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Introduction

Background
Earthen secondary containment sysicms are commonly used at most oil storage facilitics in the

| State. To function properly thesc systems must 21: impermeable to the product stored to prevent oil

from reaching ground or surface water. They must also be properly constructed according to all

rcgulaﬂons pertaining to secondary containmeat arcas at bulk ﬁctmlcﬁm fadilities.

Secondary containment is a requirement of scveral different federal and state regulations,
" specifically Part 112 of Title 40 of the Code of Federal Regulations and Parts 610, 613 and 614 of

Title 6 of the New York State Code of Rules and Regulations.

Part 112 of Title 40 establishes procedures, methods and cquipment to prevent the dischargc.‘of
oil from non-transportation rclated on-shore and . off-shore facilities into the” waters of the United -
‘States.  Thesc facilitics must have onc of the following means of secondary containment or its
cquivalent to retain diséhargcd oil: (1) Dikes, berms or retaining walls- sufficiently impervious to
coptain spilled oil; (2) Curbing; (3) Culvcrting,'guttcrs_ or other drainage systems; (4) Weirs, booms or
other barriers; (5) Spill diversion ponds; (6) Rct;:ution ponds; or (7) Sor-ban! materials.  Part 112
applies to all on-shore facilities with an u.ndt.:rgmund storage capacly greater than 42,000 'gaﬂoﬁs of

oil or an aboveground storage of greater than 1,320 gallons of oil,

The Petroleum Bulk Storage Regulations (6 NYCRR Part 6133) require secondary containment for
petroleum storage tanks that are: (a) in sensitive arcas, such as over aquifers or near rivers; or (b)
which have a capacty of 10,000 gallons or morc. The sccoadaryr containment must be constructed so
that spills of pctrblcum or chemical components of petroleum will not perméate, drain, infiltrate or
_otherwise cscapc to groundwater or surface water before clean-up occurs. Construction of diking and

the storage capacity of the diked area must be in accordance with NFPA Na. 30, section 2-2.33,

r



Purpose
This purposc of this paper is to discuss a few of the available testing methods that use Darcy’s
Law, both laboratory and in-place tests, to "determining a soil's permeability. Different variables, such’

as soil stratigraphy and soil' type, will be discussed and how they can effect the results of these tests.

Proper Construction

A sccondary contain'mcnl area can be constructed according to two methods. The first is
: [ U

constructing a diked arca that is sufﬁc:cndy unpcmous to Alhc hghlcst product stored within the area.
The second is to divert an oil spill 1o a retention pond or holdmg tank Allhough dakmg is most
-commou, dwcrsmn of splﬂs to a retention pond can be a good altcrmative when the expense of making
the contammcnt area sufﬁccnlly impervious to an oil spill is too. costly Federal regulations, such as
40 CFR 112, subdmsmn 112, 7(c) and NFPA 2-232, both mention remote impounding. Because diked

areas are Lhe most common method used in “secondary coptainment, femote impounding. mclhods will
-l

not bc dzsausscd Morc mIormatson can b¢ obtained from a consulting engincering group expericnced
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" When evaluaung a diking structure, Lh_rcc qucshon.s mtm be addrcsscd F:rsl is the dike properly

i

constructed?  Sccond, what soil materials are present, both at thc surface and bcncalh the surface?
Finally, how lorig can the containment arca retain the lightest product stored? Proper construction of
the containment area is one of the' most imponint aspects in evaluating -if the dike is an effective

impcmcablc barrier. e o,




The guidr:lincs for constructing a dike cin be i’c’mﬁ& in the National Fire Protection Association
(NFPA) 30, Flammable and Combustible Liquids Code 1981, section 2233. A copy of this section is in
Appendix A. The NFPA Flammable and Combustible Liquids Code Handbook is also a good source for
guidelines in proper comstruction. These guidelines cxplain in detail bow dike walls should be formed,
what the required cépacity of the dike should bc.‘_ material of construction to use, etc. As shown in
Appendix B, lustrations from DEC’s. Rca-)mmcndcd Practices for Aboveground Storage of Petroleum
Products Manual, pp. 52 and 5-3, the comstruction of the dike should restrict both the horizontal
and vertical flow of any petroleum produd rcleased in the arca. Proper construction of the dike walls
will prevent the structure from being toppled over in- the event of a large rclease. Once careful

consideration has been made that the dike is properly constructed, the next step is to determine the

types of soil present at the surface of the dike and beneath the surface.

Determination of the sofl type at the surface can be done by visual inspection, however, more in-
depth invcstigh_l.ion is required to determine the subsoil profile. Co:nmoxﬂy, boring logs or test pits
larc .vcmplpyed t0'0—blain a subsurface profile at a site. Boring logs cvaluate subsurfacc condijtions on
the number of blows it takes to drive a soil sampling device a certain. distance with a driver of known
weight and the types of soils encountered. At the very least a boring iog should contain the number
of blows needéd 1o dnve the auger a ccrtain,‘\ distance, the types of‘ soils and rocks encountered in
cach sample, the depth to groundwater and anf changes in soii stratigraphy.  Samples arc usually

retrieved and examined every two fcct,‘ while the pumber of blows are recorded every six inches.

To obtain a good subsoil profile, a series of boreholes must bc used. This information will more
" clearly definc areas of uniformity and variation in soil stratigraphy. To efficiently develop a good
subsoil profile this information should be evaluated into a subsurface profile as the boreholes are

made. In this manner onc can decide where further subsurface cvaluation will be needed.



