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[NTRCOUCTION - —

The subject of uncerground [eaks a% se~vica scations is cne 3¢
grawing soncern 33 zetraleum mirkecers. Larse sums 3f money, time, ang
effort are exhausted 3n & continying bDasis in the location and correcsion

c¥ ieaking tanks ang lines,

The purpose of tals study is 0 review tne major Srodlem areas
as we know them, cansolidate availadble data an each area, develop alter-
native salyticns to each Jrodlem, evaluite %ne dlternatives, and qraw
jerertl conclusions which snould provide guidelinas for the solytions of
specific #iald problems. Some of the areas are conspicucusly lacking in
Sasic rasearch, and these will be pofntad Jut 4s we progress through <he
study. They will be furtaer accentad in the final section, wnich ceals
with ireas needing additional study.

Lnderground leaks occur for one 0f tires reasons:

(1) Carrosion;
(2) Rupture:
(3) Loose Fittings.

Loose fizting and rupture failyres occur as & result of several
easily defirable situations. Faylty installation in which fittings are
not properly secured, failure to replace tamporary bdung covers, ind ime
praperly back?{1led trenches are primary causes for this type of problem.
Viglent natural phenomena, such as earthauakes, result in massive snifis
in the sub-sail which can easily loosan fittings and/or rupture )ines ang
tanks. More subtle sofl movements, such as those aleng natuyral fault
lTines without an actual Qquaks, fi11 settiement (particylarly in the tank
hoie), and subsidence can cause problems; and meintanance persannel
snould keeas 1 wary eye out for tall tale signs, notadly heaving ind/or
settlemant in paved and unpaved areds, 3nifes in #{11 locattons, and
canting ar shifting of iboveground equipment. Care in inscallation or at
least recognition of these unusual situations which might have resulted
in 3 leak shoyld substantially reduca the likslihood and magnitude of
these types of leaks. However, the nature of lsaks resylting from cor-
rasion {s such that the continued process makes the fastantanecus point
in time at-which failure occurs impercaptible. Thus corroding tanks and
1ines prodably exhidit the highest potential danger to the environment
and most extansive long range costs.

Corrosion can be preventad; but 0 understand how, we must
understand what corrosion s and how 1 works. .

QFL0008000
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CIRRCSION

3asic Princinlas

fery simoly, corrosion is the dezerigration ¢f 4 material

tnrougn electrochemical reaczion detween the material ane iTS enviranmenc,
The cnemical change at the material surface is accompanied By -ne zraas-

fer of electrical energy.

Svery metal has an innerent tandency %o return £3.4 more stidie
compound, tnat is, to carrede. [n most instances, this tendency is girecs-

ly propertional to tne petential, or voltage, of zhe macerial.

Cerzain

materials have a greatar Jotential than athers and, therefare, & jreazer
tendency to corrcde. This differsnce in potantials is she driving forca
of corrosion. Taole 1 shows the voltage relaticnships betwesn :he various

ratals,

[f two dissimilar metals
ire caonnectad 3y 3 conducting wire,
and if they are immersad in a con-
Juctive solution (electrolyte), as
snown in Figure !, the metal with
che nigher (more negative) elec-
troda potantial (anode) will cor-
rode o0 the metal witn the lower
{less negative) electrode potantial
(catnode), until the diffesrence in
sotential is eliminated. Thus,
we say that the higher potanttal
electrode {s anodic to the lower .
pocantial electrode (cathede).

Figurs | - Galvanie, or Vaitsic Call

' As indicatad ibove, there are four basic elements necassary to
the corrosion procass. There must be an anode, i cathode, an electrolyte,

and an electrical connection to complets the circuit,

Not a1l of the

elements will always be sasily identifiable; but 1f corrosion {s taking

placa, all of the alements are presant.

The example above is representative of a di-metallic corresion
cell. There are three other types of corrosfon calls which accur in
practice. They all must sti1] include the four basic elements, dut the
configuration may vary from that of the bi-mstallic csll 1llustratad above.

A corrosion csll can also exist batween electrodes of the same

mezal or between slectrode arsas in the same metal.

The essential
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TABLE 1

SLECTAOMQTIVZE 323!85 OF METALS

Metai

Lithiym
Rubigium
Potassium
Strontivm
ariym
Caleium
Sodium
Magnesium
Alyminum
Seryiliymr

" Manganews

Zine
Chromium
Iron /ferrous)
Cadmium
Ingium
Thalliym
Cobait
Nickel

Tin

Leag

lron (ferric)
Hydrogen
Antimeny
Bismuth
Arsenic

Copow (cupric)
Cooper (cuprous)
 Tellurium

Silver
Mercury
Peiladium
Platinum
Gold (auric)
Goid faurous)

Reference
lon

L "
R *
‘ -
Se ™
8a &
C‘~
NlL
-
8¢ ™

Standard
Electrace
Petential

Voits

- 2.96
- 293
- 2.32
- 292
- 2.90
- 287
-2.71
- 240
- 1.70
- 1.89
- 1.10
- 0.78
- Q.58
- 0.44
- 0.40
- 0.34
-0.33
- Q28
- 0.23
- Q.14
- 0.12
- 0.04

Q.00
+0.10
+ 023
+ 030
e 034
* 0.47
- Q.58
+» Q.80
+ 0.80
+0.82
+ 0.88
+ 138
- 1.50

This tabdle is taken from Table | in
“ Carrosion Control Guide” Vol. !
1968, by E.G. Sellers.
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The third type of corrosion cell {s created by dissimilar environe
ments at zhe two electruodes. Qissimilar environmmnts alone will provide
3 voltage. Significant factors which affect the envircnment are:

(1) variations in oxygen concentrazion (Figs. 8-11);
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(1) Cantinued:

(2) variasions in the oM
of the elecirolyte;

(3) Differential electro-
lyta concentration;

— Jrog of Water

Y
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Figure 11
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UNGERGROUND IV I0MENT ZIUIPMENT 330 AvroNSAL?

Taere 13 a4 Jantety 3% 3453878 Avdilagle dar use in cte fanricae
Tton 3f underground service 10130 e3uilrent.  lica is zeing usagq 33
;zTe egres, ING we Nave o osuasianiil UARITIy 37 appiriayl gaca gvatie
2372 I3 evalyate eaz2h of trem, arTTIUILrly w137 cesgest 13 thete relicive
$483222i3i ity 3 failurme uncer /3ryirg eavirdrrentai 3i1aua313nS.

-ndergraund Tanks

The two Basic matarials oeing used for undargrsung tinks i-e
steel and fidberglass reinforces 2lastic (FRO). Stael tanks are ficzore
scateg #ith an asdhaltic eramel ar otner inexsensive csating, unless a4
Tore siiborats coating is soecified. These represent the extremes 1a 1re
itial ¢c3s8, and a variety 37 sys3sms ipgiied S0 the stee) tink afferg :ra
srgineer & full range of varisusly effective mitigacing systems foe S
in difsering eavirgnmental sicuations. sf

Stael tinks can 3¢ treitad «itn iny number of caating systems
23 ingulate tne steel surface ‘rom the anvironment. Common :2atings
ircluce 220x14s, neat or salvent tiges, ind fiberglass rein’srzed plasct

Catrogi sleaiysoeme operate on the principgle of super-
inpgsition of direct current on tne corrosion csll so that the structure
13 transfsrmed into tne cathode of the sall. There are twg tvses of
zathodic sretaction. [n the MMM & Tasnesicn or zing
elactrode i3 coupled %0 2ne strycturt 4ind =ne ndturtl current sroducad
cratacts the structure at the sacrifice of the anode. An izpracces -ur.

A= _cathodic aroteczion systam usas an artifictal Jower source 3 maxe
2t tanks cathedic to the surrounding snvironment. .

The STIp3 System is a pre-enginearsd .cathodic protaction sysiam
«nich {ncorporatas a coal tar epoxy coating with & sacrificial magnes:ua
ancde attached to sach end of a s:isel tank.

Each systam has its advantages and disadvantages. FRP. tanks 4
are, of course, inert; thus, there is never a possibility of failuyre “rem
corrosion. They are guarantasd to last twenty years i# ingstalled prapenly.
dowever, l1imited production points nake availability costly due to frﬁE:
requi remants, and their base cast is consideradly adbove the cost of steel. .

