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Hashback protection. The fAlame arrester could be located either at the inlet to the n.-amgf
{berween the valve and the tank, Diagram 51 or else on the outlér of the valve,
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Aumospheric sorage umks are one of e maln comtainment methids oed oo Ity
heresrel st wr stome foed, iolermediste and finished products. The siorsge tanks can he off
diffenent sizes, shapes and posicioned o vanous levels below o and ahosgground).

It e pood practise o have secondiry and teniiury means of contaidment in crder 1o
orntaln and mitigate an cverl in case of @ primary contaiment (tank) fuilure. There
dxe many siatidards and codes specifying the contamment philosophy ol Lank bundrg
and swueturl regquireients

Orver the yeaes, thens buve been muny cascs where the sevomdary means of contain
meal wis pot suceessful |/ adequate in retaining the maserial in the event of wnk
{prifay containment) failure. The: ecent incitent ot Buneefield [17] is an eample
About tank bunds, the following questions arise

* Are the exisling design standands am eodes for designing secoadiry containment
adegual="

* Are thene any berter means of designing seesndiry contaimment b sssist ligueiad
retertion fullowing lank filuge?

* How do we ensune thal the existing tank buends are safe secondary mweans of
comainment?

Thus paper 1ries b answer the above queskions by reviewing the adeguacy of an exiss-

ing bumd for o tank fanm comtaining multphe dorage tanks. Several tank Failuts Iypes

are evaluated wsing Compationa] Floid Dynamies (CFD) and the impact of the

Faliwres om und integrity are inves pated. Conssg uenEly, the effectivencss of seveml

onsequence reduction lechnigues o reduce uvertopping pricatial is presemied

KEYWORDS: Tunk failore, Bund everiopping. secondary contalnmen clispom

Computativnal Buid dynamics

INTRODUCTION

Sterage of hazardous materials ¢ flammubles and toxics) has the potential of 1053 of contamn-
Ment hazand associated with it and such hazards could affect people and environment,
Secondary containment is often used as a second line of defence o prevent, comtral or
Mitigate such hazardous events. A secondary containment system 1s defined as [1]: ‘any
item of equipment which may help to prevent the spread of an accidental release of &
nzardous substance !
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In the case of storage of hazardous materials, the secomdary containment could be g
the form of bunds and dykes, double skinned tanks and vessels ar conceniric pipes. Y

Bunds are generally used arcund storage tanks where flammahie or e liquids ape.
held. Bunds are also used within plant areas as a layer of protection for bulk liquid ueggﬂh&
and reaciors, )

This paper looks into the following aspects of the bunds as secondary containment
of a hazardous material siomge area:

-~ Requirements of the bunds (slattory and design)
Adequacy of the requirements in efficient secondary containment
= Adeguacy of the existing bunds and opuons for improvement,

BACKGROUND {
This paper is based on g study conducied on an existing secomlary containment for mulg-
component Auid (mixture) storage. The fluid is both toxic and Aammable and is stored §
a fixed roof tank with a storage capacity of 4560 m? (4,000 tonng). The tink (hereafter |
referred as Tank A} is in a common bund with another intermediate product storage tank
(Tank B). The general tank and bund arrangement is as given in Figure 1, )

The study has been performed using computational fuid dynamics (CFD) tool
Shrdvn-NS i order 1o;

- Determine the liquid behaviour in the event of loss of containment
= Determine the pressure cxerted on the hund walls
= Determine the best option to ensure an efficient secondary containment.

