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Background 

Earthen secondary containment systems arc eommonly used at most oil storage faditics in the 

State. To function properly these systems must be impemcable to the produd stored to prcvcnt oil 
4 

from reaching ground or surfacc water. They must also bc properly construded according to all 

regulations pertaining to secondary containment arcas at bulk pelrolcum fadit is .  

Sccdndary containment is a requirement of several different federal and state regulations, 

specifically Part 1 U  of Tirle 40 of the Code of Federal Regulations and Parts 610, 6U' and 614 of 

Tide 6 of the New York State Code of Rules and Rcgulations. 

Part 1U of Tide 40 cstablisbcs procedures, mcth& aod qujpmcnt to prcvcnt the discbarge of 

oil from non-transportation related on-shore and ofkhorc fadlitis into the watcrs of the United 

States. These fadlilies must havc one of the following means of ycondary containment or its 

cquivdent to retain discharged oil: (1) Dikcs, bcrms or retaining walls suffjcicntly impervious to 

contain spilled oil; (2) Curbing; (3) Culverting, gutters or otbcr drainage systems; (4) Weirs, booms or 

other barriers; (5) S p a  diversion ponds; (6) Retenlion ponds, or (7) Sorbaot materials. Part 112 

applies to all on-sborc facilities with an underground sorage capaoty grcatcr than 42,000 gallons of 

oil or an aboveground storage of grcatcr than 1,320 gallons of oil. 

The Petrolcum Bulk Storage Regulations (6 NYCRR Part 6U3) require scco~dary containment for 

petroleum storage taoks Ibat are: (a) in sensitive arcas, such as over aquifers or near rivers; or @) 

6 c h  havc a apaaty of 10,000 gallons or more. The secondary containmcot must be mnctruued so 

that spills of petroleum or chemical components of petroleum will not permeate, drain, infillratc or 

orherwisc escape to groundwater or surface water before dean-up ouurs Consrmcrion of dikiog and 

the storage capaaty of the diked area must be in accordance with NFPA No. 30, section 2 - U J .  



Purpose 

This purpose of this paper is to discus a few of tbe available tcsLing methods that use Darcy's 

Law, both laboratory dod in-place tcs& to .determining a soil's permeability. Diaerent variables, such ' 

as sbi stratigraphy and soil typc, will be disc& and how they ran cffcd the results of thcx. tests. 

Proper Construction I , . - 
. . 

! 1. . A secondary wntaininent a r ~ a  , . can bc constructed according to two method.. The fist is 
. : 5 :  U "  

constructing a diked arca that is sufidently impervious to the lightest product stored within the area 

The second is to divert an oil spill to a retention pond or holding tank. Allhough diking is most 

common, divkrsion of spills to a r=rehtion b o d  can be a good altemarjve when the expense of making 

the containment arca suffidently impervious to an oil spill is too d y .  Federal regulations, such as 
. . 

40 CFR 112, suddivision 112.7(c) and NFPA 2-23.2, both mentidnrembtt impounding. Because diked 
. . 

areas are the most common &eth& used in'secondary w&ent, iemote impounding. methods will 
,I . ' / .  . . .  . : ,  

ndt be disiussed.. More informati& &l bc obtained from a coosul&g eughccrihg group upcrienccd 
. . , . 

' L !  . , ,C ,' 
9 . 1 ' : .,, ' in thk'type of operation. i 

, . . . . . , .  , . . .. . 
. . 

When evaluating a diking structure, ,., ., Lhru questions must be addressed. Fust, is the dike properly 
I / ,  

constructed? S a n d ,  what soil materials arc present, both at the surface and beneath the surface? 

F d y ,  how long can the containment arca retain the Ligbtcst produa stored? Proper wnsmction of 

the wntainmcnt area & one of the' mast import&t arpccts in nnluating .if the dike is an effeaive 
, . , .  . . 

, .- I , . 
impemcable barrier. 
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, . ~. - .  , , , ' ~  :n . . - .  

. .  .- 
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The guidelines for consmuding a dikc be found in the National Fuc Protcdion Asrodation 

(NFPA) 30, Rammablc and Combustible Liquids Code 1981 section 2-233. A copy of this d o n  is in 

Appendix A. The NFPA Flammable and Comblrrtible Liquids Code Handbook is plso a good source for 

guidelines in proper construction Thcx guidelines csplain in detail how dikc walls should be formed, 

what the rquircd capaoty of the dikc should be, m?tcrial of construction to ux, ctc As shown in 
(I 

Appendix B, illustrations . from DEC's Recommended Practices for Aboveground Storage of Petroleum 

Produas Manual, pp. 5-2 and 5-3, the construction of the dike should restrid both the horizontal 

and vertical flow of any petroleum product r e l e a d  in the area. Proper w m d o n  of the dikc walls 

will prevent the struclure from being topplcd over in the event of a large release. , Once careful 

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

types of soil prcsent at the surface bf the dike and beneath the surface. 

Determination of the soil type at the surface can be done by visual inspection, however, more in- 

depth investigation is rquired to determine the subsoid profie. Commonly, boring logs or test pits 

are employed to obtain a subsurface profde at a site. Boring logs evaluate subsurface condirions 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 log should contain the number 

of blows needed to drive the auger a certain distance, the types of soils and rocks encountered m 
i 

each sample, the depth to groundwater and any changes in soil stratigraphy. Samples arc usually 

retrieved and &ed every two feet, while the number of blows arc recorded every six inches. 

To obtain a gmd subsoil profde, a series of borebolcs must be used. Thir information will more 

dearly & h e  anes of uniformity and variation in soil stratipaphy. To effiaently dmlop a good 

profile Lhis information should be evaluated into a subsurface profde as the boreholes arc 

made. In this manner one can d d e  when further subsurfaa duatim will be needed. 



