no control systems
to prevent the material from entering the environment. Release
probabilities estimated for facilities with alternative
characteristics including overfill prevention, tank inspection,
more frequent testing, etc. are presented in the next section.

Other Factors Influencing Release Probability

The release probabilities and magnitudes discussed above were
estimated based on a number of assumptions regarding the
characteristics (i.e., management practices, environmental
setting, tank material, waste type, etc.) of the "typical"
facility. Different: fac111t1es, types of waste and environmental
settings will cause probabilities and magnitudes to be dlfferent
Some of these differences are discussed below.

o Environmental Setting: In this analysis, environmental
setting considerations consist of geographic location,
soil characteristics and groundwater levels, each of
which influence the variables effecting release. These
factors are all interrelated, but each plays a slightly
different role in this ana]ys1s.

- Geographic location considerations are based primarily
on whether or not the facility is located in a fault
zone or a flood plain. Since the "typical" facility
was assumed not to be located in these types of areas,
the probability of release due to natural phenomena in
the category of "Other Incidents" is approaching zero.
The actual change in relative probability value would
vary by site-specific consideration such as the
frequency of floods or earthquakes;

- Soil characteristics, particularly resistivity, are
measures of the corrosion potential of steel tank and
piping systems. Corrosion is - a major considerdtion ‘in
steel tank, ancillary equipment leak and rupture.
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events, If conditions were less conducive to corrosion
than those assumed for the "typical" facility, the
release probabilities associated with these events
might be lower. The actual change in relative

- probability would depend on specific site cond1t1ons
and facility configuration.

- Ground water levels are important when considering
corrosion potential and installation procedures, both
of which may influence tank and ancillary equipment
leak and rupture events. Soil moisture content effects
corrosion potential. As a result, tanks and ancillary

~equipment situated in groundwater will be more prone to

corrosion (Note: the extent of change in corrosion
potential is unknown). Fluctuating groundwater tables
may cause a partially filled tank to "float" if it is
not properly anchored. This "floating" problem may
result in tank and/or ancillary equipment leaks or
ruptures. Since the "typical" facility was not
influenced by groundwater, the relative probabilities
of release in the example, may be lower than in a
situation where groundwater is of concern. The actual
change in relative probabilities would be site
spec1f1c.

Tank and Anc111ary Equipment Material: Tank and
ancillary equipment material is a major consideration
when assessing the system's susceptibility to corrosion
and structural durability. For example, concrete and
steel storage systems are more susceptible to corrosion
than FRP storage systems and as a result, have higher
probabilities of release associated with events
influenced by corrosion. On the other hand, structural
durability is of less concern with steel storage systems
than with FRP systems. FRP tanks and piping systems have
a higher probability of release as a result of puncture
and/or fracture due to installation error, puncture due
to operator error (i.e., dip stick punctures) [7], and
fracture due to induced stresses. The actual change in
relative release probabilities varies by site.

Tank Age: The age of the equipment is one indicator as
to how much longer the facility can be expected to be
serviceable. However, other factors such as corrosion,
puncture due to operator error, and installation
deficiencies have a larger effect than age. For example,
work by Warren Rogers and Associates [8] has shown that
factors such as soil resistivity, pH, sulfide content and
moisture content affect corrosion far more than tank age.
In a given soil environment a steel tank may last for
more than 20 years, whereas in a corrosive soil, the same
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tank may fail within 2 years. Thus, tank age cannot be
the only factor considered when determining release
probability.

Waste Type: Waste type is of concern when selecting
compatible material for the underground storage facility
and later when considering facility operation. As the
number of different wastes handled or the number of tanks
at a storage facility increases, the probability that a
waste will be accidentally or intentionally emptied into
a storage system constructed of an incompatible material
increases along with the probability that two chemically
incompatible waste types will be mixed. If this
situation exists, the relative probabilities of release
due to tanks and ancillary equipment rupture and fire or
explosion may increase in relationship to those presented
for the "typical" facility which handles only one waste
type. :

DATA LIMITATIONS

As noted previously, a number of assumptions based on a
variety of data sources and judgments were used in this section
to define current practices and release events and to develop
relative release probabilities and magnitudes. Due to their
importance, the major assumptions are reiterated below.

Release events and variables associated with the fault-
tree analyses were .developed from aboveground bulk plant
storage facility studies and information obtained from
telephone conversations and documents reviewed for this
report. ‘

Current practices for storing hazardous wastes
underground were defined based on information gathered
from equipment manufacturers, trade associations and
"standards" organizations, in-house knowledge about
storage facilities, and literature sources. Information
from the tank and general hazardous waste storage
questionnaires was originally intended as the primary
source of this information, but was unavailable,

Release probabilities presented in this section are
relative values and are not intended to represent actual
release probabilities. These values represent judgment

dies of bulk petroleum product

based on previous stu S
1] [3] and aboveground hazardous

storage facilities [
waste storage tanks.

4-35



¢ Release magnitudes were based on judgment using the
assumptions presented in this section.

SUMMARY

Examination of information from previous studies of petroleum
product storage facilities and contact with equipment
manufacturers, trade associations, and "standards" organizations
lead to the identification of seven events that cause releases.
from underground storage tanks, as follows:

o Tank overflow

o Tank leak

o Tank rupture

¢ Ancillary equipment leak

¢ Ancillary equipment rupture

e Fire and/or explosion

@ Other incidents (e.g., earthquakes, floods, vénda]ism)

Relative release probabilities and magnitudes are affected
significantly by the specific facility features such as. tank and
ancillary equipment materials, type of waste stored, management
practices, method of waste delivery to the storage tank, etc.
Thus, a "typical" facility was identified which was believed to
represent the most common practice. This facility also serves as
a baseline for comparison with alternative practices discussed in
Section 5. .

Based on the characteristics of this "typical" facility,
estimates of relative release probabilities and magnitudes were
developed (see Table 4-2). As shown, two of the events with the
highest relative probability of occurrence, tank and ancillary
equipment leak, also have two of the highest estimated magnitudes
of release. The principal assumption affecting the magnitude
associated with these events is the duration of the leak (in this
case 4.5 years), which is based on a testing frequency of 5
years.

Duration is also a principal factor in determining the
magnitudes of release due to tank and ancillary equipment
ruptures, These events have a lower relative probability of
occurrence, but if they occur and go undetected for longer than
the time periods assumed (1 week for tank rupture and 2 weeks for
ancillary equipment rupture) their magnitudes could be much
higher. For example, if a tank rupture went undetected for 1
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TABLE 4-2. RELATIVE RELEASE PROBABILITIES AND
MAGNITUDES ASSOCIATED WITH THE “"TYPICAL"

FACILITY.
Event Relative Release Probability* Release Magnitude
: (Gallons)

Tank Overflow 10-2 75
Tank Leak | 10-1 3,300
Tank Rupture 109 © 2,550
Ancillary Equipment

Leak 10-1 2,470
Ancillary Equipment

Rupture 10-4 | 1,890
Fire or Explosion 10-6 1,500
Other Incidents 10°6" | 1,500

* PRelease probabilities presented in thié table are relative
versus absolute values and represent the probability of
release over the life of the facility.
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month and an ancilﬂafy equipment rupture went undetected for 2
months, the resulting magnitudes would be approximately 6,000

gallons and 8,100 gallons for tank and ancillary equipment
ruptures, respectively.
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| SECTION 5
ANALYSIS OF SELECTED MANAGEMENT ALTERNATIVES

" INTRODUCTION

Review of Sections 3 and 4 of this report indicates that
current underground storage tank system practices can result in
environmental release of hazardous waste. These releases have

been described by seven categories of release events, as
follows: '

e tank leak, defined as release at relatively low rates over
an extended period of time (i.e., weeks, months, years):

e tank rupture, defined as release of Tlarge quantities
(relative to tank volume) of stored material over a
relatively short period of time (i.e., minutes, hours,
days);

e ancillary equipment Tleak, defined as release from pipes,
pumps, valves, etc. at relatively 1low rates over an
extended period of time;

e ancillary equipment rupture, defined as release of large
quantities (relative to the quantity of material ‘handled)
of material from pipes, pumps, valves, etc. over. a
relatively short period of time; '

¢ tank overflow, defined as release associated with over-
filling of the storage tank;

e fire/explosion, defined as sudden release of a portion or
all of the stored material from a tank system as a result

of the ignition and/or sudden expansion of a flammable or
reactive waste; and

o other, defined as other miscellaneous events which occur
due to natural phenomena, vandalism, etc.

With respect to storage of hazardous waste in underground
tanks, 40 CFR Parts 264 and 265 include requirements related to
prevention of tank overfilling (264.192 and 265.192), fire/explo-
sion (264,198, 264.199, 265.198 and 265.199) and vandalism
(264.14 and 265.14)., The impacts of natural phenomena on release
from tank storage facilities have been the subject of other
investigations [1]. Thus, hazardous waste releases from the
first four <categories of release events listed above are the
subject of this analysis of management alternatives.

Environmental releases resulting from leaks and ruptures of
underground tanks and associated ancillary -equipment are of
particular concern since the occurence of these events often goes



undetected for 1long periods of time (i.e., a year or more). In
order to prevent and/or minimize the impact of these release
events, it is necessary to understand the causes. Four types of
release causes were identified in Section 4 and are used here to
facilitate the analysis, as follows:

e design deficiéncy;
e installation practices;
e equipment failure; and

¢ operational error.

Design

Although design deficiencies may occur at any stage in the
developmént of a storage tank facility, they are thought to be
the 1least <common of the four types of release causes. The
specific type of error which occurs will be determined on a case-
by-case basis, but generally the errors are caused by the same
type of factors which contribute to other types of engineeering
errors, and include:

o 1inaccurate information;
e incomplete information;

e inexperience (on the part of the engineer, equipment
manufacturer and/or facility operator); and

e errors in judgement.

Solutions to deficiencies associated with facility design ob-
viously involve correcting these deficiencies (i.e., through
improved availability and accuracy of baseline design informa-
tion, etc.). Thus, improvements can be expected if the effort is
made. However, errors will still occur even with improved
practices, although with a lower frequency.

Installation

Installation practices are indicated to be an important
source of problems at existing facilities, with the type of.
problem often depending on the the tank system materials. For
all types of tank systems, improper joining of piping and
appurtenances are a significant source of leaks. For steel
systems, the primary concern is the increased rate of corrosion
(expecially non-uniform corrosion) caused by events such as:

e damage to a cathodic protection system (i.e., sacraficial
anode or impressed current equipment attached to the
tank);
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e lack of homogeneous and inert backfill material;
e damage to protective coatings; and

¢ attachment of mud clods to the tank or similar oontribu-
tors to point corrosion.

- Other concerns associated with steel tank installation in-
clude inadequate fill compaction leading to differential settling
and damage to piping connections and improper anchoring., For FRP
systems, problems are generally related to puncture or breakage
of  the tank due to foreign objects in the excavation . or fill
material; damage due to floating of inadequately anchored tanks;
and breakage of the tank or piping due to differential settle-
ment. For concrete systems, concerns include stress cracks and
cracks resulting from settlement, both of which may 1lead to
leakage. Minimizing these problems generally involves confor-
mance with manufacturers recommendations, applicable codes and
standards and guidance available from organization such as ASTM,
API, UL, etc. '

Equipment

Equipment failure has also been indicated to be an important
cause of release, although equipment failures are also frequently
linked to the three other types of release event causes. The
equipment failures which occur are of many different types.
Probably the most significant from a release perspective are
related to corrosion and/or failure of ancillary equipment.

Corrosion-induced failures <cover the range of types of
corrosion (i.e., uniform, erosion, stray current, pitting, gal-
vanic; etc.) and may be aggravated by improper installation,
incompatible waste and/or design deficiencies. Ancillary equip-
ment failures may involve pump diaphragms and packing, valve
seals, piping connections, etc. and be caused by excessive
pressures, design deficiencies, improper installation, incompa-
table materials and many other factors. Thus, equipment failures
are minimized primarily by utilizing improved practices associ-
ated with equipment selection, installation and operation. ’

Operation

Operation is the fourth type of release event cause jidenti-
fied above and is an important factor in some types of release
events. Operational errors may result from a variety of factors
including lack of training, lack of maintenance, lack of secur-
ity, human shortcomings (i.e., carelessness) or a lack of
contingency planning and preparedness. Such operational errors
may result in direct releases or may trigger other causes of
release, as 1in the <case of an accidental addition of an
incompatible waste into a tank which results in equipment failure
due to accelerated corrosion or explosion. As reflected bhy
current regulations, improved practices can lead to decreases in
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release from operational causes. For example, 40 CFR Part
264.194 requires daily inspection of overfill control equipment
to insure proper operation. In spite of such measures, however,
operational releases are likely to remain an important, although
reduced, source of release.

For the four release event causes common to the four release
events categories discussed here, reductions in the frequency and
size of waste releases can he accomplished through application of
improved knowledge and practices. However, these causes cannot
be completely eliminated. Thus, additional measures can be taken
to reduce the frequency and size of tank system releases.

In this section of the report, five types of measures
designed to provide for reduced levels of environmental release
from underground tanks are discussed, as follows (see Section 2
for a discussion of how these measures were selected for
consideration):

e secondary containment;

e corrosion protection;

o system testing;

o system monitoring (inventory and/or environmental); and
o inspection.

In order to provide a basis for comparison of these five types of
approaches to reducing tank system releases, model facilities
were developed. A discussion of the two model facility sizes
used, including the relative importance of the four categories of
release events at these facilities, is also provided.

MODEL FACILITIES

In order to provide a common point of reference for compari-
son of the various management alternatives, two sizes of model
facilities were selected to represent small and medium sized
facilities. The specific sizes of the model facilities selected
were based on data from three sources. One source of data used
was the preliminary data from the U.S. EPA Hazardous Waste Tank
Questionnaire (OMB No. 2000-0424) [2]. A second data source was
the San Francisco Bay Region of the California Regional Water
Quality Control Board [3], and a third source was a profile of
hazardous waste tank and <container storage facilities which
relied primarily on the Hazardous Waste Data Management System
(HWDMS) for input data [4].

From these data sources, facility sizes of one 1,000 gallon
tank and two 5,000 gallon tanks were selected to represent small
and medium sized facilities respectively. Data from the Hazard-
ous Waste Tank Questionnaire indicate that the median facility
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has an underground hazardous waste storage tank capacity of
10,000 gallons provided by three or 1less tanks, and that 14
percent of the underground hazardous waste tanks have a capac1ty
of 1,000 gallons or less.

The physical and operational characteristics of the facili-
ties assumed in the subsequent analysis of prevention and
mitigation options are the same as those of the "typical"
facility presented in Sections 4 unless otherwise noted. Parti-
cularly noteworthy characteristics are as follows:

¢ equipment and operation;
- carbon steel tanks conforming to UL 58;
- stored waste is 1gn1tab]e,
- waste enters tanks through gravity feed piping:

- waste supply piping 1is wunderground and 20 feet in
length; :

- tank vent piping runs parallel with the supply piping
to the building and -then up the side of the building;

- waste is transferred to the small tank in 50 gallon
batches once each week; .- :

- waste is transferred 'to- each tank at . the mediuﬁ
facility in 150 gallon batches twice each week;

- tank level measured daily;

¢ installation was conducted in accordance with appropriate
specifications available at the time of installation;

¢ located in poorly drained acidic soils with a resistivity
considered to be conducive to corrosion; and

¢ tank age is 8 years.

The specific features of these facilities are assumed to be
the same as for the "typical" facility discussed in Section 4
(see Section 4 for details) .with the exceptions , noted in this
Section. In addition, hazardous waste storage facility <charac-
teristics associated with compliance with 40 CFR -Part 264
Subparts B through G and J are assumed.

Subpart B addresses waste analysis, security, general inspec-
‘tion requirements and personnel training. As applied to under-
ground storage facilities, waste analysis requ1rements include
chemical and physical analysis of the waste pr1or to storage,
repeat analysis as necessary to insure that it is accurate and
up-to-date and a waste analysis plan. Facilities receiving waste
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from off-site sources must specify the procedures to be wused to
insure that the <characteristics of waste received match the
-accompanying manifest.

For underground tank storage facilities, compliance with the
security requirements could take several forms depending on site
specific conditions. For example, facilities that also perform
treatment and/or disposal functions would presumably integrate
compliance with security requirements for all of their hazardous
waste functions. In most <instances, compliance would likely
involve surveillance and/or fencing with gates to control access.

The general inspection requirements of Subpart B require that
a facility must conduct (and record) inspections with a frequency
sufficient to identify problems in time to correct them before
harm to human health or the environment occurs. The type of
‘inspection which is feasible for underground tanks and associated
equipment varies with the installed configuration. For the model
facilities, it was assumed that the piping is not accessible for
inspection while the tank 1is accessible for inspection. For
tanks which were not provided with manways at the time of
construction, a manway may be retrofitted (see below for more
details). The type - and frequency of tank inspection are dis-
cussed below. : .

Preparedness and Prevention (Subpart C) and Contingency Plan
and Emergency Procedures (Subpart D) require that design, con-
struction, maintenance and operation minimize the possibility of
unplanned waste releases. In addition, specific equipment (espe-
cially for fire control) and procedures (especially for ingitable
or reactive wastes) are required unless specifically waived by
the Regional Administrator.

Supart E defines requirements for the manifest system,
recordkeeping and reporting which apply to hazardous waste
storage facilities. Subpart G defines_closure and post-closure
requirements, which are also mentioned in Subpart J. Subpart J,
which specifically addresses hazardous waste storage tanks (ex-
cepting underground tanks which cannot be entered for internal
inspection) requires sufficient shell strength to prevent <col-
lapse or rupture (see also Appendix D) and that tank materials
(or liners) are compatible with the waste stored (see also
Appendix A). '

In addition, requirements which expand on those in other
Subparts regarding inspection, closure, reactive/ignitable waste
and incompatible waste are also included in Subpart J. Require-
ments for internal inspection of tanks which can be entered for
inspection are specifically excluded from the model facility
since they are discussed below as one of the five approaches for
preventing and/or mitigating releases.

Review of the release probabilities presented in Section 4
for tank and ancillary equipment leak and rupture release events
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indicates that compliance with these regulatory requirements does
not change the release probabilities of these events (see Tables
4-13 through 4-16). This occurs primarily due to the assumption
that the model facilities are also existing {(rather than new)
facilities and to the exclusion of compliance with the internal
inspection requirement for the model facilities (since inspection
is discussed below as one of five mitigation/prevention mea-
sures).

The model facility release magnitudes, on the other hand, are
not the same as for the "typical" facility discussed in Section 4
"due to <changes in tanks size and operating assumptions. The
values derived for the model facilities are as follows:

Volume of Waste Released (gallons)

Event per Event (gallons) by Facility Size
Small Medium*

Tank Leak 1600 1600

Tank Rupture 500 2500

Ancillary Equipment Leak 120 700

Ancillary Equipment Rupture an 540

* Values are rounded to two significant figures.

. The volume of waste released due to tank and ancillary equipment
leak and rupture depend 6n the duration and rate of the _event.
Since empirical data for use in deriving estimated release rates
are extremely limited, the values above are based primarily on
assumptions. The key assumptions are presented below.