The primary emphasis of the stwdy was 1o determine the degree of retention of mate-
rials within the exiting bund (Secondury containment) under several loss of conlamnment
scenatios in order to identify solutions which would reduce the major hazard risk and
minimise the contamination of land andfor water course, y

Morth
—
Figure 1. Tenk snd bund plot plan B
i
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EFFECTIVENESS AND ISSUES IN BUNDS AS SECONDARY CONTAINMENT
The secondary containment can be less effective if not adequately designed, constructed
and maintained, Tn some cases inefficient bund design even could worsen the simation,
c.g. high bund wall to reduce bund overtopping may provide sufficient confinement for
gxplosion. The common issues identified in bunds a5 an effective means of continment in
the event of failure of the primary containment (tank and ailied system) are given below:

PESIGN AND CONSTRUCTION ISSUES

Bund capacity: Adequacy to vontain the volume of stored material in the tank/s
Dimensions and layout of the bund: The distance between the tank and bund walls,
wall design (height and width of the bund walls), the equipment and piping within
the bund area

Material of construction; Best suitable material based on the fluid within the tank
(mechanical sirength, the vaporisation rate and resistance to thermal shock) and
ability to withstand the atmospheric detenioration

Integrity: Bund wull strength against the static and dynamic loading from the fluid
in the event of an incident, Construction / expansion joits and pipe penetritions
can fail in the event of leak und fire if it & not adequately designed und
conatrucied

Bund floor and surface water drainage: If the bund floor is pervious or surface
wiiter drainage is inadequate, the material spill could penctrate and reach the soil
as well as the water bodics

Common bunding: Tncomparibility of the materials stored, the spacing berween
and the cascading effects of an incident could be of concern in commaon bunding,

OPERATION AND MAINTENANCE 15SUFES

Improper and inadequate maintenance could result in deterioration of the bund like:

Growth of plant life within bund affecting the integrity

Cracks on walls and floors could result in seepage in the cvent of ligguid release
Accessibility restrictions Lo the tank and allied facilities for rouling activities
Tmproper surface water drainage (valve left apen or closed).

There are many incidents where the bunds were not efficient in comaining the fiuid in

the event of failure of primary containmen!, Some of the issues identified are given helow:

The bund joints and mamifolds tailed and the fluid with firewater reached near by
water hodies (Buncetield ingident, 11 Deg 2005 [12]).

Restriction of fire fighting effectveness due 1o high bund wall

Overspill of the fluid due to fire water resulling from insufticient hund capacity
Overtopping of the bund and destruction of bund wall (LG storase tmk inciden,
Qatar [2.4], liquad fertilizer tank incident Ohie, 2000 [2])
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Some other issues of concem could be:

- Bund overtopping from a leak on tank shell and the releass jet hitting the ground
outside the bund,

- Stered liquid can vault an inclined side or pile up rapidly at the face of a hund will
andl then flow over the twp.
A strong shock wave forming at the bund wall and then returns wards the
slorage tank.

WHAT DO THE STANDARDS AND STATUTES SAY ABOUT

SECONDARY CONTAINMENT?

There are many standards and codes, research rieports and guidance, which lists and puides
threwsgh the requirements and design specification for various means of secondary contain-
ment, The documents that sddress the secondary containment are:

— SRD R 5(M}, The Design of Bunds, Safety and Reliabilny Directorale, United
Kingdom Atomic Energy Authoriry,

- Technical measures document for secondary containment, HSE, UK,

= NFPA 3, Flammable and Combustible Liquids Code, US.

= HSIGHT6, The Storage of Aammable liquids in anks, UK.

- COMAH Guidance, HSE. UK

- Contract Research Report. CRR 32472001, HSE UK.

— CIRIA Report 163, Construction of bunds for oil storage tanks.

In general, for bund capacity and integrity. the following are the main requirements speci-
fied in the above documents,

Capacity: Codes differ in their recommendations on bund capacity, which vary
between T3% and 1ID% of the nonmal capacity of the tank protected. The hasis of the
fecommendation is that bund should have safficient capacity to contain the largest predict-
able spillage |4, 6, 101 | 1] Data quetsd by Bames Trom the General Accounting Office
(CiAD report identifies a capaciyy range from 50% to 139% [2]. Where two or more tanks
are installed within the same bund, the recommended capacity of the bund 1= 110% of the
Fargest tank or 25% of each tnk within the Bund [9].