. : . - . . . . .  
infor&ation' hmidd 'by the driller's I& bbok. usually 'the k b e i s  6f the 'field ci&v are diillers by 

. . .  , ,. , , -  
trade and may not have tbe 'ti& to perfirk detailed mil 'cksiiication.' ~mportiut items of 

l t  - ., ,! , . . ,:: . . \ .  

&formati& about a sods prof& &i be dzrl06ked because the driller's main ^mi- is oftcn'the rate 

~. ., , .  . , , , ,  . ' .  . , . , , , . , , a  , : . ,  

'dcie&hc the -mirs pekeability. ' 0dk an anrage p&neabiIity rat= has been cs tabked for the 
. . .  , , , .., h.' . ,, .-: .,d'< . . 0.  *.,,.! ' 

entire diked area, the &ktidi &e%r the lightest produd skord $n be calculated. 
- . .  . .  . . , .  . , ,. , .. , ..q ' 3 . ' .  , ; 1 , :  $.! ' . % ; : - '  .' - .  , . A  I . . .  , , ,  , 

i 

. . .  . . .  . . .  + , _ 4 ,  , . . . . . . . .  I . : ; . . .  
Darcy's ~ a w  ' ' . . .  . ' >  , % ;  ' ~ .  , ,  . .,,, ~ ; - ; . &  . i  ' , i .' ,. I '  

' ~ e i m k b i t y  3. defmed as..tKe abiity of water, or any other fluid, to flow through a soil by 
. , . . . . , . ; . .  . . , .  :I . I . . . .  , I .  . r . ,  . . 

traveling through the void &aces. 'Using an engineering apprmch, Darcy's Law d&es pcrmeabity 
. . . , ., , , . 5, , , , I-',< ,, ; . '  . ,., :, : ' . . I (  . . . . . . .  . , 

$ 5  

by the equaiioni ' 

, , . . k =  pcrmcabiity of the soil (-1s) , . ,  . - , ,. ,, ., 9 
k = ----- q= seepage rate (an 3 /see) 
. . it, 

c .,.' - ' . i .  ,.; ..2 : . I  
i=  hydraulic gradient.(dimensionlcss) . . .  
A=area perpendicular to q (an2)' 

. . 
. ,. . . - .  ' , .  , , . '  1 , , > ..: . . %  1 .  ! r . . . .  - .  . . , 

By measuring the quantities q, A & i from a laboratory or in-place tcst, the permeability rate can 
. . . , cal'&ted; ' 0  . . - ' , . 1 :.: . ' '. . ~. 

. , .. : ., . , ' j _ _  I . ,  .. 3 I .< :.. 1 ' ; ) .  I ." : .. 

The calculated permeability rate, is usually considered to be constant throughout b e  soil, ., . . 

h o w x r ,  it can vary at ce5+ !ocations bwusc ,of a w e  in the mil's make-up, such as a sand - .  . - 
layer followed by a day layer. In this situation, the pcrmcabiity rate will be higher in the sand layer 

and lowr  in the day layer. This is largely dependant on the propertics of the fluid flowing through 

the soil, most importantly its viscosity. 



p he casc with which the nuid can travel through tf;= soil depends upon: 

(1) 
' The v-ty of b e  floPring fluid; 

(2) The size and continuity of the pore' spaccs or joints through which the fluid flows, which 
depends in soils upon: . 

(a) The stc and shape of the soil's partidcs; 
@) The detrsity of the soil; a 
(c) The detailed arrangement of the individual soil grains, called the s t r u m c ;  
(d) The prcscncc of discontinuities in the soil's stratigraphy. 

Because thcsc variables have such a large cffcd on the permcabiity rate, Darcy's Law can only 

give a statistical average fador representing a dcfmitc aosr scdion of the soil. Thus, to achieve a 

more representative view of the actual field conditions, a larger area of soil must be evaluated by a 

test. The properties of tde soil. such as grain size, can also be used as an indication of the 

approximate range of the permcabiity to be w e d .  As a rule, however, permeability should only be 

determined by a laboratory or in-place test. 

Instead, the s i x  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 f i e  

grain. The four common groupings are gravel. sand, silt and day. A diagram further desu i i ig  these 

different soil dassications is attached in Appendix C. 

The arrangement of soil partides can iducncc pcrmcabity in two important ways. The &st is 

through natural straciftcation. Natural soil deposits arc always strarified in s t r u m c  to some cacnt 

when they arc formed, causing the permeability lo be higher in a horimntal dircdion than vertically 

or vice-vcrsa. Some examples of stratitication indude open-work gravel, water deposited soils and 

windblown sands and hiltr ~h;. second is through dctailcd orientation of partides and dispersion of 

fines. Permeability tends to inacasc in mils of b e  grain sizq due to its higher density, and when 

moistun content is high at the time of compaarim. For these masons, diru i  calcuiations from a 

chart of drainage charadcristikx of soils can only provide a rough &ate of a soil's pcrmcabity. 



2 .  

Soil Classifications 

Permeability is largely dependant on the void behvccn soil particles. This is shown by the larger 

value for k for coam grain soils, such as gravel, and the much smaller values of k in h e r  grain 

soils, such as silt or day. The rcasod for (hic is that in &r soils. the smaller pore spa- only 

allow low velocity now, where the larger pore spaas in the coarser roils yield the opposite &cd. In 
8 

days, the extremely small flow channels become saturated as the day partides absorb the water which 

further rcdu& the' area of' flow. In ideal conditions of uniform void between soil particles, the 

permeability of a 'mil could'be directly calhrlated from the soil's void,ratio. Since these void spaccs 

' k e  not uniform, permeability is 'more pradically determined through ,the use of a laboratory or field 

test. As .a kferencc for different soil properties, a tabld of permeability and drainage characrcristics 

ik attached in Appendix D. This dcscribcs the different soil types and the applicability of direct and 

I. indircd methods for dctcrmining permeabilities in various soils. I 

The relationship between void ratio and permeability is logkihmic Generally, a semilog plot of 

void ratio values and their conesponding permeability values will produce a straight liDc for most 
i 

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

sample or rccompading a sample in a test chamber, will &tly affcd the perm&bity rare. 