The STIp3 Systam is designed for installation in sofls naving a2
resfstivity of 2000 ohmeca or grealar. [t fs almost as castly as FRP,
and also carries a twenty year guarantss. However, the guarantae is p
rated over the sleventh through twentiath years. [Distribution fs curremyly
very 1imited m?nphiuny, precluding the possid{lity of use an gther
than a very localizad basis. "he guarantee is voided if failure occurs
{n soils having & resistivity less than 2000 omm~cm, and the dynamic natsre
of soil resistivity would make such & situation possidle, even {f the re-
siszivity at =he cime of ins<allation were accaptably higher than 2000 ohmecam.
The major physical drawdack results from possidle ancce damage or 1o3$ of
slectralyte contact resylting from tank end flexurs. I
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Taible 2

Evaluation of Underground Envircaments

{. Sasic Charscteristics Point
Sail Remstivity < 100 12
300 - 1,000 10
1,000 « 2,000 |
2,000 - 5,000 [
5,000 - 10.000 3
10,000 - 25.000 1
> 25.00Q -}
Sail pH <3
3-8
$=45
.85~78
78~ 9
> 9
Sail Mausture Satursted 3
Wet 2
Qama 1
Ory ]

O 2NN ae

11, Ditfersntial Charsctaristics

Resistivity >1:10
(ratie of extremas) >t 8
>3

K F |

Soil oM > 3
(Dittersnes n 18- 3
pH valuel 0=-1.§

HI. Indicstors of Bacterial Activity

Redex Potential Negative (=}
(.} 0=100
100 = 400
>0
Suifides Positive
Treee
Negeove
V. Classificstions of Aggressiveness
Index = Sum of Selectad Point Vaiues
>12 Highty Aggremsive
10 =12 Agqgremive
719 Lam Agyremive
4= 8 Mi¢
< s Mecsous

Taken from Table 4 in ~ Carrasion Cantrol Guice”, Vol. 1, 1968, by £ G. Sellers.
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Saviranment/Sayicment eldtiangais

I+ should be covigus nat Ine sarvice lifg of :ne aquioment is
dirsctly related 23 the 2ggressiveness of the environment and zne mitigat-

ing measures taken T3 SSuNTRract That ajgrestiveness.

[n facs, data

22cumulated throughout "the Regions 37 the United Stcates indicates e
“2ilowing asproximate correlation Jelween ynprotactad equipment sarvice
1ifs and the aggressiveness of che electraulyte:

Ileccrolyte Classificaticn

sriteria

Zquisment  Service !
Life (Unproteszed
Steel)

Hignly Aggressive

Aggressive

Less aggressive

{ndex ?120 or
asistivity £ 2000, or
Sofl oH < 3, or

Sulfides present

[ndex » 10-12, or

Resistivity s 2000~
5000, or

Soil p e 3.0-5.0

Index = 7-9, or

Resistivity =
5000-10,000, or

S0i) pH = §5.0«7.5

1-3 years,widespread
failure

3=3 years, widespread
failyre

§-10 years, localized
fatlure

Milg Index = 4-§ 10-15 years, localizag
failyre
[nnocuous Index € 4 > 15 years, very
tocalizeg failure
TABLE 3

EQUIPMENT SZRVICE LIFE AS A FUNCTION OF ELECTROLYTE AGGRESSIVENESS
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The sarvice 1ives indicaces are, 3f 2lurse, only essimatas
2ased on rior exzerience, and tne use of uCh & tadie smould be Timitag
10 suca preliminary analyses as camparative OCF tapylations Setween alter-
native starage dnd transfer systems. AlInough cefinitive siudies nave
rat Jeen carried Sut 45 0 the type of disIridutisn tnat failures follow,
externally caused failures appear o meet she criteria of anc zossess :ne
sualizias of tne Poisson Jistribution. (It is not the intent 37 catg
saper %o offar 4 treatment on giscrete stavistical discridutions, so
resders not fam111fr with this statistical model are referred o any
incroductory text ' an prodability and ssatistics for verification taas
tne wodel is valid.) Tne service lives indicate the averige far tne
¢lassificazion of electrolyte.

[nternal Carrasion

The reader will note that the relationships in the precading
saction ars limited %3 extermally caused corrosion faflures. [ntermaily
caused corrasion failures must be treatad as an entirely different problea.
W“hile the ingredients of the failure must by dafinition de identical to
those innerent in extarnal corraston, differing pnysical charazsterissics
af tne mode! result in corrosive situations wnich may be greatly exag-
¢erated or retarded relative 20 & similar sftuation in an extermally
corrssive environmant,

Certain arwvas seem %o be faced with a high incidence of incarmal
corrosion as & primary cause of structure faflure. Those faflures appear
to ne distinguished from extarnal corrosion caused failures in several
respects:

(1) The average age of tanks failing from intermal corrosion
is nigher (17 years) than those failing from external
corrasion (14 years) in the same geographical area;

(2) T™he highest incidence of {ntarmal corrosion (indeed, the
only recognized significant incidenca) occurs in areas
currently using or recently discontinuing use of brass-
tipped gauge sticks;

(3) small tanks rl?1star 4 higher incidenca of intermally
attributed failures;

(4) Failure accurs preadominataly in tanks in Exxon Extra servics;

(5) Fatlure from internal causes occurs most commonly in the
{mmdiate vicinity of the 111 tube and along the bottom of
the tank;

(§) The only recognizad significant incidence of intarnal cor-

: rosion has been recarded in the geographical area with the
oldast markating facilities and the smllest average tank
si2e. .

T4 good reference text fs: “Introduction to Probability and
Statistics,” by Lindgren and McElrazn, Macmillan Company, 1959.
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This erpirical avizenze 1e3ds 0 tne foilgwing =os
: Sl sosarvations
reqarding internal 23r=agion: g , ‘

(1) Faiture from 1ncermal carrasien aczurs in slder tinxs 2nd
fazilitias, ingicating tNaAt intarna) carmssion sraceeds a2-
3 senertlly slower rate than exzermal zarrosisn.  Consequers-
lv, in an exzarnally corrosive environment, =re “1ilure will
normally come from without, wnile an 1anccuous ar ‘ass
133ressive externadl environment «i11 reguls in Fail.res ¥ram
intarnal causas;

(2) The use of tank gauge sticks with tips of mezal megylt in
acseleratian of intarmal carrasicn under tne fill <ipe.
If the meval {s brass or other mecal which is dDelaw §stael
on <he electrcmotive series (see Tadle 1), a corrasion cel!
1s sat up every timm the tank stick touches <he tink setiam.
Every contact between the stick and the tank snell resylts
in a transfer of metal from the stick to the snell, satcing
up a bi-metallic couple. The steel corrodes to ine drass,
ang the impingement from the next gauging bBreaks away the
existing corroston call to dare steel, and the procass is
reneated. [f the stick is tipped with a mezal which is
atove steel on the electromative series, tne mere impinge-
ment from continuous jaugings stresses and adraces tNe Zank's’
shell, setting up 4 corrosion call Setween the smocth metal
and the abrided metal;

(3) The use of smaller tanks rasults in a higher internal
corrasicon rate due to the increased frequency of celivery,
Depending on the filling rate, product entaring :tne tank
can s=ir yp bottom water and siudge layers, causing impinge-
ment on the tank in areas idove the water line. Any naturally
formed protactive .film can be damaged and ditting acifon can
eceur;

(4) The predominance of failures fn tanks in Exxon Extra service
may be attributad to a Righer frequency of filling due 20
heavier sales, or 1t may resylt from the formylation of the
gasoline. Tha product itself may present a corrosive environe
ment in cartain areas due to the level of metal particles,
dissolved water, Oxygen, and other impyrities in the gasoline;

(5) The predominance of failyre at the f111 tube and along the
tank bottom resylts from savera] factors:

21) Flushing action {s most concantrated in these areis;

5) Highast axygen and moisture concantrations occur along
the tank bottom;

¢) Sludge deposits sattle o the tank bottom;

d) Tools and other dedris gravitate to these areas;

{¢) lmoingeumnt is most likaly under the fi11 tude.

<15«
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dgatziana’ly, tnere are some otner exslinations far :ne 1nzer-
nal 'cnrr'331cn snencmencn. The “31lowing nave Seen cegsriseg 1n siner
studies:

(6) Aneradic jacterii crovide an environment canducive 9
corrasion in five ways:

(a) Cestrycticn of srotective caatings;
(3) Formation of hydrogen sulfice;

(¢) Praduction af acids;

(d) Formation of jalvanic calls,

() Oxidation of ferraus iron.

(7) Azmospheric :ollu:iqn._tsntcialIy «hen it involves iulfur
dioxide, can be a significant faczar in corrasion;

(8) Humidity above ‘2 critical lavel can resylt in ¢ mild form of
corresion;

{9) Tank botzam slope ind dents and irregularities caused during
installacion can cause the formation of pockets %0 permanent-
1y trap tank 2otiom watsr, resulting in areas of concsntrated
attack.

