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The jubJeCt 3 f  JnCe*3r?Und 12dkS a: S C Y t c c  sta::ons 1 s  cne 3 4  
gt-Jwtng.:oncern 3 ; r emiem nc r l t ews .  
2fforr d?e exhaustad m a c o n t i n u i n g  DdSlS I n  tnc l o c a t i o n  and arwctlon 
2 ;  i e d k < : n g  ranks ana lines. 

T h e  uumose o f  t.?!t Study i s  t3 review tne arjor 3molem anas  
as we know tncm. cinsol idate  avr l l rb le  data on each area, ecvriop alter- 
nat ive  saldtions t o  e m  vubltm, tvaluate :ne alternatives, and araw 
3creral conclusfons wRi:h SnOuld Pmvfde gutdelines for  the solutions a t  
S38Ciffc f i e l d  p m b l w .  Sam O f  the A n a l  are COnSpicuous ly  l a c k i n g  in 
basic research, and these will be u o l n a d  J u t  4s we umgrrss through : t e  
;:udy. r'ney will be fumer accented f n  L9e f fnrl  secttan, w i c n  deals 
v i  th J E ~ S  needing addl t fonr l  study. 

Lar;a L L ~  a t  noney, :~m, ana 

Lneerground leaks Octir for one o f  t.irte reasons: 

( 1  I Cormsfon; 
( 2 )  Ruptun;  
( 3 ;  L O O S ~  F f t t l n g s .  

?oose f1:tfng and ruutum faflums o c c w  as A result o f  several 
casf ly af i r iab le  sicuations. Faulty i n s u l l r t l o n  i n  uhich fttttngr an 
not properly secured, faf1ur8 t o  nPlre* tugorafy bung Coven ,  and tsc 
properly bdckfflled trenches 6r) primary causes for  t h i s  type o f  problem. 
Violent natural phenomena, such as earthawbs, result  i n  Irpssive s h i f t s  
t n  t h e  sub-saf1 which CUI easily loosen f f t t i n g s  andfor rup tu r r  lines d n a  
tangs.  Mrr subtle soil  movrmnts ,  such as those along natural f a u l t  
lines without an actual qwkr. f i l l  s e t t l cmnt  (jrrt lcularly i n  tne tdnk 
ho le ) ,  and subsldrnce CM cause pmblms; and mintrnance penonnrl  
mould kr.0 1 nary ey.  out *or tell tAle rims. notably heaving and/or 
set:lunnt I n  prved urd unpaved area l*  s h f f t s  i n  f i l l  l o u t l o n s ,  and 
canting or rhl f t lng  of rbovegro~d equimnt. C a n  ln  l n s i l l a t t o n  or a t  
least  ricognltion of these unwwl slturtionr which might have resulted 
I n  a leak should subsunt la l ly  d u c r  tlY llkellhaod and mgnitude o f  
these types of leaks. H ~ w . v l f ,  tM natur, of leaks t r s u l t i n g  from cor- 
msfon i s  such that the continued process mires the l n s t rn~nrous  point  
i n  tim a t  whlch fallurm occurs fngerctptible. Thus armding tanks and 
l l n r s  probably exhib i t  tJle highest  patentla1 danger to the envimnmnt 
and mDst uunslva long ran- casts.  

undrnmd vlwt cornsfon 1s and har l t  works. 
CormJlon u n  k prrvented; but to mdenund how, we arwt 

- I f  

Susan Staley




. .. .. ... j 
;;a,:,+ .... ... . .,. 

3 a s i c  or'inci 11 e$ 

i.l 
."'l 

' /cry s:.mly, c3rrosian 1 s  3 e  Uettrlaratran G'; a mater ia l  
Y r a u g n  rlccsrachemlcA~ rraCZl0n betreen the  ,nrterral dna 1 n envirjncg,jt. 
T n t  cnetnmlcal :hange d t  *e natrrirl surface i s  acconq3rnIcd by :Re zr3.7~-  
fer a f  elrctrical energy. 