Therefore, it is extremely important that a so5 qatiGcation remain undishrrbed in order to 
- ! . .  ., . 

accurately determine the permeability rate. In layered soils the measured flow rate in the horizontal 

direction can be greatly different from the flow rate in the vcrtical direction. Fme grained non- 

h o g e n w u s  soils, such as day d h  alternating horizontal layers of silt, will generally havc higher 
- 

flow rates in a horizontal diredon compared to a vertical diredon 

Conditions than void ratio and soil grain rtrc llsd will aff& the flow rate of a fluid 

though a g k n  soiL Sumr, cracks, lissurcg cavities and trapped air all pky a mle in the soil's 

permcabitity rate. Fzld i m r d g h o n s  4 information on the pnscnw of these oondirions to 

allow testing methods to reliable measure the rate of flow of a fluid through a given soil. 



In the best w n d l o q  pcrmcabity tests, either field or laboratory mctbods, arc only reliable to 

an order of magnitude. Sia thcsc twts usually wnccntratc on a s+c arca of the roil. more 

accurate rwulu an obtained through tesring owr a greater arca of the soil. This is because surface 

moditions as wcU as sobsurfaa wnditions will mast likely Fbangt, cvcn over short dltanccs. Bwuse  

of the wide variety of laboatory tests and Geld tcsts available, careful cvaiuation of the soil's makc- 
4 

up, as wcU as the applicability of the testing method in thew roil amditioq m u t  be done to choose 

the bcst test and achieve an a m a t e  permeability rate. 

Permeability Testing Methods 

Laboratory Tests 

Two common laboratory tests used to determine the variables needed to calculate a soil's 

permeability, which apply Darcy's Law, are of the 'constant head' and the 'falling head' typcs. 

Illustrations of thesc tcsts are shown in Appendix E. field tmts indude standpipe tests, such as the 

method dcsaibcd in PACE 79-2, borehole tests, bail-down or slug tcsts using Hvorslev's Method and 

anu pumping tcsts. 

The constant head tcst is uwd mostly for permeable soils, such as filter or drain aggregates. A 

sample of the material is placcd in a cylindrical mold, and a continuous supply of water is fed through 

the sample. Darcy's Law is then applied to the test results to determine the soil's permcabity. The 

water is in t rodud  at the top of the cylinder and passes through the sample of aoss sectional arca 

4 in time t, d l c d e d  at a flow rate q into a container beneath the samplc. The hydraulic gradient i, 

is eqnal to tbc net bead 4 divided by the kngih of the sample L Problems arise with this tcst 

when the sample is an impervious soil. This is bxaw impervious ao& haw qn uccssivc seepage 

time and mri occur in the results bccauw of evaporation. A more sUitPblc t c ~ t  for i m p e ~ o u s  soils 

is the tzIling head permeability t a t .  



The falling bead tcst s i m i  to the 'constant bead tcst  because it meas& the amount of 

water parsing through a sample 6f'the material. The difierence is thii 1cst.usc.i a standpipe to 

.. . . 
introduce water into the sample. T h e  diameter of the standpipe is adjusted s o  that a medium flow 

ratc 'is established through the sample to e o m p e n k  for evaporation b d  increak the a&mcy of the 
. . 

i . '  
rcsulk. ~ ~ ~ l ~ i n ~  D&& Law, the form of t i e  equation used is (see appendix G): . ' 

6 
. . 

k = 2.3 & 1% @I /62) k = pcrmeabity (an/sec) 
Ad1 

. .. . s = area of the standpipe (an2) 

A = crw-scdonal area of the sample (an2) 

L = sample length (cm) 

C . "  ' . . . . ~ , , . .  hl = initial beigbt in the standpipe (an) 

h2 = Gnal height in the standpipe (an) 
. ., 

dt = the time it took tdC water to 
fall from hl to h2 (seconds) . . 

. . L , .  - . . ' 2 

. . .:. . . . 

Falling hedd-tests may be done witS either downward ' o r  up-d flow through:'the sample. 
. . 

Although downward flow would seem to be the most logical dircdion of flow, reverse flow is applied 

to prevent migration of fines which lea& to dogging and a misleading rcsult of a higher permeability 

rate. One s p 3 c  test that takes advantage of reverse flow, or backllow. is the flexible wall 
' . 

permcamcter test. This is a trkial dcvicc specifically designed for fine grained soils. The key . i 

,- I I 
clcmenl to this device is tbe flexible rubber membrane chamber than holds the sample. - ~ 

. ., 
. . 

Bccausc of the. flexible chamber, this test cab simulate in-place moditions by -applying the proper 

~. 
chamber pressure ' a n d  wrtical load. Drain hol& an bl e d '  on opposite ends bf the cylindrical 

. . .  
chamkr to calculate the seepage r a t c  &ugh the speche;. The flenble 4' is tightly pressed 

I, . ,  . 
against the 'sample to p&nt leaki and sideflok vcbctwcen the wall and soil. ibis is the major r-n 

for using a biaxial device. Back pressure is applied t o  i6c sample main& the same 

effective stress on the soil's skeleton In this manner, a fully saturated permcabiIiry ratc, with a 

minimal amount of doggin& is achieved. The most important factor in obfaining accurate results is 

rctricviq a sample with the least amount of disturbance to it's natural matipapby. . 



or a split-spoon sampler. The permeability of thcsc samples can then be tcstcd succcvfully in the 

laboratory. If @le, Laboratory tests should be p e r f m c d  with the light& p&olcum produd that 

rcu)mmcndcd because rccompacting of the sample in the b b e r  of the apparatus &en produces 
4 

inwrrcd permeability values. Results CEO bc altered from a fador of 10 to a fador of 100. 