Bund wall dimension: There are no gemeral rules regarding the ratio hetween
wall height and fioor arca. Codes vary greatly with respect 1o bund wall height recom-
mendations [4]. A low bund wall facililates fire fighting. Tn the 1JS NFPA siipulate o
munimum of 1.5m for walls. In the case of flammable and combnstible liquids both UK
and US NFPA codes of practice restrict the bund wall heights to 5 feet 1.5 mp and 6 feet

(LB m) respectively |2]. Many codes of practice do not state maximum height for bund

wills. For high walled bunds, consideration will need to be given 1o the possibility of
tanks flosting as the bund Gils, causing catasteophic failure 6], 11 is recommended that &

Freeboard of 250 mm is provided o protect against dynamic effects [9). 1t 15 also advised i
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et the bund wall should be sloped 10 prevent liquid aceumulation benzath the
storage tank.

Mechanical strength: Care must be taken in the design of the bund wall 1o withstand
the dynamic loads upon bund walls when u large liquid release oceurs (Dynamic load at
the base of the bund wall may be six times the hydrostatic prassure) |2, 7. 11]. The hund
walls should also be impervious o liquid and the wall should be capable of withstanding
full hydrestatic head [9]. The bund wall should have sufficient strength to conain any
spiliage or hre hghting water [2]. The secondary containment shall be designed to with-
stand the hydrostatic head resulting from a leak from the primary tank of the maximum
amount of liguid that can be stored in the primary tank [10],

Materials of construetion: Should be capable of withstanding the mechanical and
thermal shock that aceurs on cata strophic falure of the pramary containment (6]

Integrity. The bund should be liquid tight (especially if pipes and other equipnnen|
peactrate through the wally [2]. Itis recommended 10 route any pipes over the wall of the
bund 1o avoid the penetration together of the bund wall [9). The floor of the bund should
Ix conerete or dlher material impervious 1o the liguid being stored [2].

ADEQUACY OF THE GUIDANCES AND CONTAINMENT
ISSUES OF CONCERN
Ihe standards and codes mentioned in the above section give guidance on the design
requirements of the bunds. Some of (he requirements nre material specific and holds good
for that application whereas those may be irrelevant for o different material. 1t is noted that
the topic of storuge is dominated by flamumables and detailed specifications are availahle
fir LFG, LNG. Hydrogen und Ammonia. However, [or texic materials, inherently safer
design and high integrity design are normally specified,

With the situation under consideration (a4 given in the backaround). it is noticed that
sutticient guidance could not be found for the following ssues

- Bund wall sirength: Some of the codes address the need for bund to be able 1
withstand dynamic loading, but no stringent requirements are made, Bunds made
without dynamic leeding eriteria may st hold good for small leaks and spills but
may completely fuil in case of an instantancous release

- Bund capacity: The general requirement 35 for | 105 of the largest 1ank within the
Bund arca, but the dimensions are not specified, The 110% valume/capacity could
he achicved by large bund area with low bund walls or small bund area with high
bund walls, Both optiens have its own merits and demerits depending on the
inaterial handled. the wpography and the ease of handling,

Heaitl ard Safety Executive (HSE) commissioned Liverpoo! John Moores Univerion
LIS oy perform simulariensy E?‘I‘- L'ﬁTLI.T."rErp.I'IIl' frrlure of i Afvruge fank el b measive
the dymamic pressires on the bund wall and the quantity of lguid thar overtops the b,
The reyulis of the experiments have been published in the CRR 333 18/,
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ESTIMATING TANK BUND OVERTOPPING

The deszzn of a bund wall can have a significant infivence on the stored fuid béhavipur in
the event of 4 taok failure. By acknowledsing the facr thar eifectivencss of cecondary
cantsinment depends upon an adequate design, which considers all possible failere modes
of the pritnary conisisment, the following conininment issucs ire deall heyewity,

- Diynamic effects from the wave generted by o camstrophic rank failnre which
could resuft in bund failure, overflow or both,
A spigot fow (jetting), this occurs when tank Is punctured resulting in biguid fet tu
hit thre ground or beyond the hund,

Uhis puper will address these issves besed on bund overopping and overpressure on bund
wilis,
Bund overtopping: Two methods hove been vsed 10 estimate the bund avertapping:
— LIMUT comelation given in CRR 333 [8], and
- Computationa fluid dyvnamics modelling (CFD).