- Tank Leak: The volume of waste released due to tank leak
depends primarily on the number, size and locations of
perforations in the tank wall with respect to the liquid
level in the tank, the type of waste. stored and the time
it takes the operator to detect the leak. The assumptions
used with respect to leak rate and duration are:

- the leak rate averages 1 gallon per day, with the
initial rate 1lower and the final rate higher than the
average. Thus, the leak rate at the time of detection
is slightly above the rate which 1is detectable with
most tank testing procedures and is the same as the
rate assumed for the "typical" facility. The assumed
leak rate (which is thought to be conservative) s
based on judgement since empirical data were unavail-
able; and

- tank system testing is conducted once every 5 years and
the leak occurred 6 months after the last test (i.e.,
the leak would go wundetected for 4,5 years. This
assumed testing frequency is based on judgement since
no empirical data were available. the range of testing
frequencies actually used is thought to be large, with
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some facilities testing as often as every six months
and others not at all,.

e Tank Rupture: The volume of waste released due to tank
rupture is determined primarily by location of the open-
ing, the volume of waste in the tank at the time of the
event and the time it takes the operator to detect the
loss. The assumptions wused with respect to these vari-
ables are:

-~ the rupture occurs in the bottom of the tank;

- the' tank contains 50 percent of <capacity when the
rupture occurs and the tank contents are released over
a period of 1 to 2 days; and

- the rupture is detected after one day when the operator
makes a daily tank level reading.

¢ Ancillary Equipment Leak: The volume of waste released
due to ancillary equipment leak is determined primarily by
the size of the leak, waste transfer characteristics and
the time it takes for the operator to detect the 1leak.
Assumptions used with respect to these variables are:

- one percent of each batch discharge to the tank is
leaked; and _ ) T

- tank system testing is conducted once every 5 years and
the leak occured 6 months after the last test (i.e.,
the leak would go undetected for 4.5 years.

¢ Ancillary Equipment Rupture: The volume of waste released
due to ancillary equpment rupture is primarily controlled
by the waste transfer characteristics and the time it
takes for the operator to detect the leak., The assump-
tions used for these variables are:

- the release is due to a pipe break and 90 percent of
each waste transfer is released; and

- the release would go undetected for 2 Weeks, at which
time the operator would notice that the tank level had
in;reased only nominally.

LEAK AND RUPTURE RELEASE MITIGATION/PREVENTION

Five types of prevention/mitigation measures are discussed
here. For each approach, the following are provided:

o a brief description;

¢ a general discussion of the types of release causes and
events which the measure mitigates/prevents;

c
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¢ identification of the specific choices available for
implementation;

e presentation of selected implementation options, including
costs, advantages and disadvantages; and

e a brief summary.

In addition, summary tabulations of release probabilities, costs
and effectiveness are included.

Secondary Containment

Secondary containment as discussed here includes both the
provision of a containment structure in addition to the tank and
interstitial leak detection equipment for identifying the failure
of either the primary or secondary containment structure. It can

be applied to both tanks and ancillary equipment to prevent
environmental release of the stored waste in the event of a leak

or rupture, and has the following features:

e provides a second 1line of defense against tank and
ancillary equipment design deficiencies;

e removes concern for problems associated with undetected
leakage due to installation errors, except for damage to
the monitoring system which may occur during installation;
and ' ) :

e provides protection against equipment failures, except for
failure of the monitoring equipment,

For both existing and new facilities, containment <can be
provided a number of different ways. For tanks, the secondary
containment options include double-walled tanks, concrete vaults,
and liners of various types, such as clay or synthetic membranes.
For piping, containment options include covered trenches (i.e., a
concrete utility trench), double-walled piping and tunnels.
Depending on the type of containment wused for the tank and
piping, interstitial (between the primary and secondary contain-
ment units) monitoring can be accomplished using vacuum, pres-
sure, sensors or visual inspection.

Selection of one of the above methods for use at a storage
facility will depend on a variety of factors, such as number,
size and 1location of tanks; waste type; and environmental
setting, including soil and groundwater characteristics. These
factors vary such that most if not all of the secondary
containment methods identified above will see some wuse. Thus,
most are discussed below. Clay liners are not discussed due to
the substantial variations in .cost as a function of clay
availability and the similarity of applicahility to synthetic
liners. Tunnels for piping are also not discussed due to the
substantially higher cost than the other options.
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Double-walled tanks are available in steel, stainless steel,
fiberglass or combinations of these materials, although fiber-
glass tanks are not available in sizes larger than 4,000 gallons,
As discussed above, use of steel tanks for the model facilities
is assumed since this is thought to be the material most commonly
used (see Section 2)., Alternatives are also available for the
extent of secondary containment (i.e., complete containment,
double walls only on the bottom half of the tank, etc.) and the
type of monitoring system used (i.e., measurement of vacuum or
resistivity to detect water and/or waste in the interstitial
space).

The advantages, disadvantages and costs associated with the
use of double-walled tanks for both existing and new facilities
are presented in Table 5-1. As shown, the primary disadvantage
is the lack of availability in some materials and sizes and the
primary -advantages are greater ease of <cleanup if oprimary
containment does fail, and lower cost.

The initial costs for existing facilities assume cleaning and
removal of the existing tank, replacement (in the same excava-
tion) with a double wall tank and reuse of the existing ancillary
equipment. The initial costs for new facilities represent the
difference between the cost of the facility with a double wall
.tank and the cost with a single wall tank. Annual costs for both
existing and new facilities are based-on the assumption that the
interstitial monitors must be checked each operating day to
comply with 40 CFR 264,194, This daily checking of the monitor-
ing equipment is estimated to require 5 minutes per day, 260 days
per year at a cost of $16 per hour. Thus, the annual cost s
$350 per year.

The costs and advantages and disadvantages associated with
the concrete vault approach to secondary containment for under-
ground tanks are also shown in Table 5-1. The primary advantage
of the concrete vault approach to secondary containment 1is that
the containment structure will not need replacement in the event
of tank failure. The principal disadvantages are the generally
higher <cost than for double wall tanks; the increased risk of
fire or exposion in the event of release of ignitable or reactive
waste from the tank (as compared to a directly buried tank); and
the requirement of some local codes that the vault be backfilled
if the tank contains ignitable waste.

Since concrete 1is porous and susceptible to cracking, it is
assumed that the containment structure is lined with an epoxy or
similar material which is compatable with the waste to be
contained. In addition, it is assumed that the exterior of the
vault 1is water proofed to help prevent water from entering the
secondary containment area. Use of a 1liner material on the
concrete vault adds relatively little cost to the system and will
also facilitate clean-up (if waste is released from the tank) and
closure (since concrete will not be contaminated).
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TABLE 5-1. SECONDARY

CONTAINMENT*

‘Model Method™™ Disadvantages/Timitations Advantages incremental Cost (§7"
Facility Type Initial Annual _ EUAC**
Existing-small Concrete vault for tank(s) wit - Some local codes require backfilling - Available 16,000 350 1,400

continuous monitoring : if tank contains ignitables. This
prevents periodic visual inspection - Containment will rarely need re-
and complicates clean-up if a release placement following a tank release
occurs. Maintenance of sensors for
monitoring is also more difficult of - If not backfilled, clean-up should
the tank exterior and secondary con- should be relatively fast and in-
tainment . expensive.
- May require lining, depending primar- - Provides for containment and de-
ily on waste type. . tention of tank releases and moni-
toring of contaimment integrity.
- Cracking may jmpare integrity
Synthetic liner for tank - Clean-up of releases relatively - Expensive to install relative to 38,000 350 2,900
excavation expensive as compared to other other secondary containment
methods of secondary containment. methods,
- Liner incompatible with some wastes. - Provides for containment and de-
tention of tank releases and moni-
toring of containment integrity.
- Available
Double walled tanks - Not available in all materials and - Least expensive clean-up follow- 16,000 350 1,400
tank sizes. ing tank release.
.
- Provides for containment and de-
tention of tank releases and moni-
toring of containment integrity.
Concrete trench for - May require lining, depending on - Available 6,000 350 750

ancillary equipment
containment

waste type.

Some local codes may require back-
fill. See concrete vault for tanks
above.

Provides for containment and de-
tention of ancillary equipwent and
monitoring of containment integrity.
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TABLE 5-1 (Continued)

“HodeT Method™™ Disadvantages/Timitations - Advantages Incremental Cost (U)(
Facility Type - Initial Annual "
Double walled - Replacement relatively expensive - Available 1,500 350 450
piping unless pipe walls are independent.
- Provides for containment and de-
- Does not control releases from pumps tention of pipe releases and moni-
valves, and other ancillary equip- toring of containment integrity.
ment .

- May be more practical than
trenches for retrofit installa-
tion in many situations,

Existing -
medium Tank concrete vault Same as above Same as above 44,000 350 3,300
Synthetic tiner for * " 67,000 350 4,900
tank excavation :
Double walled tank " . " 46,000 350 3,400
Piping trench " . " ) 6,000 350 750
Double walled piping " " 2,500 350 520
New - small Tank concrete vault " " ' 9,200 350 970
Synthetic liner for " " 33,000 350 2,600
tank excavation
Double walled tank " “ 9,200 350 970
Piping trench " " 6,000 350 750
Double walled piping " " 1,300 350 440
New - medium  Tank concrete vault “ o 18,000 350 1,600
Synthetic liner for " " ~ 50,000 350 3,700
tank excavation
Double walled tank " . " 31,000 350 2,400
Piping trench " . " » 6,000 350 750
Double walled piping " " 2,100 350 490

fincrease in cost from the baseline facility. “Costs for tanks assume piping 1s Teft unchianged "and pipe costs “assame “Taiks “are Teft unchanged. ~ [f ~“secondary
containment of tanks and concrete trench for piping are combined, the initial cost will be $2,600 less and the annual cost will be $250 less than the sum of the
twu costs presented here since one monitoring system control unit can be eliminated. If tank secondary contaimment is provided by a vault and a concrete trench
is used for piping, an additional $2,500 initial cost savings will result from elimination Of the piping trench sump.

++A1} methods presented assume continuous momtovmg

*See accompanying text for additiconal information on assumptions used in developlng this table, Costs are rounded to two significant figures,

**fquivalent Uniform Annual Cost,



It is also assumed that the vault is provided with a manway
to permit inspection of the vault liner material, the tank and
the sensors which are assumed to be used to continuously monitor
for leakage in the secondary containment area. The initial costs
for exisiting facilities also assume removal of the existing
tank, <construction of a concrete vault in the same excavation,
reuse of the exisiting tank-in the vault and reuse of the
ancillary equipment. The initial <costs for a new facility
represent the incremental <cost for inclusion of the concrete
vault and associated monitoring equipment. Annual costs for both
existing and new facilities assume daily checking of the monitor-
ing equipment at a <cost of $350 per year. In addition, one
inspection per year of the vault 1lining, tank exterior and
monitoring sensor at a cost of $24 (one and one-half hours at $16
per hour) is assumed. Thus, annual costs are $374.

Use of a synthetic 1liner below the tank is the third method
of tank secondary containment presented in Table 5-1, As shown,
it is a more expensive method of containment than either of the
other two methods discussed under the assumptions used here. The
key construction assumptions effecting <cost are the slope at
which the liner is installed on the sides of the tank excavation
and the number of tanks placed within a single liner., For the
costs presented in Table 5-1, it was assumed that a slope of 2 to
1 (2 feet horizontal to 1 foot vertical) was used. Installation
on steeper slopes may be possible, but such applications are not
warranteed by the 1liner manufacturers. Use of a 1l to 1 slope,
however, would vresult in initial <costs which are less than .
instead of greater than those for the other two containment
methods.

For the medium sized model facility, the wastes contained in
the two tanks are assumed to be sufficiently compatable to permit
both tanks to be installed within one liner. If separate 1liners
are required, the costs would be significantly higher.

The initial costs presented for an existing facility also
assume removal of the existing tank, additonal excavation, Tliner
installation, and reuse of the wexisting tank and ancillary
equipment. The initial <costs for new facilities represent the
incremental <cost for inclusion of the 1liner and associated
monitoring equipment (resistivity sensor and control unit). The
annual costs for both exisiting and new facilities assume daily
checking of the monitoring equipment at a cost of $350 per year.

Use of a concrete wutility trench with resistivity sensors to
detect leakage of either the ancillary equipment or the trench
itself 1is one of two methods of ancillary equipment secondary
containment presented 1in Table 5-1., This method has several
advantages, including the ability to use a containment structure.
for ancillary equipment associated with several tanks, to replace
failed ancillary equipment without replacing the containment
structure -and to integrate leak sensing with tank secondary
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containment. The principal disadvantage is that some local codes
may require backfilling for ignitable wastes.

The initial costs for exisiting facilities assume installa-
tion of a pre-cast concrete trench with new piping and abandon-
ment of exisiting piping in place. The initial costs for a new
facility represent the <cost for inclusion of the trench and
associated leak monitoring equipment (resistivity sensor and
control unit). If the <concrete wutility trench approach to
secondary containment for ancillary equipment is used in conjunc-
tion with tank secondary containment (which is assumed to include
sensors for containment monitoring), the initial costs for small
gnd medium sized existing and new facilities will be reduced by

2,200. '

The annual costs for both existing and new facilities assume
dajly checking of the monitoring equipment at a cost of $350 per
year. If this approach to piping containment is used in conjunc-
tion with tank containment, the annual cost can be assumed to be
eliminated since their will be no separate monitoring devices to
read and record,

Use of double walled piping is the second ancillary equipment
containment method presented in Table 5-1. As shown, it has the
advantage of being easier and less expensive to install than a
concrete trench in many situations. The principal disadvantage
is the lack of economies of scale which are possible with a
concrete trench both in terms of containment and leak detection
monitoring. - :

The initial costs for existing facilities assume installation
of double wall piping with pressurization of the interstitial
space and abandonment of the wexisting piping in place., The
initial costs for a new facility represent the differential
between the installed <costs of single and double wall piping.
The annual <costs for both existing and new facilities assume
daily checking of a pressure gauge at a cost of $350 per year.

A1l of the above methods of tank and ancillary equipment
secondary containment have the advantage of significantly reduc-
ing the magnitude and probably of release from both leak and
rupture events. Magnitudes are reduced because event duration is
reduced due to the use of continuous monitoring equipment, as
follows: '

Reduction in Waste Released per
Event by Model Facility Size*

Event ' Small Medium
gal. percent gal. percent

Tank Leak 1595 99+ 1595 99+

Tank Rupture 495 a9 2495 99+
Ancillary Equipment Leak - 115 96 695 99
Ancillary Equipment Rupture 85 . 94 535 909
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¢ for events to result in release, the primary and
secondary containment structures and the leak moni-
toring system must fail simultaneously. It is as-
sumed that failure of the secondary <containment
system takes the form of a small 1leak (1 gallon per
day) in the event of primary containment failure.

e event duration is five days for both rupture and
lTeak events since it is assumed that the leak will
be discovered and the tank drained within this
period due to the daily inspection of the secondary
containment monitoring equipment (the leak detection
system is not discovered to be malfunctioning for
three days and it takes two days to <complete pump
out of the tank and secondary containment area.

Use of secondary containment (including continuous monitoring
equipment) for both tanks and ancillary equipment is estimated to
reduce the probability of release due to leak or rupture by four
orders ©0f magnitude. 3Such a Targe reduction results from the
numerous "and" gates in the fault tree for the system, Specific-
ally, a release can occur only if the primary containment fails
and the monitoring equipment fails or the operator fails to
respond to an indication of a‘leak and the secondary containment
.structure fails over the same time period. Thus, they provide a
high: level of protection against design deficiency, installation
error, operator error and equipment failure causes of waste
release. .

Use of either tank or ancillary equipment containment alone
fails to provide a reduction in the probability of release from
the facility as a whole since significant events remain uncon-
trolled. Some reductions 1in estimated release magnitude also
occur, but they are generally small.

Tank System Testing

Tank system testing as discussed here includes testing of
both tanks and piping systems to identify the presence, and 1in
some cases, the rate and/or locations, of leaks. (Other methods
which provide for testing of tanks only are also discussed in
Appendix H.) Thus, tank system testing serves to reduce the
magnitude of tank and ancillary equipment release by reducing the
duration of an undetected 1leak or rupture. Some leak test
methods only test for tank leaks, but are not considered here
since they offer no particular advantages and have the obvious
disadvantage of failing to detect piping leaks.

As shown in Table 5-2 a variety of methods exist for tank

system testing. (Note: Table 5-2 is not all-inclusive.) Addi-
tional detail on these and other methods is provided in Appendix
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TABLE

5-2 TANK SYSTEM

TESTING SUMMARY*

Hodel Method Disadvantages/Timitations Advantages Incremental Cost (3}
Facility Type : Initial Annual  EUAC**
Existing -

small Summark Leak Lokator - Applicability dependent on waste - Tests buth tanks and pipes. - 1,500 1,500
type.
- Cannot detect very small (Iess‘ - Reported to be accurate to 0.003'
than 0.03 gallons/hour) leaks. gatlons/hour.
- Availability limited, but improv- - Detects leaks throughout tank
ing. depth.
- Tank needs to be full to §ive - Compensates for temperature
most reliable results. . changes.
- Relatively short set-up and test-
ing time.
- All testing coordinated by one com-
pany, which improves personnel
training and testing reliability.
VacuTect - Sophisticated equipment requires - Tank deficiencies and waste tem- --- 500 500
specially trained pensonnel. perature do not affect results.
- Leak rate not measured. - Short test time.
- Applicability may be limited by - Tests both tanks and pipes.
waste type.
- Full tank not required.
‘ - Generally available.
Smith & Denison - Yank system must be ehpty - Tests tank and pipes. --- 500 500

(helium)

for testing,
- Leakage rate not measured.
- Pressurized testing.

- Requires specially trained per-
sonnel . :

Applicability not dependent on
waste type.

Not aftected by temperature
chanyes or tank deformation.

Relatively short test duration,

Generally available.

*See accompanying text for additional Tnformation on

assumptions used in déaveloping this table. Costs are rounded to two significant figures.



TABLE 5-2 (CONTINUED)

_____ ModeT Method Disadvantages/Timitations Advantages Incremental Cost ($)"
Facility Type Initial Annual FUAC**
Petro-Tite - Full tank and extra waste re- - Generally available. --- 500 500
quired,
- Relatively long test duration. - Tests both tanks and pipes.
- Cannot detect very small (less than - Reported Lo be accurate to 0.05
0.05 gallons per hour) leaks. gallons per hour.
- Applicability dependent on waste - Temperature effects and tank de-
type. . formations accounted for.
o - Detects leaks throughout tank
] depth,
—
~ L
Existing -
medium Sunmark Leak Lokator Same as above Same as above ) --- 1,500 1,500
Vacutest " " --= 800 800
Smith & Denison ® " —-- 800 800
Petro-Tite " " --- 800 800
New - small A1l 4 methods " " Same as existing small
New - medium " " " Same as existing wmedium
+ Increase in cost from the baseline facility. Costs for tanks assume piping is left unchanged and pipe costs assume tanks are left unchanged. If secondary

containment of tanks and piping are combined,

can be eliminated.
** fquivalent Uniform Annual Cost.

the cost will be $3,000 less than the sum of the two costs presented here since one monitoring system control unil



H. For all of the methods, there are three principal concerns
associated with selection of a testing method: 1) compatibility
of the testing equipment with the waste, 2) the minimum detect-
able size of a leak, and 3) the availability of equipment and
trained personnel. :

A potential disadvantage of all of the methods listed is that
there is limited experience with testing tanks used to store
hazardous waste. For tests which require equipment contact with
the waste, waste characteristics are likely to 1imit the applica-
bility of the testing procedure in some circumstances.

The minimum detectable 1leak size also varies with the method
used, but is generally in the range of 0.03 to 0.05 gallons per
hour for the more sensitive methods. For some methods, such as
the Smith and Denison helium testing method, leak rate is not
measured. For other methods, such as hydrostatic testing, the
minimum detectable 1leak is notably .larger. In general, the
sensitivity of tank testing methods is at best aproximately one
gallon per day.

