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lntr o d u ‘..ti o n Liquid product monitoring is the predominant method of external leak detection where the . '
w water table is within the zone of excavation. This paper discusses the use of liquid product
. monitors at new and old tank installations for detecting leaks from underground hydrocar-
bon storage tanks. This paper discusses the site conditions under which liquid product
monitors can be effectively used, conditions which may mitigate or prevent the effective use
of liquid product monitors, and the construction and placement of liquid product monitoring
wells. Liquid product monitors are not used to determina the rate of tank leak. The rate ot
tank leak can be determined by other methods such as inventory or internal monitoring
methods. Effective use of liquid product monitors or any other maethod of leak detection
requires training and experience on the part of the user.

Mi g rati on of ‘ Fuel h}dmc‘a;tions leaking from an underground

storage tank are initially released as the product ~

1 i > liquid. The liquid product tends to migrate toward
LIqUId I rOdUCt the water table. If the product is released in the
From

_ vadosa zone, it begins to infiltrate downward to
" " the water table and to partition between the
U nderg rou n d vapor, aqueous, and solid phases. As the liquid
product nears the water table, the plume of liquid

Leaks spreads out, initially entering the capillary Zone
abova the water table, then when the capillary
- Liquid product monitors are useful zone reachas capacity, the excess liquid
devices for measurement of leaks becomes part of the saturated zone. Fusl

) ) . leaking directly into the saturated zone from a
- Liquid product monitors detect liquid  storage tank will tend to rise to the water table. -
hydrocarbons floating on the water Fuel hydrocarbons in the saturated zone (below

table the free surface or level of atmospheric pres: - A 'leak above the water table infil- |
- Liquid product monitors detect leaks, ~ Sure) are frae to enter monitoring wells paerfo- trates downward to the capillary fringe
not loak rates " rated at the water table. Floating product is iz" Wﬂr':‘;;'ab"’ :h"d migrates A
' readily detected by specialized instruments. ?emﬂm: ggmatgr’?:me mé' to
Liquid monitors are relatively easy to install and rise to the water table and move
are suitable devicas for monitoring underground downgradient with the ground water.
storage tanks in many situations. o o
Natu rall an d Liquid product monitoring is effective where the water level is below the bottom of the
" . tank excavation if the native material is coarse grainad and very parmeabile. if the native
En inee red ' material is coarse grained and very permaeable, the depth to water should not be greater

Sl than about 20 feet below grade. At greater depths, the tima of percolation of product to
Site CC’nd lthl’l S . the water table is considered 100 long to provide timely detection of a leaking tank.

for LiqlLIid Because the‘rwalli should be sealed to a depth of 2 feet or more to prevent infiltration of
= liquids from the surface, it is not possible to)dotoct liquid product within this depth of

Product = . waeriwe o

» . i : ' . : . -

Mo N |to rs Sites that are contaminated by previous leaks or large surface spills may not be ame-

. . . tive wh nable to liquid monitoring becausevof high background content of hydrocarbon and the
L.w‘g,‘;‘ﬁ',’;’g,’,”’g’,’;:;‘,;a'f, ab:”wzoe ;3,, difficulty of detecting new leaks and discriminating betwean new leaks and surface spills.
below grade and greaterthan2to 5 - Liquid product monitoring wells can be located upgradient from'the tank installation to
feot below land surface - « . detect liquidjproduct migrating from off site. The backfill material in which the monitors

. , are located must be relatively permeable to allow the hydrocarbon to spread rapidly on

- mwggg;gmwm’"ed' top of the water table. Old tank installations may be difficult to monitor because of both

or either the low permeability of the backfill or the presence of high content of rgsidual

- Liquid monitors detect product on the hydrocarboris from previous spills or leaks.
water table : o .
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- SURFACE SPILLS AND OFF SITE CONTAMINATION—Background levels of hydrocar-
bons from surtaca spills and liquid product from off site sources may affect the monitor- -

 ing method, the suftability of various monitors, and the location of monitors. It is impor-
tant to know the existing hydrocarbon levels at a new or existing site before the method
of monitoring is chosen and before the instrumentation is installed. In addition, the
detection of hydrocarbons from off site and the discrimination of surface spills from tank
leaks should be a factor in the design and selection of monitors for the site. The major
cause of spills is overtilling of the tank during liquid transfer operation. This problem can
be minimized by using in-tank level sensors, dry couplings on transfer lines, spill
cortainment devices, and barriers to product migration around fil pipe rhanways.