'Even’ ‘though soil | bormgs prso-vidé g;od sonl proﬁl;: iﬁi’dnﬁation, Tlimitations do ‘exist on
" information’ furnished 'By the driller’s log book. hrl'fsu:al:ly"thc members of the field ciew are drillers by
trade and ﬁay dot Bave the trammg to perform detailed soil " classification. Impoﬁént items of

mformanon about a sods proﬁ}c can be ovcriookcd bcmusc the drillcr’s main concern is oftcn ‘the rate

" of drilling progress. “For' Lln.s reason, sod bonnfs should onl'y "be used as a gludclmc for a soil's

- ' profile. With the - son! bonng mformanon, ‘the sclccuon “of an appropnatc test can bc madc to .

‘determinc Lhc so:I’s pcrmcabxhty | Oncc an avcragc pcrmcabnhty ratc 'has bccn cstabhshed for the
IR S

entire diked area, the rctcnlmn time for thc hghtcst product slored can be calculated
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" Definition of Permeability

Darcy's Law Y LA S E PO P07 PR R S S SR I
Pcrmcablhry is' deﬁncd as thc abLhty of watcr or any othcr fluxd to ﬂow through a soxi by

A
" traveling Lhrough 'the vo:d spac.es Usmg an engmecnng approach, Darcy‘s ].aw dcﬁncs pcrmcabxhry
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. vy 9 - . -« . . k=permeability of the soil (cm/s)
k= oo q=sccpage rate {em” fsec)
s \ .0 WA -, i=hydraulic gradient. (dlmcnsxonlcss)
T o " ' ) " A= arcapcrpcnd:cﬂartoq(cm)
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By measuring the quantmes q A & i from a laboratory or in- placc test, the pcrmcablhry ralc can

=bc calculatcd
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Thc cnlcnlatcd pcrmcablhry rate, is usually . considered to be constant - throughout. the soil,.‘
however, it can me_ at certain locations bccausc ,of a change. in the soil's make-up, such as a sand
layer followed by a clay layer. In this situation, the permeability rate will be higher in the sand layer
and lower in the clay layer. This is largely dependant on the p-mpcrti}cs of the fluid flowing through

the soil, most importantly its viscosity.




The casc with which the fluid can travel throu'gi! the soil depends upon:
(1) - * The viscosity of the flowing fluid;

(2)  The size and continuity of thc pore spaces or ;oml.s through which the fluid ﬂow; which
dcpcndsms-ods upon: _ .

(a) Tbesxzcand shape of the soil’s pamdcs

() The density of the soil;

(c) The detailed arrangement of the individual soil grains, called the structure;

(d) The presence of discontinuities in the soil’s stratigraphy.

Because these variables have such a large effect on the permecability rate, Darcy’s Law can only

give a statistical average factor rcpresenting a definite cross section of the soil.  Thus, to achieve a
‘more representative view of the actual ficld conditions, a larger area of soil must be evaluated by a -
test. The properties  of the soil, such as grain size, can also be used as an indication of the
approximate rangc'-of the permeability to be expected. As a rule, however, pcnz:ncabiﬁty should only be

determined by a laboratory or in-place test.

Instead, the size of the soil grains and the plasticity of the soil are used as a basis to determine
the soil ‘type. The United. Soil Classification System groups soils on the basis of coarse and fine
grain, The four common groupings are gravel, sand, silt and clay. A diagram further describing these

different soil classifications is attached in Appendix C.

~ The arrangement of soil particles can influence pcrmg-;abilify n twd important ways. The first is
Lbrougﬁ nanual.'_strati.ﬁcation. Natural soil deposits are afways stratified in structure to somec extent
when they are formed, causing the permeability to be higher in a horizontal dircction than vertically
or vice-versa.  Some cxamples of sﬂaﬁﬁnﬁou Edudc opcn-work gravel, water deposited soils and
windblown sands and silts. The sccond is through detailed orientation of particles and dispersion of
fines. Permeability tends to mcreasc in soils of fine grain size, due to its higher density, and when
moisture content is bigh at the time of compaction. For these reasoms, direct calculations ﬁom a

chart of drainage characteristics of soils can only provide a rough estimate of a soil’s permcability.



Soil Classifications . .

Permeability is largely dependant on the void bctwocn-soil pamc!cs. This is shown by the larger
valuri for k forhcoall'sc grain soils, su;:h as gravel, and the much mﬂcr values of k in finer grain
soils, such as silt or clay The reason for this is that in ﬁncr soils” the smaller éorc spaces only
allow low wvelocty flow, where thc largcr pore spaccs m thc coarser smls )ncld the opposnc affet. In
clays, the cnrcmcly small ﬂow channels become samralcd as thc clay pamdcs absorb the water which
further reduces the' area of flow. In ideal conditions of uniform void ‘between soil particles, the

permeability of a-soil could* be directly calculated from’ the soil's void ‘ratio. Since these void spaces

" “are not uniform, 'rmcabih'ty is 'more ‘practically determincd lhfough 'the use of a laboratory or field
: pe

“test. As“a reference f_br different soil properties, a table of permeability and drainaéc ‘characteristics

" is attached in Appeéndix D. - This describés the different soil types and the applicability of direct and

N ¢

indirect methods for determining permeabilities in various soils. ~ * © - 77

The rclati'onship between void ratio and ‘permeability is logaﬁihmic. Generally, a scmilog plot of

" void ratio values and their corrcs;pond.iﬁg 'pcr'n-:cabiliry valucs will producc a. straight line for most
y .