The Sunmark Leak Lokator 1is reported to have heen used to
test <commercial, non-petroleum, underground tanks and piping
systems for leaks [5]. However, the availability of this method
at a reasonable cost in some areas may be a problem., The Petro-
Tite 1leak test method has been used primarily on underground
gasoline storage tanks. It appears that the test method could be
used to test  tanks <containing hazardous wastes as long as the
stored product was compatible with the testing equipment and-
extra product was available to raise the liquid level above the
top of the tank. The requirement of additional product may limit
the extent to which this testing method can he used to test
hazardous waste underground storage tanks for leaks. Availahil-
ity of the other two methods shown in Table 5-2 is more limited.

As shown in Table 5-2, the costs associated with testing tank
and piping systems vary with testing method, but are the same for
existing and new facilities. However, costs for each method may
vary significantly with location. Due to this variation and the
other factors discussed above, selection of a testing method will

generally not be made based on a comparison of the costs
presented here,

For whichever method 1is used, the benefit derived will be a
reduction in the magnitude of release due to earlier detection.
The magnitude of this reduction will depend primarily on when the
leak occurs in relation to system testing and the leak rate. For
comparison purposes, estimated reductions in release magnitudes
based on an annual testing frequency for the model facilities are
as follows: : . -
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Reduction in Waste Released per
Event by Model Facility Size*

Event Small Medium

gal. percent gal. percent
Tank Leak 1420 89 1420 89
Tank Rupture 0 0 0 0
Ancillary Equipment Leak 110 91 78 89
Ancillary Equipment Rupture 9] 0 0 0

* Values are based on the following assumptions:

¢ the 1leak begins at the mid-point of the testing
cycle., Thus, the leak duration for all facilities
is 26 weeks, and leak magnitudes using tank testing
are as follows:

- 180 gallons (26 weeks x 7 days/week x 1 gal-
lon/day) is the tank leak magnitude for bhoth small
and medium facilities;

- 13 gallons (26 weeks x 50 gallons/week x 1%)

i
the ancillary.-equipment leak magnitude for smal
facilities; and

s
1

- 78 gallons (26 weeks x 300 gallons/week x 1%) is
the ancillary equipment leak magnitude for medium
-facilities.

Since developing leaks are not detected, no reduction in release
probability is achieved.

Environmental Monitoring

Another method of reducing release magnitudes without affect-
ing release probabililities (i.e., detecting releases after they
have occured) involves the monitoring of the environment adjacent
to a hazardous waste storage tank. Such monitoring could be
conducted in the saturated zone and/or unsaturated zone using
observation wells and any of three methods of detection, includ-
ing: 1) thermal conductivity or electrical resistivity sensors,
2) gas detectors; or 3) sample <collection and analysis. - Regard-
less of the specific method used, the objective of such monitor-

ing would be early detection of tank leakage, thereby minimizing
release volume,

Soil and ground water monitoring of existing hazardous waste
storage tanks has been wused for 1leak detection in various
situations. Perhaps the most concentrated use of this approach
has been the program initiated by the California Regional Water
Quality Control Board, San Francisco Region, to detect potential
leakage from wunderground tanks. As part of this program, soil
sampling and ground water well installation (where depth to
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ground water was less than 30 feet) have been conducted at
approximately 100 locations since March, 1982, and monitoring at
additional sites is anticipated.

The applicability of environmental monitoring for monitoring
release from wunderground tanks <containing hazardous waste s
dependent on waste type and site conditions. Dependence on waste
type 1is due to the fact that leak detection after the fact may
not be acceptable for some types of waste (e.g., acutely toxic).
In addition, waste type affects the selection of a specific
environmental monitoring approach. For example, only volatile
wastes can readily be monitored using gas detectors. Dependence
on site <conditions is due to soil and ground water characteris-
tics discussed in detail below. '

Site specific conditions and waste type also determine the
practicality of a specific monitoring approach. As a result,
four alternative approaches to environmental monitoring are
discussed:

¢ ground water sampling and analysis;
¢ ground water wells with continous monitoring sensors;
e volatile gas monitoring with stationary probes; and

¢ soil water sampling and analysis.

In areas where the saturated zone is relatively close to the
surface (i.e. 20-30 feet) ground water wells might be used. In
order to document that contamination, if detected, is originating
from the equipment (e.g., tank or piping) being monitored, both
up-gradient and down-gradient wells are assumed,

The frequency of ground water sampling and analysis has a
significant impact on the cost of implementing this management
alternative. Since the overall objective of the monitoring
program 1is to detect Tleakage as quickly as practicable, the
sample collection/analysis interval should be no greater than the
estimated time of migration from the equipment to the well. This
time of migration wil depend primarily on: 1) the distance
between the monitoring well and the equipment, and 2) the rate of
transport in the saturated and unsaturated zones.

The rate of transport 1is extremely variable due to the
dependence on a wide range of parameters including:

soil porosity;

soil permeability;

waste mass density (which is a function of temperature);
waste viscosity;

waste saturated hydraulic conductivity; and

size/rate of leak. ‘ '
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Thus, a desirable monitoring frequency based on the rate of waste
transport and the distance between the equipment and the monitor-
ing well could vary over a range of from minutes to many years., .
For example, soil transport calculations for benzene which assume
a volumetric loading of 0.4 cubic meters/square meter indicates a
20 meter penetration in about 25 minutes from a surface spill at
20* C (ambient) over coarse sand and a 1 meter penetration in
about 3 years from the same spill over clay till [6]1. For the
purposes of this analysis, a range of monitoring frequency of 4
times per year is assumed.

Assumptions used in estimating the <costs associated with

ground water sampling and analysis (see Table 5-3) at existing
facilities are as follows: '

¢ 1 up-gradient and 2 down-gradient wells for both small and
medium facilities;

e well depth of 20 feet;

¢ 4 1inch well diameter with drilling and casing cost of
$16/foot;

e sampling equipment cost of $200; and
e drill rig mobilization cost of $300.
(] samb]ing costs $50 per well pér quarter;
e sample analysis cosfs $100 per'sampfe; and

e samples from down-gradient wells are composited prior to
analysis, so that 2 samples are analyzed each quarter,

Costs associated with new facilities are based on these same
assumptions, with the exception that down-gradient wells will be
replaced with <c¢asing 1installed in the backfill below the tank
such that samples can be collected to monitor for leakage. The
installed cost of this casing is $15/foot and it is assumed that
30 feet of casing are required for each tank.

Based on these assumptions, the advantages, disadvantages and
costs associated with the use of the ground water sampling and
analysis approach to environmental monitoring for both existing
and new facilities are presented in Table 5-3. As shown, the
primary disadvantage 1is the failure of this approach to provide
for continuous monitoring, while the primary advantage 1is the
relatively low initial cost.

An alternative to <collection and analysis of samples from
wells is the use of monitoring sensors which measure electrical
resistivity or thermal conductivity to detect leaks. As shown in
Table 5-3, a significant advantage of this approach is that it
provides for continuous monitoring at a relatively low EUAC and
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TABLE 5-3. ENVIRONMENTAL MONITORING SUMMARY*

Model Method Disadvantages/Timitations Advantages Incremental Cost (§)7
Facility Type : Initial Annual — EUAC**
Existing - Ground water sampling - Source of any detected ébntamination - Can detect both tank and 1,500 950 1,100

small (quarterly) may be difficult to identify. ancillary equipment leaks.

Ground water wells

with conductivity or
resistivity sensors.

Volatile gas monitor-
ing with stationary
probes.

Soil water sampling
and analysis.

Duration of leak which can go un-
detected depends on soil permeabil-
ity, waste type, well placement,
sampling frequency, etc.

Does not provide for continuous
monitoring.

Source of any detected contami-
nation may be difficult to identify,

Duration of leak which can go un-
detected depends on soil permea-
bility, waste type, well placement,

etc.

Applicability limited to volatile
materials with appropriate sensors
available.

Duration of a leak which can go
undetected depends on soil permeabil-
ity, well placement, waste type, etc.

Source of any detected contamination
may be difficult to identify.

May not be applicable to same
wastes.”

Duration of a leak which can go un-
detected depends on soil permeabil-
ity, lysimeter placement, waste
type, etc.

Lower initial cost than other
monitoring methods.

Available.

Soils can also be sampled during
well installation,

Can detect both tank and ancil- 5,000
lary equipment leaks.

Available

Provides for continuous monitor-
ing.

Soils can also be sampled during
well installation.

Can, detect both tank and ancil- 3,700
lary equipment leaks and appli-

cability is independent of ground

water depth.

Provides for continuous monitor-

ing.

Soils can also be sampled

during probe installation.

Available,

Can detect both tank and ancil- 1,400
lary equipment leaks.

Available.

Soils can also be sampled
during installation.

350

650

950

690

900

1,000

*See accompanying text for additional information on

assumptions used in developing this table.

Costs are rounded to two significant figures.



£e=§

TABLE 5-3 (CONTINUED)

Model
Facility Type

Method

Disadvantages/Vimitations

Advant ages

Incremental Cost !S%'
Initia Annua URC**

Existing -

med ium

New - small

New - medium

Ground water sampling

Ground water wells
with sensors.

Gas wells with sensors.

Soil water sampling

Ground water sampling

Ground water wells
with sensors.

Gas wells with sensors,

Soil water sampling.

Ground water sampling

Groynd water wells
with sensors,

Gas wells with sensors.

Sofl water sampling.

- Does not provide for continuous
monitoring,

- Source of any detected contamination.

Same as above,

& Indviase i éasy Trom Uie DaseTine FaciTity.

#* fquivatent Uniform Annual Cost.

Same as ahove.

1,500 950 1,100

5,000 350 690
3,700 650 9oy
1,760 1,000 1,100
1,270 900 990
3,500 350 590
1,000 350 420
1,030 900 970
1,700 950 1,100
4,700 350 670
2,100 700 840
1,200 950 1,000




is equally applicable to both new and existing installations. A
potential disadvantage is that experience with use of sensors in
observation wells for monitoring tank leakage is limited. In
addition, the sensitivity of sensors is 1ess than that for the
sampling and ana]ys1s approach.

The costs shown are based on the same assumptions listed
. above for the sampling and analysis approach, with the following
changes:

e the $200 initial cost for sampling equipment is deleted;

o the insta11ed. cost for sensor equipment at ‘existing
facilities is $3700;

e the installed «costs for sensor equipment at small and
medium new facilities are $2600 and $3150 respectively;
and :

¢ annual <costs are associated with daily readings of the
sensor control unit, which require 5 minutes per day, 260
days per year at a cost of $16 per hour.

A large percentage of the initial cost is associated with the
sensor control unit which can be wused to monitor multiple
sonsors. Thus, there are significant economies of scale for this
method. : )

For underground tanks which contain volatile wastes, monitor-
ing for waste vapors is a third method of environmental monitor-
ing., As with monitoring of ground water wells, vapor monitoring
can be accomplished through continuous measurement or sample
collection and analysis. For continuous monitoring, a detection
device 1is mounted in an observation well, while for the sampl-
ing/analysis approach, samples are periodically taken from the
well for laboratory analysis. Only the continuous approach to to
vapor monitoring is discussed in detail due to the leak detection
advantages of continuous monitoring and the similar costs asso-
ciated with the two approaches.

The advantages, disadvantages and costs associated with the
use of continuous vapor monitoring are shown in Table 5-3, As
shown, the primary advantage of this approach it that applicabil-
ity 1is independent of ground water depth, but the primary
disadvantage is that applicability is limited to volatile wastes.
The vapor monitoring approach has the second highest initial cost
but the second lowest EUAC, based on the following assumptions:

¢ both existing facility sizes require 3 non1tor1ng sensors,
with initial costs as follows;

- mobi1ization cost of $300;
- sensor depth of 10 feet;

- installed cost df 2 inch casing of $14/foot;
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- installed cost of sensors at $980 each;

¢ a new small facility requires one sensor installed below
the tank with an installed cost of $1040 complete;

¢ a new medium facility requires one sensor under each'tank,
with a total installed cost of $2080 for the facility;

e annual costs for existing facilities and a new medium
facility 1include daily reading of the monitoring devices
which requires 10 minutes/day, 260 days/year at a cost of
$16/hour; and

e annual costs for a new small facility include daily
reading of the monitoring device which requires 5 min-
utes/day, 260 days/year at a cost of $16/hour,

The fourth approach to monitoring for leak detection involves
the wuse of suction 1lysimeters to collect samples for analysis
from unsaturated soils. Suction lysimeters or comparable devices
have been wused to collect water samples from unsaturated soils
for a wide variety of applications., Applicability for monitoring
hazardous waste tanks will depend on a variety of factors such as
waste type, soil conditions and climate. Where lysimeters can be
used, soil conditions and tank configuration and size determ1ne
the number and location of samplers required.

The advantages, disadvantages and costs associated with the
use® of lysimeters are shown in Table 5-3. As shown, the primary
advantages of this approach are that the cost is . relatively -low
and it can be used to monitor for leakage of non-volatile wastes
in "areas where the saturated zone is relatively deep. The
primary disadvantage is that sample collection and analysis from
lysimeters does not provide for continuous monitoring. In addi-
tion, lysimeters tend to be more susceptable to clogging than
wells,

The estimated costs for monitoring with lysimeters shown in
Table 5-3 indicate that this approach has the 1lowest initial
cost, but the second highest EUAC based on the following
assumptions:

¢ an existing small facility requires 3 lysimeters (includ-
ing one background) with an initial cost as follows;

mobilization cost of $300;
- installed lysimeter dépth of 10 feet;
- drilling cost of $12/foot;
- insta]fation cost of $300;

- pump, lysimeter and sampling equipment costs of $480;
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e an existing medium facility requires 4 lysimeters (includ-
ing one background) with an initial cost which is $290
above that of the existing small facility;

¢ a new small facility requires 2 lysimeters (one below the
tank and one background) with costs as follows;

mobilization cost of $300;

- installation of background lysimeter at 10 depth with a
drilling cost of $12/foot;

- dinstallation of 2 1ysimetefs (with one in fill material
below the tank) at a cost of $170 each (including the
lysimeter);

- pump and sampling equipment costs of $270;

¢ a new medium facility requires 3 lysimeters (one back-
ground and one under each tank) at a cost of $170 more
than the new small facility; and

e annual costs include sample collection costs of $50/1ysi-
meter and $800 in analysis costs (one background and one
composite from tank monitoring lysimeters taken quarterly,
yie]?ing 8 samples per year, with analysis costs of $100
each).

A11 four of the methods of environmental monitoring discussed
above can reduce the estimated magnitude of release from under-
ground tanks by reducing the duration that a leak or rupture goes
undetected. The extent to which magnitudes are reduced is
extremely dependent on: 1) appropriate selection and placement of
the monitoring devices: 2) the rate of waste migration from the
tank system to the monitor; and 3) waste type (solubility,
viscosity, etc.). The estimated reductions in release magnitude
shown below are based on arbitrary assumptions concerning release
duration and are included only to permit comparison of this
option with the other prevention/mitigation measures discussed:
(The event durations assumed are thought to be reasonable and
suffic;ent to allow for meaningful <comparison with other op-
tions.,

Reduction in Waste Released per
Event by Model Facility Size*
for continuous monitoring

Event Small . Medium
gal. percent gal. percent

Tank Leak : 1586 99 '~ 1586 99
Tank Rupture 0 0 0 0
Ancillary Equipment Leak 119 99 694 99

Ancillary Equipment Rupture ' 0 0 0 0

5-26



* These values are based on the assumption that it takes two
weeks for waste released from the tank system to appear at
the monitoring sensors. Thus, ruptures are discovered as a -
result of the daily tank level monitoring conducted at the
facility and not as a result of environmental monitoring.
The migration time can expected to be somewhat 1less for
new installations, but well within the confidence interval
of the these estimates,.

‘Reduction in Waste Released per
Event by Model Facility Size*
“for intermittent monitoring

Event _ Small Medium

gal, percent gal. percent
Tank Leak : 1558 97 1558 97
Tank Rupture 0 0 0 0
Ancillary Equipment Leak 117 98 82 97
Ancillary Equipment Rupture 0 0 0 0

* These values are based-on the assumption that it takes two
weeks for waste released from the tank system to appear at
the monitoring well or lysimeter and that the leak occurs
at the midpoint of the monitoring cycle. Thus, ruptures
are discovered as a result of the daily tank level
monditoring conducted at the facility and not as a result
of environmental monitoring.

As discussed above, applicability of the four methods varies
with waste type and environmental setting. Thus, selection of a
particular method will generally be based on site-specific
factors and will not include consideration of relative effec-
tiveness (in terms of the release probabilities shown above) of
the methods. Since leak detection is after the fact for all of
the monitoring approaches, there is no effect on estimated
release probabilities.

Inventory Monitoring

Another method of monitoring for tank system leakage involves
monitoring of waste quantities. Delivery of hazardous waste to
the storage tanks at the model facilities 1is assumed to be
accomplished through a gravity piping system since this appraoch
'is generally less costly and more reliable than pressure delivery
and 1is frequently possible with underground tanks. Methods
~available for gauging of gravity flow pipes include 1liquid level
sensors or Venturi meters. Use of the liquid level measurement
- technique requires computation of flow wusing pipe slope and
roughness coefficients, and _would be inexact in the relatively
small diameter pipe used in underground tank systems. llse of a
venturi meter requires that the pipe be full (since it only
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measures velocity), and this <condition is not typical. Thus,
gauging of the 1liquid 1level in the tank over a time period
without withdrawals or additions of waste (e.g., a weekend) is
the most probable method of inventory monitoring.

The advantages, disadvantages and costs associated with three
methods of inventory monitoring are shown in Table 5-4, For
storage of product (i.e., gasoline) in underground tanks, the
traditional method of level measurement is the dipstick. Use of
this method for hazardous waste storage tanks has a number of-
disadvantages, including:

¢ lower accuracy than automated methods;

e more labor intensive than automated methods;

e may not be performed as scheduled (i.e., due to inclement
weather); :

e presents the potential for release of the waste stored via
material retained on the dipstick when it is removed from
the tank; .

¢ water seepage into a tank in the event of a 1leak or
rupture mau prevent leak detection; and

¢ presents the potential for increased worker exposure to
the waste, ' '

The principal advantage associated with this approach is the lack
of an initial <cost, although the EUAC is higher than for some
other methods.

A wide variety of methods exist for 1level monitoring as
indicated by the some 22 different types of level gauging
equipment discussed in a recent state-of-the-art survey [7].
"These range from simple float type level indicators which are
read at the fill port to electronic level sensors with remote
indicator and recorder at a control panel., Selection of a
specific monitoring system for an underground hazardous waste
storage tank by a design engineer would include consideration of
cost, accuracy, reliability, simplicity, time requirements and
possible complications associated with use (e.g., increased
potential for fire associated with bubbler tube measurement of
ignitable waste).

To represent a range of the equipment which may be used at a
facility, both direct and remote read-out level sensing equipment
are included in Table 5-4, As shown, the remote read-out
approach has the disadvantage of a higher initial cost, but has
the advantages of a lower EUAC and 1is 1less susceptible to
operator errors,
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TABLE 5-4

INVENTORY MONITORING SUMMARY¥*

* Model
Facility Type

Method

Disadvantages/Timitations

Advantages

Incremental Cost T
Initial  Annua UAC**

Existing -
small

Dip stick

Level sensor (pneumatic-

read at

tank location).

Level sensor (electronic-

remote records and readout).

+

Relatively low accuracy.
May not be performed as scheduled.

More labor intensive than automated
methods.

Potential fur worker exposure to
waste. .