The extant of {nternal corrssion nas been regortad as widesoread
in certatn areas.and virtually non-existant in others. This wide range
of regorted saverity may e attributadble to one or more cof saveral explana-
sjons. The first, and most obvious, concerns the ability and desire of
%ield personnel to distinguish batween extarnally and intarmally caused
failures. It seems nighly unlikaly that an entire Region would escipe all
internal corrosion, but it is completaly feasidle that fafled tanks mignt
be inspected from the outside only, resulting in 2 faflure %0 recognize
an intarnal prodlem. Additionally, prior to the inception of the mainten-
ance center concapt, retail districts were nandling much of their own work,
particularly in the upgrading of storage to current requirements. Thus,
many replacad tanks were not inspected by the engineer, and no record of
their status at removal was made.

The current practice of tank remval only when an emergency exists
does not lend itsalf to proper inspection and analysis of failures, ind,
nistorically, such a program has maintained a rather low pricrity relative
to ‘construction and other programs. Consequently, unavailability of time
far oroper analysis, as well as lack of incantive, results in & sketchily
documentad f4le regarding intsrnal versus extarnal corrosion.

Thirdly, in areas with highly aggressive extarnal environmancs,
fa{lure from extarnal causes occurs 50 rapidly that the slower intarnal
corrosion goes unnoticed by comparison.

Finally, in areas whare 2 severe problem is recognized, whole-
sale mitigation practicas, such as fiderglass reinforcad plastic tanks
and lines, are pursued, resulting in the elimination of intarmal 1s well
a3 extarnal corrosion.

__ 2notably, "Report Ne. 7, Investigation of Internal Carrosion of Steel
Fuel Storage Tanks," The Ninchman Company, 1970.
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As 3 closing ncle om incerma’ I3rmasion, the Region whica
reccreed the moST S2VEre Jroliems 1n TAYS 27ea is ysing 31as3 Armor ise-.
slass zank linings axiens vely far I3rreciion 2f sys<am fai'ures. C3sa-
Juently, the interiars ¢ <ne tirks «nict “3{ 3=y 1nsoected :losaly, ing
svicance of facarnally zaused failures is nazyrally more azparens. I3
is not claar at this time wnesner In!s evidences a more sarious drotlam
in the acner ireas of the sountry, Jr wnether is indicates an overesmysis
in tne single Region recorting exilansive intermal problems.

-17-
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TZITT TIR SYSTIM TIGATNESS

. A large sumder ¢f undergmaund lesk detaczisn systems is
Sroduced and available for use in pet~oleum markesing facilities. Zach
3f :ne z3ncapts in yse tn these t2sts will De discusses and dnalyzeg in
ne f3llowing cages, but 2 valid Jiscussion of systam zijhtness zesting
must segin 20t with the 3shysical test 3ut ratner with the 3roceacurss
necessary %o catermine that a sast is warrinted.

Precesting Procadures

The first step necassary in the effective and timely cetection,
¢csrraztion, and control of uncerground leaks at service stations is cqe
implerentation and procer mainzenance of a valid 1n§nnury and sTack
cantrol system. There are many such systems in use”, and most major oil
carmanies will make an appropridtea accounting system availadle 2o thetir
operators, but the ksy 1s the Implemencation and orocer maintsnance of
the systam. [t must be usad : and ¢ons¢ientioys-
ly 1f fes full value s <3 bde redlizZed. A properiy maintafned system will
cdetect leaks or possible leaks 2efore they beccmm a major prodlem, thus
resylting in smaller product lossas, less costly cleanup, and less exten-
sive equipmant repair and/or reslacement.

Although the formats of the various systams differ, chare ire.
certain procedyres common to all valid systems. Physical and Book {nven-
taries must be reconciled periedizally, and differencas must be accsounted
#3r. The fallowing procedures are necassary, but notsufficient, to the
sucsessful implementation of any valid system:

(1) Tanks should be gauged and meters read at the aopening and
clasing of business, at change of shift, and before and
after product delivery; :

(2) Tanks should be cnecked for water weekly, before and afser
product delivery, and after 3 thaw;

L : {3) Metar aczuracy should be checkad with a standard 5 gallon
: test can weekly;

(4) Truck compartments or metars should be checked before and
after every dclfvcry; and,

(S) Inventary should be balanced against sales at the close of
business and afer product delivery.

i

: Losses from ledks can be more quickly detectad and further
reducad Dy regular inspection of vistble parts of dispensing equipment,
pursuit of sourcas of noticeadle vapor odor, or recognition of a continudus
operation of remota pumping units, or other mechanical abnermality.

-

& 3See Appendix IV.

-18-
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. [# zre scerator is Ciligent tn nis 4201423tien of snese 3ro-
cagyres, ne snould nave 10 17ICylty discovering a4 sysoeczad leik in sne
systam. He snculd :nen fi11 cuT 2 inecx 15T suen as =ne one m ipsendix
[. This verificasion that all ainer avenues nave sesn exslorsd av: 2ences
tnat 3 rscnanical tas: of tne sysien s warranteq,

It 3snould Se pointad Qut here thaS, «1Lhout a praoger aczaunting
2r3cazure tnere is 20 #ay 3f fsolating the jroBliem evidencesg by <ne loss,
ird an exzensive jystsm tisntness tast is merely 2 snoz  in zre garx. 7o
Se used effeciively, che 2ast must Ce preceded 3y an eliminacion, Oy
rezars analysis, of all 2ther 2ossibie causes Both of a cancrallagle ane
Jrzsntrailacle natyre, [F CAis 1S not the case, the magnityde 3¥ discoverea
leaxs cannos se assessed, thus complicating immeasurably any necassary
cleanup ¢cerations.

Available Sayiorent

It is generally accested that the most sensitive, quantititacive,
and simple system tigntness Ctestars are based on the measurement ¢ caanges
in =he level 3f liquig in the tanks. However, ather concests merit dise
cissicn and wiil Se evaluated zoncurrently with those units based an zne
liquie level reasuring mecnod. .

. The Kent-Moore Tank Tighcress Testar was developed in cacceration
with the AP[ to supcort ‘mproved techniques assocfactad with NFPA 329 -
"Underground .2akage of Flarmasie and Combustible Liquids.“4 It is based
Sn the concept 3f using & s<andpipe %5 directly measure liquid loss by
leakage. The two major variadles which simulate and concsal leakage in the
system, csmperature variation and stracification and pressure-volune
relacionsnios, are compensitad for Dy use of sophisticatad appurtanate
aquipmens. A circulating pump mixes the product in the tank to eliminate
the stranificasion of the product and 2 temperatuyre sensing and reading
ingsrument monitors temoeraturs change t9 an accuricy'sf less than 0.02°F.
A schematic showing Kant-Moare's operition {s shown in Figure 15. Varicus
charts, conversion tables, and forms enadle the taster to detarmine the
magnitude of product lass and gain independant of temperature and 2ank
valune relatad vartations. The total equipmant package is compact encugh
%o be stored and transpartsd in the trunk of a full size passenger car,
and the total] tasting time fs usually § t5 § nours. The cost of 2
zompleta unit is approximately $2,500.

Esso Reseaarch & Engineering Company has developed g simplified
automatad system which is based or the Kent-Moors tachnique.? This auto-
mated leak volums monizoring systam (ALVOMS) eliminatas the need for
sperator collection of data and calcylation by autsmtically compensating
for volune changes caused dy tamperatyre changes and displaying the
correctad AV values on a strip chart recorder. The need for manual
addition or withdrawa] of product 20 the standpipe to mintaia the test
Tevel 1s also eliminatad through the use of a weight reserveir and self-
priming suction sump. As the volune in the weight tank changes %o com-
pensate for variations in standpipe leval, the weight changs {s correlated
t3 product tamperature varistions and results in a temperaiture corrected

45ee Appendix [l for complate taxt of NFPA 129.

5The full repgort has been pudbliished as: “Leak Testing of Buried
Product Storage Tanks,® MERP #7006, 1§72.
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Takan fram MERP #7006, "Lsax Testing of Suried Product Storage Tanks,”

1972, by N. 0. Cross and J. L. Thompson.
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& 7 3is3lay 3n ne sTrid odnart recorzer.  ALVCMS g 3{iied as more
acsurate, less time coansaming, ang ~ore versdtile nan ing zanvent:znal
Xent-Moore Systam. ALYOMS coeration ts 2e21Ctad in he semematic of
Figure 16 and Figure 17 5n0ws 4 3ess'die 0ACXaGIng arrangersns. The 2333
of sush a system is projested I3 e iess thanm $2,000.