- SECONDARY CONTAINMENT—Several types of secondary containment have been ‘
used in underground storage tank systems. Secondary containment refers to contain-
ment of hydrocarbons that have leaked from an underground storage tank to prevent

- mhigration of the product beyond the near-tank area before remedial action can be taken.

Secondary containment can be afforded by double-walled tanks and product lines, by

lining the tank excavation with clay or synthetic membrane liners, and by placing tanks

in concrete vauits,

» Monitoring wells can provide loak detection for tanks and distribution lines where
secondary containment Iinorp are used, e

A double-walled tank is a tank within a tank, with a very small space separating the two .
tanks. Double-walled tanks can be monitored within the annular space between the two
" tanks and monitoring beyond the outside tank is generally not considered necessary.

‘Synthetic membrane liners consist of a rubber or polymer mat usad to line the tank
excavation. Tanks and backfill are placed within the lined excavation. Liquid product
monitoring wells are genérally placed in the lined excavation to provide leak detection.
Linars are susceptible to chemical and physical degradation and should not be consid-
ared t0 pempetually contain tank product leakage. Although the useful life of liners may
not be known, the life should be conservatively estimated and other types of monitoring

" should be implemented beyond the estimated useful life of the liner.

Some stétps roqufre tl';at, under certain conditions, undbrground storage tanks be

- contained in conciete vaults. Because concrete is not impermeable to liquid product
migration and vapor transport, the vault should be lined or coated.
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INSTALLATION OF EXTERNAL MONITORS AT NEW SITE VERSUS OLD SITE—
The successful operation.of external monitors is greatly dependent upon the proper |
soloctnon and installation of monitors. The proper salection and installation i is, in
turn, almost wholly dependent upon the natural and man-made characteristics of
the site. Site characteristics are most readily percsived and to a great extent can bel
controlled during the construction and installation of a tank system. "

Liquid Product
Versus Vapor
Monitoring

Liquid Product

Monitoring

- Depth to water should be less than ébout 20
feet

- Liquid product monitoring is useful where
secondary containment is employed

Fuel hydmcarbons leaking from an underground storage lank are commonly
released as the liquid product. The liquid product volatilizes in the soil air and the
gas 'migrates through the unsaturated zone by diffusion. The hydrocarbon gases in
the 0il can be detected by vapor monitors. The liquid product tends to migrate to

' the water table where, when the voids are filled to capacny, the qumd product can §

be detected in wells screened at the water table.

Liquid product monitoring is not effective whare the water level is below the bottom |
of the tank excavation uniess the native material is coarse grained and very
permeable. i the native material is coarse grained and very parmeable, the depth

to wator should be within about 20 to 30 feet of grade. At depths below about 20

fut. depending upon the rate of poreolatuon of product to the water table, the time
dolay in the product reaching the water table is considered too great to provide
timely detection of a leaking tank. As an ait arnative, if the depth to water is greater §

- than 20 or 30 feet, the tranch could ba lined to provide secondary containment of

leaked product, If the water table is at shallow depihs, less than 2 to 5 fest below .
the surface, it is not possible to monitor liquid floating product where the water .
table is above the perforated portion of the wall casing. Because the well should be
sealed to below the frost line to prevent infiltration of liquids from the surface, it is
not possible to detect liquid product within this depth of water table. Bacause water
may.enter the tank in excavations with high water levels, the external leak detec- |
tion system should be augmented by monitoring the water layer in the tank as a
pan of inventory control.

Watsr Table |

X oeoosaed

The Vapar monitor mll detect hydrocarbon gases in the soil air collected from above
the water table. The Ilquid monitor will detect hydmca:bons floating on the water
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Fino-gralned backhli such as fme-gramed sand, silt, and clay may be of such low
permeablmy that the- mtgrahon of hydrocarbons to the water table are greatly impeded.
Above the zone of saturation, fine-grained material may hold much of the fuel in the
capillary fringe above the water table (Johnson and others, 1989). Fuel released in the .
saturated zone migrates very slowly toward the water table in fine-grained material or

' may be trapped below the water table

| sl | 4 s l Mamualg—-— Uquid monitoring wells construéted of Pav ,,. Uquid-proot seal/
, qu U!d P rOd uct PVC (polyviny! chioride) provided with slots for hy— R oover .
' H draulic connection with product on the water table is o
, Mon lﬂto rl n g wel ls usually the cheapest material and is quite adequate. - «f-Surlace
Howaver, many materials have besn used in construc- o '
tion of wells including stainless steel, PVC coated

-~ Install liquid P"OdUCf monitoring wells 0 steql, cast iron, galvanized iron, polysthylene, polypro- _
tap water table. pylene, fluorocarbon resins, and Teflon. Wells are

- Porforate well casing continuously from ~ typically from 2- fo 6-inch L.D. (inside diameter) pipe. : Water
. bottomtosurfaceseal . . 4---.??;.