Every maul hrs an i n n e r r n t  aneency to  m u m  - . a  mrc ~;30ie 
:?mound, v a t  is ,  to corrade. 
l y  p m p o r t i a n a l  to tne potmt l r l ,  or volage, of  tile nutrrtal. Crcr in  
zatrrials have a greatrr ;rotentfal than o t h e r s  and, t h e n f J r r ,  a 3rta:rr 
tendency t o  carrude. T h f s  differrnc* i n  uotentirls i s  *e driving forcr 
o f  cormtian. 
cefals. 

fn ms: instances, th ls  tendency 1 s  sir.<:- 

TaDlr 1 shorr tne v0lUgr rtlAt!OnShlpS bemeen :he variaus 

I f  two dissfmilrr m u l s  
Sr? conneccd ¶y I canduczing w i n ,  
and if they am immrsrd f n  A :on- - ductive solution (electrolyta), as 
mown I n  F igur r  1 ,  the maul wlth 
<he n i g h e r  (mm negat ive)  rlrc- 

mde t o  the meal w i t n  the lower 
( 1  ass negati VI 1 rl rctmde potentirl 
(Catnode) Untf 1 the dtffrmnC8 i n  
~ o t e n t l a l  i s  eliminated. Thus, 
we say that the h i @ W  pOunt t r1  
clectraee i s  anodic to tha lower 
,xi:cnflal electrod (cathode). 

trade pOtent iAl  (anode) *f11 COT- 

As Indlcrted rbow. thrm am four basic e l c n n u  n u r s s r y  to 
t h a  corrosion p r o u ~ ~ .  
and an electrical conneeton m coapleta the c i w l t .  Hot a l l  of the 
rltarnts r i l l  alms k easily ldlntiflable; but  1f corroston Is taking 
p l r u ,  a l l  o f  ftn rlaenu r n  present. 

cell. Then an tnm other types o f  c u m s f o n  calls whld occur i n  
practto. T h y  ~ 1 1  ut s t i l l  fncluda tha four h s l c  rlrants, But the 

mrn mitt be ut mode, A uthod8, an elrc:rolyu, 

Rn eurgle rbow i s  r rpmsenrr t lw o f  a bl-cntalllc corrosion 

COfIfIgWrtlOn my V 8 I 7  fm tlrrf O f  the bt-UllIc 0 1 1  Illustraud & O M n .  

A cormston cell u n  rls8 e x i s t  ktmn elretrades of ttw sam 
mu1 or brMen electrod4 wws I n  thr sw m a l .  The ersenttrl 

-2- 
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Meul 

S u n u u d  
iluuoar 
Pctrnrirl 

vocn - 2.96 - 293 - 2.92 - 2.92 - 2-90 - 287 - 2.71 - 2a - 1.70 - 1.69 - 1.10 - 0.76 - 0.H - 0 . u  - 0.00 - a s  - a 3  - azn - a a  
- a12 - ao4 

aoo - a a  
+ am 

- 0.14 

* 0.10 

0.34 
0.47 - 0.56 - 0.m 

+ 0.82 
+ 0.80 
+ 1.38 
* 1.50 

+ am 
. .  
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Figum 7 

l'he chird type of corrosion cell fs created by dissimilar anviron- 
mcnts at the m o  rleCtmdes. 
a voltage. 

Olstlmllrr e n v i r o n n n u  clone 4 1 1  p r o v t d r  
Significant f a c t 3 n  wnich affect the envlrunmnf m: 

( ? )  Virirtions i n  oxygen concrntrrtfon (Ffgs. 8-11); 

.... . " . ,. ._ I____" -. *. . 
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( 1 ) Csn::nucd: 

( 2 )  Variattonr i n  the 1~ 
of  the elecymlyta; 
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Tabla 2 

Evalrration of Undrmund Envimnmrm 

I .  %sic Climtteristru Poino 

Sat1 RESW~W C 300 12 
loo - 1.000 10 

1.0oO - 2.om a 
2.ow - 1.0oO 6 
5.m - 10.0oo 3 

10.000 - 2s.000 1 
> 2J.ooQ 0 

Sail OH c 3  a 
3 -  s 6 
I - 6.S 4 

6.S - 7.s 2 
7.5- 9 1 

> t  0 

11.  OiHmnuJ Cbrrrerraaa 

n- > 1:  10 
lnd.o(cmmr) >a:  I 

>1: 1 
. <1: I 

. .  

.. 