‘soils. This illustrates that even small changes in the void ratio, in the process of retrieving a soil

sample or }ecompaaing a sample in a ‘test chamber, ~will gfcatly affect the pcrmeébility rate.
Therefore, it is F.nrcmcly' important tﬁét a. soil; _spatiﬁcation _Errcmain undisturbed in order to
accurz;tcly dctcrmin;c Vthc -pcrmcabiliry rat'c.- In layc';cd soils ‘lhc mca;surcd ﬁow rate in the horizontal
direction can be greatly dlﬂ'crcnl from Lhc flow rate in the vertical duccuon Fine graincd nc.m-
homogcncous sml; such as clay wnh alternating honzontal laycrs of slll, will gcncrally have thhcr

flow rates in a hunzonlal d:rccnon comparcd toa vcmcal dxrc.cnon_

Conditions other than - void ratio and soil grain sizc also will affect the flow rate of a fluid

"through a given soil  Seams, cracks, fissures, cavities and trapped air all play a role in the soil's

permeability rate, ~ Field investigations rcvcal information on the . presence “of these conditions to

aliow testing methods to reliable measure the rate of flow of a fluid through a given soil,




In the best conditions, permecability tests, cither field or laboratory mclhods,‘arc only rchiable to
an order of magpitude. Since th‘csc tests usually concentrate on a specific arca of the soil” more
accurate results are mw through testing over a greater area of the soil. This is because suri:au:
oondiu;ons as well as subsurface conditions will most likely cha.n-gc,.cvcn over short distances. Because
of the wide vﬁricty of .Iabo_raxoryllcsts and ﬁc:d tests available, carcful evaluation of the soil's ﬁ:akc-
up, as well as the applicability of the testing method in thesc soil conditions, must be done to choose

the best test and achicve an accurate permeability rate.
Permeability Testing Methods

Laboratory Tests

Two common laboratory tests used to determine the variables npeeded to calculate a soil's
permeability, which apply Da:q’§ law, are of the ‘constant head” and the “falling head” types.
Hlustrations of these tests are shown in _Appcndix E. Field tests include standpipe tests, such as the
method described in PACE 79-2, borchole tests, bail-down or slug tests using Hvorslev’'s Method and

well pumping tests.

The constant head test is used mostly for permeable soils, such as filter or drain aggregates. A
‘samplc of the matenal is pl:jxccd in a cylindrical mold, and a éonlinuous ;upply of water is ‘fcd through
the sample. Darcy’s iaw is then applicd to the test results to determine the soil's permeability. The
water is introduced at the top of the cylinder and passes t&ough the sample of cross sectional area
A, in time t, ¢ollected at a flow rate g into a container bc;:calh the sample. The hydraulic gradient i
is equal to the pet bead b, divided by the length of the sample L. Problems arise with this test
when thc_samplc-is an impervious soil This is bccause impcrviogs soils have an excessive secpage
time and crrors occur in the results because of evaporation. A more, suitable test for impervious sods

is the falling head permeability test.



'Tt‘lc fallin-g head test is similar to the constant head tcg‘bcnusc it measures thc amount of
water passing through a sample of ‘the material. The difference is this test-uses a standpipe to
 introduce water into m; sample. The diameter of the s:anapipc is adjusted ‘so that a medium flow -
rate is cstabllshcd through the samplc to compcmte for cvapormon and increase the accuracy of the

“resulis. Applying Darcy's Law, the form of the cquation used is (scc appendix G): :

k = 23 al log (b1 /hy) k = permeability (cm/sec)

Adt . a = area of the standpipe (cm?)

A = coss-sectional area of the sample (cmz)
L = sample length (em)
.. by = initial beight in the standpipe (cm)
N .hz = final height in the standpipe (cm)
dt = the time it took the water to

fall from by to h@ (sccqnds) .

Fallmg Thé:‘i-ci“' tests may be dooe ‘with cither downward or ‘upwa}d flow lhroug,i:l'thc sample.
Although downward flow would scem to be the most logical direction of {Iow reverse flow is applied
u; prevent migration of fines which leads to dog,g;mg a:nd a misleading result of a hig.hcr permeability
rate..  One specific test, that takes advantage .of. reverse ﬂ‘OW, or backﬂow', le.hc flexible wall
permcameter ltcst. This is a triaxal device specifically designed fqr fine grgin_cd 504115 The key

clcmcﬁl to this device is the flexible rubber membranc chamber than holds the samplc_.

Because o.f the' flexible chamber, this test can simulate in-place coﬁdiﬁc;ﬁs b;r “aiil-;vlﬁﬁg ‘the proper
" chamber pressurc ‘and vertical load. Drain boles arc located on opposite ends of the cylindrical
chamber to m.lr_;:la:c the sccpage rate lhr'ougb wthc 'spcdmcﬂ. The ﬂc;r:“blc wall is tightly pressed
w the Isampic to pi‘c\-'.c:nt leaks ;and sideflow between the wall and soil. This is the major rcason
for nsing a triaxial device.  Back pressure is applied to thé sample while maintaining the same
cfective stress on the soils skeleton. In this manner, a fully saturated permeability rate, witk a
minimal amount of d&ggi:m, is achicved. The most important factor m obtaining accurate results is

retrieving a sample with the least amount of disturbance to it’s natural stratigraphy.