There are two methods in use for sanic testing of anxage dir
lsaks or probable leaks. The most common methed ytilizes a ardde wnizh i
aele¢ 2g2ingt tne ared under test. The equizment emits an ylerisonic sylsa
Jnich Jassas thraugn the material and is reflectad ¢ff tne remota surfize
338K 3 tne prode. The measured time interval detween the trinsmissianm ang
~eflection af tne pylse {s then conversed into metal :nickness. The require-
ment that tne Sroce be held 3gainst e test irea appears %0 limit zhis
Jrocecure to aboveground containment facilities. To ytilize it delow
jround would require excavation, degasification, and provisicn for & man-
nole. Frowever, some limized use may be Tound for pitiing zhecxs in un:zue
installazions. -

The other sanic methcd “or tasting underground systams fr laaks
#OTKS On the concapt of datecting leaks by the unigue vibrations creatad
oy air going througn an orifice. Testing fs done from above ground, dy
irmarsing the probe’in the product tarough the f{11, with no disrupeicn
to servica or excavation at the test location. The Jamie Corporation of
Cincinnazt, Qhio, is currencly refining the procaess, and this methed
apdears 0 hold grea: promise for a fast economical procedure for leak
zeteaction.

The Red Jacket Lnderground Tank Validator (UTY) is a liquia level .
monitaring davica with extremely Righ sansitivity (+0.001") to changes in.
liquid level. However, no provision for mixing to eliminata temperature
stratification in the tank and no compensation for tempersture-related
volume changes maks the need for such accuricy questionable. [t may -e
trat che !imitad duration.of the tast (about t™wo hours) is feit 23 preciyde
volume changes due t9 temperature variation, Dyt the high sensitivity 37 <ne
monitaring equipment would certainiy register tamperature-related volume
changes of an extremely small magnitude. [T appedrs that some modificaczion
of this squipment is necessary bDefore it can De used effectively.

The Red Jackat leak detactor is based on the principle of
detecting flow past the submerged turtine pumd (STP) check valve. [n
practica, this involves an aytomatic tast for leakage commencing when the
last operator on the dispenser circuit {s turned off. The systam logic
causes the STP o continue aperating for a test cycle of two %0 three
minutes, during which time flow of product past the STP check valve caused
by a2 line leak s detsctad by a transducer. The system is a low cost ($75),
easily retrofittadle unit which is currently being installed on all STP's
purchased by Exxon USA. While sansitivity is well above the APl requirement
of 0.08 gph, the units have proven valuable in datacting a number of laaks
due to Toosa fittings and other construction relatad problems.

Evaluation

- The Kant-Moors Tank Tightness Testar fs a system tastar accaptad
by most intarestad agencies and associations, including NFPA and API, as

-21-
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Sigure 17
AUTOMATED LZAK YOLLUME VONITORING SYSTSM (ALVCMS)
~IR UNDE_RGROU‘JD STORAGE TANKS

o “eign Tank wWith Load Cei!
Canszartiy Meonitors Change
In Waigre Of Liquid In Waigh
Tank Resreserxing Change [n

Liguid Lavel
\ : e Comrol & Display Unit Carains
« Tank Velume And Preduct

o Motor Orivan Carerifugal Density Adjurtmene Contrsis

! , Purmg Circulacas Entire - Strip Chart Recorder Givimg

— / Vailume Qf Storage Tank Csntinuous Display Of Time
To Achigve Uniform Rae Of Temperature Corrected

Temcerature Volume (Leak Rate) In Weigh

e Coaxially Mountsed Tank
Camasnems Attached

o

T3 Quick Connece
Cauuli‘nq Fituing \J \_—Q__-d D ® /-Z/ 113v
{mee Tank Sill Sioe. 4 Sdoply

N7 3 Z NZN

SRSV SRS —

Taken from MERP #7006, “Laak Testing of Buried Product Storige Tanks,”
1972, by N. 0. Cross and J. L. Thompson.
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meeling all critarid for ear'y gezuraze cetestion of sink failure.’ e
will first evaluate the Kent-¥oore sysiem, Inerefore, and use 13 45 4
standard against wnich #e can tedsure tnNe ~elitive effec-iveness anc vaiue
of the other systams.

The Kent-Moore System 22$%S abeut $2,300. The <es: of 3 cank
takes five ta six nours due 0 the need 3 eliminate temperazure sorali-
ficazicn and allew time for tank end dulging 23 stanilize. Once :ne zes:
begins, it is mecessary to take readings esach 30 minutas, and calculace
temoersture adjusted volume changas for the test duration, usually tnree
%3 foyr haeurs. QOuring %ne tess, the systam must be isclatsd ang out of
use. The taster is extremely reliadie and acsurace, easily measuring o
ine establisned sensitivity criterion of 0.05 gph, but tne need for manyal
calculazions at intarvals throughout the test provides substa itial posst-
5ility for numan error in the results.

The £ssc Resaarch & Engineering Company variation on the Kent-
Moore System has the added advintage of more relfable results through
aytomatad temperature compensation and standpipe tast level maintenance.
This virtually eliminates the possibility of miscalculation and false
detaction or concsalment of a leak. The systam is designed to be packaged
in a much less bulky mathod, and set-up should require less time tnan xant-
Moere. The projected cost of lass than $2,000 is an added advantaje at
ne sacrifics of accuracy. The automation makes the tast less busy and
simoler to operats, in fact making possible the testing By iny mechanic
or semi-skilled laborer. Zconomies can result from freeing the tastar
from the calculation and monitoring of the apparatus. [t {s reasonadle
20 assume that this would make possible the performance of other routine
maintanance during the testing sequence, thus utilizing otherwise un-
sroquctive time. -

The contacs probe sonic taster does not appear 23 have signifi-
cant value in the tasting of undarground storige. The necassary prepara-
tion (excaviation, degqasification, etc.) is time consuming, costly, and
disruptive 2o business, and, in the final analysis, the prodbe will not
oe much more effsctive in pinpointing existing leaks than the naked eye.
[ts real value lies in the discovery of potantial failures, through the
measurement of metal thickness, and {s much more suitable to tasting of
aboveground facilitiaes. :

The ultrasonic taster, produced by the Jamie Corporation, still
needs refinemant defore 1t will achieve the relfadility level of Kant-
Moore. When tested against the Kent-Moors tastar in Ohio, it falsaly

" detactad leaks in a tight tank, prodably dus to some intarfersnce which

wis unrelated to the tank under sexamination. I appesars that 2 more
sophisticated notse filtaring systam may bde required before 3 practical
validity can be established. However, the concapt ippears %0 have
consideradlie marit.

SIt should be cautioned that not all fire departments accagt the
Xant-Moore Test bacause it is not always understood. Some fiald orienta-
cion may be advisabie in ordar to gain more widespread accaptance with
voluntser and part-time personnel. Prassure tasting should be strongly
discouraged as an accaptadble tank tasting m.chod as {t is unreliable and
can be extremely dangerous.

-2
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The Red Jackset uncarsrsund Tank Valigator (UTV) will need 23
csrrect is Basic snortcamings, lacx of tamceraturs carmection zapapilicy
and lick af gravision for alimingting temperityre stracificazisn, sefare
ve =an become & valid altarmative %0 tne Kant-Moare System., These dis-
azvantages make leak concsdiment ind/or simulation entirely =29 passisle.

The Red Jacket leak detecsar is 2 valuable line crecking levice
wnich snould de used in all new installations. [t snould substantially
reduce product 13ss and pollution from line leaks through immediace
detaction and correction. Although {2 detects only those leaks of 2
magnitude of 1.3 gph or greatsr, the cost is half that of :ne more sen-
sitive Gilbares unit,

8ased on t7e foregaing, ft appears that existing technology
timits the field of valid systam testars t the Xent-Moore Tank Tigntness
Testar and E.R.4E.'s ALYOMS. Sinca the ALVOMS {s nat yet in 3r3duction,
current testing should be done dy the Kent-Moors metnad, s outlined in
NFPA 329 - "Underground Leakage of Flammable & Coroustidle Liguids, 1972*
on 7ages 30-34, and in accorcance with the manyfacturer's operaticn manual.
Assuming a production run c3st competitive with the Xent-Moore Tank
Tigntness Testar, nowever, the ALVOMS woyld be the more attractive alter-
native. Earliest production would appear slatad for Fall, 1974,
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SETIMINING LIAK R08ABILLTY

The slectrs-chemical process 3f 2armsier is a4 srediceanls
shenomenon. Given & known envirsnmental situation, :ne rata of decsriora-
Ticn 3f a3 tast sample can Je detzrmined wita Jinpoint acsuracy. Unfore
tunataly, in ascual practica, tne environment is nat precisely known zue
10 115 neterogeneily. An infinile numder of different envircnments may
5e zresent in any field location, resulting in a varying dggressiveness
and thys a corrosion rate wntsn differs over different sactions of cne
ancais structure. Consaquently, one can never de carzain that tne sample
taken exhibits the worst candition 2% tne location under cansiderzzion.