Field Tests 

Field permcabity tests offer an advantage over laboratory tcsts at artaio sites bccaure they 

evaluate a volume of soil in its natural environment. Retrieving undisturbed laboratory samples in 

sands and d t y  soils is di[f~cult, even when using a shelby tube or a split-spoon sampler. This is due 

to the large vibrations and shearing from the hollow tube or auger as it penetrates the soil. Natural 

fiocs and voids arc disturbed, altering the natural stratigraphy and hngbg the soil's pcrmcabiity. 

An in-plaw test is an alternative method to a laboratory test which overcomes this problem. 

Field methods tcst soils in their natural location. This avoids the problem of disturbing the material's 

natural suatigrapby. The field methods described herein arc of the cawd boring typc. IUusuations of 

these rypcs of tcsts arc shown in Appendix F. These t& mclhods are based on the h e  it takes 

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

Standpipe tests are of the falling or constant head method. ThL test is condudcd by inserting a 

standpip is into the soit and hlling it with water. After alloaing the soil to bccomc saturated, the 

tcst is Wed. The pipe is filled to a artain lcvcl prith a how d u m c  of w e r  and the level 

change per md time is rccordcd The drop in water k w l  over an interval of time, mually 30 

minutes, is thcn psCd to dCtMline the soil's permeability from a graph of drop in produd k l  wncs 

prrmcability. This test is most accurately performed during the warmest and drkst 6ca.w~ of the 

year. Two souras of error are the test mostly acmuats for d c a l  flow through a soil sample, and 

results CEO be cffeded in more permeable sods due to evaporation 



A Borehole test is a simpMed vcnion 'of a WU pumping tcst. A mil's permeability is 
< .  

&aced through Darcfs L&v from ;he rate at which k t c r  cao be pumped out of, or into, a drill . . ~. -. . :,,, . 
hole. When stratum k 'be i i  t & d  above the water table, a pumping-in test is peiformed.' When the 

, . .  . 
S~ . , 

layers arc ben& the water table either pump&g'ketbod can be performed 
. . .. . , , . . . 

This method provides a physical index for%ow through an in-place material at a rck~ivcly low 

cost. A borehole test can provide useful information about a soil, bo(vcvcr, care must be taken when 
. , 

applying the t a t  since the results are not easily checked and erron are possible. The most frequent 
. , . . . . . .. . . . . . . . 

errors arc: 
, . ' <' , .  , . ,  

i 8 ' L . .  . . . 

(1) Leakage dong the casingand around packers; , . . : , ! 

(2). Clogging due.to sloughing of fines or sediment in the water; 

(3) Air locking due to gas bubbles in the soil or water; 
, . .  

(4) Flqw of water into oadrs,in soft rocks that arC opened by uccssivc head in tcst holes. 
. .!, . 3 . , .: . : . .'I . ' i 

. . 
A slug'test, or ~ v o n l &  methodis based upon the thmry that the time &g of water flowing to 

3 

or from a hole, or well' Earing, is inversely prbporiional to thc' permeability of the soil. A well is 

. . ~. 
titst inrtalled'into tde groundwater t&e. Nen a ma&~or  dug is dropped intb th= wcU casing causing 

the water levcl of the groundwater table to : a r ~ i ~ d a l l ~  'rise. Once the h t e r  level in the will reaches 

cquiliium, the> slug is removed causing the water level to drop by a known volume, the wcigbt of the . A ... . 

slug. ,Water then +gins entering the. casing. The amount of time, or time kg, for the water level to 
.;; 1 . . . .  : 

. . reach quilibrium- . .~ in the well is recorded by an ekdronic. pressure-se&g device. The soil 
. . . 

. . permeability k then &ermined from a graph of time kg verses permeability. 
. - ) :  . . . - . .  

. . . The time' lag theory is a b a d c a l  &d rclatkly inapehsivc metbod for determining permcabiity 

' 
in h ~ o g t a c o u  and aon-hornbgenmus 'so&.' Err& may ofcur in the d t r  duc to the inaccuracy of 

the el.xtrb&c devices and for the s&e rcasok mchtioncd for the b a c h d e  tcst. '-: 

1 . ' ... ' r - .. . 



A well pumping tcst is b a d  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 t h c  bottom of thc water-bearing 

Layer and is equal to the slope of water surface. In tbk ttcsl, water is pumped out of, or into, a well 

while water l m l  readings arc made in scvcral nearby rormdhg arllr Tbe test is continued until 

steady state conditions arc reacbcd. 
4 

For the case of radial flow, Darcy's Law and Dupuit's assumption arc uscd to &rive the simple 

well formula (see attached diagram in Appendix H): 

Tbis formula is based upon four assumptions: 

(1) The pumping well penetrates the full thickness of the ykr-bearing information; 

(2) A steady-state flow wnditioncxists; 

(3) The water-bearing formation is homogcncous, isotropic, and extends an i n f i t e  distance in 
all dirdons;  

(4) Tbc Dupuit assumption is valid. 

The reliability of this tcst depends on how accurately the above assumptions arc met. The test 

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

For all in-place tests, watcr has to be used as the test fluid. The final permeability ratc rcsults 

arc thcn converted by means of a ratio, k o s i t y  of petroleum to watcr, to rcfleu the permeability 

ratc of the lightest produd stored within the diked area. This vaiuc thcn can be uxd to calculate 

the redention time of the soil to an oil spill. 