LIMU CORRELATION METHOD

The comelatian derived from the experimental investpation by LIMU [2] is used in this
mietited [0 estimate the bund ovenopping following cataserophic failure of @ storage vessel,
The funcizon befow is recommrended:

Q=A% exp (B> (WH) (1)

where:
O (Owertopping Fraction)
A, B =uconstants
h = height of the bund [
H = height of matenal in fank i
The reage of validity is U660 S (r— R)VE < 5.37 where r 13 the bund radivs and R is
the tank radius. i

|

Input values 1
The equivalent bund radius (r) is 41 m anditank radivs (R) 35 11.5 m. The tank and bund
dimension ratio falls within the mange of validity of eguation 1,

The height of the bund is 1.5 and the height of the nisenal infank is 1322 m {121 m
liquid beight + 1.12 m plinth heighty. The taak and bund dimensions are given in Figure 2,

The constants A and B are 0.635% and 2.2451 respectively for Middle category tank
(R/H ~ 1) and $50% bund capacity [§].

The total wnk volume is 4562 mt,

Mesuly
By subsiiuting the values and solving equation 1, am overtopping of 48.1% (2194 m7) i3

estimated
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Fisure 2, Tonk and buned dimension - LWL

Limiraston of the method;

= This method can be used only for overnopping following catastrophic nepture
(sheell disappearing ) fuilure cases,
This method dues not take into account obstructions fike anpther tank shuring the
bund (Figure 1]

COMPUTATIONAL FLUID DYNAMICS METHQLD
A pepresenative set of four different scenanios have been corsidered in order to determiie

the bund overtopping and pressure exerted on the bund walls:

1. Complete tank ruptone,

X, Zipopening of tank bottom,

3. Big hole on tank shell,

Small hole g tank shell.

The foid behaviour following the release in afl the four scemarios hos been modelied wsing
computationa Auid dynamics approach

gL

Madelling ool
The lollowing modelling 1ools were used:

CADGEN - aeometry and grid generation
Fliathen-M5 = digital mode! to solve wave effects

CFD tool fluidyn-N8 is 3D software offered by Fluidyn and Transoft Intemational.

Giridd Generation (CADGEN) :
The peometrical model has been considered In three dimensions, The soltware flufdyn-

CAD has heen used to create the geometry of the tanks and bund under consideration.

i3
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It was based on the site map as well as the geometrcal descoption of the wanks mnd the
walls/bunds {ililckness, height, and distanee to the mnks).

The volume within the boundary was divided inlo discrote cells {the medandy. I thi
siuly ssructured god has been eotisidered and thie £1id is fincr close to the surfaces {groumd,
walls) in ardet io ensure a good descriprion of the pressire loads. For partial rupiures (zin) or
the fet tsmull wnd large holes), the grid 19 firer or the opemumyg to improve the Precisian,
Fallowing assumptions hive béen made for simulations:

= Ihe fow is isotherm, incompressible and laminar, These choices are considered a5
the best to represont the cases in this smdy

- Turbulence effects are negiected and surface tension is not taken into feeount,
From simulations exereises done previously, i wias noted that nebelence aad
stirfiice tension has oo f negligible cffect onp wave behaviour,

~ The pressune values estimated on the monitar painis (o bund walll comespond 1o
the dynzmic pressues exerted by the fluid wave motion following release.

- The gravity is ser up at 881 misé,

Following assumpitons have been made for boundary conditions:

The walls- (zround, base, tnk envelope, retention ‘wallsh are considered rizid,
adiabatic and smeath. Chiher boundaries are set s pressure oulilows,

= The liguid is considered modoniess at the beginning in the mnk, At the mitial time
it =0s), an opening is crested on the wall of the tank Tor the partisl ruptire scenat-
105, In the case of the catastiophic feihere, the tank shell s deemed o hnve vanished.
A is then formed whick impacts the walls surroumding the retention.