Howaver, this hetercgeneity which ts so apoarent on a microscagic
level Toses its idencity quite readily on a macroscopic oasis. [n ~ose
geagraphic dreas, the natyral environment can de consicered romogeneous
over a limitad range, and an esnvironment w«hicn nas been found %o de of a
cerrosive nature at 2 given location can be assumed preliminarily 22
exnibit that same characteristic at other lccations in tne same genera)
geographic area.

Correlatian Batween Environment and Structure Life By Geograghical Area

Oue to this heterogeneity over widespread ireas, there are
se/eral saurcas of very good structure 1ife data available 3 the engineer.
Firss, county soils reports 2ftan cover areas in close proximity to the
sita under investigation, and preliminary approximacions as to tne )
aggressiveness of the sail can be determined from these general stucties.

Corpany and industry experience {n the area can de a valuadle
sourcs of information regarding sath structure life and necessary mitiga-
tion measures. ‘Transmission and pipeline companies run extansive tests
Jrigr %0 and subsequent to line installation, and theifr cata will indicace
such input as stray currents, pH, and resistivity along the pipeline path.

Local sofls experts and corrosion engineers are oftan familiar
with specific locations and conditions which may affect an installation.
They can also scmetimes offer information regarding the virginity of the
sofl and the nature of any f#111 on the sita.

’ Finally, the engineer can make necassary tests or contract the
carfornance of tasts in order to detarmine necessary mitigation measures.
Pertinent tasts and their performanca are coversd in detatl in MERP #6704,
*Corrosion Control, Implementation, Section III, Evaluation of Servica
Station Conditions." .

From the data gathered from these sourcas, it may be possidle
to datarmine within a reascnable tolerance, the service life of an un-
protacted structure and what mitigation measures are required. This
detarmination of approximate servicas life s basic to the adepticn of 2
valid srogram of leak control. :

-2~
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Once tne exdectad service life {s determined, a variety of
1lternatives is availaoie “3r ~ew fnstallaticns, ang 4 slizntly 41%%erent
3eC 3f alcernatives is available for exi1SI1ng stryceures. “hese 'nvoive
testing dng monisring Jrocacures ind replicersns zri:gri4 g3210AS.

Tasting ‘requency

- At existing locations, tne freguency of tagting can e ‘ncreased
#1th tne age of <he tnstallaticn., There ire two :sriteria which santral
tne frequency and the age at wnich testing begins. Firgz, che anticisatad
service life, which is Sasad upon the dggressiveness of the envirgnmens
ind in-place mitigating systams, {ndicatas when the system can De sxpected
0 fail. Second, the type of location and the relative hazards associatec
with a Teak will have & Dearing on when accelerated testing snould degin.
Fer example, the problems involved in & leak into a4 navigadle waterwdy
may ¢ictata that a facility adjacant to this type of location would segis
acseleratad tasting early in the life of the facility. A consumer acsount
in a rural ares, however, might not require tasting unti] tne expected life
has Jesn reached.

The monitoring of an in-olaca mitigation system may also Se mor2
frequently performed as the systam 20prodches the expectad duration of. itg
useful sarvica. The effectiveness of cathodic protsction systams nust, of

2 course, 2e¢ monitored regularly through their Tives, but additianal testing
may prove feasible in the lattar stages of sarvice.

The stats of the art of leak protection and corrosion mitigation
has currently progressad to tne point where the 1ife of 2 newly installed
facility, with proper pre-installation testing and analysis and groper
ingtallatisn, can be quite aczurataly forecasted. Therefore, the under-
ground system can be designed for a useful 1ife compatible with tne anti-
cipated 1{fe of the facility. As.a resylt, new installations can de
programmed for tasting both later in their lives and at less frequent
intervals than facilities constructed in an era of less knowliedse concern-
ing corrasion. .

Replacement Prior to Faflure

There are cartain types of locations which require more drastic
action as they near the end of their useful lives. Thaey include locations
for which an underground leak has a high prodadility of causing substantial
adverse publicity. Among thase types of lccations are: sitas adjoining
navigable watemys; those whers contaminaticn of wells or ether undarground
watars is probable in the case of ¢ fatlure; fac{lities used in aircrafe
fuel sarvice; and locations where the accumulation of liquids or vapors
might result in an explosive condition in subways, basements, or other
subtarranean enclosuyras.

In thesa types of locations, it might be wise to pursue i program
-of periodic facility replacement as systems ipproach the inticipatad end of
their servica lives. If the situation, in fact, does warrant such drastic
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measures, it would se <e’l 23 23nsizer rezlacement witn an imert sysien
or ane exniziting & fully 3°3iestive haracieristic, ' '

Cefimtive reigmendations will se made 1n tne lanciusions ang
Jacommen2ations 3ections.

-28-
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- . [OINTIFYING T=2 LIaK SOURCE

e

When 2 leak 20es aclur, 11 'S Rarmally 2issgversd as a resyl-
s7 cne of tne following I3ndisions:
(1) Comoustidle or flasmable !iquids or neir vagers are resorzas
n:

(a) Normally :nnabited subsurfics scruciures $uCn as ddse~
ments, Subways, and tunnels;

(b) Osher subsurface structures such is sewers and utilisy
conduits; ‘

(¢) Graundwater sych 3s drawn from wells, on or in syrfacs
water, or smerging from cuts or slopes in :ne ear:n,

(2) User reports lass of stack or pressncs of «ater in tne scar-
age facility.

Each of thase conditions requires certain staps which ire necas-
sary 0 the protaction of 1ife and praperty, ind which should e carried
qut prior to any further action. A word of caution should de insertad Rere,
ncwever. Avoid creating unnecassary alars or unwarrantad intarruption of
normal activities. Make every reascnadle effort to determine the magnitude
of tne problem defore notifying authorities. Excessive alarming, such as
chat which may be caused by unwarranted evacuation or pudlfciczy, can creats

, more nazard than the original proolem. In short, use good judgment in all
actfon taken. . )

Condition (1) (a) is normally the most hazardous situation.
Smoking and other forms of ignition snould be eliminaced from the susdectad
area. :Zlectric and gas service should be cut off at a location remota from
sne area to avoid sparking. OQccupants should be evacuated and unauthortzed
. personnel should not be allowed 0 entar,

Ventilate the area by aspening doors and w1ndo§s and use jraunded
mechanical ventilators to exhaust the area of vapors.

Aftar rendaring the building safe for entry, iry %o locats the
source of entry into the structure and block the sourca. I[f this is not
possible, wall points, trenches, or holes for pumds may De necessary out-

. side of the structure to block the entry. ’

Conditions (1) (b) and (1) (c) presant a normally lass hazardous
situation, the latter oftan producing more of a pollution problem than &
danger to lifs and property. However, the same initial precauytions should
de takan until explosivity and toxicity are dafinitaly eliminated as
potantial hazards. .

Condition (2) does not imply directly a hazard of fire and
explosion. The immdiate ired should be checked for signs of ascaping
fluids. If any exist, apply the proper protactive measures outlined ibove.
Otherwise, apply proper tasting procadures to verify the tightness of the
system. These procadures are expanded in de*1il in NFPA No. 329-72,
Chaptar [I, for the intarestsd readar.

-29-
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Afepr the initial safety orecautions nave oeen apolied, ne
saurze of the flarmasie ar :sroustisle 11Quie myss e discovered ind
sorrested,

Promarv Search

The zrirary search, as sutlined tn NFPA Ng. 129-72, Chaotar (31,
23nsists of an elimination process where mast, if not all, nonecontridutary
lscations are eliminated from susaicion. This srocedure, Driefly, is as
fallows.

Canvas all local cperizicns uostream of She discovery whicn ire
sotentially responsidle for sne 'fak. iTry to determine from =onversasion
and visual inspection if there has Seen 3 sill of product lataly, a
recent mainssnance or resair call wnich may nave distursed the undergrsund
facilities, any noticed odor or other sign of 1iquids where tney should
not be, water in the tanks, ets. [f this fails to identify any potential
source, ask for permission o cneck the equioment and =he ares around each

susocect facility.