Potential for release of the stored
waste via material retained on the
dipstick where it is removed.
Sensitivity depends on length of
time between measurements and ac-

curate records of previous measure-
ments,

Applicability of specific equipment
affected by waste type,

Readings inay not be made (i.e., in-
clement weather).

More labor intensive:than remote
readout systems.

Cannot detect small leaks.
Applicability of specific equipment
af fected by waste type.

Cannot detect small. leaks.

Relatively high initial cost as
compared with the other two methods.

Cannot detect small Jeaks

- Very low initial cost.

- Available.

- Detection of large releases.

- More accurate than dipstick.

- Detection of large releases.

- Available,

- More accurate than dipstick.

- Detention of large releases.

- Effectiveness relatively inde-

. pendent of operator.
- Low recurring costs.

-IAvailable.

--- 700 700

850 490 550

2,200 350 500

*See accompanying text for

additional information on

assumptions used in developing this table.

Costs are rounded to two siynificant figures.
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TABLE 5-4 (CONTINUED)

Model Method Disadvantages/limitations "7 “"Advantages incremenial Cost (3]
Facility Type ‘ ) Initial Annual _ FUACY*
Existing - )

medium Dipstick Same as above Same as above --- 1,000 1,100
Level sensor (at tank) " " 1,700 700 810
Level sensor (remote) " " 4,300 350 640
New - small Dipstick ® " : - 70U 700
Level sensor (at tank) " " 850 490 550
Level sensor (remote) » " ’ 2,100 350 490
New - medium Dipstick " " --- 1,100 1,100
Level sensor (at tank) " " 1,700 700 810
Level sensor (remote) " " 4,100 350 630

FTncrease Tn cost From the baseline FaciTity.
** fquivalent Uniform Annual Cost. :



In general, inventory monitoring can help to reduce release
magnitudes but has no effect on release probability since
releases are detected after they occur., However, the ability of
inventory monitoring to reduce release magnitude is limited by
the size of the minimum detectable leak, which is controlled by a
variety of factors, including:

¢ the temperature of the tank and waste contained. The
significance of this factor is determined by the coeffi-
cient of expansion of the waste and the degree of
temperature fluctuation;

¢ the extent to which waste material is lost through
vaporization, which is affected. by the waste temperature
and vapor pressure;

o the accUracy of the level measuring technique used, which
is determined by the specific device used, the volume of
the tank and the level of waste in the tank; and

o the effects of water inflow (in the event of a leak or
rupture) on tank level reading.

Based on these factors and experience with gasoline stations [8],
leaks of 1less than approximately 15 gallons/day <cannot be
reliably detected with inventory monitoring. Thus, inventory
monitoring is helpful in reducing the magnitude of rupture events
but does not reduce the magnitude of leak events for the model
facilities, as follows: ' )

Reduction in Waste Released per
Event by Model Facility Size*
for continuous monitoring

Event Small Medium
gal, percent gal. percent

Tank Leak ‘ 0 0 0 0
Tank Rupture 50 10 150 A
Ancillary Equipment Leak 0 0 0 0
Ancillary Equipment Rupture 45 50 . 405 75

* These values are based on the assumptions that leak rates
are below the detection 1imit of the inventory monitoring
equipment. In addition, .t is assumed that tank rupture
is discovered within one day, but that the tank contents
have been 1lost by this time (so that a single batch
transfer 1is the only release reduction). The ancillary
equipment.rupture values were estimated assuming that the
rupture 1is discovered after one transfer, and that 90
percent of the transfer was released.
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Internal Inspection

Inspection of tanks can be used to detect actual leaks, or to
locate potential leak locations resulting from corrosion or other
damage to the tank, 1liner -or <coating material. Since the
hazardous waste storage tanks considered in this project are
completely buried in the ground, inspection of the tanks can only
be accomplished from inside the tank, and then only if the tank
has a manway. Since internal inspection is limited to tanks,
this mitigation/prevention measure does not help to control
ancillary equipment release events.

Before a tank can be inspected, any waste contained must be
pumped into containers, another on-site tank or a tank truck; the
tank atmosphere decontaminated to allow personnel entry with the
minimum of danger to health and safety; and the tank cleaned.
Decontamination of the tank atmosphere may not always be required
prior to <cleaning, but is assumed to be a typical part of the
tank inspection process. This is assumed to normally be accom-
plished by creating an inert atmonphere in the tank using dry ice

[ol.

Cleaning of the tank can be accomplished via a variety of
methods, including sand blasting, hydro-blasting, steam <cleaning
and/or chemical <cleaning. Selection of a cleaning method s
somewhat dependent on the tank contents, condition and material
of construction. Data on the relative prevalence of these
methods for cleaning underground tanks are not available, '

Sand blasting has the advantage that contractors capable of
providing the service can be assumed to be readily available.
However, it has the disadvantage of creating dust within the tank
which makes monitoring of the cleaning process more difficult,
Hydro-blasting is similar to sand blasting except the abrasives
used in the <cleaning process are suspended in water., The
principal advantage of this approach is that the progress of the
cleaning process is more easily monitored (visually) than with
sand blasting. Steam <cleaning has characteristics similar to
hydroblasting, and the choice between the two would primarily be
determined by the type of waste 1in the tank to be cleaned.
Chemical cleaning has the disadvantage of generally being slower
and more costly than the other cleaning options and normally s
used only as a last resort in tank cleaning in preparation for
inspection [9].

Following cleaning, the inspection process 1is assumed to
proceed with a visual inspection and subsequent use of ultrasonic
equipment. Visual inspection only was considered, but this
approach to inspection was considered to be unacceptable since it
can identify only relatively large defects on the inside of the
tank and cannot detect potential problem areas on the outside of
the tank. '
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For aboveground tanks, a ball peen hammer is normally used to .
aid 1in the inspectionn process and is considered to give a
reliable indication of where thinning of the shell has occurred.
On underground tanks, variations in backfill <characteristices
such as moisture content, compaction and material make this
approach 1less reliable. The rationale for selection of wultra-
sonic equipment (rather than other available techniques such as
radiography) to improve the effectiveness of inspection for
detection/prevention of tank 1leaks is present in Appendix D,
While the visual inspection of the tank interior will help to
locate some potential problem areas (e.g., spot corrosion, etc.),
it obviously will not detect potential problems which exist on
the exterior of the tank shell. Thus, it is assumed that the
entire tank will be tested ultrasonically from the inside.

As with the other alternatives discussed, costs will vary
depending on the specific implementation. For inspection with
ultrasonic equipment, significant cost variables include: dis-
tance between the tank facility and the location of the inspec-
tion ~contractor (if a contractor is used); cleaning materials
disposal cost; and method of tank cleaning. :

The advantages, disadvantages and costs associated with
internal tank inspection are-presented in Table 5-5., As shown,
the primary advantage of internal inspection is that some (but
not all) developing problems may be identified. The primary
disadvantage is that thickness measurements are made on a
relatvely small percentage of the tank surface. Thus, localized
problems (such as small perforations resulting from point corro-
sion)  may go undetected. Other disadvantages are that ancillary
equipment releases are not effected and that the tank must be

taken our to service to permit inspection. The costs shown for
" inspection are based on the following assumptions:

e there will be no initial costs since inspection will be
performed by a contractor. This assumption is made based
on the relatively high cost of the equipment involved as
compared to contractor rates and the assumed inspection
frequency (annual). Additional information related to
this and other assumptions is provided in Appendix D;

® the' inspection contractor charges for travel time (one-
half hour each way is assumed) between his location and
the tank facility;

o the operator ‘"empties" the tank prior to the arrival of
the tank cleaning crew using his normal methods and the
cost of this activity is not part of the inspection cost;

¢ cleaning a 1,000 gallon tank requires a 2-man crew for 4
" hours and cleanwng of two 5,000 gallon tanks requires a 2-
man crew for 8 hours (1nc1ud1ng travel time) at a rate of
$120/hour for hydroblast c]ean1ng, including materials and’
breathing apparatus [9];

5-33



ve-g

TABLE 5-5. INSPECTION SUMMARY*

Model Method Disadvantages/Timitations ~ "Advantages ““Tacremental €ost (§]7 T
Facility Type Initial Annual  EUAC**

Existing - Visual (internal) and - Tank must be enterable for inspec- - Since tank wall thickness is --- 730 730
small vltrasonic. tion. measured, developing as well
as existing leaks can be identi-
- Training and experience required fied,
for proper fnspection makes use of
a contracted service desirable.
- Not applicable to ancillary equip- - No initial cost.
ment.
- Tank cleaning and inspection
- Both existing and developing prob- contractors are recadily avail-
lems may go undetected due to the able.
point measurement nature of the
equipment .
Existing -
medium Same as above Same as above Same as ahove --- 2,300 2,300
NB\V - Smal' " " n ——— 730 730
- » " -——— 2,300 2,300

New - medium

*See accompanying text for additional infurmalion on assunptions used in developing this table. Costs are rounded to two significant figures,

+ Increase in cost from the baseline facility,
* Equivalent Uniform Annual Cost.



¢ cleaning materials are removed from the tank facility by
the cleaning contractor and disposal of these materials is
included in the cleaning rate charge;

¢ an ultrasonic survey of the tank interior with subsequent
additional measurements made in potential problem areas
identified in the survey or thorough visual inspection s
assumed. The survey of the tank interior is assumed to be
performed at a rate of 60 square feet per hour (one
measurement per square foot) while a detailed inspection
rate of 3 square feet per hour was assumed. Detailed
inspection is assumed to be performed on 10 percent of the
tank. The cost for ultrasonic testing is $25/hour.

¢ the 1,000 gallon tank has a diameter of 4 feet and length
of 10.6 feet and the 5,000 gallon tanks are each 7 feet in
diameter and 17.4 feet long. '

The effectiveness of internal tank inspection in mitigating
tank releases depends primarily on the frequency of inspection
since this controls the release duration. For purposes of
comparison, annual inspection has been assumed, which results in
the following reductions in release magnitude:

Reduction-in Waste Released per
Event by Model Facility Size*

Event Small 5 Medium
gal. percent .gal. percent’

‘Tank Leak 1420 89 1420 89
Tank Rupture 0 0 0 0
Ancillary Equipment Leak 0 0 0 0
Ancillary Equipment Rupture 0 0 0 0

* These values are based on the assumptions that tank leak
begins in the middle of the inspection cycle. Thus, the
leak goes undetected for 180 days and release occurs at a
rate of 1 gallon per day.

Tank inspection may 1impact release probabilities for two
reasons. First, the methods available for inspection of under-
ground tanks are such that existing small leaks may go undetect-
ed. This may occur 1if the leaks are not revealed by visual
inspection and the problem is sufficiently localized that it goes
undetected in the ultrasonic survey of the tank. On the other
hand, some developing leaks may be detected before they occur,
thereby tending to reduce the release probability. Within the
context of the order of magnitude estimates of release probabili-
ties developed, the effect of the these two factors are judged to
balance each other such that internal inspection does not effect
release probability.
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Corrosion Protection

Corrosion protection may be provided for a variety of tank
system materials in a variety of ways. Regardless of the
material being protected or the approach used, the objective of
corrosion protection is to protect the tank system materials
from corrosion during their intended service life. As such,
corrosion protection helps to control tank and ancillary leak and
ruptures by protecting against the most frequent cause of tank
and pipe equipment failure. In addition, it helps to minimize
increased corrosion which may be caused during installation.

Discussion of the mechanisms of <corrosion and alternative
approaches to corrosion protection are provided in Appendix A and
are the subject of a large body of literature. As discussed
here, <corrosion protection applies to protection of steel tank
system equipment only, although it is recognized that corrosion
protection is occasionally required for other construction mater-
ials as well. A wide variety approaches to corrosion protection
are possible, including anodic protection, cathodic protection,
linings, <coatings, <compressive strength induction, etc. For
underground tank systems, the three methods which are most
commonly used and which are discussed here are external coatings,
internal 1linings and cathodic protection (either impressed cur-
rent or sacrificial anodes).

External coatings may be used alone or in conjunction with
cathodic protection (normally sacrificial anode(s)) to -protect
underground steel tanks and. piping from corrosion. A wide
variety of coating materials are commonly used for corrosion
protection, including both generic and trademarked materials,
Selection of a material will depend on site-specific installation
conditions and the equipment supplier (since not every coating
material will be available from a given supplier).

Since coatings may be damaged during shipping and installa-
tion, thereby creating point corrosion problems, coatings are
most effective when used in conjunction with a sacrificial anode.
In fact, sacraficial anodes are normally wused only on coated
tanks since the <coating significantly reduce the size of the
anode required to provide protection throughout the normal tank
system design life (20 years). Additional discussion of sacrafi-
cial anodes is provided below.

‘ The advantages, disadvantages and costs associated with use
of external <coatings for corrosion protection are presented in
Table 5-6. As shown, coatings are not judged to be applicable to
existing tanks, primarily since the cost of retrofit application
makes purchase of a new tank preferable., Use of coatings on new
steel tank systems 1is common, at least in part due to National
Fire Protection Association Codes 30 and 31 which include"(as of
1981) a responsibility for cathodic protection or corrosion
resistant materials. The costs shown are ‘based on factory
installation of a coal-tar epoxy coating (e.g., Koppers 300M or
equal).
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TABLE 5-6 CORROSION PROTECTION SUMMARY*

LE-5

77 Model Method Disadvantages/Timitations “""Advantages Tncremental Cost (§17
Facility Type Initia Annua EUACH**
Existing -

smal} External coatings. - Generally not applicable for retro- = ----- --- - .-
fit of existing tanks.
Internal lining for - Lining flaws more of a problem - Available 2,000 - 130
tanks. than for factory applied linings
on new, tanks. - May prolong the service life
of a tank which has developed
minor leaks.
- Tank must be enterable. Small tank
dimensions may make lining instal- - May be used to alter tank and
lation expensive and/or impracticatl. waste compatability.
Cathodic protection - - Requires partial excavation of - Less expensive than replacement. 5,000 60 400
impressed current. system for installation.
- Available.
- Applicable to both tanks and
piping.
Cathodic protection - - Requires partial ex&avation of - Less expensive than replacement 1,200 --- 80
sacrificial anodes system for installation.
: - Available.
- Applicability Fimited to tamks
which were coated prior to instal- - Applicable to both tanks and
lation. piping.
Existing -
med ium External coatings. Same as above Same as above, -—- --- ---
Internal linings. " " 6,300 --- 460
.Cathodic protection -
impressed current . “ 5,000 120 460
Cathodic protection -
sacrificial anodes " " 3,400 --- 230

*Tee “accompanying text for additional Tnformation on assumptions used Tn developing this table. Tosts

are rounded to two significant fiyures,



TABLE 5-6 (CONTINUED)

Incremental Cost {3)"

8t-9

Model Method Disadvantages/limitations Advantages .
FacilityType Initial Annual  EUAC**
New - small External coatings. - Drainage during installation may - Available 400 .- 30

reduce tank life below that of a
bare tank due to erection of point - Generally low cost.
anode(s) where accelerated corro- ]
sion may occur. - No maintenance required.
Internal linings. - Requires that tank be constructed - Avaitable 1,200 --- 80
with a manway.
- Cost highly dependent on lining - May be used to modify tank
material, and waste compatibility.
- Generally not applicable to
piping. .
Cathodic protection - - On-going power consumption - Available, 5,000 60 400
impressed current. )
- More expensive than sacrificial - Applicable to both tanks and
anodes for small single tank pipes.
facilities.
Cathodic protection - - Anode size depends on site- - Avaiiable. 450 -—- 30
sacrificial anodes specific conditions and design life.
. - Very little maintenance required.
- Applicable to both tanks and
piping.

New - wmedium External coating. Same as ahbove. Same as above. 1,400 -— Q0
Internal lining o " 4,800 --- 320
Cathodic protection-
impressed current " " 5,000 120 460
Cathodic protection-
sacrificial anodes " " 1,800 --- 140

+{ncrease in cost from the baseline facility.

** Equivalent Uniform Annual Cost.



Linings in tanks' and piping may be used to protect them from
the corrosive effects of the material contained. The advantages,
disadvantages and costs associated with tank lining for both
existing and new facilities are presented in Table 5-6. As
shown, the primary limitations are that application to existing
tanks requires access into the tank and that problems with
quality control may be greater than for factory installed linings
on new tanks. On the other hand, linings have the advantages
that they may be used to extend the service life of a tank or
allow a change in the material stored.

The costs shown 1in Table 5-6 were derived based on the
following assumptions:

o an existing small facility requires 4 hours to clean at a
cost of $120/ hour prior to lining (158 square feet) with
an epoxy resin which costs $9.50/square foot;

¢ an existing medium facility requires 8 hours to clean at a
cost of $120/hour prior to lining (918 square feet total)
with an epoxy resin which costs $6.50/square foot;

¢ lining a new‘ tank costs 20 percent less than lining an
existing tank; and :

e tank interiors are prepared in accordance with the Steel
Structures Painting Counc11 Specification No. 6 Commercial
Blast Cleaning. .

Cathodic protection can be provided through the wuse of
impressed current or sacrificial anodes (see Appendix A for more
detail). As shown in Table 5-6, sacrificial anodes have the
disadvantage of having applicability limited for existing tanks
to tanks which were coated prior to installation., The primary
advantage of both approaches is that they can effectively protect
against both internal and external corrosion, excepting corrosion
caused by incompatable waste materials.

As shown, impressed current is substantially more expensive
for wuse at the model facilities than is the sacraficial anode
method of cathodic protection, and both provide the same type of
protection. As a result, impressed current will normally be used
only at Tlarge facilities with a large number of tanks and/or
extensive piping networks to protect. Costs shown in Table 5-6
for cathodic protection are based on the following assumptions:

¢ a typical minimum cost for an impressed current corrosion
protection system is $5000;

e installation of sacraficial anodes at existing facilities
requires;

removal of existing pavement
- excavation to the top of the tank
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- installation of anodes’
- 2 at 9 pounds each for the small facility
- 2 at 24 pounds each for the medium facility

- backfill and compaction
- replace pavement ‘
- haul away old pavement

¢ for new facilities, the <costs are based on factory
installation of a coating .and sacraficial anodes (size and
number identical to existing facilities) to provide sti-P3
(TM) type of protection. It should be noted that tanks
porvided with both coatings and sacrificial anodes for
corrosion protection are readily available.

A11 of the methods of corrosion protection discussed are
judged to reduce the chance of a leak occurring. Use of either
impressed current or a coating in combination with sacraficial
anodes is estimated to reduce the probability of release by one
order of magnitude. -Use of coatings or 1linings alone will result
in some reduction in release probability which is estimated to be
less than one order of magnitude. Once a leak occurs, however,
corrosion protection is not thought to have a significant 1impact
on the 1leak rate, and therefore does not reduce the estimated
release magnitude associated with tank system leak or rupture.

CONCLUSIONS

- The advantages, disadvantages and equivalent uniform annual
costs (EUAC) associated with each of the six release mitiga-
tion/prevention measures discussed above are summarized in Table
5-7. The costs shown are incremental costs, and as a result costs
for new facilities are significantly lower than for existing
facilities for methods which involve significant construction
costs (e.g. secondary containment).

As shown, secondary containment is the most expensive {bhased
on EUAC) of the control methods examined for both the small and
medium sized model facility under both new and retrofit condi-
tions., Internal inspection is the second most expensive method,
with corrosion protection the least expensive method. The bene-
fit of the greater expense associated with secondary <containment
is that this method, unlike all of the others discussed, reduces
both the probability and magnitude of release events.