Model wmpui
Scenarie Descripiion

Case | — Cutastrophic ruprure of the (ynk: This scenarin eonsiders the liguid
behaviour in the event of an instanwneous remaoval of the tank shell and the subsequent
coilapse of the column of liguid,

Case 2 - Horjzontal zip open: This scenario considers a tear at the bioitom of the 1enk
shell. The dimensions of the tear were 18 m Liters and 0.2 m wide. The orientation of the
apening is o3 given in Figure 3, |

Case 3 - Big hiole in the tank shell: This scenario considers farlure of one of the tank
inlet papeline, with a hordzonul release of the uid mixire. The hole iz 2 m above the
ground and its diameter is 0.2 m. The release direction was oriented towards erst,

Cased - Small hole in the tank shell; This scenario considers failure of one of the
tank infet pipeline. with n horizontal relegse of the liguid. The hole is 1.5 m above the
ground and its dinmeter is OU075 m.

Geometry of the retention bund
Tanks A and B has the same dimensions: diameter 23 m, height 12.6 m. The heighi of the
liguid inside the tank for simulations is 12.1 m. The height of the basis {plinth height) is
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Figire 3. Schemaiic description of horizontal tear
taken at 1.02 m. The geometry of the bind is detailed in the sketches o Figure 4, The
Leometry hivs been simplifed by assuming thar:

® Every pipe and other equipment are not taken into sccount,
@  The slope of the terrain in the retention band is nor iaken into sccount,

The slope (0.2747) apd piplng within the bund |5 got expected to make: any sIEniticant
difference in the fivid bebaviowr in the current study and hence not taken sccount of,

115m

Figure 4. Layout of the retantion bund
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Table |. Floid propetties

Prosluot Viscosity (mmis)  Density (Redm) Temperaiure (*C)
Fluid mexture A41823 B} = 3.:1__-_
A T i 1 ] LIy 0

Flunds

The liguld sored in the Tank & is on intermediate produect with puxiure of lexic and
Aammable mamenoks with water. The: operating iemperoture 1s sel-at 2070 In this case
no physical properties of the fluid will be set as given in Table 1.

Case 1 Complete rupture of the tank (Shell vanishing)

The flow of the Anid a5 3 function of time is shown in Figure 5. It shows that the liguid
reaehes bund walls at |36 seconds after the tank failuee and begins 1o overflow after
[.6% seconds

sm ] B4

_,! A B Auld Wi

Figare 5. Cuse | - {iuid flow from catastrophic ruptsre of the tink
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Figure . Case | — moaitor puint greups for reading dynamic pressure on bund vwall

Oiverpresane on the walls
The cileulztions have been run until 31,6 s after the beginning of the tank collapse in erder
to celimate the MAXINNT OVerpressie on the bend sweills, Ouerprassure caloulations were
perfurmed on the five fronitor point groups on the bund will as shown i the Figure 6.
Maximum overpressure esiimated wis 1.5 bar on the bund wall cormers (Mo
points 3 and 5) and this pecurred after 136 s afier insiEntaneots release. The mazimum
pressure on gt wall {monitor point 4) was estmated 10 be 0.59 barg,
Bund overtopping following complete rupiure of the tark
With a storage capacity of 4562 m', it is cstimated that 72.8% of the volume of the
fuid of Tank A spilling over the retention wall.
The result estimated vsing CFD method (72.8%) is 1.5 times higher can ipared o the
rosalt esimated using LIMU method (48.15). The difference in estimation from 1wo
methods could he as the result of following:

_ LIMU method is based on experiments using wafer s thie fluid and the methodol-

cey need not be accurate for fluids with different physical proparties (e.g. fior Huicd
which iy viscous than water]. CFD is based on the fluid viscosity and hence the
wave eHect for another Ruid could be different even with saie release conditions
{simidar tank and bund).
[ IMU method is limited 10 a single tank surrounded by a single bund wall, For o
alls and dnother tank in the same bund.
and also any obsimie-
1ls and near by ank)

present study, there i intermittent kerh W
CED 1akes aceount of the actual dimensions of bund wall
Hans or restricting strectures on e wave path (like kerh wa

Case 2: Release from Bottom Zip Tear on the Tank
The flow of fluid as a function of time is shown in the
liquid overflow occurs at 134 seconids.