Potnu 

3 
z 
1 

0 

2 
1 
0 

4 

' 1 .  
0 

. I  

1 
2 
0 

OfL00080001 
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E1ec:rolyte Clarsf ff cat ion 

nfgnly Aggtrssive 

L 

3ri t e r i r  

Index 7 1 2 ,  or 

Sofl 1H < 3. o f  
? r t i t t l v t t y  4 2000, or 

SUI f t d r S  Dr8SMt 

Index 10-12, or 
h s l s t j v i t y  21324- 

5000, or 
soft  En 3.0-5.0 

Index 8 7-9, or 
h s f s t l v t t y  = 
5dqOI10,000, or 

3011 pH 8 5.017.5  

lndrx = 6-6 

Index 4 4 

1-3 years, wrecsotrad 
failure 

3-5 years, widerptrrd 
fa1 1 uri 

5-10 years, local f r e d  
faflure 

10-15 years, :oca1 i zna 
frilurr 

> IS years.vay 
l o u l i r 8 d  fai1ur-e 

-1 E 
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.Internal C a r m i o n  

The t Z A d W  w i l l  note that the rtlatlonshf~s i n  '-he preceding 
section are 1 f m f  ted ta externilly caused cormsfon t a l  lums. [ntrmal ly 
caused cotmsim fal1uras must be trrrted as rn entlmly d l f f e n n t  pmblw. 
;chilr tne icgradtrntr of the f a t t u n  must by drflnltlon be Ieentftrl to 
those innerZnt i n  external t o m s t o n ,  d l f f r t f n g  pnyslul chara:tcris:ics 
o f  en4 made1 r r s u l t  in cormslve Stturtlonr which mry be graatly 8-9- 
(;eraad or retarded nla t lve  tn a slmilar s f t u t f o n  i n  an externally 
c om3 t i v i  en vi m n m  t . 

\ 
I 

Cer ta in  amas saw t O  he faced 4 t h  a hlgb Incidence of ineernrl 
c :orns lon  as a pr1fUt-y CduSI Of  S f N C f U m  ? e f l U r * .  Those faf 1u-S rpperr 
t.3 be dist inguished fmm extima1 CtmOSlOn caused fa i lurn i n  several 
respects: 

( 1 )  The average aga of tanks f a f l f n q  fmm internal cormtion 
i s  higher (17  yaam) urn those t a i l i n g  from external 
corrosion (16 run) i n  the s a m  g t o g r a p h l u l  ami; 

( 2 )  me highest fncidencr of Intarnal cormston ( ( n e e d ,  the 
only recognized signlffcant fncldencr) occurs In arias 
c u m t l y  wing or recently dfscantlnulng use of brrst- 
t l p p d  guga st icks ;  

(4) Fallutr occurs ~ ~ O ~ M U I Y  i n  mks In tuon Ext ra  srrvicr; 

( f )  fritura fm inumrt UUIIS occurs aPst cDnaPnly in  t h  
tarardlrk vlefnfty o f  the Ci11.tuk and along the botta of 
thm tank; 

(6) Thr only ncog!ired s fgn i f funt  Incfdtncr o f  i n t m u l  cor- 
rosion h a s  been recorded I n  tk. gwgrrph lu l  r n r  wlth the 
o l d u t  artlteting frcilltlrs ana cha smllut average u n k  
size. 

. .  

' A  good nfemncr text ts: "lntmoductlon to Srubabtllty and 
Statisfles, '  by Lfndgren md ncElratn, ~oillu, -y,  1959. 

-14- 
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( 1 )  i a i ' d n  Cmm in;tr?dl ~ 3 r f ? ~ l o n  x:urs rn g l a t r  c a n ~ s  znc 
facill:rcs, inarcrtrng intrrntl c3 rms ion  3rzcrtQs t: 
a ;enrrcll/ slower ra te  t.9dn sxzenal :orrailan. 
I!, i n  an e x x m r l l y  c o r m i v e  environnrnt, x e  ';*lur. a i 1 1  
n o n a l l y  come frun u f t h a u t ,  wnlle an innocuus ar 'dss 
3;;essive external envfronmnt a i l 1  resul: i n  ? a r ' m s  *+jm 
i n t e r n d l  C A U S I S ;  