The effects of the release prevention/mitigation measures
discussed above on the estimated probability of tank leak, tank
rupture, ancillary equipment leak and ancillary equipment rupture
release events are summarized in Table 5-8. As shown, secondary
containment 1is clearly the most effect means of preventing both
leak and rupture events. Corrosion protection also serves to
reduce the estimated release probability, and as shown, it also
can control all four release events, Other measures, such as
tank system testing and environmental monitoring, serve to

5-40



1v-G

TABLE

5-7. "SOLUTION" COMPARISON SUMMARY*

Type of Disadvantages/Timitations Advantages
"Solution"
Secondary - Double walied tanks have limited - Cleanup of releases to secondary
containment availability in materials other contaimment area easier and less
for tanks than steel {including stainless).? costiy than environmental clean-ups,
and especially easy for double
) walled tanks.
- Concrete vaults may .not be applic-
able to ignitable waste due to - Concrete vaults applicable to all
local code requirements, types of tank materials.
~ Clean-up of a release to a synthe- - Provides for containment and de-
tic liner secondary containment area tection of tank releases prior to
will be more difficult and expensive environiental release.
than for other methods, but will still .
be less expensive than clean-up of an - Provides for detection of secondary
environmental release. containment failure independent of
primary containment failure.
Secondary ~ Concrete trenches may not be ap- - Concrete trenches can be integrated
containment plicable to ignitable waste due with concrete tank vaults to pro-
for ancil- to local code regquirements. vide continued capacity in excess
lary equip- ’ of tank volume,
ment .

- Provides for containment and detec-
tion of ancillary equipment (esp.
pipe) releases prior to environ-
mental release.

- Clean-up of release to secondary con-
tainment area easier and less costly
than environmental clean-up.

Tank sys- - Limited track record for waste - Provides for detection of tank and

tem testing

tank system testing.

Applicability of some tests de-
pend on waste type.

Will not help to prevent leaks;
rather, it will help to minimize
volume through earlier detection.

Does not provide continuous moni-
toring.

piping leaks. Size of detectable

leak varies with test, but is general-
ly in the range of 0.03 to 0.0% gal-
lons per hour.

Effectiveness EUAC (§) by FaciTity Type*¥ "
Existing New .
small medium small medium
- Very effective in pre- 1,400 3,400 970 2,400
venting environmental
release from tanks,
- Very effective in pre- 1,600 3,800 1,100 2,000
venting environmental
releases from piping and
other ancillary equip-
ment.
- Generally effective for 500 800 500 800

tank and pipe leak detec-
tion, although smail

leaks may go undetected

and errors in perforining

a test way cause ‘enor-

mous results. Also depen-
dent on testing frequency
(assumed here to be annual).



TABLE 5-7 (Continued)

ev-9

T Type of T T'DiSadvantages/Timitations T T T TTTTTT T TRdvantages T T T T T T T T T T Effectiveness "EUAC ($) by Facility Type**
“Solution" - Existing New
e S small medium small medium

Environmen- Specific method applicable depends - Can provide continuous monitoring for - Generally effective for 690 690 590 590
tal monitor- on site conditions and waste type. tank system leaks. detecting releases.
ing However, the duration

Duration which a leak may go unde- - Soils may also be sampled during in- of leakage prior to de-

tected depends on soil permeability, stallation. Especially applicable tection depends on site

well/sensor location, waste charac- to existing facilities. specific conditions,

teristics, etc.

Source of any detailed contamination

may be difficult to identify.
Inventory Difficult to implement when tanks - Will detect ruptures or large leaks. - Generally effective in 500 640 490 630
monitoring are filled by trickle gravity flow. Speed of detection depends on fre- detecting ruptures or .

. quency of measurement, which may be large leaks.
continuous or intermittent.
Internal Tank must be taken out of service, - Can detect developing problems before - Can help to prevent 730 2,300 730 2,300
inspec- generally for at least one to two leaks occur, leaks, but reliability -
tion days. . \ is not known; can also
indicate existing
Does not address possible ancillary - Tank cleaning precedes inspection, leaks, but is thought
equipment problems. s0 the use of the tank can be changed to be less reliable
relatively easily following inspection. than tank system
testing.

Corrosion External coatings required. Damnage - Protects against both tank and piping - Generally effective in 80 220 30 140
protection during installation may increase leaks resulting from corrosion. preventing tank and

corrosion rate.

Monitoring of performance generally
requires use of one or more of the
other “"solutions” discussed.

Little or no maintenance required.

pipe (primarily steel)
releases due to corro-
sion failure, but does
not provide a mechanism
for readily checking the
system performance.

+FiP tanks are also available in sizes up to 4,000 gallons.

* See accompanying text for additional information on assumptions used in developing this table.
** Equivalent Uniform Annual Costs which represent least cost wmethuods presented in Tables 5-1 through 5-6.
applicable in some situations. .

Costs are rounded to two significant figdrus.
Note that these least costs methods may not be
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TABLE 5-8. MODEL FACILITY RELEASE PROBABILITIES*

Solutlon

Method

Order of Magnltude Change In Estimated Release Probablllfy by eventt

Yank Leak Tank .Rapture Ancllilary Ancillary
- Equlpment Lesk Equipment Rupture

Tank secondary Concrete vault for tanks -4 -4 1] ]
containment w/continuous monitoring

Synthetlc liner for tank -4 -4 o 0

excavatlon

Double walted tanks -4 -4 0 0
Ancillary equlp- | Concrete trench for 0o 1} -4 -4
ment secondary plpes
contalnment

Double walted pipling 0 0 -4 -4
Tank system Any method ldentlitled 0" 1] 0 0
testing** In Table 5-2
Environmental Any method ldentitied /] o o o
monltoring ** in Table 5-3
Inventory Any method ldentlfled in [} [} 0 0
monltoring®*® In Table 5-48
Inspection Visual Inspection with 0 0 . (4] [}

° ultrasonlic testing

Corroslon Cathodlc protection -1, -1 -1 -1

protection

® See accompanyling text for additional
? significent flqures,

For example, a value of -4 Indicates a reduction
leaks after they have occurred

t
un

Will only ldentity

In the estimated probabililty ot relense 10

-4

Information on assumptions used In developling this table, Costs are rounded to



mitigate the effects of releases by decreasing the release
magnitude and have no impact on the estimated release probabil-
ity.

From a release probability perspective, secondary containment
is the most cost effective method analyzed. This statement s
made since secondary containment for tank and ancillary equipment
provides a three order of magnitude greater decrease in release
probability than corrosion protection at a cost which is 1less
than two orders of magnitude greater.

- It should be noted that the specific costs and release
probabilities which led to the above conclusion are based on a
variety of assumptions presented earlier in this Section. As-
sumptions regarding facility layout, materials of construction,
method of secondary containment, etc., all affect the cost of the
release mitigation/prevention measures discussed. These and
other assumptions also affect the estimated release probabilities
shown 1in Table 5-8, However, secondary containment remains the
most cost effective method over a wide range of conditions.

The effects of the release prevention/mitigation measures on
the model facilities as a whole (instead of the effects on
individual release events) are presented in Tables 5-9 and 5-10
for existing and new facilities respectively. Effects on both
estimated release probabilities and magnitudes as well as equiva-
lent uniform annual costs (EUIC) associated with each measure are
also presented. As shown, secondary containment for both tank
and ancillary equipment provides a 99 percent decrease in the
estimated’ .release magnitude. Although the cost associated with
this approach 1is among the highest shown, the cost per unit of
release reduction is approximately the same as for tank contain-
ment alone. Thus, <containment for the entire tank system is
indicated to be a better investment in 1light of the very
significant reduction in release probability provided.

Mitigation measures such as tank system testing and environ-
mental monitoring are shown to provide significant reductions in
release magnitude at costs per unit of reduction which are about
half those asssociated with secondary containment. However, they
provide no reduction in the estimated release probability.

Inspections are also shown to result in reductions in release
magnitude without impacting the release probability. While tank
inspection can result in the identification of developing prob-
lems before a leak or rupture occurs, measurements are taken on a
relatively small percentage of the tank surface area. Thus, it
was Jjudged that while some reduction in the estimated relative
release probability will occur with tank inspection, the reduc-
tion will be Tess than one order of magnitude.

A prevention measure which has no impact on the estimated

release magnitude but which results in an estimgted re1e§se
probability reduction of one order of magnitude is corrosion

5-44
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TABLE 5-9. INCREMENTAL COST AND EFFECTIVENESS SUMMARY - EXISTING FACILITIES*

Reduction in Estimated Release Probablliity and Volume and Solution Cost by
Model Facllity Type®™

Solution Method Small Medium
Release Relaase Release Incre- | Release Release Release Incre~
Proba- Votume Volume mental | Proba- Volume Yo lume mental
bility (gallons)l (percent)] ELAC ($)] billt (gallons)] (percent)] EUAC (%)
lank system ~Concrete vault tor tank 10-4 1595 99 1600 to-4 3190 99 3500
secondary & concrete treach for : .
contalnment piping with leak detec-

tlon sensors and alarm

~Double walted tank and 1074 1595 99 1600 10-4 3190 99 3700
piping w/leak detectlion

4 alarm
-Synthetic liner contain-| 0 1480 _ 93 . 2900 0 1860 56 4900

ment for tank w/leak de-|
tectlon sensors & alarm

-Concrete vault for tank 0 1480 93 1400 0 1800 56 3300
w/leak detection sensors
and alarm .
-Double walled tank w/ 0 1480 93 1400 0 1800 56 3400
leak detection and alarm -
Tank system -Most methods in Table 0 1420 89 500 0 2840 89 800
testing 5-2
Environmental ~Ground water wells w/ 0 148 93 690 ] 1812 57 690
Monlttoring sensors & alarms
Inventory -Level sensors w/remote ] o 1] 500 0 ] (1] 640
Monitoring recorder, readout and ’ a
alarm : *
Inspection -Infernal visual and 0 1420 89 730 0 1800 56 2300

ultrasonlc lnspection

Corrosion -Cathodic Protection 10°! 0 L 80 10-! 0 0 230
Protection -

* See accompanylng text tor additional information on assumptions used in developing this table, Costs are rounded to
2 signlticant fiqures,
#% Fstimated relaass volumes are presentad to the gallon to help document how they were derived, Accuracy is, at best,
2 significant tigures, Reduction volumes tor the medium faclilty are dnuhle fthose presented In the text in order ton
represent the reduction on ﬁer tacility basis rather thano a per event basis,
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TABLE 5-10. INCREMENTAL COST AND EFFECTIVENESS SUMMARY - NEW FACILITIES*

Reductlion

tn Estimated Release Probability and Volume and Solution Cost by

Model Faclilty Type"®
Sotution Method Small Med lum
Release Release Release Incre- | Release Release Release Incre-
Proba- Volume Volume mental | Proba- Volume Volume mental
bility (gqallons)] (percent)] EUAC (S bility (galions)] (percent)] EUAC (§)
Tank system -Concrete vault for tank 10°4 1595 99 1oo 10-4 3190 99 1800
secondary & concrete trench for
containment piping with leak detftec- ‘
tion sensors and alarm b
-Double walled tank and t0-4 1595 99 1200 10°4 3190 99 2600
piplng w/leak detection
& alarm
-Synthetlic liner contaln-| 0 t480 93 2600 ] 1800 56 3700
ment for tank w/leak de-|
tection sensors & alarm
-Concrete vault for ftank (V] 1480 93 970 0 1800 56 1660
w/leak detection sensors
and alarm
-Double walled tank w/ 0 . 1480 93 970 0 1800 56 2400
leak detection and alarm
Tank system -Most methods In Table o 1420 a9 500 0 2840 89 800
testing 5~-2
Environmental -Ground water welts w/ 0 1481 93 590 0 1812 57 670
Monitoring sensors & alarms
Inventory ~Lavel sensors w/remote 0 0 1] 490 ] 0 0 630
Monitoring recorder, readout and
atarm
Inspection -Internal visuval and (1] 1420 89 730 ] 1800 56 2300
ultrasonic Inspection
Corrosion -Cathodlc Protection 10-! 0 () 30 10~} 0 o 140
Protection

* See accompanylng text ftor additional

.u

2 signiflcant

Estimated release volumes are presented to the galion to help document how they were derlved,
the medium tacllity are double
than a per event basis,

2 signlficant

figures,

figures,

intormation on assumptlons used

Reductlon volumes for
represent the reduction on per facility basis rather

In developing this table,

those presented

Accuracy |is,
in the text

Costs are rounded to

at best,
in order to




protection. For the <costs presented in Tables 5-9 and 5-10,
corrosion protection was assumed to be provided by an- external
coating and sacraficial anodes. Based on - this assumption, corro-
sion protection 1is the least expensive method of achieving a
reduction in estimated release probability.

5-47
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INTRODUCTION

As part of their Bulk Storage Program, the New York State
Department of Environmental Conservation (DEC) prepared a State-
of-the-Art Review Manual applicable to underground and above-
ground storage system. Companion documents prepared as part of
this program included the "Manual on Criteria and Guidance for
Storing Hazardous Substances", the "Model Local 0Ordinance for
Storage of Hazardous Substances", and the "Siting Manual®",.

The State-of-the-Art Review Manual compiles much of the.
latest information on the equipment available for storing and
handling hazardous liquids. Included are data on tanks, hoses,
overfill prevention devices, piping, valve, and pumps. Important
information is also provided on the field practices and equipment
available for leak detection and spill cleanup. It is a well-
prepared overview. Accordingly, the portion describing under-
ground storage systems and related background information are in-
cluded as an appendix to this report.

This material discusses the technology and practices for
storage of petroleum and other hazardous 1liquids which could he
accidentally released into the environment. It should be noted
that hazardous liquids vary widely in their characteristics and
in the manner in which they should be stored.

This manual should serve only as a guide. Each chemical and
each environmental setting requires its own specific storage de-
sign. It is the responsibility of the owner of the storage
facility to seek the assistance of a professional engineer who
has the skills to design a storage system which can be used safe-
1y and which provides the necessary measures for utility and en-
vironmental protection.

The mention of trade names or commercial products in this
manual does not constitute endorsement or recommendation for use
by the DEC, U.S. Environmental Protection Agency, or SCS Engi-
neers.

The following chapters from the State-of-the-Art Review Man-
ual are included:

e Title Page, Acknowledgements, Table of Contents and In--
troduction., This material shows what is included in the
entire manual.

e Part I, Chapter 1: Leaks and Spills of .Hazardous
Liquids. Included in this chapter is a discussion re-
garding the generally recognized mechanisms of corrosion.
It should be noted that the primary measure of corrosiv-
ity is the soil resistivity, as evidenced by design stan-
dards and a field test program conducted by the National
Bureau of Standards. [1]

A-1



¢ Part I, Chapter 2: Hazardous Substances,

¢ Part II, Underground Storage Systems, Chapters 1 to 5
and 7: The design standards which are most commonly fol-
lowed for bare steel tanks are Underwriters Laboratories
(UL) 58 and National Fire Protection Association (NFPA)
30. American Petroleum Institute (API) Publication 1615,
which is generally recognized for installation of under-
ground petroleum storage systems, is also applicable for
systems used to store hazardous wastes. API Publication
1602 is being phased out as a standard for udnerground
gasoline tanks and API Publication 1611 is primarily a
guide for sizing and laying out tankage for service sta-
tions. The primary design and installation standards
applicable for hazardous waste storage systems are brief-
ly described in Appendix C of this report.

e Appendix B, Compatibility Chart for Fluids, Seals, and.
Metals is included as an example for metal tanks, and
should not be interpreted as a complete presentation.

[1] E. Escalante, "Soils and Underground Corrosion", Chemical
Stability and Corrosion Division, National Bureau of Stan-
dards, Washington, D.C."
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INTRODUCTION

A. PURPOSE

Within the past five to ten years there have been
major advances in the technology and practices of stor-
ing and handling hazardous liquids. New tank designs
and tank materials have been applied to solve problems
of corrosion and to prevent leaks. Mechanical and elec-
tronic flow control and level detection devices have
been invented to prevent transfer spills and monitor
storage volumes. Laser technology, capable of measur-
ing the loss of product stored in a tank with a resolution
of 0.000001 inches, has been used experimentally to
test for tank leaks. Secondary containment designs have
been developed and applied by many sectors of the in-
dustry. '

It is the purpose of this report to evaluate these and
other aboveground and underground storage practices. It
is a report on the state-of-the-art for the following:

®Tanks for storing hazardous liquids.

@Secondary containment systems.

®Piping and safety valves.

oQverfill prevention systems and practices.

®lInspection, testing and monitoring.

oClosure and abandonment practices.

Hopefully, this report will provide timely informa-
tion for the industry and government officials faced with
problems on the storage of hazardous liquids and will
encourage the use of the best technology and practices
for preventing spills and leaks.

B. REPORT OVERVIEW

This report is divided into three parts. Part I repre-
. sents an overview of the general concems associated
with the underground or aboveground storage of hazard-
ous liquids. This part of the report includes discussion
of: . .

oThe properties and characteristics of various haz-

ardous liquids. .

oThe compatability of various tank and piping sys-

tem materials with certain hazardous liquids.

oThe types of leaks and problems which can occur

in bulk storage facilities.

oThe cause of corrosion.

oQther technical factors that must be considered

prior to the storing of hazardous liquids.

Part I of this report addresses the state-of-the-art
for underground storage systems. Part III addresses
.these same items for aboveground storage systems.

Some of the material discussed applies to both
aboveground and underground systems, therefore, cross

referencing is empioyed throughout this report. More
detailed references, such as those prepared by the
American Petroleum Institute, the National Fire Protec-
tion Association, and other institutions, are identified in
the text. The reader is specifically directed to these
references for futher information on the technology and
measures for spill and leak prevention.

Because of the large quantity of gasoline and other
petroleum products handled and stored in the state and
the extensive information on the storage of these mate-
rials available from the American Petroleum Institute
and other organizations, much of the detailed material
presented in this manual is drawn from the experience
of the petroleumn industry. Although the basic principles
illustrated are applicable to the storage of all hazardous
liquids, some of the specific details presented may not
be directly applicable in all situations. There are many
ways by which environmentally acceptable storage facil-
ities can be achieved. The manual is intended to serve
as a source of background information and guidance to
aid government officials, designers and users of bulk
liquid storage systems in understanding the many differ-
ent considerations and features which may impinge
upon design and installation of such systems. It is not
intended as a standard or as a substitute for sound en-
gineering practice as applied to the design and installa-
tion of bulk storage systems for specific materials at
specific locations.



Part I

STORAGE OF
HAZARDOUS SUBSTANCES

INTRODUCTION

The purpose of Part I of this report is to present
background information describing the characteristics of
hazardous substances, the types and causes of leaks and
spills, and the behavior of these leaks and spills in the
environment. Chapter | of this part of the report addres-
ses the types and causes of leaks from both aboveg-
round and underground storage systems, the sources of
leaks and spills and methods available to control them.
This chapter also includes a description of the behavior
of hazardous substances when they are spilled on or in
the ground.

Chapter 2 of this part of the report presents data
on the types of hazardous materials of concern and their
properties. This chapter refers to general listings of haz-
ardous substances, and provides detailed information re-
garding such items as type of hazard, specific gravity,
boiling point, melting point, solubility in water, etc. for
a select group of these substances. This chapter also
provides information regarding the compatibility of vari-
ous types of hazardous substances with the metals or
other materials which may be used to construct storage
system components (tanks, pipes, fittings, etc.).