When determiniog the permeability of a soil in a secondary containment area, the objed of the 
* 

test must be to determine the vertical, as well as, the horizontal flow of a potential oil spill In this 

manner, a good &ate of a pebokum's migation through the soil to the groundwater can be 

achieved. The object of the dike should be to allow for adquate dean-up time, as wcU as minimal 

soil contamination, in the event of a large release. 
. 

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

satirfactory, the next step is to determine the stratigraphy of the soil in the diked area. Tbis is 

accomplished &rough field investigations using boring logs or test pits. Fmally, after dadying the 
, . 

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

permeability rate. 

In homogenous layers of day where a good sample can be retrieved, a laboratory test can be 

. urcd to cffecrively determine the soil's permeability. Laboratory icsts should be of the triaxial system 

(i.e., flcldble wall pcrmeameter). In-place permeability test are better applied to non-homogcnwus 

soils that arc mostly compri+ of silts, sands, or gravels. This is bccause of the difliculty in . . 
retrieving a relatively undisturbed sample. In this manner, a more accurate permeability rate for the 

soil aill be obtained. No matter which method is used, it should be noted that thc results are only 

accurate to an order of magnitude. 

One limitation to all in-placc teas and m e  laboratory tcsts is that water is used to calculate 
, 

lbc permeability of the sosoil; a conversion fador (ratio of viseohj, of petroleum to water) must then 

be applied to adjust the cdar la td  pcrmcabity to rctlcd the tightest pccrdu~ product stored a the 

d e .  Roblems arise in chis airuation &a lighter chemical clcmeats of petroleum can flow up to 

6fty times faster through a given material than water. Bccaurc the &unity of petrolcum is an 



s w a g e  of all the chemical amponenu, a f?Lcly higher permeability rate wuld  be calculated. 

Therefore a higher permeability ratc of the soil should be upcdcd d e n  using water as the test fluid 

with in-place or laboratory test. 

Recommendations 

The folloaing remmmendations are for upplading sccoodary containment *ems to comply with 

DECs Major OnShorc Petroleum Facility Regulations: 

1. The dcpartment will a m p (  any permcabilj. test ruults that are arlified by a professional 

engineer. We are expecting a permeability ratc that allows for adequate dean-up time with a minimal 

amount of soil contamination. Whcn p&fonning either a laboratory or field permeability test, several 

samples of the diked arca should bc tested so that a prolile of the entire diked area can bc obtained 

allowing for an average pcrmeability ratc of the entire diked area to be calculated. A professional 

cnginccr will bc required to certify that the diked area is stmdurdy sound and impervious to tbc 

product stored within the containment arca. 

2. AU diked arcas are required to bc impervious to an oil spill. The department expects the 

diked arca to provide adequate dean-up Lime with a minimal amount of soil contamination. Wc project 

that a d m - u p  time of 72 hours with no more tt$o six (6) inches of soil contamioation, will be 

ncacssary to remediate the spill and cause the lcast amount of cnviro~lcntal damage. Whcn using a 

laboratory test the pcrmeabity rate m u t  bc calculated using the lightest product stored in the diked 

arcs Whcn using an in-place test the viscosity of the lightest produd stored must be used. 

3. When a diked area fails to be struduraUy sound or impermeable to at; oil spill, two things can 

be done. Fby ibc current sbUchlre can be retrofitted to mcct cmrent standards such as: 

a mrrstructing dike walls according to NFPA 30, d o n  2.233; 

r installing natural day or synthetic linen to in- the pmeabi i ty  of 
the dike floor. 



Second, an alternate method to a diking structure can be ud, such impoundment pits or 

retention ponds. One possible scheme would be having a Lined trench within the &ed arca that 

flowed to a sump. The trench would be dcsiped so that any spilled oil would go dircdly into the 

trench. Oil then could be pumped to another holding tank. The capaoty of this holding tank should . .  
be 110% of the largest tank in the diked area. 

(I 

RetroMting a diked arca will be upcnsivc no matter which method is used. Time and effort will 

be required on the part of the facility to h d  a m a n s  of secondary containment that is affordable yct 

consistent with the department's rcquircmcnts. Details on cosl will have to worked out within their 
. .  , L . ! L  

t 

company or with a consulting engineering group. 

4. Maintenance of s-ndary containment arias is as important as having the proper design and 

construuion. Steps must be taken by the facility to keep up'thc s.xondary containment. Inspcdons 
.. 

on diked areas, as well as tanks, should be done on a monthly basis. 

Inspeaion routines &odd consist of inspe&~g the a k a  for product spills, dosed storm water 

d u e s  and insuring that the dike f l oo r  is free of vegetation protruding thrdugh it. %in& avoiding 
. . .  t r  

cone&on of these problems &i lead to disastrbus results, &cy'&t be &mect'ed as soon as they are 

discovered. In the case of remote pumping systems, all aspects of tbis'systcrn must be inspeacd to 

insure that it is proper working order. ' 
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51 L'DIII: 1 +I - 0.30 m. 