Tracing Licuids Underground { > .

when the field has deen narrowed down as far as possinle, i1t my
be necsssary to tast cne or more facilities for underground leaks. (f no
definitive results can be reached and the flow of 1iguid coces not stop, it
is then necessary %o traca tne liquid underground with the help of geologists,
autnorities, and industry mamdars. - The nature of liguid flow underground
is such that she source may de 2 gredt distancs away, ind eladorate studies
may be necessary to pliace the fault.

0f some assistance may be laboratory tests, such as chromatograohy
and spactography. Oyes are sometimes nelpful, dut are limitad ohysically
by leacning and bleaching over longer diszancas.

NFPA No. 329-72, Chaptars [Il & ¥V, cover this subject matter in
much greater detafl. It {s agparent, nowever, that the laocation of the
saurce of the product 1’ still very much an art, and consideradble ressarch
is neaded in this area.

/See Appendix [II for additional treatment of tracing liquids under-
ground.

-30-
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SORREITING ThT FRIALIM

The discavery 3f an unzersraund leax uincuessignaaiy indicates
1 grociem at 3 location, 3uT % z0es nat necagsarily ingicate the exstent
3f =ne arablem, [t could men as lictle s an isolateq corrasion call,
1 lagse #i:3ing, or 2 mechanical saal failure; ar 12 =gyld —ean as serisus
a s1:uation as a Aighly carresive anvirunment, severe fayl® 3ctivity, ar
seneral sack¥ill failure, with tne entire systam aggroacning fatlure. how,
tnen, does the engineer determing wnat correclive measures ire warranted?
First, an examination of the fatlure, 1f possidble, snould De made. 2 is
someTimes possidle to detarmineg if the failyre {s caused By an -isolated
e}l or {f 1t is widespread by visual examination.

The environment must be re-evaluatad to determine if a less
iggressive situation has decome more aggressive, and the degree 3f aggres-
siveness must be svaluatad. Changes from prior evaluations shoyld be nozed
and their causes investigatad. This information should indicata the
condition of the balance of the systam with some dagree of accuracy, allow-
ing tne engineer to'select the proper corresiive measures from the altars
natives discussad telow. .

Realacsment Limised 23 Failed Structiyre

In situations where the failure is detsrmine to be localized in
natyre, it may prove advantagecus o limit replacsment to the siructure
that failed. This may mean replacing a single tank, hoist, or underground
lina. [f this ts the decision that has deen made, there are several altar-
natives £o consider,

The failed structure can be reolaced on a like-for-like dasis,
e.g., steel for steel, fiberglass for fidberglass, etc. Before selecting
tnis altarnative for an existing steel installation without current catnodic
protaction, however, it should be remembared that a potential difference
exists Detwean new stesl and old stael, and galvanic action may be inducad
between the new strycture and the existing portion of the system.

That poresion of the systam that failed can be replacad with
fiberglass reinforcsd plastic. This offers an inert situation which will
not result in the corrosion call {1lustratad adove, but 1¢ may cause
oroblems 1f the systam is currently cathodically protactad. The replace-
mant could throw the ¢.p. systam out of balance or causa a break in the
system by acting as & dielectric coupling. Special handling and recognition
of this sttuation will alleviats this potantial prodlea.

In the event that widesgread damge i3 anticipatsd prior to the
end of the productive 1ife of the facility, it may be justifiadle to
catnadically protact the systam, or any part of it, subsequent to replace-
ment of the member which failed. This offars an extanded 1ife to the
cxjistin? systam as well as the opportunity %@ utilize the most sconcmical
matarial for the replacament of the failed portioa.

- — = " OFL0008000:
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Qaslazerent g¢ Selscced 92riions deverd 33rTion aMtes Faileg

{n isolatad instances, zie potenzial Tianility gf adaiz onal
leaxs, tne age of =ne facility, relazively low incremensa! cas: 3f under-
jraung «ork, ar otner considerations may <iCIite nat tne entire sysIem
Je reclacad ac tne time of Ine emergency resair work. A lgcaction this
sr1t12al w0uld 3reanly demand tne sdeciadl tredimnc of fiterglass or 1Y
zatrociz sratgction, Jut 2 like-for-like replacement crizerion cayld Se
snvisiones if the econemics of replacement were weighted Neavily by arjn
23sts of settiing o the job or :he need for special equipment. This :yve
3¢ installatian would necessarily carallel s grass roots installszign and
Je joverned by the same guidelines, excapt that empirical evidence of a
sreBlem at the Tocation now exists, and cartainly some mizigazion measures
#Quld de in gorder.

3evair ¢f Parnian Which Failed

As altarmative to repiacament of failed tanks, the enginesr mas
tae cption of resairing tre failed structure, wnich has certain advancages
sver renlacemsnt, Minimum 2isruption of Dusiness and no intarfersnce with
tne undergrourd jalvanic dalance are major advantiges to this process, and
the 4pility o clasely inspect the failed tank without the removal of it
s37ars close visual eviderce of the prabadle condition of the ress of tne
systam. This orocess, coupled, wnere necessary, with cathodic protecsion
3f tne salanca Of the systam, can oftan 3ffer tne least costly solusion ©

zne 3reblem. )
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] ‘ for non-volatile liguids ir zasements, use iosordents and :umo-
ing and sailing tacnnigues. 3edarale saler Mixtyres in darrels 3y sez-
tling 2ne syshoning off¥ <ne atar, :

Subways, tunnels, and mines diffar f-am dasemants in three
irgerzant respects. First, tney will nave j=eiter exposure 20 the oudlic.
Sacond, there will normally be greatar expasyre 20 sour<as of ignition.
Finally, ctnere is much gredler exposure 0 underground seepage. Conse-
suently, greatsr caution must be exercised, more tnoraugn monitoring is
required, and 3 maximum cacoerative effort must be arffectad with tne
aythority responsible for the facility. f8eyond these safeguards, nowever,
aracedyres snoyld be essentially tne same as far basements. ’

Normally Uninhabitad Substructures

Removal and disposal methods for utility conduits are different
from chose discussed earlier for three principal reascns:

(1) Normally, concantrations will be higher deciuse early
discovery and preventive measures are uniikaly,

(2) Access is limitad to manholes at infrequent fintarvals;
(3) Sxposure and danger %0 the public are graat!y reduced.

Cleanuo should consist of separating contaminints from walsr in .
settling tanks or drums by gravity to aveid downstredm contamination of y
drainage facilities.

Sewers offer an effective method for collecticn of zontaminans<s
) from a surrdunding area. Oue %o the impracticality of selling aff all entry
¢ : goints, however, removal constitutas a continuing effort until the entirg
area is purged. Skimaing facilities provide effective recovery {f the
contaminated stream cannot be diverted to & separator. 3comg and weirs
can be used ta facilitate the skimming effort Dy backing the contaminant
uo to offer 2 more easily recoverabie film.

Water Surfacss

. Contamination of water surfaces should be resclved in the manner
discussad above for sewars.

The Seil

Underground soil contamination often proves to be the most
difftcult situation ¢ resolve. A knowiedge of the local geography is
basic to the solution of this type of condition, strongly suggesting the
retantion of a geologist famiTiar with the arsa. Becauss the contaminant
will gravitate downward through perdus soils until it reaches an impervicus
layer or the watar tadle, som knowledge of local sails and water table
level is essential to the collection of the liqrid.

G
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Once the 22210 2ng zirezzion of *low of ne flymmanie [ 12uls
ire detarmines, several ilta=matives Jecsme ivatlasle for :angrzerazice.
If wne zantaminatea SIratim is snailow, ine 1eST recivery mesngd involves
ai3ging a trencn 3 intercast e 11Quid, 217C 11723 Ine ownsiredm sice
of :he trencn with an irmervigys sdrrier. The C3naminanc can <nea se
Jummed out as 13 Jer<olates I3 ine crench. )

Jeecer cantaminatad sirata require the use of well sginss 'n
iisy of trengnes. A widesoread contamination may require ssve=iy’ 4eli%.
Zacn well may tnen de skimmed urtil the cantaminant is exrausted.

NFPA No. 328-72, Chaoter VI, cavers shis subjecs massar in ouz-
greater detail, As menticned at the deginning of this secien, Nowever,
1cdicional research is sarely needed in tne removal and disposal of 23r-

raminating liquias.
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IONCLUSIINS AND EITMMENGATIANS

Iz is 3sovious from tne ‘:r:f'aings.,zay tnat inere s 2o single
des< salution 0 a sartizular Jroplem. Many fizsars, 1nc]gqmg jeograony,
local c3ces, and agency creferencas, mﬂuuce the 2ecision in 211 zases.
Cansezuantly, tne fallowing recsamendations incliude aporoved alzarnacive
solusians *9r eacn discussed situation, citing the preferrad treachent
firgz, inen 21 of ine ather 1ltarmatives, in the order of creference
(disregarsing fac<ars such as c3st, because of jeographical varidation).