Typically, r;lativnly undisturbed soli samples can be obtained in clay soils using thin walled tubes
or a split-spoon sampler. The permeability of these samples can then be tested successfully in the
. laboratory. .If possible, laboratory tcs:'s‘s'hould be pcrformcd with thé lightest petroleum prgduﬁ that
‘will be stored within the diked arca to increase their accuracy. .Rigid walled systems are usually not
rccommended because recompacting of the sample in the @kr of the apparatus offen produces

‘ -
incorrect permeability values. Results can be altered from a factor of 10 to a factor of 100.

Field Tests

- Field pecrmeability tests offer an advantage over laboratory tests at certain sites because they
evaluate a volume of soil in its natural covironment. Retricving undisturbed laboratory samples in
sands and silty soils is difficult, even when using a shelby tube or a split-spoon sampler. This is ducl
to the large vibrations and shearing from the hollow tube or augcr. as it penetrates the soil. Natural

fines and voids are disturbed, altering the natural stratigraphy and changing the soil's permeability.

An in-placc test is an alternative method to a laboratory test which overcomes this problem.
Ficld mecthods test soils in their natural location. This avoids the problem of disturbing the material’s
natural stratigraphy. The field methods described herein are of the cased. bonng type. [IHustrations of
these types of tests arc shown in Appendix F.  These testing metbods are based on the time it takes

for a volume of water to flow into, or out of, a well casing.

Sc;ndpipc tests are of the fallin'g or constanl head method. This test is conducted by inserting a
standpipe is fnlo the soil and filling it- with watcr. After allowing the soil to become saturated, the
test is started. Thc pipc is.ﬁllcd to a certain level with a known volume of. water and the level
ch:;ngcpcrunitﬁmeisreoordcd. The drop in water level over an interval of time, usually 30
minutcs, is then used to determine the soil's permcability from a graph of drop in produa level verses
permesbility,  This test is most accurately performed. daring the warmest and dricst season of the
year. Two sources of error are the test mostly accounts for vertical flow through a soil_ sample, and

resalts can be effected in more permeable soils due to evaporation.



A Boreholét test is‘ a dﬁpﬁﬁcd version of a well pumping Itcst A soil's permeability is
esmnalcd lhrough Da:cfs-Law from the ratc at which water can bc pumpcd out of, or into, a drill
holc .'thn stramm is bcmg tcstcd abovc the water table, a pumping-in test is pcrformcd. When the
layers are beneath the water ;aﬁlc cither pm:n-pi;g.;ﬁcthod can bcrpcrf;)rmcd. |

This method provides a physical index for *How through an in-place matcrial at a rclatively low
cost. A borehole test can provide useful information abou! a soil, however, care ‘must be taken when
applyiné the test smoc the results are not easily checked and errors are possible. The most frequent

CITOrS arc:

(1) Leakage along the casmga.nd around packcrs R : - . .
@ Cloggmg due to sloughing of fines or sediment in the water; o
(&) Alr lockmg due to gas bubbles in the soil or watcr

. (4) Flow of water into g'ackslm soft rocks that a;c opened by excessive head in test holes.

Ve L o

A slug"tcst, or .'Hvorsldr's mcthod,Ais basc.d upon the theory that the time lag of water flowing to
or from a hole, or .wcll‘ casing, is invi:rscly' pfbporiional to the pcrmeability of the soil. A well is
| first installed “into the gr'oﬁndwalcr.t;lglc. Next a mass or slug is dropped into the well casing causing
the wafcr level of the groundwater table tozanif'lcial]y‘riﬁs'c. " Once the water level in the well reaches
cth'bnum thc siug is rcmovcd causing the water level to d:op by a lcnown volumc thc weight of the
slug. Water Lhcn bcgm.s cntcnng lhc casmg Thc amount of time, or time lag, for Lhc water level to
reach cqmlibnum in the well is recorded by an clcctromc prcs.surc-scnsmg dcvu:c The soil

pcrmcablhty is then dctcnmnc.d &om a graph of time lag verses pcrmeabnhty

The time lag theory IS a practical and rclaﬁ'vcly mcxpcnswc method for determining permeability
in hémogeneous and non-homogeneous ‘soils. Errors may occur in the results due: to the inaccuracy of

" the electronic devices and for the same reasons mentioned for the borehole test, 7

3 L gt 9
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A well pum;)ing test |s béscd. upon Darcy’s Law and Dupuit’s assumption. This theory states that
the hydraulic gradient at any point is a constant from the top to thc bottom of the watcr-bearing
layer and is equal to the slopc of water surface. In this t;m, water is pumped out of, or into, a well
while water level rcadings are made in several nearby sounding wells. The test is continued until

stcady state conditions arc reached. ‘

For the case of radial flow, Darcy’s Law and Dupuit’s assumption arc used to derive the simple

well formula (see attached diagram in Appendix H):

23qlog,, (R/1)
1))

k=

This formula is based upon four assumptions:
(6] The pumping well penctrates the full thickness of the water-bearing information;
(2 A steady-state flow condition exists;

3) The water-bearing formation is homogeneous, isotropic, and extends an infinite distance in
‘ all directions; .
{4) The Dupuit assumption is vahd.

The rcliability of this test depends on how accurately the above assumptions are met. The test

is expensive but produces accurate results at moderate distances from the wells.

For all in-place tests, water bas to be.used as the test fluid. The final permcability rate resuits
arc then copverted by means of a ratio, viscosity of petroleum to water, to reflect the permeability
ratc of the lightest product stored within the diked area. This value then can be used to calculate

the retention time of the soil to an oil spill.