Figure 7. Tt shows that the onset ol
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Figure 7. Fluid flow Case 2 - honzonial zip open

rl'h'rr"r.lm.l.'mnr ot flhe walls |

Overpressure caleulations were performed al three monitor point erowps on the hand wall
as shown i the Figure 8, Maximum overpressore estimated was 0,106 bas on the hund
wall (monitor group peint 2) Facing the relense direetion (in this case East wall), This was
obtained alter 4.11 5 of release. \

II
Bungd everiopping following bortom zip fear on the tank
With a storage capacity of 4562 m, it is estimated 1Imr 49.8% of the volurme of the (luid of
Tonk A spilling over the retention wall,

Case 3 und Case 4 Release (rom Big Hole and Small Hole oo the Tank

Dhverpressires on the walls

For Case 3, the maximum overpressure estimated was (L0255 bar on the bund wall faging
the release direetion (in this case bund wall on east side) This was obtained after [.3x
of release.

A5}
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Figure 8. Case 2. 3 and 4 - monitor poinis for reading dvnomic pressure on bund wall

For Cise 4, the maximum overpressure estimated wax 00024 bar on the bund wall
facing the release direction (in this case bund wall on east side). This negligible pressure
an the bind will from the release was obiained after 1:63 s of release,

B overtonming
There is no overflow For both Case 3 and Cise 4, a8 the Houoid refease falls and remains within

the retention bund. The ilustration off Aud fow is following Case 3is given in Figure 9

=0353s

f=aAths

Flined Mismiae m A #—

Figure 9. Case 3 = iluid flow fiom big hole
a9
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DESIGNING EFFECTIVE SECONDARY CONTAINMENT:

n arder 0 address the defictencies, changes in-hund desizn have been eqvisaped. The
changes i design are to be made comsidenng that, the new continm: -
averspil] arminimal I. From the meident hi story | 1], the key
that could limi the overspll are:

nt takies seeoumt of
wues-identified

The height of the bund wall,
The separation distanee (hetweéen tank shell and bond wallfer tanky, and
The strength and integrity of the bund wall.

DESIGN OFTION: BUND WALL WITH INCREASED HEIGHT

CFD medelling has been performed for wave behaviour lollewing caotasiruphic ropoume

(Case 1) with bund wall beight of 3.5 m (1.5 m + increased height of 2 m), The schematic
agmm of the fluid fow is shown in Figure 10,

The muximum overpressure from dynamic loading on thi bund wall wos 105 Har
{nu change in maximum overpressure doe 1o increass in heieht), However. with the high
buind wall, it i estimared thatl832 m® of the fluid would overtop, Even though the
ovenopping s reduced from 72.8% 10 32.6% (by incressing the bund wall besrht from
L3 m.mo 3.5 m), the overtopping volume is significant. Results from similar studies [8)
alsoindicate a serious problem if bunds are ta be relied upe inthe eventof a catastrophic
tirt rupiure.

From CFD simulations, it wes revealed that the swive fises ds high gs the tank 13
shell beight (=13 m). This implies that even by raising the bund wall as high a3
tank shell (in this cose) will not be sulficient for 100% continment Alsoincreasing
the hund wall keight haz other concerns as it coold restrict the fire fighting effectiveness
and deeess, it could result in providing sufficient confinement for explosion. Hence,
it 15 concluded that, increasing the bund wall height alane could not solve the overop-
pang iisue
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Fhib® Miniurs = o kir @

Figure 10, Fluid Tow — bund wall with lnereased hejchi

DESIGN QFTION; BUNDWALL WITH DEFLECTOR ATTACHMENT

Bottom zip e seenano (Case 2} is considered to be o eredible scenano compared 10
vatistrophic ruptnne (shell vanishing) ard for this exercise release from botom zip tear s
consnufered.