Part I
CHAPTER 1:
LEAKS AND SPILLS OF
HAZARDOUS LIQUIDS

A. BEHAVIOR OF HAZARDQUS LIQUIDS
IN THE ENVIRONMENT

1. Background (1,2,3,4]

Spills (including leaks) of hazardous liquids can
have substantial environmental, public health and social
impacts. Such spills can result in the contamination of
soils, surface water and groundwater supplies and air,
all of which can directly affect crops, wildlife, plants
and ultimately humans. Many hazardous. liquids are
conservative substances (i.e., they do not biodegrade or
decompose), therefore, once the substance has been
spilled it will remain a hazard unless it can be removed
to below the level of harmfui concentration.

A hazardous substance which finds its way into the
environment may be a serious threat to the health of
people who come in contact with it. It may contaminate
water supplies, crops and food supplies, fisheries or
wildlife habitat. The non-environmental impacts which
result from spills of hazardous liquids can also be far-
reaching. These impacts can include the following:

oThe dislocation of people.

®The loss of valuable product.

oThe loss of property resuiting from contamination,

fire, explosions, etc.

®The economic and social costs of spill cleanup

[1.

Storage tank leakage problems are more readily
controlled and resolved with aboveground structures be-
cause the leaks are more likely to be visible. Below
ground systems present potentially more serious prob-
lems of contamination because of the likelihood of un-
detected leakage, but minimize the possibility of fires
and explosions when flammable and reactive chemicals
are to be stored. The threat of potential groundwater
pollution must be balanced against other safety consid-
erations. In some parts of New York State, groundwater
is the only source of fresh water, and areas such as
Long Island have already witnessed a large number of
groundwater pollution incidents. A prime example oc-
curred in East Meadow, Long Island where a service
station leaked 50,000 gallons of gasoline from a below
ground storage tank and the hazardous fumes seeped
into the basements of more than a score of the sur-
rounding homes. The gasoline distributor purchased the
homes and they are still uninhabitable [I].

A contributing factor in the increasing number of
documented incidents like this is the large number of
active and abandoned underground storage tanks. New
York State has more than 100,000 aboveground and
buried bulk storage tanks containing a variety of chemi-
cals (cleaning solvents, pesticides, industrial process
chemicals, etc.). However, most contain petroleum,
primarily gasoline. For these alone, the New york State
Gasoline Retailers Association estimates that at least
68,000 are underground at gasoline service stations.
Roughly 24,000 of these tanks are at abandoned service
stations that went out of business during the recent
period of gasoline shortages. Although in disuse, many
are suspected of containing a residual gasoline supply.
In addition to the gasoline retailers, thousands of stor-
age tanks across the State are used at motor depots,
contracting yards, farms, schools, industrial sites and at
some private homes [2].

Many tanks were installed in the early 1950’s when
growth in the chemical industry and highway transporta-
tion was booming. These tanks are now 20-30 years old
— at or beyond their life expectancy. Other contributing
causes to the problem include improper material selec-
tion during the design stage and, just as important, im-
proper installation practices. The percent of failure is
not known but it is estimated that 10 to 20 percent are
leaking [2].



The effects of underground leakage and spills can
be both short-and long-term. the short-term effects from
gasoline spills, for example, as well as other hydrocar-
bon type materials, are potentially devastating because

of their volatile nature. Seepage of liquids and fumes.
into underground structures can result in gas and vapor

accumulation and consequent explosion and health haz-
ards. In the long-term, contaminated underground water
supplies (aquifers) are practically impossible to reclaim
once they have been contaminated. To understand the
potential hazard posed by spills and leaks of hazardous
liquids, one must develop some understanding of the
behavior of such spills and leaks.

2, Spill Behavior

Spills and leaks of volatile hazardous liquids may
pose potential air quality and explosion problems. The
level of potential hazard is dependent uport several fac-
tors including the volatility of the spilled substance and
vapor dispersion characteristics in the vicinity of the
spill or leak. Surface waters may also be contaminated
by spills and leaks traveling across or within soils pos-
ing a potential threat to aquatic life and human health.

" However, of primary concern in New York State
is the potential effect that spills or leaks may have upon
soils, surface water and groundwater {1]. Hazardous lig-
uids spilled or leaked into soil typically tend to flow
downward, with some lateral spreading due to gravita-
tional forces, as illustrated in Figure 1.1-1. The rate of
movement in the soil will depend on product properties
such as solubility, miscibility, viscosity, soil permeabil-
ity and compaction, and the rate or volume of the leak
or spill. For example, given the same soil properties.
lighter liquids, such as gasoline, wiil penetrate the soil
rapidly, while heavier, more viscous liquids will move
more slowly. Alternately, if the soii’has a low permea-
bility, as is characteristic of clays, the product may
have little or no penetration. However, if the soil is
very porous, the product will penetrate it quickly. .

Absorption by Soil [3,4]). As spilled liquids pass
downward through soils, individual soil particles will be
coated with a thin film of that liquid. In addition, sur-
face tension will act to hold small amounts of that lig-
uid in the voids between soil particles, as shown in fig-

ure 1.1-2. These actions combine to result in the ab- -

sorption of the liquid into the soil. Once absorbed, ex-
traction of the liquid is virtually impossible.

A spilled or leaked liquid will move downward
in the soil until: ’

o[t is absorbed by the sonl

olt encounters an impermeable bed or layer.

o[t reaches the water table.

o[t seeps from groundwater to surface water.

Movement at an Impermeable Layer [3,4]. The
downward movement of a spilled liquid through soil is
affected by variations in permeability of the soil layers
through which it passes. If the flowing liquid encounters
an impermeable layer of soil it will spread laterally until
either it becomes immobile or it comes to the surface
at the outcrop of the impermeable layer. Should the lat-
ter phenomenon occur, a second cycle of soil contami-
nation could begin (Figure 1.1-3).

Note that Figures 1.1-3 through 1.1-6 illustrate the
movement of product which is lighter than water and
immiscible. A spilled chemical with a specific gravity
greater than 1.0 will tend to sink to the bottom of the
aquifer while one with a high solubility will tend to mix
with the groundwater.

Downward movement of spilled materiai may also
be complicated by the presence of thin lenses of mate-
rial with low permeability (Figure 1.1-4). If such lenses
are present, the fluid path could be substantially altered.

Movement Into Groundwater [3]. The following
excerpt from API Publication 1628 describes the intru-
sion of spilled liquids into groundwater:

“The contact of spilled product with the
water table usually is the most troublesome re-

sult of an on-land spill. This condition greatly

increases the risk of polluting a water supply.

and may increase the chance of movement to

some ‘underground structure, such as a base-

ment, sewer or conduit. The degree of risk de-
pends on the nature of the groundwater system

and the way it is utilized.

Figure 1.15 illustrates a pattern of oil des-
~ cent to a water table. A sudden, large-volume
spill will depress the water table and spread in

all directions in a layer above the water table.

As the layer becomes thinner, it will begin to

move in the direction of groundwater flow

(Figure 1.1-6). '

A slower leak will descend in a narrow cone

and spread in the direction of water movement.

Lateral spreading will usually be slower than

the flow rate of the groundwater.”[3]

More detail discussions of this type can be found in AP]
Publication 1628 [3], and NFPA 329 (4].

-



Figure 1.1-1

Product Seepage
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Figure 1.1-2
‘Trapped Product Droplets
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Figure 1.1-3

Possible Migration of Product to Outcrop
Followed by Second Cycle Contamination
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Figure 1.1-4
Effect of Clay Lens in Soil
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Figure 1.1-§

Typical Behavior in Porous Soil
Following a Sudden, High Volume Spill
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Figure 1.1-6
Behavior of Product After Spill Has Stabilized
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Movement from Groundwater to Surface Water.
Contaminated groundwater may enter surface water
through springs or by direct influent seepage into a
creck, lake or river. It may now become visible or be
detected by odor. The presence of the contaminant may
also be apparent if there is a fish kill. It will cause im-
mediate concern if the surface water is used for drinking
water or for primary contact recreation (bathing).

3. The Importance of Spill Prevention

The first line of defense against the potential en-
vironmental and public health impacts of hazardous lig-
uids spills and leaks is the implementation of good spill/
leak prevention practices. Such prevention practices are
always more cost-effective and environmentally effec-
tive than attempts to clean up a spill or leak after it has
occurred. For this reason, the importance of adopting
and rigidly following a spill/leak prevention and detec-
tion program cannot be overemphasized.

The practices which can be employed for spill and
leak prevention are discussed in detail throughout the
remainder of this document.

B. TYPES AND CAUSES OF SPILLS
AND LEAKS [1,5,6,7]

1. General

Spilis and leaks of hazardous liquids at bulk stor-

age facilities, either above or below grade, may ema- -

nate from any of several sources and may be precipi-
tated by one or more of several causes. The types of
spills which may occur include: (1) large spills such as
those that result from tank or pipe rupture; (2) slow
leaks or drips such as those that result from slow de-
terioration (e.g. corrosion) of a storage system compo-
nent; and (3) small spills such as those that result from
fluid transfer mishaps (e.g. overfills) or other storage
yard spills. Spills or leaks can also occur as a general
result of poor housekeeping practices, or as a result of
vandalism or acts of malicious intent. Spills or leaks
can occur anywhere in the bulk storage facility where
liquids are handled or stored if proper care is not taken.
Examples of leak locations from bulk storage and han-
dling facilities are presented in Table 1.1-1.

An adequate spill/leak prevention and detection
program has a number of key elements, including the
following:

®Tank (material) selection guidelines.

o®Tank installation guidelines.

®Piping system (material) selection and installation

guidelines. A

®Steps for corrosion and tank failure prevention.

®An overfill prevention system and overfill protec-
tion guidelines.

eStandardized practices for periodic inspection and
preventive maintenance.

®A leak detection system with periodic monitoring.

®Procedures for inventory control.

oSpill containment facilities._

®Emergency response procedures.

oGuidelines and procedures for the closure and
abandonment of storage systems.

®Transfer facility design requirements.

Table 1.1-1

Types of leaks from Bulk Storage and
Handling Facilities

Bulk Storage Facilities - Tank Farms and Tankage

1. Leaks and overfilling of tanks

2. Rupture of tanks

3. Leaks in pipe, valves and fittings

4. Leaks in containment dikes

5. Inadequate dike volume to hold contents of

leaking tanks

Product flow from dike area through open

dike valve

7. Leaks from pump seals and maintenance

8. Level instrument failure allowing tank
overfilling

9. Piping damage by collision with mobile
equipment

o

N

'10. Spills from water drawoff from

storage tanks

I1. Spills from tank bottom cleanout and sludge
disposal

12. Improper disposal of samples

13. Overflow of wastewater treatment systems
by rainfall flooding

14. Poor maintenance of pipe, valves
and fittings

15. Plugging of drainage system by debris

16. Wastewater treatment systems with insuffi-
cent capacity to remove product

17. Inadequate secondary containment devices

18. Spills from line flushing ,

19. Spills from pipe and tankage changes

20. Possible sabotage

21. lmproper installation

Bulk Handling Facilities - Terminals, Pipelines

1. Spiils from quick-connect coupling
operation ‘

2. Overfilling tank trucks, tank cars, barges,
tankers, etc.

3. Lack of curbs, drains and spill collection
system

4. Improper operation of product/ water
separators




Table 1.1-1 continved

5. Leaks from loading arms, especially joints
and gaskets
6. Leaks from underground storage tanks
7. Improper disposal of siudge from
product filters
8. Insufficent sump capacity (should be equal
to volume of largest compartment of tank-
truck of rail car)
9. Leaks from damaged loading connections
10. Operators incorrectly setting loading meters
. and tanks overfilling
1. Level instrument and subsequent sump
pump failure on oil sumps
12. Leaks from heating coils in heavy fuel tanks
13. Possible sabotage
14. Improper instailation

Adapted from reference 5.

use of secondary containment, curbing. pumps, etc..
and the incorporation of adequate housekeeping and op-
erational procedures.

One of the most important causes of leaks is the
improper installation of storage tanks and related equip-
ment. Many leaks can be traced to problems such as:

Table 1.1-2

Guide to Discussion of Causes and Mitigative Measures for
Spill and Leaks from Hazardous Liquid Storage Systems

Cause of Leak Spull

Equipment Affected

Section of Report

Equipment detenoration

Corrosion

Mechamcal Failure and cracks

Transfer spilly and leaks

These causes of storage system leaks and spills and
state-of-the-art methods of controlling them are ad-
dressed briefly in the discussions of aboveground and
underground storage systems that follow this section. A

guide to the more detailed discussions of these items -

throughout Parts II and III of this document is presented
in Table 1.1-2.

2. Aboveground Storage Systems [1,5,8,9]

The deterioration of the components of aboveg-
round storage systems can occur for any one of several
reasons. The most common reason for component de-
terioration, particularly the deterioration of metal com-
ponents, is corrosion {!], which is addressed in detail
later in this section. Other reasons include the follow-
ing:

e®Mechanical failure, such as failure of valves, gas-

kets or pumps.

oCracks in tanks, piping or fixtures which could re-

sult from fauity welding, unrelieved stress concen-
trations around fittings, insufficient reinforcement
around openings, settlement or earth movement,
vibration, or poorly designed repairs [8].

Methods of controlling the deterioration of storage
system equipment include: (1) the use of better system
designs; (2) the incorporation of a good preventive
maintenance program; and (3) proper training of em-
ployees.

Leaks and spills due to overflow, overfilling and
other liquid transfer operations are another important
category of product loss from storage systems. These
can be controlled through the use of overflow protection
devices and level sensing devices in storage tanks: the

prop of
wsem components

All components

U nderground tanks
Underground piping
Aboveground tanks
Aboveground piping
L' nderground Tanks
Cnderground piping
Aboveground Lanks
Aboveground piping
Underground tanks.
piping and »piit
containment sysiems
Aboveground tanks.
piping and spult
containment systems
Underground tanks

Underground piping

Par |. Chapter 2.
Part 11, Chapter |.
Part I1. Chapter 2

Part {1l. Chapter |
Part |11, Chapter 2

Part 11, Chapter |
Part il. Chapter 3

Part {11. Chapter |
Part HL. Chapter 2

Part 1. Chapters ?
and 4

Part [l. Chapters 3
and 3

Part 1. Chapter |

Part 1. Chapter 2

Aboveground ptping Part {11, Chapter 2

Underground storage systems Partll. Chapters §
and 6

Aboveground storage systems Part 11{. Chapter §
Underground storage systems Part Il. Chapter 7

Poor Housekeeping

Improper Temporary or
permanent closure

Abaveground siorage sysiems Pan 111, Chapter?

®Damage to tank coatings.

eQutright structural damage to the tank and other

equipment during transportation and installation.

®The more subtle damage associated with the im-

proper installation of beddings and foundations for

tanks and piping systems.

®The improper connection of system components,

such as the improper installation of valves, flanges

or other fittings.

eoQverpressurization caused by overfilling or impro-

per venting of tanks.

Problems such as these can be avoided through
careful adherence to the design and installation requxre-
ments of storage system components.

Sloppy housekeeping also results in spills and
leaks. Such accidents can be avoided through the im-
plementation of good housekeeping practicies. A clean
and orderly work area reduces the possibility of acci-
dental spills caused by mishandling of equipment and
should reduce safety hazards to plant personnel. Exam-
ples of good housekeeping include neat and orderly
storage of chemicals; prompt removal of small spillage:
regular garbage and rubbish pickup and disposal;
maintenance of dry and clean floors by use of brooms,
vacuum cleaners, or cleaning machines; and provisions
for storage of containers or drums to keep them from
protruding into open walkways or pathways.



A good security system is helpful in preventing
hazardous chemical spills or leaks due to vandalism,
theft, sabotage or other improper and illegal use of stor-
age plant facilities. The elements of such a system
could include the following:

®Routine patrols of the plant by secunty personnel.

®Fencing.

0Good lighting.

®Vehicular traffic control.

eControlled access to the plant.

®Locked entrances.

®locks on drain valvs and pumps for chemical

storage tanks.

oTelevision monitoring.

3. Below Ground Storage Systems (1,5,10]

Underground storage systems are susceptible to
leaks and spills from the same types of causes as
aboveground storage systems, and, in generai, the same
methods of spill and leak control are applicable. In the
case of thse systems however, data indicates that corro-
sion and poor installation are by far the most common
causes of storage system leaks and spills [1,10]. For ex-
ample, the American Petroleun Institute (API) con-
ducted a survey of 1,717 underground tanks and piping
systems that were known to be leaking. The data was
collected via questionnaire from 1977 through 1980. A
categorization of the reported leaks is displayed in Table
1.1-3. Since no data base exists in this study concemmg
- the number or age of the various types of tanks in the
ground at the time of this survey or the average ages

of each type of tank, the use of the study for' comparing .

types of tanks is meaningless. Much valuable data is
contained in the study but any attempt to compare tank
types would be a misuse of the data.

The life expectancy of any given tank is difficult
to predict. Experience has shown that underground steel
tanks have a finite life, but this life is variable between
S and 45 years depending on the thickness of the steel,
installation practices, soil resistivity, pH, soil moisture
level, the presence of sulfides, the type of backfill ma-
terial used, and the tank size. The average life expec-
tancy of these tanks is about 15 years, but age by itself
is a poor indicator of tank integrity.

The causes of leaks in steel tanks, as determined
by the APl Leak Survey, are shown in Table 1.1-4.
Overall, roughly 91 percent of the leaks in steel tanks
were caused by corrosion. Other causes included loose
fittings and physical breakage. Of the 28 leaking
fiberglass tanks included in, the survey, 9 had dip stick
punctures, 4 had breakage from improper handling, 1
had a backhoe puncture, and 14 had experienced phys-
ical breakage or separation due to other causes. For pip-
ing systems, corrosion was also the most common cause
of leaks as shown in Table 1.1-5.

Table 1.1-3
Leaks by Source Categories
Percent
Source Number of total
Unprotected Steel Tanks 913 62
Steel tanks with
Impressed Current 13 0.9
Steel tanks with .
~ Sacrificial Anodes 0 0.0
Interior Coated
Steei Tanks 7 0.5
Fiberglass tanks 28 1.9°
Steel piping 454 30.8
Fiberglass piping 50 34
Steel piping with
Impressed Current 7 0.5
Sub-Total 1472 100
Unspecified Tanks 216
Unspecified Piping 29
Total 1717
Source Reference 10.
Table 1.1-4
Causes of Leaks in Steel Tanks
Percent
Cause Total of Total
Corrosion 775 90.7
Loose Fittings 10 1.2
Physical Breakage 14 1.6
Other 55 - 6.4
Sub-Total 854 99.9
Unknown or unanswered 59

10




Table 1.1-5

Causes of Piping Leaks
Percent

Cause Number of Total
Corrosion 343 66.6
Flex Connector Failure 31 6
Physical Breakage 34 6.6
Loose Fittings 57 1.1
Other 50 9.7

Sub-Total 515 100
Unknown or Unanswered 25

Note: These tables emphasize the importance of
corrosion as a cause of storage system leaks.

Source: Reference 10.

Underground tanks which are connected together
with siphoning pipes present unique problems. Leak
testing becomes difficult, if not impossible, to accom-
plish. the ususal reason for siphoning between tanks is
to add -capacity to a system. When a small tank does
not provide enough gallonage for increased business
(usually after several years), a second tank is installed
and is connected to the first with a siphon. The new
tank and the new piping become targets for electrolytic
corrosion from the oid tank.

C. CORROSION [8,11,12,13,14,15,16,17,18,19,20]

The corrosion of tanks and piping systems is a
complex phenomenon that may take one or more of sev-
eral forms. Corrosion results from interactions betweeen
the tanks and piping and their surroundings, both inter-
nal and external.