-1 -



Summary of Findings .

When determining the ;;crmcabﬂitjr of a soil in a secondary containment arca, the object of the
test must be to determine the vertical, as well as, the horizo@ ﬂov;v of a potential oil sﬂl In this
manner, a good estimatc of a petiolcum’s migration " through. the soil to the groundwater can be
-achicvcd_. The object of the dike should be to allow for adequate clean-up timc,ﬁs-wel] as minimal

soil contamination, in the event of a large release.

Proper construction should be the first step in evaluating a diked area. When this is found to be

satisfactory, the next step is to determine the stratigraphy of the soil in the diked area. This is
: o

classifying the

underlying soil and developing a good subsoil profile, the proper test can be applied to determine it's

accomplished through field investigations using boring logs or test pits. Finally, after

permeability rate.

In homogenous layers of clay-wbcrc a good sample can be retrieved, a laboratory test can be
used to effectively determine the sclyil’s pcrméébilir;l rLa'borawry tests should be of the triaxal system
(ic., ﬂcx;ble. wall permeameter). In-place permeability test are beticr applied lc.:l m‘)n-homvogcncous
soils that are mostly cbmpriscq of Vsill.s, sands, or gravels. This is because of the difficulty in
rcEricviug a r-clalivcly und:sturbcd ‘samplg. In. this manner, & n;prc accurate permeability rate for the
soil will be obtained. No matter which mcthdd is used, it should be noted that the results are only

accurate 10 an order of magnitude.

One Limitation to all in-l;;lacc tests and most laboratory tests is that water is used to calculate
thc permeability of the soil; a conversion factor (ratio of viscosity of petroleum to water) mfxst then
be applicd to adjust the calculated permeability to reflect the lLightest petroleum product stored af the
site. Problems arise in this situation since lighter chemical clements of petroleum can flow up to

fifty times faster through a giver material than water.  Becanse the wviscosity of petroleum is an

-12 -




average of all the chemical componcnts, a falscly higher permeability rate would be calculated.
Therefore a higher permeability rate of the soil should be expected when using water as the test fluid

with in-place or laboratory test.

Recommendations

The following recommendations are for upggading sccondary containment sysiems {0 comply with

'DEC’s Major On-Shorc Petroleum Facility Regulations:

1. The dcpam_ncnt will accept any permeability test results that are cerified by a profc&s:onal
engincer. We are cxpccung a permeability rate that allows for adcquate clean-up time with a minimal
amount of soil comaminalioh. When pc'lrfox;ming cither a laboratory or field permeability l;st, several
samples of the diked arca should be tested so that a profile of the entire diked arca can be obtained
allowing for an average permeability rate of the entire diked arca to be calculated. A professional
cngincer will be required to certify that the diked area is stfuciurally sound and impervious to the

‘producx storcd within the containment arca.

" 2. All diked areas a:c,rc-quircd Ato be impervious to' an ol spill. Thc department expects the
diked area to provide adequate clean-up time with a minimal amount of soil contamination. We project
that a clean-up time of 72 hours with no mbrc th;m six (6) mches of soil contamipation, will be
nccessary to remediate the spill and cause &c least amount of environmental éamagc. When using a
laboratory test the permeability rate must be calculated using the lightest product stored in the diked

arca. When using an in-place test the viscosity of the lightest product stored must be used.

3. When a diked area fails to be structurally sound or impermeable to an oil spill, two things can

be done. First, the current structure can be retrofitted to meet current standards such as:

a. constructing dike walls according to NFPA 30, section 2.2.33;
b. performing structural tests on the 'dike walls to insure their strength;

c msta]lzng natural clay or synthetic liners to increase the permeability of
the dike floor.



Second, an alternate method to ‘a diking structure éan .be used, such..as impoundment pits c;r
retention ponds. Oune possible scheme would be having a Lncd trench within- the diked arca that
flowed to a sump. The trench would be designed so that any spilled oil would go directly into the
trench. Qi then could be pumped to another hold.in_g tank. The capacity of this bolding tank should
be 110% of the largest tank in the diked arca. - |

“ .

Retrofitting a diked arca will be expensive no maﬁcr which mecthod is used. Time and cffort. will

be required o;: the part of Lhc facility to ﬁnd_a means of @ndm containment that is affordable yet

cons:.stcnt with thc dcpartmcnts rcqmrcmcnts . Details on cost will have to worked out within their

company or wnh a consullmg cngincering group.
4. Maintenance of secondary containment arcas is as important as'having the proper design and
construction. Steps must: be takcn by the facility to keep up the sccondary containment. Inspections

on dxkcd areas, as well as tanks, should be donc on a monthly basis.

. Inspection routines should consist of- inspecting the area for product slpills. closed storm  water
.values and insuring that the dike floor is free of vegetation protruding Lliréugh it.  Since évoiding
‘correction of these problems can lead to disastrous results, lhcy"nI:uSt be comected ‘as soon as they are
discovered. In the casec of rcmote pumping systems, all aspccls‘ of lh:ssyslcm mus.t be inspected to

insurc that it is proper working order.