Clagsificazion of lascallations

Typically, installations fall into one of four cazagsries dased
gn tne Sonsequences of an underground faflure. The redder wiil nots tnas
inesa risk classifications vary from those in the MERP Corrosian Manual,
AP [ATb. The differsncas resylt from a change of empnasis since ne
publication of =he Corrosion Manual fn Septamoer, 1963.

(1) Groun'] - This group includes those facilities at wniea
tank leaks would exhidit the most critical pudlic nazarg.
Included are thosa locations wnere leakage mighs resylt in
sxplosive conditions in occupied or congested areas. Loca-
tions in tne vicinity of Sasemants or subways fall into this
group. Equally sritical are the facilities adjacent to
navigable waterways where 2 leak might be particularly
damaging to the environmnt or costly 2o clean up. This is.
partizularly true in lignt of recant legislation calling
for the automatic imposition of sudstantial fines upon ine
owners and/or operators of facilities which fafl nsul:mg
in spills into cartain navigable waterways.

(2) Group [I - Classified here are those installasions wnizn
mignt not present the most critical situation, but do sffer
a greatar incantive for insuring against sremature failure
and prolonging the 1ife of the uncerground system. [nzluded
are facilities in the vicinity of seawers, streams, and utilicy
condyits where leakage might be widely distributed and
constitute a significant hazard %o life and property. Also
“includead as Group II locations are aircraft fueling facilities
and underground storage at bulk plants.

(3) Group III - These are the average underground installations

. where no unusual incantive for corrosion protaction exists.
Until recantly, this included the bulk of our underground
starage; byt investment trends indicate that this grouo is
and will continue to de declining in size in favor of the
Grow [ and Group Il locations defined above.

(4) Group Y - This group cantains thaose facilities for whica
there {3 less incantive for corrosion control. The locations
are charactaristically designed for a ten year rather than
twenty year 1ife. They are typically contract dealer and
consumr accounts in outlying areas.

- o oiéoosooo-
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These simle grouds ~111 suffice for the inszallacion 97 raw
facilities, oyt tnere are Z8rIdIn sUBGrIUDS WNiin myus:t de sefined Ss-
axisting facilicies., The rIsk 3rIups must e “ursrer 4fvised 12 tne
following 2lassificazicns in craer 20 2nalytically <ezarmize e arzper
mizigation measures, if any, for eachn facility, ’

(1, Subgroup a - Vhis classification inglydes all fazilizias
wnich nave a nNisTary of underground failure 3nd wricn alsy
are expectad %0 remain {n the cnain for tan years or mors.

{2) Suogroup & - These locations have a leak hiszory and are
dnticipated 0 remein in the chain for more tnan five oyt
lags zhan tan years.

(3) Sudbgroup ¢ - [ncluded here are short remaining markesing
life facilities (less than five years) with a nistory of
underground leaks.

(4) Subgroup d - These locations have no nistory of leaks and
nave been in service for 15 years or more.

(5) Subgroup e - This group includes locations wish no nissary
of leaks ang in the 10-15 year age Srackes. v

(6) Subgroup ¥ - Thesa facilities have deen in service for less
tnan 10 years and have no history of underground leaks.

The foﬁowing recommendations are presentad in the saguence one
would normally apoly them at a given location, beginning with the instal-
lation a}f the new facility and continuing through the varfous stages in its
sarvice lire, :

Mew Underground Storage/Delivery Systems

The first stap necassary in the installatien ‘af 2 new undergraund
system is the proper evaluation of the existing environment., The test and
nost accurate method of avaluation is through the physical zasts described
fn the MERP Corrosion Manual, Im III8, and includes tasts for resistivity,
o#, and other basic data. These tasts can be conductsd by the engineer or
1 professional tasting firm, and an Agryssiveness [ndex can be developad

‘(See Table 2). Howaver, not all areds require these formalized tasting

Jrocadures. An arsd history of innocuous soil may be sufficient evidencs
of sofl conditions, 1f the sits s undistyrbed native soil; Tikawise, an
area with a history of highly aggressive conditions may warrant grotaction
Qf the substructures without further tasting. Ganerally speaking, however,
environments which do not show an extremely mild or highly corrusive
h;stary should be testad physically as the tnitfal stap in the develcpment
plan,

Regardless of the area history, possible sourcas of stray currents

must be investigated at every new sits. MNigh voltage lines, gas transmis-
sion facilities, electrical and talephone conduits, manufacturing and

. y 2
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facricating sceraticns, inC =21 an2 :ralles lines in ihe irmadiaze i1res
mysT J& cansicered 1§ 3I3Urc2s 37 stray Currenls, ing necessary srecausions
caken. [f tests ingicate e dregence of 3irly currents, 4 sualifieq
s3rrasion sngineer snould de -~eciined o detarmine sne zes: mitigasion
Teasures. -

“nen tne Aggressiveness [ndex has been derarmined, the locazianas
snauld e classified as 0 risk grouo. The selectign of aquismens for
ungerground use can ren e made from Tadle 4.

Subsequent %0 the selection of equipment, the primary considsrie
tion, as it partains t0 the uncerground ledk problem, s ore of constan:
diligence during imolsmencation. This peint cannct de sverstresses.

ttantion o specification is the most important single item, parsiculirly
#ith regard g backfili and testing for system tightness prior to caverys.
The reader's knowledge now concerning the basic carrasion cell and :ne
slectromotive series imoresses the necessary preclusion of foreign objects
from contact ~ith ary of the components of the uncderground system,

Necassary cnecking ind monitoring schedules shoyld oe sat up
through use of a suspense system. [n the case of cathodic protaction
systams, validations should be performed annually, ar more often if a
signal davice indicates circyit faflure. Qther systems require no set
inscection, but file data concarning environmental agressivenass saoyld
ind cate tne anticicatsd servica 1ife of the equipmant, and this informae
tion snould be uzilized in the scneduling of late life verification of
systams., Thase, of course, are practical casting minimums, ang more
stringent local codes would necassar{ily take precedencs.

Ixi{sting Underground Storace/Delivery Systsms

‘The fac{lity which has been in sarvica for some period of time
Jecomes a much more comolex probiem than a new installation for saveral
reasons. Past practices in the field characssristically d4id not invelve
sofls investigations, $0 most axisting facilities have files wnhich are
incomplete 2s far as environmental variables are concerned. Additionally,
Region data is not kept, typically, on underground leaks as a separate
raintenancs catagory; thersfore, an accounting of those facilities with 2
leak history is no® readily availadle. Thirdly, facility age may not be
easily detarmined due to partial replacament of factilities, expansion and
addition of tankage, ind failure o resove replacsd facilities from the
books. Consaquantly, the development of the information necassary to
classify the Tocations into the subgroups datailed abeve will require some
initial effort. However, this effort is necessary o the suyccessful
implemntation of the following program.

The initial step required for existing facilities is the classi-
fication of each facility by Group ([-IV) and Subgroup (a-f). Onca
catagorized in this manner, a lo?uﬂ procadure cin be followed within
sach group. The end results will be the reduction of underground failures

to 5-13% af the current annual rata by the completion of the program.
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Ixigting Toe2213m3 =ust te ‘zen3iYiec 15 13 e ajgressiveness
3f aeir envircrments. 5011 Zasting s10ull e ser<iried an sacn lccazion
1czarging %0 tne secuence 'ndicatad in Taole 3. As asen lszacion 1
restad, 1t 3nould de 1ssigned a >rigrily numter daseg 3n antssipacad
reraining service life 2nd risk gra3ud. TI0s® sysTams wnizh ire anticeadzed
29 f1f] wiznin one year would de a3signed i pricrisy 3¢ 1, f1ilyres exzeszteg
in 1.2 years & griority of 2, eg. Mitization medsures snouid 2nen sa
1polied . zg locaticns in a prigrity group on ne oasis 3f risk grsus.

The only prsventive maintanance mizigazton systam wnich is
sconomically Ffeasidle far existing lscations 1s an effective impressed
zurrens catnedic srotaction systen, Saecificasions Far such & Systam ire
satziled in zne Corrosion Manyal [m [YC1. [n general, {1 tie tes:is ingi:iais
1n Aggressiveness [ndex of 3ix or more, Drotec:ion is warranted. 3 zmac
af t1e Ajgressiveness [ndex 43ainstT tne approximate service ives of Tiole ]
4111 indicate now critizal the ciming of protection is.