The deterioration of plastics and other non-metallic
materials, which are susceptible to softening, cracking,
swelling, etc., is essentially chemical in nature [11].
Non-metallic materiais may deteriorate rapidly when ex-
posed to corrosive elements. The corrosion of non-
metallic storage system components can be controlled
and essentially eliminated through proper selection and
careful handling of tank and piping materials.

In metallic materials, corrosion is a chemical or
electrochemical process. Corrosion control in these ma-
terials is therefore more complicated. The remainder of
the discussion in this chapter focuses on the causes of
internal and external corrosion of metals, the factors
which influence this corrosion, and the steps which can
be taken to protect against this form of deterioration.

1. Corrosion Mechanisms

As stated above, the corrosion of metals is primar-
ily an electrical process; it may take the form of either
galvanic or electrolytic corrosion. As shown in Figure
1.1-7, electrolytic corrosion is a result of direct current
from outside sources entering and then leaving a par-
ticular metal structure by way of the electrolyte (sur-
rounding material, such as soil for underground struc-
tures or water for submerged structures). The structure
is usually unaffected or is provided with some degree
of protection at the point the current enters (the cathodic
area). Corrosion occurs where the current leaves the
structure (the anodic area). In underground structures.
this type of corrosion is often referred to as stray cur-
rent corrosion, and is a result_ of current entering the
ground from sources of DC current such as street rail-
ways or DC machinery.

The mechanisms of galvanic corrosion are illus-
trated in Figure 1.1-8. Galvanic corrosion is a self-gen-
erated activity resulting from differences in electrical
potential that develop when metal is placed in an elec-
trolyte. These differences in electrical potential can re-
sult from the direct coupling of dissimilar metals, or
they can result from variations in conditions which exist
upon the surface of a single metal. The variations couid
include: .

®Variations resulting from non-homogeneity of the

metal.

oDifferences which exist within the electrolytes.

When two dissimilar metals' are connected electri-
cally and immersed in an electrolyte, as shown in Fig-
ure 1.1-8, current will be generated and galvanic corro-
sion will occur in one of the metals. Current from the
corroding metal will flow into the electrolyte, over to
the non-corroding metal, and then back through the con-
nection between the two metals. The corroding metal
(the one from which current leaves to enter the electro-
lyte) is known as the anode; the metal which receives
current is known as the cathode. Table 1.1-6 shows the
anodic-cathodic (galvanic) series of various metals.

Alternately, as stated previously, the same metal
can develop differences in potential, and, as a resuit,
portions of the surface of that metal become anodic with
respect to the remainder of the surface. As shown in.
figure 1.1-8. corrosion will occur at these anodic loca-
tions.

Electrolytic and galvanic corrosion are similar in
that corrosion always occurs at the anodes. The essen-
tial difference between the two is that in electrolytic
corrosion it is the external current which generates the
corrosion, whereas in galvanic corrosion it is the corro-
sion activity which generates the current.



2. Forms of Corrosion [8,11]

The deterioration of tank or piping material may
appear as either general or localized corrosion. General
corrosion appears as a relatively uniform loss of surface

material if viewed without magnification. Localized cor-
rosion results in a non-uniform loss of material from the
corroded structure. Types of localized corrosion are de-
scribed briefly in Table 1.1-7.

Figure 1.1-7
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Figure 1.1-8

Galvanic Corrosion
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Table 1.1-6
The Galvanic Series of Metals and Alloys

Corroded End (Anodic, or Least Noble)

Magnesium

Zinc

Galvanized steel or galvanized wrought iron
Aluminum

Cadmium

Mild Steel

Wrought iron

Cast iron

13 percent Chromium stainless
18-8 stainless type 304
Lead

Tin

Naval brass

Nickel (active) -
Inconel (active)

Yellow brass
Aluminum Bronze

Red brass

Copper

Silicon bronze

Nickel (passive)

18-8-3 stainless type 316
Silver

Graphite

Gold

Platinum

Protected end (Cathodic, or Most Noble)

Note: In general, when dissimilar metals are
used in contact with each other in an elec-
trically conductive enviroment, combina-
tions of metals should be chosen that are
as close as possible in the galvanic series.

The coupling of two metals which are far -

apart in the series will result in more
rapid deterioration of the more active
metal. However, this table should be used
only as a general guide since exceptions
to this series may be encountered.

Adapted from reference 1.

3. Faétors Influencing Corrosion {8,11]

There are innumerable factors that can influence
the presence and rates of intemmal and external corrosion
in both aboveground and underground storage tanks and
piping systems. The more prominent of these factors in-
clude solution acidity, temperature, moisture levels,
oxygen levels, soil resistivity, and bacterial action. The
following discussion explains the importance of these
and other factors. The more important of these factors
are highlighted in figures 1.1-9 and 1.1-10.

Electrolyte Acidity. The acidity of the electrolyte
(solution, soil, etc.) with which the material is in con-
tact could have a substantial affect on the rate of corro-
sion. Acidic (low pH) electrolytes are, as a general rule,

- more corrosive than neutral (pH 7) or alkaline (high pH)

electrolytes in the case of ordinary iron and steel. How-
ever, for the amphoteric metals, such as aluminum and
zinc, highly alkaline electrolytes may be more corrosive
than acidic electrolytes. The effects of electrolytic acid-
ity are highlighted in Figure 1.1-9.

Presence of Oxidizing Agents. The presence of
oxidizing agents, of which oxygen is the most promi-
nent, may accelerate the corrosion of one type of mate-
rial and retard corrosion in another type.

Table 1.1-7
. Common Forms of Localized Corrosion

Type - Description

Pitting Corrosion Formation of shallow de-
pressions or deep pits (cav-
ities of small diameter).

Stess Corrosion Corrosion accelerated by
Cracking residual stresses resulting
from fabrication opera-

- tions or unequal heating

and cooling of structure.

Contact or Crevice ~ Occurs at the point of con-

Corrosion tact or crevice between a
metal and non-metal or
two metals.

Intergranular Selective corrosion at the.

Corrosion grain boundaries (micros-

copic) of a metal or alloy.




Figure 1.1.9

Some Corrosion Mechanisms at an Underground Steel Tank

Smal! differsnces in electric (ionic) potential can cguse serious corrosion of
underground steel tanks and pipes. Such differences can be created when there
is a presence of dissimilar soils or bacterial activity, as shown in the figures
below. The curled arrows (~~e) show the flow direction of electrical current

in these figures.
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Temperature. The rate of.corrosion tends to in-
crease with rising temperature. Temperature also has a
secondary effect through its influence on the solubility
of air (oxygen), which is the most common oxidizing
agent influencing corrosion.

Surface Films. Once corrosion has started, its
progress is often controlled by the nature of the film
that forms on the corroding metal. Some corrosion
products may be insolubale and completely impervious
to the corroding solution and, therefore, completely pro-
tective; or they may be very permeable and thus allow
localized or general corrosion to proceed unhindered. In

. addition, discontinuous or non-uniform films may in-
" duce localized corrosion in particular areas.

Bacterial Action. The metabolic activity of certain
microorganisms can either directly or indirectly affect
the corrosion of metals. Such activity can:

®Produce a corrosive environment.

oCreatc electrolytic concentration cells, leading to

crevice corrosion.

®Alter the resistance of surface films.

®Alter the environment composition.

oInfluence the rate of anodic or cathodic reaction.

An example of microorganisms that directly influ-
ence corrosion rates are the sulfate-reducing bacteria
found in many soils. These bacteria use hydrogen to re-
duce suifate contained in the soil. The corrosion of met-
als results in the formation of. hydrogen on the metals
surface. If this hydrogen is not removed corrosion is in-
hibited. Sulfate-reducing bacteria can consume this hy-
drogen, thus speeding up the rate of corrosion. In addi-
tion, the reduction of sulfate resuits in the formation of
hydrogen sulfide, which, in turn; causes further corro-
sion. This effect is shown in Figure 1.1-9. .

Soil Resistivity. Soil resistivity is a measure of the
resistance of soil to the flow of electric current. and is
a very important factor in determining the potential rate
of corrosion of underground pipes and tanks. The lower
the resistivity of the soil, the greater the probability of
corrosion. Soil resistivity is dependent upon several fac-
tors, including soil moisture content. In general, soil re-
sistivity is low where soils are moist and groundwaters
contain high levels of dissolved solids. The relationship
between soil resistivity and corrosivity is demonstrated
in Table 1.1-8.

Moisture Level. The presence of water can also
promote corrosion of metals. The presence of moisture
in soils acts to reduce soil resistivity thereby increasing

-the probability of corrosion (see Figure 1.1-10). Water
accumulation inside tanks is also a major cause of inter-
nal cofrosion. Water is often present in tanks due to
condensation, precipitation from tank contents, and be-
cause water is often used as a ballast for underground
tanks.

Soil Variations. Corrosion of underground tanks
and pipes can be influenced by variations in soil condi-
tions along the surfaces of those tanks and pipes. Varia-
tions in soil type, soil resistivity, moisture content, etc.,
can promote galvanic activity in the buried metal, thus
accelerating the rate of corrosion.

Tabie 1.1-8
Seil Corrosivity vs. Soil Resistivity

The USDA Soil Conservation Service has catego-
rized soil corrosivity levels as follows:

Class of Soil Resistivity
Corrosivity Type of Soil (ohm-cm)
Very High Poorly Drained Clay  Beiow 1.000
High Poorly Drained Clay 1.000 to 2.000
Medium Poorly Drained Clay 2.000 to 5.000
Low Poorly Drained Clay 5.000 to 10.000
Very Low Well Drained Gravel Abave 10.000

Environmental Elements. Corrosion can also be
influenced by the presence of atmospheric poflutants,
both externally and internally. For example, sulfur
dioxide can form sulfuric acid in the presence of air and
moisture and can thus promote corrosion of certain met-
als.

Adjacent Underground Metal Structures. Corro-
sion of underground tanks and piping can also result
when new structures are installed near existing tanks or
other underground metal structures or when new piping
is installed. Since the older strictures have rusted to
some extent, they can become cathodic to the newer

- tanks or pipes. The system becomes an electrical cell.

The older tank acts as a cathode. The newer metal
(tanks or pipes) becomes an anode and the moist soil
or fill which separates them becomes an electrolyte. A
current flows through the system, carrying oxide,
chloride, sulfide, etc., ions to the new metal surfaces
and carrying metal ions away from the new surfaces. If

* the surface area of the old structure, as for instance a

large tank, is much greater than the new structure (a re-
placed length of pipe), the replacement of the new sur-
face with corrosion products (rust) wiil proceed at a rel-
atively fast rate. This effect is illustrated in Figure 1.1-
10.

~ Stray Electrical Currents. Stray underground cur-
rents from nearby electrical facilities using DC current.
such as electrified railway or transit systems, factories,
shops or nearby cathodic protection rectifiers can induce
electrolytic corrosion in underground tanks and pipes.
This effect has been shown in Figure 1.1-7.

Internal corrosion of underground tanks is also
often found directly under the fill pipe. This is fre-
quently caused by repeated impact of the measuring dip
stick. If the stick does not have a soft tip, the impact
breaks down any protective film which may have de-
veloped on the tank surface. The result is selective cor-
rosion.



4. Corrosion Protection [8,11,20]

There are a number of methods availabie to protect
against corrosion. These include the use of soluble in-
hibitors, protective coatings, cathodic protection and the
use of corrosion resistant materials of construction. No
method or material is a universal containment; the con-
taining material or system must be “fitted” to the prod-
uct being contained.

Soluble Corrosion Inhibitors. Soluble inhibitors
are substances which can be added to the contents of a
storage system to inhibit internal corrosion. The choice
of a particular chemical for use as an inhibitor is largely
dependent on the composition of the storage system and
its contents. Typical examples of inhibitors that are used
to minimize the corrosion of iron and steel in aqueous
solutions are the chromates, phosphates and silicates.
These substances act to increase anodic polarization and
are therefore called anodic inhibitors. Substances which
control cathodic polarization, such as certain organic
sulfides or amine materials are effective in minimizing
the corrosion of iron and steel in acid solutions. These
substances are called cathodic inhibitors.

Paints, Coating and Linings. Paints and coatings
are widely used as protective measures against corro-
sion, particularly corrosion due to exposure to atmos-
pheric elements. In these instances the paint helps to ex-
clude water and oxygen from the metal surface, thus

minimizing corrosion. Inhibitive pigments, such as red

lead or chromates, can be used in paints to prc -2t m -

als against corrosion. These pigments can act to inhibit

corrosion through several mechanisms:

oThe pigment may neutralize acids.

oThe pigment may promote the formation of pro-

tective ferric oxide films at the iron surface.

®Red lead breaks down sulfur dioxide, which is a

very corrosive constituent of ambient air in urban

and/or industrial areas.

Linings applied to the walls of tanks and piping
can also serve to protect these structures from contact
with their environment, thereby inhibiting corrosion.
Examples of common lining materials are rubber,
epoxies and silicones. A more detailed discussion of
coating and lining properties, and their resistance to
chemical and electrochemical attack, is included in Part
II of this document. It should, however, be noted that
no tank or pipe coating is impervious, no matter how
carefully it is applied. Flaws will eventually develop
and accelerated corrosion will occur at these breaks in
the coatings. Consequently, tanks or pipes that are
coated, without other forms of protection frequently fail
faster than bare structures. Thus, most present-day in-
stailation codes require coating in concert with another
form of corrosion prevention, such as cathodic protec-
tion.
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Cathodic Protection. Cathodic protection is a
widely used and highly recommended method of protec-
tion for tanks and pipes. It is particularly effective in
underground applications. The method works by revers-
ing the electrochemical action of corrosion. Instead of
allowing electrons to flow away from the structure
(thereby permitting corrosion to occur) an electron flow
toward the structure is induced, thereby protecting the
structure. . )

Cathodic protection can be applied to either bare
metal or coated metal, but is more effective and less ex-
pensive on coated structures. On bare tanks, cathodic
protection may be only 90 percent effective, due
primarily to the existence of active pits into which the
protective current cannot penetrate [19]. There are two
basic types of cathodic protection. These are the sacrifi-
cial anode (or galvanic) cathodic protection method and
the impressed current (or electromotive force) method.

The galvanic cathodic protection method employs a
sacrificial anode, such as magnesium.or zinc, in electri-
cal contact with the metal structure to be protected.
These may be anodes buried in the ground for the pro-
tection of underground tanks, or attached to the surface
of materials in electrolytic solutions (i.e., the tank or
pipe). The current required is generated by corrosion of
the sacrificial anode material. A typical galvanic
cathodic protection system for underground tanks and
piping is illustrated in Figure 1.1-11.

" The impressed current cathodic protection method
employs direct current provided by an external source.
This current is passed through the system by the use of
non-sacrificial anodes such as carbon, non-corrodible ai-
loys, or platinum. These anodes are buried in the
ground (in case of underground structures) or other-
wise suspended in the electrolyte and connected to the
external power supply. An impressed current system for
underground tanks and piping is illustrated in Figure
1.1-12.

Note that the National Association of Corrosion
Engineers’ recommended practice NACE RP-01-69 rec-
ommends a -0.85 volt potential, tank to soil. as mea-
sured by a Cu-CuSO, haif cell reference. This will en-
sure continued cathodic protection.

Electrical Isolation. Electrical isolation is another
method of corrosion prevention. As the name implies,
it involves the use of non-conductive dielectric fittings,
bushings, connections, etc. to electrically isolate metal
componer.'s in a storage system; this minimizes the po-
tential for the generation of electrical currents between
dissimilar metals. Electrical isolation is often employed
in concert with other corrosion prevention methods,
such as sacrificial anode cathodic protection, to further
decrease the likelihood of coitosion.



Figure 1.1-11

Magnesium Anode Cathodic Protection
Typical Configuration

Test Box
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Source: Suggested Wayvs to Meet Corrosion Protection Codes for Underground Tanks and Piping; The Hinchman
Company, Detroit. MI.
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Figure 1.1-12

Impressed Current Cathodic Protection
Typical Configuration

Test Box

Negative Bond

Positive Heuader N
-Cable

Source: Suggested Ways to Meet Corrosion Protection Codes for Underground Tanks and Piping; The Hinchman
Company, Detroit, MI.
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Corrosion Allowance. Often corrosion is antici-
pated, and items are constructed with enough metal to
allow for corrosion to proceed to a point without inter-
fering with the normal function of that item. An exam-
ple of such a corrosion allowance is a tank whose de-
sign thickness is such that appreciable corrosion can be
tolerated before a leak or tank failure will occur.

Corrosion-Resistant Materials of Construction.
Corrosion can also be controlled through the use of cor-
rosion-resistant materials of construction. Examples of
such items include special alloys, fiberglass reinforced
plastic, and fiberglass reinforced plastic coatings. Spe-
cial alloys are most often used when difficult-to-contain
fluids are to be handled. Stainless steel is an example
of such a material. Stainless steel is a family of alloys.
The corrosion resistant properties of the specific mate-
rial chosen for the containment vessel shouid be appro-

priate for the material being contained.

From the perspective of corrosion resistance,
fiberglass reinforced plastic (FRP) tanks are an effective
means of storing many fluids in underground storage
systems, most notably petroleum products. These tanks
are not subject to corrosion and are strong enough to
withstand most soild and other loading stresses when
they are properly installed. The importance of proper in-
stallation of FRP tanks is discussed in further detail in
Part II. The FRP piping is also applicable in these types
of situations.

Fiberglass reinforced plastic coatings are also avail-
able and generally consist of thick (on the order of '4
inch) coatings applied .to steel tanks. The concerns ex-
pressed above and elsewhere ‘in this document regarding
the use of coatings apply to these types of coatings as
well.
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" Part I

CHAPTER 2:
HAZARDOUS SUBSTANCES

A. LISTINGS OF HAZARDOUS SUBSTANCES

The term hazardous liquids includes a broad range

of chemicals and chemical types. They may be desig-
nated as hazardous because they are flammabie, com-
bustible, corrosive, toxic or explosive (reactive). By
their nature, they are of great concemn to society, and
to those governmental agencies which are responsible
for public health, environmental protection, transporta-
tion, occupational safety, and fire and emergency re-
sponse.
' Several agencies have prepared lists of hazardous
substances and have included these lists in regulatiors
to control use, transporation and disposal of these mate-
rials. The listings of materials regulated by the U.S. En-
vironmental Protection Agency (EPA) and the U.S. De-
partments of Labor and Transportation are described in
Table 1.2-1. These listings can be obtained from the
Federal Register or the Superintendent of Documents,
U.S. Government Printing Office, Washington, D.C.
20402. . .

There are also several published reports which pro-
vide information on the physical and chemical proper-
ties of and safe handling practices for various hazardous
materials. Some of the more widely used reports are de-
scribed in Table 1.2-2. A ‘more comprehensive list of
references is provided at the end of this chapter.

B. PROPERTIES OF
HAZARDOUS SUBSTANCES

1. Chemical Properties

Appendix A of this document includes a series of
tables that identifies the chemical and physical charac-
teristics of various solids, liquids and gases that are
classified as toxic or hazardous substances. These tables
identify substances which are poisonous to humans,
flammable, corrosive, reactive and highly toxic to aqua-
tic life. Other properties that are identified are the
biodegradeability of liquids and solids. the amenability
of liquids and solids to biological waste treatment, the
volatility of liquids and the solubility of solids.

Table 1.2-1
Listings of Regulated Hazardous Substances

Hazardous Materials Listing

(49 CFR 172.101) — The labeling, packaging and
transportation of these material are regulated by
the U.S. Department of Transportation.

Toxic and Hazardous Substances Listing

(29 CFR 1910 Subpart Z) — Occupational expo-
sure of these substances are controlled by the U.S.
Department of Labor.