- 14 -
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FLAMMABLE AND COMBUSTIBLE LIQU'IDS CODE

I

Table 27 Minimum Tank Spacing (Shelico-Shell

- Floating Roof Tanks

Fised Roof or Horitental Tanks

[ Claw 1ot 51 Liguids

Clam A Liquids

% sum of adjaceni tank diameters”
but not lews than' feet

All 1anks not over 130 feet
diameter

% sum of adjacent tank diamerers
but not less than 3 feet

% sum of adjaceny tank diametens
but not kess than 3§ fect

Tanks larger than 150 feer

diameter

H remote impounding is

insccordance with2.2.8.2 "¢ of adjacentank diametens

H impounding is around
1anks in accerdance with

Y, sum of adjacent tank dialmr:;}: .
2.2.3.% - L

-

% sum of adjacent 1ank diameters % sum of adjacen: ank diametens

4

) &, wifm of adjacent tank diameters % sum of adjacent tank diameters

SIUpas: J At = .30 m.

2-2.2.6 . The minimum horizonial separation between
an LP-Gas container and a Class I, Ciass II or Class 111A
liquid storage tank shall be 20 ft (6 m} except in the case
of Class I, Class I or Class 111A liquid tanks operating at
© pressures exceeding 2.5 psig (17.2 kPa) or equipped with
emergency venting which will permit pressures to exceed
2.5 psig 117.2 kPa) in which case the provisions.of 2-2.2.1
and 2.2.2.2 shall apply. Suitable means shall be taken to
prevent the accumulation of Class 1. Class IT or Class 111A
liquids under adjacent LP-Gas comtainers such as by
dikes. diversion curbs or grading. When flammable or
combustible liquid storage tanks are within a diked arca.
the LP-Gas containers shall be outside the diked arca and
at least 10 ft (3 m) awav from the centerline of the wall of
the diked area. The foregoing provisions shall not apply
when LP-Gas containers of 123 gal (475 L) or less capac-
itv are installed adjacent 10 fuel o1l supply tanks of 660
gal (2498 L) or less capacity. No horizontal separation is
required between aboveground LP-Gas containers and

" underground flammable and combustiblé liquid tanks* .

installed in accordance with Section 2-3.
2.2.3 Control of Spillage from Abm;eground Tanks.
2.2.3.1 Facilities shall be provided so that anv acciden-
tal discharge of any Class 1. JI or Tl A liquids will be
prevented from endangering important facilities. adjoin-
ing property or reaching waterways. as provided for in
2.2.3.2 0r 2-2.8.3. Tanks storing Class 1IB liquids do not
require special drainage or diking provisions for fire pro-
tection purposes. '

2-2.3.2 Remote Impounding. Where protection of ad-
joining property or waterways is by means of drainage to
a remote impounding area, 5o that impounded liquid will
not be held against tanks. such systems shall comply with
the following:

(a) A slope of not less than 1 percent away from the
tank shall be provided for at least 50 ft (15 m) toward the
impounding area. )

(b} The impounding area shall have.a capacity not less
than that of the largest tank that can drain intwo it

{c) The route of the drainage system shall be so located
that. if the iquids in the drainage system are ignited, the
fire will not seriously expose tanks or adjoining property.

(d) The confines of the impounding area shall be
located so that when filled to capacity the liquid level will
not be closer than 50 ft (15 m) from any property line that
is or can be built upon. or from any tank, -

. 2-2.3.3 Impounding Around Tanks by Diking. When
" -« protection of adjoining property or waterways is by means

of impounding by diking around the tanks, such system
shall comply with the following: c

{a) A slope of not less than | percent away from the

.».tank shall be provided for at least 50 fu (15 m) or to the

dike base, whichever is Jess.

* (b) The volumetric capacity of the diked area shall not

. be less than the greatest amount of liquid that can be re-
" leased from the largest tank within the diked area, assum-

L]

ing a full tank. To allow for volume occupied by tanks.
the capacity of the diked area enclosing more than one
tank shall be calculated after deducting the volume of the
tanks, other than the largest tank, below the height of the
dike. !

{c) To pcmfit access, the outside base of the dike at
ground level shall be no closer than 10 ft (3 m) to any
property line that is or can be built upon. -

(d) Walls of the diked.arca shall be of earth, steel. con-

crete or solid masonry designed to be liquidtight and 1o

withstand a full hydrostatic head. Earthen walls 3 ft (0.90
m) or more in height shall have a flat section at the top
not less than 2 ft (0.60 m} wide. The siope of an earthen

- wall shall be consistent with the angie of repose of the
: material of which the wall is constructed. Diked areas for

tanks containing Class | liquids located in extremely
porous soils may require special treatment to prevent
seepage of hazardous quantities of liquids to low-lying
areas or waterways in case of spills.

{¢) Except as provided in (f) below, the walls of the

 diked area shall be restricted to an average interior height

of 6 ft (1.8 m) above interior grade.

(f) Dikes may be higher than an average of 6 ft (1.8 m)
above interior grade where provisions are made for nor-
mal access and necemary emergency access (o tanks,
valves and other equipment, and safe egress from the
diked enclosure. .

" 1. Where the average height of the dike containing
Class 1 liquids is over 12 ft (3.6 m) high. measured from

_interior grade. or where the distance between any tank

and the top inside edge of the dike wall is less than the
height of the dike wall, provisions shall be made for nor-
mal operation of valves and for access 1o tank roof(s)
without entering below the top of the dike. These provi-
sions may be met through the use of remoie operated
valves, clevated walkways or similar arrangements.
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‘9. Pip}ng passing through dike wills shall bévde- 4 L .!i\'osphe‘r'ilc tanks, as a result of filling or emptying. and

signed 10 prevent excessive stresses as a result of settle-
ment or fire exposure.

'$. The minimum distance between tanks and 10é of
~the imerior dike walls shall be 5 fi (1.5 m).