CFD modelling has been performed for wave behnviour follow ing boltom #ip toar
(Case Z) with bund wall height of 2 m (1.7 m + defector at 45° 4 zla). The schemartic
diagram of the defiector srmangement is shown in Figure 11,

The maximum overpressure from dynamic loading on the bund wall was 0,06 har
{0,106 bar witheut deflector attachment). With the deflector, the wave is deflected and Auld
remains within the bund area. The overtopping estimoted is nesligible (11.4 m? or 0.25%)
and hence, this is constdered as a suitable design option for avoiding or minimising bond
overtapping.

Some other design options, which could be considered 1o address the deficiencies in
bund design, ane:

- Wiwe action blocker (meshfgate) in between tank shell and bund wall
— Additional bond outside the current bund on the ank farm perimeter
Surge drop chunnel between tank shell and bund wall

WAVE ACTION BLOCKER 1N BETWEEN TANK SHELL AND BUND WALL
In thes option, 1 mestgill member or interminent stopper walls to be installed in berween
the tank shell and the bund wall in order to block er interfere the wave action,
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Figure 11, Design option — bund wall with deffector

The sdditionnl blocker installed will redece the wave effects and this limit the overspill,
The disadvantages of this option cpuld be the difficulty in maintaining the system and
FesincHon in 3ccess,

ADDITIONAL BUND OUTSIDE THE CURRENT BUND ON THE TANE

FARM PERIMETER

b this option, an additonal bund to be constructed st roumding the existing bund te limit
the spread of fluid spill. The size and position of the additional bund shall be defined based
on the hazard management plan and the sike emergency preparedness. The disadvantages
of this option could be that more area is required for containment and incrensed rate of
evaporation from liguid pool.

SURGE DROP CHANNEL BETWEEN TANK SHELL AND BUND WALL

In ihis option, o channel to be built in between tank and bund wall in order 1o reduee the
surze resulting (rom the instantaneous release or bulky continuous releass of fuid. This
wave miotion could be restricted by big single channel or # sequence of channels based on
the fusd propenies and release type of consideration,

CONCLUSION
This paper looked into the adequacy of ensuring bunds a3 an effective secondary contain-
ment and is hased on a study performed on contaiting releases from a tank in o common
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bund. Computaticnal fuid dynamics (CFDY modelling tool was used to simulite wave
effects of the thind maotien and to estimate the two identified issues of concemn: averipil
and overpressuce on bund walls. Liverpool John Moores University (LIMU) eormelation
|8} was alvo used to estimale the overspill violume and compared with CFD method

A literature sexrch on vamous standards. codes and stiory design reguirements
hive been performed and generalised. It 'wias noted that no siringent specificntions ire
available m address tank bund design and maintenance against overtlow and overpressure

The study using two miethods estinmied the bund overflow as 49% { LIMU come Lt
and V3% (CFD modelling) fallowing o entustrophic failure of the tank. Usine CFD, bund
overflow estimations have besn performed for releases from horeontal zip apen (50% over
topping). big sl small hole {(no overtopping ). The maximuom pressare | 1 05 burgh estimaed
on the bund wall wis on the comners following the eatastrophic failure of the tank.

The study further jooked inm various desizn options 1o aveid or mimmise overop-
ping using CFD wol. Opton (o increase the bund wall height will reduce the wvertopping,
but not a preferred option for 100% contamment. Option with defigcier atachiment on
existing bund wall results in negligible overtopping and considered ns-a solution o avend
bund overtopping in the discussed case. For an efficient secondary containment i tank
farms, amy single optivn or combination of options discussed in this paper shall be veed
based onthe requircments, material handled snd site limitation,
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