2-2.2.6 . The  minimum horizontal x p a n t i o n  between . 2-2.1.1 Impounding Around T a n h  by Diking. When 
an LP-Gas iontaincr and a Clau I. Clau I1 or Clau 111A . .  protection of adjoining property or  w a t c w a p  is by mcans 

of impounding by dikin around the tanks. such system 
shall comply with the foflowing: 

liquid storage tank shall be 20 f t  (6 m )  exccpi in the care 
of Class I .  Class II or Class IIIA liquid ranks operating at 
pressures exceeding 2.3  psig ( l i . 2  kPa) or equipped with 
rmergrncy writing which will permit prcrsurcs to cxcccd 
2.5 psig ( l i . ?  kPa) in which case the provisions.of2'.2.2..1 1 

and 2 2 . 2 . 2  shall apply. Suinblr  mcans shall be n k c n  to 
prevent the accumulation of Class I .  Class I1 or Class I l l 4  
liquids under adjacent LP.Cas containers such as by 
dikes. diversion curbs or grading. LVhcn flammable or 
combustible liquid storage tanks arc within a dikcd arca. 
the LP-Gas containers shall be outside the dikcd arca and 
at lcast 10 f t  ( 3  m )  away from the ccn<crlinc of the wall of 
the diked ar ra .  The  foregoing provisions shall not apply 
when LP.Gas containers of 123 gal ( 4 i 5  L)  or lcss capac. 
i ~ y  arc inrialled adjacent to fuel oil supply tanks of 660 
gal (2498 L) or less capacity. S o  horizontal separation is 
required between aboveground LP-Gas .containers and 

. underground flammablc and combustibl<liquid tanks' 
installed in accor$ancc with Section 2-3. , . 

. - 

2 - 2 3  Control of Spillage from ~ b o & ~ r o u n d  Tanks.  ' 

2-2.3.1 Facilities shall be providcd so ihar an? accidcn- 
tal discharge of  any Clau I. I I  or 111.4 liquids will be 
prevented from cndangrring important facilities. adjoin. 
ins property or reaching waterways. as provided for in 
2.2.3.0 or 2 - 2 . 3 . 3  Tanks itorins Class l l lB  liquidsdonot 
rrquirc special drainage or diking pro\.ision, for firc pro- 
tection purposes. 

2-2.5.2 Rcmocc impounding. Where protection of ad- 
joining property or  waterways is by mcam of drainage to 
a remote impounding arca. so that impounded liquid will 
not bc held against tanks. such s p c m s  shall comply with 
ihe following: 

(a)  A s l o p  of not IN than 1 prrccnt away from the 
tank shall be provided for at least 50 f t  (15 m)  toward the 
impounding arca. 

( b )  T h e  im unding arca shall have a capacity not leu  
than that o f t  K" c largclr tank that can drain into it. 

Ic)  T h e  route of the drainage system shall bc so located 
that. if the liqui& in the drainage s r r r r n  a rc  ignited. the 
firc will not scrioudy expox  tanks or adjoining propertv. 

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

( a )  A slope of not leu  than 1 percent away from the 
tank shall be provided for a t  least 50 ft (15 m)  or 10 the 
dikc ba)c, whichever is I&. 

( b )  ~ h =  volumc;;ic capacity of the dikcd arca shall not 
be leu than the greatest amount of liquid that can be rc- 
leased from the largest tank within the dikcd area. m u m -  
in?. a full tank. T o  allow for volume occuoied bv tanks. 
th; capacity of the dikcd arca enclosing &ore than one 
rank shall be calculated after deductinn the volume of the 
nnks .  other than thelargest rank. PI& the hcight of the 
dikc. 

(c) T o  permit acccu. the ouuide base of the dike at 
ground level shall be no c l m r  than 10 ft (3 m) to any 
propertv,linc that is or can br  built upon. 

( d )  ~ a l l s o f  the diked'area shall bc of earth. urel .  con- 
crrtc or salid masonry designed ro bc liquidright and ro 
withstand a full hvdrmntic head. Earthen walls 3 ft (0.90 
m )  or morr in hcight shall have' a Ilai xc t ion at the lop 
not less than Z ft (0.60 rn) wide.' The  slope of an earthen 
wall shall be consistent with i h i  angle of r c p m  of the 
material of which the wall is comtructcd. Diked areas for 
n n k s  containing Clau I liqui& located in extrcmcly 
porous sails may require special treatmcni lo prcvrnt 
seepage of hazardous quantities of liquids to low.lying 
areas or waterways in c a x  of spills. 

(e) Except u provided in (0 below. the n l b  of the 
diked arca shall be mtr ic ted  t o  a n  average interior hcight 
of 6 ft (1.8 m)  above inicrior grade. 

( 0  Dikes may bc higher than a n  average of 6 fr (1.8 m)  
above interior grade where provuionr are  madc for nor- 
mal a c r m  and n-ry emergency a r m  to tanks. 
valves and other equipment. a n d  u f c  grcrr from the 
diked cnclaurc.  

1. Where the average hcight of the dikc containing 
Clau I liquids b o n r  I,? ft (3.6 m)  high. measured from 
interior grade. or where the distance between any tank 
and the top iruidc edge of the dikc wall is 1s than the 
hei ht of the dike wall. provisions shall be madc for nor- f ma operation of v a l m  and for acceu t o  tank mf(!) 
without entering below the lop of ihc dike. T h e  prow- 
sions may be met through the u x  of remote o ~ r a t c d  
valves. elevated walkways or similar anangemenis- 



. . 
2. piping passing through dikc v i l l i  shall bC.'dc. ::', ' maphcric tanks. as a mu11 of filling or emptying. and 

signed to prcvmt cxccuivc strcsscs as a rcsult of s;tilc- .r' ' a t m a p h i r i c  tcmperarurc changer. 
mcnt or firc exposure. 