. : lﬂﬁﬂﬂaﬂm The casing may be lnstalled drau- !
- Installin permeable backiill o excavation lic ram or any of several drilling methods mc?l{.u:?;g . :
: : - auger or hydraulic rotary to a depth of several feet bz
below the lowest fluctuation of the water table. if a R 11
“hydraulic rotary method is used, drilling mud should S f
not be added to the drilling fluid or a viscosity reverting SR 11! I
type of drilling fluid should be used to prevent clogging : - V
of the perforations in the well. Wells at new installa- ~ :
. tions can be installed by backfilling around the pipe set
; o in place rather than by drilling after backfilling. The casing should be perforated continu-

' ' ously from the top of the plug in the bottom of the casing to the surface seal of the -
casing. The casing is sealed to below the frost line, about 2 to 5 feet below the surface, . -
to prevent entry of liquids through the well bore annulus. _The top of the casing should
be fitted with a waterproof cap which is capable of bomg locked. When the monitoring
well is installed and before it is put into service, the well should be pumped to clear the

- fine-grained particles clogging the perforations. Periodic maintenance should be
~ performed annually by pumping of the monitoring well to assure that the perforatlons
are clear and will. admn fluid from the saturated zone. .

<

Locatio n of o The numbaer of walls needed to monitor a storage system of one or more tanks in a
g i : single excavation may range from two to four or more. A minimum of two waells is

_ Liq u iid Pre duct " recommended for a single tank ex—cavation. Thrge or more wells are recommended for

an excavation of two or more tanks. Multipie wells at a tank excavation wouid provide
Mo n |t° rl ng backup capability in case of a well failute and might provnde ameans of locating the

W I I - laak l:asod on the time of arrival of hydrocarbons.
e ' The liquid product laakmg from an underground storage tank will migrate in the direction
- Loaata wells in high pennaabllity backdill of ground water flow. Where the direction of ground water flow is known, one or more .
‘ ‘ monitoring wells should be located within the backfill of the tank excavationon  the
- Use two wells for one tank down-gradient side of the tanks. Monitor wells should also be located on the upgradient -
sade of the excavation, becausae the direction of the ground water gradient may change
in time. Monitor wells can be locat—ed off site and upgradient from the excavation to
- Use additional wells for backup, to locate  detect the migration of product from off site sources. Because the native soil in the
leaks, to monitor piping systems, and to wcmfly of a tank excavation may be of low permeability, vapor leak detection devices in
detect product from other tank installations each excavation should be considered as separate and independent systems.

- Use rhree or more wells for muttiple tanks

*U.S. Government Printing Office: 1993 — 750-071/60205




~ Use siddiies sl wolls & Yo
dixetid gt Lativeen lwah2 and
SUFxH SpIG

At n axisting tank, there may be insufficient space - o aw
in the excavated zone io install monitor wells .
without danger of drilling into the tank. At éxisting -

- Instrument each excavation separately  installations, liquid monitor wells can be installed
) near the excavation whers native soils are
- Locate wells on the downgradient side  sutficiently permeable. '
of excavations ! ‘

!
() La yout of monitor wells for derectmg leaks
in a single tank excavation; (b) Layout of
monitor wells for detecting leaks in a 3-tank
excavation. '
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Hinman, Nancy, 1989. Diract comparison of vapor-, free-product-,

i and aqueous-phase monitoring for gasoline leaks from under-
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“Tank Issues” are short articles of information on the current state-of-the-art on management unf undorground el tanks
Thase articles provide recommendations but are not regulations, neither the U.S. Eavironmental Protection Agency nor the
Enwironmariat Reseaich Center, Univarsity of Nevadtia, Las Vegas may be held responsible for consequences of following
recommendaiions in these articles. All appropriate state, local, and federal regulatiosis should be foliowed in installation anc
oparation of lask detection devices and in management of underground storage tarka. .
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University of Nevada, Las Vegas
4505 Maryland Parkway -
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