(g) Each diked area containing two or more tanks shall
be subdivided, preferably by drainage channels or at least
by intermediate curbs in order 10 prevent spills from en-
dangering adjacent tanks within the diked area as
follows:

1. When storing normally stable liguids in vertical
cone roof tanks constructed with weak roof-to-shell seam
. or floating roof tanks or when storing crude petroleum in
producing areas in any type of tank, one subdivision for
cach tank in excess of 10,000 bbls. and one subdivision
for each group of tanks (no tank exceeding 10,000 bbls.
capacity) having an aggregate capacity not exceeding
15,000 bbis. ‘ . :

2. When storing normally stable liquids in tanks not

covered in subsection (1), ope subdivision for each tank in
excess of 2,380 bbls. {(378.500 L) and one subdivision for

“each group of tanks [no tank exceeding 2.%980 bbls. -

(378,500 L} capacity] having an aggregate capacity not
exceeding 3,570 bbls. (567.750 L).

5. When storing unsiable liquids in any type of
tank, one subdivision for cach tank except that tanks in-
stalled in accordance with the drainage requirements of
INFPA 15, Stendard for Water Spray Fixed Systems for
Fire Protection, shall require no additional subdivision.
Since unstable liquids will react more rapidiy when
heated than when at ambient temperatures, subdivision
by drainage channels is the preferred method.

4. Whenever two or more tanks storing Class | lig-
uids. anv one of which is over 150 f1 (45 m) in diameter,
ate located in a common diked area. intermediate dikes
shall be provided between adjacent tanks to hold at least
10 percent of the capacity of the 1ank so enclosed, not in-
cluding the volume displaced by the tank.

5. The drainage channels or intermediate curbs
shall be located between tanks so as to take full advaniage
of the available space with due regard for the individual
tank capacities. Intermediate curbs, where used, shall be
not less than 18 in. {45 cm) in height.

{h) Where provision is made for draining water from
‘diked sreas, such drains shall be controlled in a manner
30 as to prevent flammable or combustible liquids from
entering natural water courses, public sewers, or public
drains, if their presence would constitute a hazard. Con-
trol of drainage shall be acceasible under fire conditions
from outside the dike.

(i) Storage of combusible materials, empty or full
drums, or barrels, shall not be permitted within the diked
area. ’ o . :

2-2.4 Normal Venting for Aboveground Tanks.

2-2.4.1 Awmospheric storage tanks shall be adequately
vented to prevent the development of vacuum or pressure
sufficient to distort the roof of a cone roof tank or ex-
ceeding the design pressure in the casc of other at-

E
\

T 2.2.5.1

A-2

- " atmosphéric temperature changes.

2-2.4.2 Normal vents shall be cither sized in accordance
"with: (1) the American Petroleum Institute Standard No.
2000, Venting Aimosphenic and Low-Pressure Storage
Tanhks, 1982, or (2) r accepted standard; or shall be
at least as large as the filling or withdrawal connection.
whichever is larger. but in no case less than 134 in. (3 cm)
nominal inside diameter.

2-2.4.% Low- pressure tanks and pressure vemsels shall be
adequately vented to prevent development of pressure or
vacuum, as a result of filling or emptying ‘and at
mospheric temperature changes, from exceeding the
design pressure of the tank or vessel. Protection shall also
be Erovidcd to prevent overpressure from any pump
discharging imo the tank or vessel when the pump
discharge pressure can exceed the design pressure of the
tank or vessel.

2-2.4.4 If any tank or pressure vesse! has more than one
fill or withdrawal connection and simultaneous filling or
withdrawal can be made, the vent size shali be based on
the maximum anticipated simultaneous flow.

2-2.4.5 The outlet of all vents and vent drains on tanks
cquipped with venting to permit pressurey exceeding 2.5
psig (17.2 kPa) shall be arranged to discharge in such a
‘way as to prevent localized overheating of, or flame im-
pingement on. any part of the tank, in the event vapors
from such vents are ignited.

2-2.4.6' Tanks and pressure vessels storing Class 1A lig-
uids shall be equipped with venting devices which shall be
normally closed except when venting to pressure or
vacuum conditions. Tanks and pressure vessels storing
Class IB and IC liguids shall be equipped with venting
devices which shall be normally closed except when vent-
ing under pressure or vacuum conditions, or with listed
flame arresters. Tanks of 3,000 bbls, (476,910 L) capac-

. ity or-Jess containing crude petroleum in crude-producing

arcas, and outside aboveground aumaospheric tanks under
25.8 bbls. (3,785 L) capacity containing other than Class
1A liquids may have open vents. (See 2:2.6.2.)

£-2.4.7 Flame arresters or venting devices required in
2.2.4.6 may be omitted for iB and IC liquids where con-
ditions are such that their use may, in case of obstruction,
result in tank damage. Liquid properties justifying the
omission of such devices include, but are not limited 10,
condensation, corrosiveness, crystallization, polymeriza.
tion, freezing or plugging. When any of these conditions
exist, consideration may be given 1o heating, use of
devices employing special materials of construction, the
use of liquid seals, or inerting (see NFPA 69, Standard on

 Explosion Prevention Systems).

2-2.5 Emergency Relief Venting for Fire Exposure for
Aboveground Tanks.