Listing of Hazardous Waste

(40 CFR 261) — The disposal of chemical wastes
on this listing are regulated by the Environmental
Protection Agency under the Resource Conserva-
tion and Recovery Act (RCRA).

Designation of Hazardous Substances

(40 CFR 116)—Chemicals which are hazardous
to the environment are identified by the Environ-
mental Protection Agency on this listing.

Available from: Federal Register or _
U.S. Goverment Printing Office
Washington, D.C. 20402

A listing of the physical and chemical properties of
twenty-nine commonly used hazardous substances in
New York State is given in Table 1.2-3. This table rep-
resents common chemicals that are stored in bulk.
Usage of these chemicals is from | millioni to 450 mil-
lion pounds per year (not counting . petroleum). The
properties which are identified in this table include the
following:

®The physical state at 20°C.

®The melting and boiling points.

®The specific gravity at 20°C or other specified

temperatures. )

®The solubility in water.

®The vapor pressure.

®The associated hazard (flammable, corrosive or

toxic).

®The reactivity with common storage tank mate-

rials.

Knowledge of these various physical and chemical
properties is important in determining the proper mode
of storage of these substances. For example:

®The melting and boiling points of substances is

useful in determining the appropriate range of

storage temperatures.

®The solubility of the substance is helpful in deter-

mining whether the substance shouid be allowed

to come in contact with water.




Table 1.2-2
Reports Describing Hazardous Materials

U.S. Dept. of Transportation Hazardous Materials Emergency Response Guidebook [1}:

- numerical and alphabetical indices of hazardous materials

- descriptions of health hazards and fire or explosion potential

- procedure to be followed in the event of fire, spill, leak or personnel exposure.
~ isolation and evacuation distances for selected hazardous materials

U.S. Department of Transportation
Washington, D.C. 20590

National Fire Protection Assn. Publication NFPA 49: Hazardous Chemicals Data [2]:

- degree of health hazard - fire explosion hazard

- potential for reactivity - particular life hazards .

- flammability - personal protection requirments during handling
- physical descriptions - fire fighting phases

National Fire Protection Association
Batterymarch Park
Quincy, MA. 02269

U.S. EPA Hazardous Materials Spill Monitoring and Safety Handbook and Chemical -
Hazard Guide Parts A and B [3]:

Part A ' Part B
- Safety consideration

hazard priority number

- - first aid procedures - hazards .
= protective equipment - safety measures
- priority listing of hazardous material - synonyms

National Technical Information Service
Springfield, VA. 22161
or
U.S. Environmental Protection Agency
Office of Research and development
Environmental Monitoring amd Support Laboratory
Las Vegas, NV. 89114

The Chemical Hazards Response Information System (CHRIS) Manuals {4]:

- Medical data (exposure hazard) - physical properties

- flammability data (fire hazard) - chemical properties

- pollution data - preventative and precautionarey initial
- biological data - response information

United States Coast Guard
U.S. Dept. of Transportaion
Washington, D.C. 20590
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®The vapor pressure of the liquid substances is nec-
essary to determine appropriate storage pressures
(pressures at which significant vapor formation
can be limited).

®The hazard associated with a particular substance
is important in determining handling and storage
-protocols.

oHow the substances react with various materials of
construction is important in determining the mode
of storage and the materials used in storage.

2. Relationships Between Temperature, Pressure
and Volume Within a Storage Tank

In the handling and storage of hazardous liquids, it
is important to note that most liquids expand and con-
tract with changes in temperature. Variations in the tem-
perature of the stored liquid can lead to changes in the
volume of the stored liquid. In addition, variations in
pressure can lead to changes in the volume of the stor-
age tank itself. These volume variations become ex-

tremely important when one is attempting to detect

small leaks from storage tanks.

The temperature of a liquid stored in a tank either
above or below ground can vary throughout the year.
The reasons for such variations include the following:

oThe seasonal variations in ambient temperature.

e®Changes in the weather (e.g., hot, sunny days vs.
cold, rainy nights). .

oChanges in pressure (compression) of the liquid.
An annual temperature profile for an underground tank
is displayed in Figure 1.2-1. Although this profile was
observed in an underground gasoline tank, it is typical
of the types of variation that can be expected of most
liquids which are stored underground.

Liquid temperatures can also vary throughout the
storage tank itself. The reasons for such variation in-
clude the following:

®Variation in the surface temperature of aboveg-

round tanks due to weather or exposure to the
sun.

oStratification of temperature in the ground sur-

rounding an underground storage tank.

oThe introduction of new liquid into a tank that has
a different temperature than the liquid already
stored in the tank {5.6].
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Table 1.2-3

Physical and Chemical Properties of the Twenty-Nine Most Commonly Used
Hazardous Substances in New York State

Physical  Mclting  Boiling Specific Solubility? Vapor Pressure? Petroleum  Chemical  Carbon

Substance State  Point C°  Point C° Gravity  (mg/1) in H20 (mm of Hq) Hazard? Tank Tank Steel

at 20°C | :

I. Petroleum Insoluble NA E.F OK — OK
-Gasoline " Liquid NA 60-199 0.132 " NA NA E.F oK — oK
-No. 2 Fuel Oil Liguid NA NA NA 515 28 E.F - OK oK .

2. Toluene Liquid 95 1104 0.866 20/4 2,860 5 E — OK 8

3. Tetrachloro- Liquid -44 146.5 1.58 25/4 )
cthane : 1.000 74 E.F - -— 7.8

4. Methyl Chloride Gas 97 2237 0.918 20/4

5. Trichloro- Liquid -13 87.1 1.45560 25/4 1.000 1002 C - — 8
ethylene

6. Tetrachloro- Liguid -23.25 121.20 1.6230 20/4 150 15.82 - 0K 8
cthylene

7. Methylene Liguid 96.7 398 1.32 13.200-20.000 3624 F - 8
Chioride (Di-
chloromethane) . .

8. Phenols Solid 43° 182 1.071 25/4 82,000 0.20% C.E - 7.8
9. Cresols Liguid  109-355  191-203 1.048 20,4 25.000 1 C - -~ 8
10. Xylene Liquid 25475 203-225 NA NA NA NA OK NA

or Solid 60 2,600 C.E oK NA
11. Vinyl Chloride Gas -160 -134 0.908 25,25 1.780%* 95.2 E.F — OK
12. Benzene Liguid 5.51 80.093- 0.8794 Very Slightly 55 E L - OK OK
80.094 Insoluble |22 C. E - 8
13. Styrene Liqud -31 146 0.9074 20 4 NA 51 NA - - OK
14. Chlorotoluene Liquid 43 179 1.1026 18 4
15. P-Chlorobenso- Liguid -36 1393 1.353 155 155 NA NA NA - NA
trifluonide 448w 10222 F — 7.8
16. Octyl Phenol Sohd NA 280-283 0941 24 4
17. Chlorinated Liquid -45 131.7 1.H13 155 15,5  4804.400 96 - OK OK
Benzenes 192 8

7.840
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Table ).2- continued

18. Trichlorethane Liguid - 4-39 74 . 1.31 NA NA Fs — OK
19. Chloroform Liquid -63.5 61.26 1.49845' 60,0003 24 C — —
20. Sevin Solid 142 NA 1.23220 20 Insoluble 10%4.% C - oK
2). Hydroguinone Solid 170.5 286.2 1,358 20 4 )
22. P-Dichorobenzene Solid 3 1734 14581 205 4 Insoluble 10022 E.F - -
60,000 | MK C . —
23. Pyridine Liquid 2 115.3 098220 4 Infinitely f 10w 8 C oK —
24. Aniline Liquid 6.2 184.4 12020 4 36.000'
25. Diethylphtha- Liquid -40.5 296-302  1.110-1.21 20 20  35.000 1.2 E.F — -
fate
26. 2-Butanone Liquid -86 79.6 0.805 20,4
(Methyl Ethyl _ [Insoluble 200023 E OK —
Ketone) 800 100} — — OK
27. Freon 113 Liquid -35 47.6 1.576 20,4 :
28. Carbon Liquid -22.6 "76.8 1.597 30 0.87% C.E 0K —
Tetrachloride .
29. Naphthalene Solid 80.1 2179 1,162 20,4
Notes:
1. Specific gravity a1 20° C or as otherwise stated. Where stated, numerator is temperature of substance, denominator
temperature of water.
* 2. Solubility at 25° C or as otherwise stated.
" 3. Vapor pressure at 20° C or as otherwise stated.
4. All listed substances are toxic to humans at some concentrations.
E = Explosive
F = Flammable (flashpoint of Jess than 80° F)
C = Combustable (flashpoint of 80° F or higher)
5. Compound itsell is not flammable but it is usually dissolved in a combustible liguid.
6. Not recommended.
7. Corrosive at high temperatures.
8. Corrosive at high concentrations.
9. Chemical compatibility may vary from what is shown in this table if special resins or other materials: are used for

tank construction. Check with the manufacturer for lub analyses of chemical compatibility and for other assurances that
the tank you are using is warranteed for the chemical being stored.

NA = Not available

Sources:  References 4, 11,12, 15,19, 20, 22

NA
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OK

NA
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Figure 1.2-1

Typical Annuat Tank Temperature Variation
For an Underground Gasoline Tank
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This graph shows temperature recordings for an entire year by combining the results of 52 weekly graphs. The
vertical lines, either down or up show the immediate effect of the delivery on the tank temperature and the curving
lines show the gradual return to underground temperatures.

The graph also shows a seasonal change of 30°F in underground temperatures occurring in south Texas. Much
greater differences between summer and winter would exist in New York State.

Source: Reference 21.

28



Figures 1.2-2, 1.2-3 and 1.2-4, taken from a Stan-
ford Research Institute study on detection of small
leaks, illustrate temperature variations throughout an un-
derground gasoline tank [5]. Figure 1.2-2 shows the lo-
cation of temperature sensors in the tank. Tank tempera-
tures at these various sensor levels. as a function of
time for a 24-hour period after tank filling, are dis-
played in Figure 1.2-3. As shown in this figure the tank
temperature at each level differs and all these tempera-
tures vary with time. The mean temperature variation,
as a function of depth for this same tank over four dif-
ferent 24-hour periods, is illustrated in Figure 1.2-4.
Again, as shown for each of the 24-hour periods, the
liquid temperature can vary substantially throughout the
tank.

Because liquids expand or contract as their temper-
ature is raised or lowered, seasonal, day-to-day and
tank-wide variations in temperature heavily. affect the
detection of small leaks. For example, in an 8-foot di-
ameter, 8,000-gallon storage tank half-full of gasoline,
a 1.2 gallon per day (0.05 gallon per hour) leak would

cause only a 500 micro inch (0.0005 inches) height
change in the gasoline level. A mean gasoline tempera-
ture change of only 0.012°C.(0.022°F) would also result
in a 500 micro inch height change of the gasoline level.
Thus a 1.2 gallon per day leak could be hidden by a
0.012°C rise in mean liquid temperature [5].

Internal tank pressure can also affect tank volume
by leading to increases or decreases in the size of the
tank. For example, the total forces exerted on the ends
of tanks (assuming flat ends) of different diameters by
different pressures are exhibited in Table 1.2-4. This
table shows that a 3 pound per square inch (psi) pres-
sure exerted on a tank’s contents results in a force of
over 10 tons on the ends of an 8-foot diameter tank [6].
This is sufficient force to cause the tank ends to bulge
outward some small fraction of an inch, thus increasing
the volume of a tank.

Figure 1.2-2
Location of Temperature Sensors

In The SRI Tank
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GROUND LEVEL
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Sg |91 61.5
Sq |9 4.5
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Source: Stanford Research Institute, “Measurement of Small Leaks
in Underground Gasoline Storage Tanks Using Laser Inter-
ferometry,” sponsored by the American Petroleum Institute,

1979.



Figure 1.2-3
Tank Temperature at Various Heights

As a Function of Time for a 24-Hour Period
After Tank Fill-up

%5

- oc

TEMPERATURE

TIME - h

Source: Stanford Research Institute, “Measurement of Small Leaks in Underground Gasoline Storage Tanks Using
Laser Interferometry,” sponsored by the American Petroleum Institute, 1979.

30



Figure 1.2-4

Mean Temperature Distribution as a Function
Of Depth for Four Different 24-Hour Periods
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Source:

Stanford Research Institute, “Measurement of Small Leaks
Gasoline Storage Tanks Using Laser Interferometry,” sponsore
can Petroleum Institute. 1979.
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Table 1.2-4

Total Force on Tank Ends Due to
Internal Pressure

Tank ‘Total Force in Tons
Diameter -

(inches) lpsi 2psi 3psi 4psi 5psi

48 09 18 27 36 45
64 1.6 32 48 64 80
72 20 40 60 80 100
84 28 56 84 112 140
96 36 72 108 144 180

Source: Reference 6

The extent of tank bulging under pressure is depen-
dent upon several factors, including tank diameter, tank
age, the softness or wetness of the surrounding soil (for
underground tanks); and past filling practice [6]. How-
ever, an 8-foot diameter tank couid bulge enough to in-
crease tank volume by 13 gallons or more {6].

These pressure effects become very important when -
one is attempting to detect small leaks using a method
such as standpipe testing which places a pressure on the
tank contents. For example, filling a 4-foot long
standpipe on an 8-foot diameter gasoline tank buried
three feet below grade puts an average pressure of 3.69
psi on the center of the tank [6]. This is sufficient to
put more than 10 tons of force-on the ends of the tank,
and will lead to an increase in tank volume and a cor-
responding loss of volume in the standpipe. Thus, the
detection of small leaks using a standpipe testing
method becomes difficult.

C. STORAGE AND HANDLING PROTOCOLS

1. Storage and Handling Systems

Both aboveground and underground bulk storage
systems should be composed of five basic components.
These are:

®The product storage system (storage tanks).

®The product transfer (piping) system.

®An overfill prevention system.
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® A spill containment and collection system.

@A leak detection system.
The basic methods and design considerations associated
with these five components are summarized in Table
1.2-5 as a prelude to Parts IT and III of this report. The
advantages and disadvantages of the various materials of
construction employed for product storage and transfer
systems are summarized in Table 1.2-6.

2. Aboveground vs. Underground Storage

The choice of aboveground or underground tanks
as an appropriate means of storage for a particular haz-
ardous substance is dependent upon several factors, in-
cluding the following:

®Type and amount of liquid to be stored.

®The availability of space (real estate) for storage.

®The level of product and tank accessibility re-

quired.

®The type of soil in the area.

oGroundwater levels in the area.

oFire hazard considerations. .

A comparison of the advanatages and disadvantages of
aboveground and underground storage systems is pre-
sented in Table 1.2-7.
The reader should note that the storage of liquefied
or compressed gases, such as liquefied natural gas, re-
quires adherence to special design criteria as described
in the following publications:
®API Standard 2510—The Design. and Construction
of Liquefied Petroleum Gas Installations at Marine
Pipeline Terminals. Natural Gasoline Plants, Re-
fineries and Tank Farms (7].

ONFPA Standard 58—Standard for the Storage and
Handling of Liquefied Petroleum Gas (8].

ONFPA Standard 59—Standard for the Storage and
Handling of Liquefied .Petroleum Gas at Utility
Gas Plants [9].

In addition, the American Society of Mechanical
Engineers (ASME) has written the A.S.M.E. Boiler and
Pressure Vessel Code [10], which contains rules for the
design, fabrication and inspection of boilers and pres-
sure vessels. This code consists of eleven sections as
follows:

1 Power Boilers

I Material Specifications

II1  Nuclear Power Plant Components

IV Heating Boilers

V  Nondestructive Examination

VI  Recommended Rules for Care and Operation

of Heating Boilers

VIl Recommended Rules for Care of Power Boil-

ers
VIII Pressure Vessels, Division |
Pressure Vessels, Division 2, Alternative
Rules

IX Welding Qualifications

X  Fibergalss-Reinforced Plastic Pressure Vessels



Table 1.2-5

Storage System Components — Methods, Materials, and Design Considerations

Product Storage

Product Transfer
Piping & Accessories

Overfill Protection

Spill Containment

Leak Detection

-abdveground tanks
-underground tanks

‘single-walled tanks

-tank linings and coatings
-tank wrappings

~design considerations
corrosion resistance
chemical compatibility
structural strength
pressure relief
foundation require-

ments

safety factors

-tank materials selection

carbon steel

stainless steel

fiberglass-reinforced
plastic (FRP)

fiberglass/ steel bonded
tanks .

-coating and lining
materials selection
alkyds
epoxies
phenolics

-wrappings
vinyl
polyethylene

-hoses
-loading racks

~design considerations

corrosion resistance
chemical compatibility
structural strength
pipe supports

safety factors

-materials selection

carbon steel

stainless steel

fiberglass-reinforced
plastic (FRP)

polyvinyl chloride
(PVC)

polypropylene

~check vaives

-emergency shutoff valves

~coupling mates to
prevent mixing of

incompatible chemicals -

-surface/ subsurface piping -level control devices

floats

displacers

gas bubblers

hydrostatic head
devices

capacitance devices

thermai conductivity
devices

ultrasonic devices .

optical devices

nucleonic devices

-automatic shutoff con-
trois and flow
diversion

-high level alarms
-liquid level gages
~check valves

-operating practices for
overfill protection

-dry disconnection hose
valves

-catchment basins

-impervious perimeter
dikes, berms
cutoff walls
curbs
aprons; slabs
drainage ditches
troughs

-liners
synthetic membranes
asphalt. contrete

-in-situ absorbing/
neutralizing media
for spill containment

-spill collection systems

-secondary containment
tanks (double-walled
tanks)

~clay liners

-inventory con-
trol
-visual inspection

-interstitial
monitoring of
double walled
tanks

-soil/ ground-
water
monitoring

-tightness tests

-structural tests
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Table 12-6

General Properties of Materials Used for Storage Tanks and Piping

Structural Materials

Advantages

Disadvantages

Relative Cost

Carbon Steel

Stainless steel

Fiberglass-reinforced
plastic (FRP)

Polyvinyl chioride
(PVC)

Concrete

Aluminum

FRP/steel bonded
. tanks

Linings and Coatings
Alkyds

Compatible with petroleum
products but not compatible
with corrosive chemicals, such
as mineral and oxidizing acids.
without coatings. High struc-
tural strength.

Material has better corrosion
resistance than carbon steel and
higher structural strength. There
are more than 70 standard types
of stainless steel and many
special alloys.

Compatible with petroleun and
several chemical products.

Excellent chemical resistance to
acids, alkalis, and gasoline.

Generally good resistance to
chemical attack when exposed to
dilute organic acids. Epoxy coat-
ings are often applied to concrete
to provide chemical resistance
and decrease permeability.

Excellent resistance to atmos-
pheric conditions and compatible
with mineral and organic acids.

Material has the combined ad-
vantage of the corrosion
resistance of fiberglass and the
structural strength of steel.

Alkyd-phenolics and alkyd-sili-
cones have good weather-ability
and good to excellent resistance
to gasoiine, non-halogenated
organic solvents and alchohols.
They may be applied to both the
interior and exterior of tanks
and pipes.

Subject to attack by corrosive
soils and corrosive chemicals
such as mineral and oxidizing
acids.

Lower grade steels (i.e., marten-
sitic steels) are not suitable for
reducing acids such as HCL.

Lacks the structural strength

and impact resistance of steel
tanks. Not compatible with some
organic solvents.

Plastics have low structural
strength and are less resistant to
mechanical abuse than steels.
They are generally not suited for
the storage or handling of
organic solvents such as benzene.
carbon tetrachloride and acetone.

Concrete is subject to cracking
and spalling 