4-4.4.2 Normal m u  shall bc cithcr sized in accordancc 
3 .  The  minimum distancc between t a n k  and to i  of .g i th :  (1) [he ~ ~ ~ , j ~ ~ ~  pctrolcum lwtitutc kan,jard x o .  

rhc interior dikc walls shall be 5 f t  (1.5 m). 4000. Ventinn A l m o ~ a h m c  a n d  L o w R e u u r e  Sloranr 
(g) h c h  diked arca containing two or more tanks shall TankCI, 1982.%r (2) acmPted standard: or shall gc 

be subdividcd, preferably by drainage channels or at least 11 kast  u l a w  u thc filling or withdrawal connection. 
by intermediate curbs in order to prc\.cnt spills from en. whichrvcr L krger. but in no c l u  IN than 1 b4 in. (3 on) 
danncrinn adiacent tanks within thc dikcd arca as nominal inside diamctcr. - - 
foll&: 

2-2.4.3 L o w . ~ r a r u r c  u n k s  and p-rc veuch shall be 
1. Whcn storing normally stablc liquids in vertical 

conc roof unks  ~0n$tNCted with wcak roof-to.shcl1 scam 
or floating roof tanks or whcn storing crudc troleum in gc-: .  producing arcas in any typc of tank, onc su dirlsion for 
cach tank in cxccu of 10.000 bbls. and onc subdivision 
for each group of t a n k  (no tank cxcceding 10.000 bbls 
capacity) having an aggregate capacity not cxcccding 
15.000 bbls. 

2. Whcn storing normally stable liquids in tanks not 
covcrcd in subsection ( I ) .  onc subdivision for n c h  tank in 
cxcns of 2.380 bbls. (378.500 LI and one subdivision for 
cach group of tanks [no tank cxcceding 2.380 bbls. 
(378.500 LJ  capacity] ha\.ing an aggrcgatc capacity not 
cxcccding 3.570 bbls. (567.750 1). 

3. Whcn storing unsnblc liquids in any typc of 
tank, onc subdivision for cach tank cxccpt that tanks in- 
stalled in accordancc with the drainage rcquircmcnts of 
NFPA 15. Standard for H'olrr Spray Fried S y t r r n ~  for 
Fire Rofecfion. shall rcquirc no additional subdivision. 
Since unstablc liquids will rcact morc rapidly whcn 
heatcd than whcn at  ambicnt tcmpcraturcs, subdivision 
by drainage channels is thc prcfcrrcd method. 

4. Whcncvcr two or more tanks storing Class I liq. 
uids. an!. onc of which is over 150 f t  (45 m )  in diamctcr. 
arc iocatcd in a common dikrd a r c a  intermediate dikes 
shall bc provided bctween adjaccnt tanks to hold at kart  
10 pcrccnt o l thc  capacity of thc tank so cnclmcd. not in- 
cluding the volumc dirplaccd by the t a d .  

5. T h e  drainage channels or intermcdiatc curbs 
shall bc located bctwccn tanks so as to take full advantage 
of thc available space with duc rcgard for the individual 
rank capxitics.  lntrrmcdiatc curbs. whcre uscd. shall be 
not 1clr'lh.n 18 in. (45 can) in height. 

(h) Whrrc  provision L made for draining watcr from 
dikcd a r c u .  such drains h a l l  bc controlled in a manncr 
w u t o  p m t n t  flammable or cumburtiblc liquids from 
cntcring u a ~ r a l  water COUM, public xwcrs. or public 
drains, if their prevncc would constitute a hazard. Con. 
trpl of drainage shall bc acmriblc  undcr firc conditions 
from wrridc  the dike. 

(i) Storage d comburtiblc materials. empty or full 
drumr, or b a m h .  shall not be pcrmittcd within the diked 
arc.. 

2-4.4 Nornu1 Venting for Aboveground Tanks.  
2-2.4.1 Amorphcric storage tanks shall bc adcquatcly 
vented to p r r n n r  thc dcvclopment of vacuum or pressure 
sufficient to distort the roof of a conc roof tank or cx- 
m d i n g  thc deaign p ra ru rc  in thc crrc  of othcr at- 

adcquatcly wr;tcd to prevent dcv;lopmcnt of prarurc or 
vacuum, rr a m u l t  of filling or emptying and at 
maphcr ic  tempcraturc changes. from cxcttdin the 
design pmsurc  of the tank or veucl. Protection sha f 1 also 
bc rovidcd to prewnt m r p r c u u r c  from any pump 
discRarging into thc tank or -1 whcn the pump 
dischargc prcsurc can c x c e d  the d e s i p  prarurc of the 
tank or vnsel. 

4-2.4.4 If any tank or prruurc  veucl has morc than one 
fill or withdrawal connccrion and simultancow filling or 
withdrawal can be made, the vcnt sizc shall bc bascd on 
the maximum anticipated simultanmus flow. 

2-2.4.5 Thc  outlct of all vcntr and vcnt drains on tanks 
cquippcd with venting to permit p rcuurn  exceeding 2.5 
psig (17.2 kPa) shall bc arranged to dixhargc in such a 
way as to prcvcnt localized overheating of. or flame im. 
pingcmcnt on. any p a n  of the tank, in the cwnt vapors 
from such w n u  arc ignited. 

2-2.4.6 Tanks and p r m u r c  veucls storing Class IA liq- 
uids shall bc cquipoed with vcntine dcvicn which shall bc 
normally cl&d'&cpt whcn v;nting to preuurc or 
vacuum conditions. Tanks and preuurc reucls storing 
Class IB and IC liquids shall be cquippcd with venting 
dcviccs which shall bc normally cl-d crccpt when vcnt- 
ing undcr prnrurc or vacuum conditions. or with listed 
flamc arrntcrs. Tanks of 3.000 bbls. (476.910 1) capac. 
itv o r l e u  containinn crude octroleum in c ~ d e . o r ~ d u c i n e  v 
arcas. and oursidc abovcground armaphcric r a n k  undcr 
23.8 bbls. (3.785 LI caoacitv conuinine other than Class 
IA liquids &a). ha& o b n  kn t s .  (See 52.6.2.) 