Except as provided in 2-2.5.2, every
aboveground storage tank shall have some form of con-
struction or device that will relieve excessive internal
pressure caused by exposure fires.
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FIGURE 5-2

ALLOW 12°
FREEBOARD

PREVENT LEAKAGE
UNDER DIKE
TYPE 1

CLAY CORE

TYPICAL ANCHOR TRENCH
MiIN, 12°x12° WATH BOULDER
OR LOG WEIGHT
BACKFILLED IN TRENCH

. - w4

MANUFACTURED MEMBRANE
(SEE NOTES)

TYPE 3
MANUFACTURED HEHBRANQ

SOURCE: PACE REPORT No. B0-3(3)

EARTH
COVER 6" MIN. N
COMPACTED CLAY '
. NC, D A
pad IMPERVIOUS CORE MUST . PERVIOUS soL .
INTERSECT IMPERVIOUS .
IMPERVIOUS
ERVIO m HORIZONTAL LAYER TO

EARTHERN DIKES
. EARTH COVER
DESIGN 2' MIN (SEE NOTES)
LQuID . |
LEVEL ; 1" MIN,

IMPERVIOUS CLAY BLANKET TO BE
CONTINOUS WTH OR KEYED INTO
IMPERVIOUS FLOOR

TYPE 2
CLAY BLANKET

I Y

NOTES:

1. ALL EARTH MATERIAL TO BE COMPACTED IN

6° LIFTS USING MECHANICAL EQUIPMENT
WHERE POSSIBLE

2. REMOVE BOULDERS, STONES AND LARGE

LUMPS OF EARTH AND PROTECT SURFACES
FROM EROSION

3. EARTH COVER 12" THICK RECOMMENDED FOR
CLAY BLANKET TO RETAIN MOISTURE CONTENT

4. MANUFACTURED MEMBRANE MUST BE INSTALLED
ACCORDING 'TO MANUFACTURERS INSTRUCNONS,
I.E. EXPOSED VS. COVERED, MAXIMUM SLOPE,
ANCHORING AND SEAUNG DETAILS




APPENDIX C

Unified Soil Clamification Systen
{ASTM Demignation D-2487)
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Tests made on fraction finar than No. 40 sieve.

Fgure 4-16. Unifed Soil Classification System (ASTM Designation D-2487).
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APPENDIX E
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S !
- BASIC CONSIDERATIONS

| o : .

4“

’

a tubular chamber of suitable d:arget,er usually ‘a few inches, and
connected with 4 suitable over-flow arrangement and collection con-
tainer. A small-diameter standpipe tube is connected to the top of
the larger tubé. The diameter of the standpipe tube is nd]usted to
the permeability of the material being tested. If the! standpipe - is
too large, the rate of fall of the water level ‘will be excessively slow;
and if the standplpe 1s too small, the rate will be too fast for accurate
measurement‘ B : ,{ .
iIn makmg a test with a falling head type of apparatus the stand-
pipe is filled to a level somewhat above pomt Pij n Fig. 2 l2c When

R i el
H
L AN IS

cogey DT Ut ;

FIG. 2.2 Lasboratery permeameters. (s} Constant head permen-
meter. (b} Constant head permeameter. The arrangement here
eliminates errors due to filter skin at top or bottom of specimen.
(¢} Falling head permeameter. (Some of the above arrangementa
are from Seidl Mechanies in Engineering Practice, by Tersaghi and’
Peck, John Wiley and Sons, New York, 1948, Fig. 14, p. 46.) )

F-1
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APPENDIX G

88 CHAP. 5 / MOVEMENT OF WATER THROUGH SOIL: éASIC PRINCIPLES

Time when water lavel
isath, ist, .
) ——e !

a = srea Ol stcndpipg

. |
Time when

h, level is at
hy.is 1y
(1,1

g A = cross-sechional area
) hy . 2 of soil sample

]
Falling head test k= — & . 8. 1
sing -t A "h,

h
ke {23031 3, M
o fty —1,) A 9w h,

Figure 5-8. Falling-head psrmeameter.

Darcy's coefficient of permeability is the factor for a condition of steady
flow through a soil. In performing laboratory permeability tests it is essential
that volumes be measured only after steady flow has been occurring for some
period. It is important to assure that no air or other gases arc trapped within
the soil to interfere with flow. A vacuum may be required to remove trapped
air. In general, the constant-head test is easier to perform, and requires jess
skill and experience than the falling-head test. Care is required durning testing
of fine granular soils (such as in the fine sand range) to prevent the particies
from being carried along with the discharging water. Details for performing
permeability tests are presented in the ASTM Procedures for Testing Soils .

lliustration 5-1: A constant-head permeability test is performed on
a sample of granular soil. The test setup is as indicated in Fig. 5-7. The length
of soil sample is 15 cm and the cross-sectional area is 10 cm’. If a 24 cm’
volume of water passes through the soil semple in a 3-minute period, when Ak
is 30 cm, compute the coefficient of permeabiliry.

- (965
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48 BASIC CONSIDERATIONS-
. o QObservation wells

shown in slevation
' I vigw

! \ 2
) o Typical locations for

\ observation wells
Piar‘l .
- \ Pumped well
- T — i - —— + ——- - - — Or —a= » O
' (2) {1} '
! l Notes
. . (1) At least two observation wells

are required in a%ine
I (2) Number o! pbservation wells,
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At a distance r from the well,' the area A.through which the water
is flowing is 2#rh. Applying Dupuit’s assumption that 1 = dh/dr

o ‘q--‘-2krrh§ _
80 - .
C T 9 2keh g
and . ' ) |
glog.r = Zekh? + 0 =xkh*+ ¢