S1eriency Lesak Correction

When a tank failure accurs, there are several approved meznods
5f sutting the facilfty dacs inzo cperation. In orcer of preferenca, zney
ire:

(1) Line the failed tank with 3lass Armor, and inszall an
imoressed current cathodic protaction system on tne entire -
underground systam.

(2) Replace the faflad memoer with an SRP :ank and install an
impressad current cathodic protaction system 3n tne balance
of the ungerground structures.

(3) Replace the f1iled member with & coated steel tank and
insctall an imoressed current cathodic protaction system on
the entire systam,

The above recommendations limit replacement and repair %0 the
failed stricturs. [t may be desirable i{n certain extrema cases %0 g0
beyond tne failed mamber and replace or repair tight tanks as well, due to
extenuating circumstancas.

1f the failure is in the piping, there are two dltarnative
solutions:

(1) Replaca the entirs line with FRP piping and install an
impressed currsnt cathadic protaction system an the bdalance
of the syslem. -

(2) Replaca the entire line with galvanizad {ren piping and
install an impressed current cathodic protaction system on
the entire system,

- = - } OFL0008000
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. dere 2gain, 500d Lljemens Tay resuire ine ~ealazerant of $iiuce
turss wnicn nave net ;’e:“‘i“ﬁ:. “WOwe/e”, in 13 23 saculd less cnar
sne snnire line wnizn faileq s ~s3lazac 2y $3112%13 a maw seczion 103
“ne axisting line.

If 3 notss fatls cue =3 corrosicn, tne rsslicemess snculd Se
catnedically crotected.  In m0sT zases, INis 2an de izzamolisnes dy use
:¥ 1 sacrificial anade. .

escing for eaks

The Kent-doore Tank Tigntness Tester is still cne anly reliagle
3=3ducsion mocel systam valicator on tne marken. =.3.4E.'s ALYOMS 2gsears
sulerior in packaging and in assuracy; but it will not 2e 2 valig zompaty-
sor until iT pecomes available on the open markes, Xent-Moore's unie
23uld becsme nore attractive {f it incorpariced some af ALYOMS' superisr
jdckaging ideas; sut only a great price differential zould dring it sacx
Lo 3 competizive basis.

The Red Jacket Leak Jetactor shoyld be installed on all new
reote systams. Cartain agencies (notadbly those requiring canformarca
to NFPA - 30) require the installacion of a line checx device such 23 :he
ed Jacket or Giidarco Leak JeZactars; but the 2ost of the Gildarca modal
312 tnis time makes 1t unastractive relative t2 Red Jacket's equismnt.
An invescment of $60,300 3 $75,200 in research and develooment :zoyld
Sring :ne unit 228t down o0 A corpetitive level, nowever.

Cue 23 the extremely dynamic nature of this induscry, new and
setzar squipment <an de expectad to reach tne marcet on & continuing oasis.
Zsnsaquently, the engineer snould xeep himself abreast of rew lJevelcpments,
ing ne snould notify superiors of any promising equipment and netnods.

Pressure testing of underground tanks snoyld de strongly dis-
souriged and conly performeg it tae direct insistance of Fire Control
IffFiztals.

[dentifying the Leak Source § Cleaning Up Lseaks

The de®inftive working quide %o these prodlems today is NFPA 329,
Underground Leakage of Flammadble & Combustible Liquids, 1972, dut much
adaitional research 1S needed Sefore we will be able to cuickly and easily
cefine and clean up & major product loss. No cancaots appear o be avail-
able at this time, however, $0 no further MERP orojects are proposad.

Aezsunting Procadures

The underground leak prodlem must de isolated in the accounting
systam in grder that 4 maaningful analysis of a preventive maintenance
grogram can dDe done. A separats expense category must bde maintained, and
the capital budget must show a l1ine {tem for costs assocfated with under-
graund leaks.
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Scokkeqaing Pracsdures

The individual 10;1;?:7 TUST D¢ encouraged i3 kaep cecares w#n1zn
will quizkly saaelignt 205513:¢ iedks, 2and a creck 1953 syuea ag =nat sncwn
in Apoenzix [ should 5@ required orizr I3 any pAYSica) tank cess.

Fyreher NCI0 Srudisg

Througnout the dody of the Dacer, reference has desn made 3 he
need for adaitional researcn in various areas. This final section will
ddaress sacn of cthesa areds and their most logical resolution.

(1) Ungergroung Environment/Equisment RelaZionsnia « The fyrsne-

STudy 1@cCaSSary here 1§ contined €O ne areas tauching ygen
the Aggressiveness [ndex and fnternal corrosion. A MERP

project on the lattar {5 feasible, Dut the required time scan

and associatad Costs may prove proniditive. Data gathering
will pe extremly time-consuming, and results may prove no
better than thase Jresented in. this regort. A fine-tuning
of she Aggressiveness [ndex concept should be cantricted

througn an outside firm specializing in soil cnaractaristics,

particularly corrasion control.

(2) Tests for System Tightness - The resadrch nesds outlined
apove for tnis topie snculd rightfully be handled through an
industry group such as AP[. No further MERP scudies are

propased, 1lthough a seque!l %o MERP #7006 is needed regarding

production models of ALVOMS., Private research is deing
carried out along several avenues which should de montftored
closely.

(3) Oetermining Leak Propability - A MERP study could cambine
th1s tOpic witn the Aggressiveness [ndex concept sTudy
- mantioned above. Thare does appear 20 be a feasibility to a

prediction metnod which fncorporatas pnysical testing and
reliable forecasting of sarvice life.

(4) ldentifying the Ledk Sourcs - Although methods in use taday
ire cumbersome and unreliadle, there does not appear to be
3 valid concapt which offers any hope for improvement in the
immediates futuyre.

the sourcs.

(%) Cleaning % Leaks - The same situation exists for this aspect
] underground leak prodlem as for the identification of

-43-
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PEENDIX

laze
CHETK L1357 TR OGASCSLIME AiiTraMs
a8ttt RETAIL 3TIORZ N, TIRITIRY

The asove store nas nad & resarted Messr 3alanciag Resers ‘M3R) lass in

- 3as0lina 3f gallons qver tne as:c M3R's. 4
1383 37 IM1s size indfzaces ine potansial 3f & vary ser10us prodiam 312 tnts
T3cation, an€ i< should de thersugnly investigated to zezarmine te reison
“3r t7e loss.

Plaiss comolezs the following check liss 2t your earliagt convenieance ang
ratyrt it 0 /Maintanance Centar) .

1. Cnaeck invent3ry records for :ine past 30 cays far arithmetic errars and
camolerteness.

Jate finding

' . 2. 0o zne zallons sold chesk oyt wity the money totalizer?

Jace Finding

3. Jo tne datly tank stickings agree with the daily metered sales over iue
3ast 30 days? [f not, %o what sxtant. do <nsy vary?

Sate - Fineing

4. Are proper procsdures used for recaipt of gasoline? Qne of the *slliowing
meznods snould be used (Check box of nethod currently used).

' E 1. Gauging of undcrgrodnd tanks before and aftar dulk delfvery.

[::::] B. Visually checking he quantity of gasoline in the truck on
arrival and again for complets emptying defore leaving.

[::::1 ¢. [f delivery is by matar, check the metar readings defore and
after delivery.

S. Have any discrecancies besn notsd between volume actually received and
ranifest voiuna?
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{7 $0, acw ware tney found, waen were iney found, Row ~as ‘T csgorsec,
and «n3: was tne axtant 3f ne Sisorenancy?

Dars Finding

§. Ars groper procedures used for jauging tanks (stick wiped zlean orior <o
jauging, let stick slowly down incy thne tank, make Sure ne 30T%3m of ne
tanx is reacned, wait 2 few seconas lefors removing stick, ets.)? Stiek
readings cin vary = 30 zallens.

Date Finding

7. Are tank s:icks the sroper length?

Jate Finding
' 8. QOoes zhe size indicated on the tank chart agree with the size of the zanx? -
Dacze Finding
[ N A ;
B 9. Is tnere any visidle evidence of leaks or spills arcund =he sumos or

zanks? (Turn on pumps or sudbmerged pump when making check.) 3e sure
3 look inside she pump panel around the impact valve.

Date Fincing

19. Check a1l maters for proper seails and signs of tampering; pay particular
atsention to the shaft connecting the metar with the computar,

Daze Finding

® 11. Check #ar signs of tampering with the 1/4" pipe plug in the impact valve.
Oats Finding

w
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