4-2.4.7 F h m c  a r r a t r n  or venting d c v i m  required in 
2-2.4.6 mav be omitted for iB and  1C liauidr whet? con. ~~ - - 

ditions arc &h &at  thcir uu may, in c& of o k t r c t i o n .  
m u l t  in u n k  dunage. Liquid propmicr justifying the 
omission of w c h  d r n m  includc, but arc not limited to. 
condensation, corrcsiwnar. rryrtallization. polymeriza. 
tion, freezing or plugging. When any of lhae conditions 

' 

c&t, conridcrat~on may be given t o  heating. uu of 
d e n m  employing r p c i a l  nu tc r ids  of construction. thc 
uw of liquid r a h .  or i a m i n g  (see NFPA 69. Standard on 
Explosion Rcuntia Syrfrnu). 

4-2.5 Emcrpmcy Rclicf Venting for Fire L r p a u r c  for 
Abovcgmund Tnnk. 
- 4 . 5 1  Except as provided in 4-2.5.2. w c r y  
aboveground aoragc u n k  shall have w m e  form of con. 
s t ~ c t i o n  or dcvicc that r i l l  rel ine cxcarivc internal 
prarurc  c a d  by crporurc f i r s .  





EARTHERN DIKES 

2' MIN. 
H 

IMPERMOUS 
FLOOR 2' MIN. HORIZONTAL LAYER TO P R E M N T  LEAKACE 

TYPE 1 

CLAY CORE 

TYPICAL ANCHOR TRENCH 
MIN. 12'~12' WTH BOULDER 

OR LOG WEIGHT 
BACKFILLED IN TRENCH 

MANUFACTURED MEMBRANE . . - . , - . 
(SEE NOTES) 

EARTH COMR 

. ., 

TYPE 3 
UANUFACTURED U M B R A N E  - 

'IMPERMOUS CUY BLANKET TO BE 
CONnNOUS WITH OR KEYED INTO 

IMPERMOUS ROW4 

TYPE 2 

NOTES: - 
1. A U  EARTH YATERIN TO BE COMPACTED IN 

8' UFTS USING YECHAMCAL EWIPYENT 
WERE POSYBLE 

2. R D 1 0 K  BWUKRS. S T M S  AM) LARE 
LUMPS OF EARTH AND PROTECT YJRFAES 
FRW mw0N 

3. EARTH C O W  12' WIO( RECWENDED FOR 
M Y  BLANKET TO RETAIN UQSlURE CON7ENT 

4. YANUFACNRED YEUBRME UVST BE INSTALLED 
ACCOROINC TO UANUFACTVRERS INSTRUCTIONS. 
I.€. EXPOSE0 VS. COVERED. YAXIYUU Y0q  
ANCHORING AND SEAUNC O C T W  
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L 
U , BASIC CONSIDEIATIONS 

li t"bu1ar chamber of suitable d i a y t e r ,  usually a .few inches;.and 
connected k t h  a suitable over-flow arrangement and, collection con- 
tainer. A small-diameter standpipe tube is comected to the top of 
the larger LUG. The,diameter of the-standpipe tube is adj'uSted to 
the permeability of the material being tegted. If: the1 &andpipe is 
too large, the rate of'fall of the bater le&will be excessively slow; 
snd if the standpipe is too small, the rate will be tod fa& for accurate 

. .. . A  

measurement; I , ,  

i ~ n  making a &st with a falling head type: of ap&ia tk ,  th; stand- 
pibe is filled t o  a level somewhat above point P in Fig. 2:12k. When 

. , 

. . 
. . " ( b )  I 

, .. (4 I I . . 
I 

I .  2 . 2  Iaboratory permearneten. (a) Constllrt head pcrmea- 
meter. ( b )  Constant b e d  permemeter. The m e m e n t  here 
eliminates erron due to f ltcr skin i t  top or bottom of aptcimcn. , 

(c) FaUing head permemeter. (Some of the above armagemeota 
are from Soil Mcchonicr in Enpinccrinq Praclice, by Te-hi md .. 
Peck. John Wiley md Sons, Xer Yak. 1948, Fig. 14, p. IS.)  
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88 CHAP. 5 I MOVEMENT OF WATER THROUGH SOIL: BASIC PRINCIPLES 

Time *men rrnr  krrl 

Darcy's coefficient of permeability is the factor for a condition of steady 
flow through a soil. In pcrforming laboratory pcrmeabiliry tcsts it is essential 
that volumes bc measured only &r steady flow has k e n  occurring for some 
pcriod. It is imponant to assu.re that no air or other gases arc napped within 
the soil to interfere with flow. A vacuum may be required to remove trapped 
air. In general. the consfant-head test is easier to prform, and requires less 
skill and expcricnce than the falling-head *st. Care is q u i d  during testing 
of finc granular soils (such as in the finc sand range) to prevent the panicles 
from being &cd along with the discharging water. Details for performing 
pcrmcabiiity tests an prcscntcd in the ASTM Procedures for Testing Soils. 

IlluatJatlon 51: A constant-head pcmability ust  is pcrfomrd on ' 

a m p l e  of granular soil. The test scrup is ar indicated in Fig. 5-7. The length 
of soil sample is 15 cm and the cross-sect id  ura is I0 cm'. If a 24 cm' 
volumc of water passes through the soil sample in a 3-minutc period. when Ah 
is M cm. compute the axfficient of pcrmcabiiity. 



. . 
ere requored in line 

1 ( 2 )  Number of o k r v a t m n  wells. 
directons.and distances 
from pumpd well on be ' I 10 IYI( site conditbns 

~. . 

At. a distance r from the well, the area A .  through which the water 
. is flowing is 2rrh, Applying Dupuit's assumption tha t i  - dhldr 

. , 
80 

. . q dr. 
. . - = 2krh dh 

' I  

and 
2rkh' 

q log, r = - + 0 - rkh' + c 
2 .  