( 2 )  T9t use o f  tank gauge sticks w i t h  t i 0 1  o f  rrr-1 e s ~ l c  i n  
acceleration o f  lnternrl corns ion  under tne f i 1 '  :Joe. 
I f  :ne mrr1 i s  brass or otner m:rl wnich i s  be'3w s:zrl 
an zhe alectmmotlve s r r l e s  (see Table I ) ,  a cormsion c e l l  
is sat JU every tlnr the tank s t ick  toucn*s 3 8  Zank xc;Sm. 
Every  :ontrct ber*een the stlck and the tank rnrll results 
i n  t transfer o f  mtrl fron the stlck to  th9 snrll, setting 
up a b i - a t a l l i c  couple. The steel corrodes to  3 e  brass, 
ana the imoingemnt h a  the next gruglng breaks awry me 
cxtsting corrosion C 8 l l  to M n  star t ,  and the umcsss i s  
re leatad.  If the  stick Is t i O D e d  w i t h  a mzrl dhich is 
a ~ o w  stnl on t h e  e l e c t m m t i v e  series, tne mm i g i n g e -  
mn: 'ram continuous 3ruplngj szr8sses tnd rbrades :he tank's '  
shell, sett ing UB a cornsion call artmen tne smoth mtrl 
and the abraded mu1 ; 

Conscauec:. 

-- 

( 3 )  The use o f  smaller trnks nsulU l n  a h i g h e r  internal 
corrosion raw dW to the lncrrrsed frequency o f  ael fvty .  
Otpcndlng on the f f11ing rat8, product entering :ne tank 
a n  s:lr uo bottom wattr and Sludge ltyen, causing i~min;e- 
mnt on the u n k  I n  areas above tko water line. 
formd pmtrcflve f l l n  CUI br damaged and 3 i t t i n g  aczion ern 
occur; 

( 4 )  Thr predominance of frflures I n  unkr I n  Exxon E x t r a  servicr 
may be at tr ibuud  to 4 higher  frequency o f  f i l l i n g  due to  
heavier s r l a s ,  o r  It may result  fm the fannulation o f  tko 
gasoline. Pm product I t s e l f  my pnsent a corrosive environ- 
mnt I n  c r r u l n  areu due to the leva1 o f  mu1 Particles, 
dlssolvad Mater, oxy-, and othr Iqurltlrs i n  the guoltnr ;  

(S) Ttm prrQminancl o f  fallure r t  the f l l l  tube and along the 
tank bottaa msul t s  fma Srvetal factan: 

Any nrtural lg  

4 )  nushlng rcfion 1s n ~ ~ f  concmtrrud I n  these areas; 
b )  H l p h s t  axygrn and nolsture coclc8ntratlons occur along 

e) Sludge deposits settle to thr a n t  bo t tom I d )  tools and o a r  debrls g r a v i u u  to these rrars; 
( e )  Impinqw8nt is mst l i k r ly  under the f i l l  tub.. 

. 
tM u n k  bottom; 

I 

-1 5- 
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( a )  Oescruct ian o f  i r o t e c t i v r  coatings; 
( 3 )  F o r m t i o n  o f  b y a m g m  s u t t i a e ;  
( c )  h d u c t i o n  o f  a c f i s ;  
( d )  F o r m t i a n  of 3a lvanlc  c a l l s ;  
( e )  3xida t ion  o f  fcrmus iron. 

(7) Azmspherrc m l l u t i J n ,  8SOeClally .hen i t  involves i u l f u r  
d foxide ,  can be r s i g n i f i c a n t  factor  i n  corrosion; 

( a )  Humidlty above'a c r f t f c r l  l e v e l  can nsult I n  a mild f a n  o f  
cor ros ion;  

( 9 )  Tank bottom Slope and dent3 and l r r t g u l r r l t i e s  caused during 
i n s t a l l a t i o n  can CdUSI the f o n n r t l o n  of 3ocketl 3 pemnent- 
l y  t rw tank Sottom urtar, r w I l t l n g  In anas o f  concin t ra t rd  
a t t a c k .  

The e x t e n t  o f  ffCeMa1 C O r t o S f O n  has hem nsortrd 1s WidrsDeAd 
i n  crr ta in  a r r a s - a n d  v i r t u a l l y  non-4xistent In others .  Thls wide tan- 
o f  rrcorted sever i ty  mry be r t t r f b u u b l e  to One ar mm o f  several  exolanr-  
Zions. rne f i r s t ,  and msf ObV1OUS. u ) n c e N  tha r b i l l t y  and desire o f  
f i e l d  personnel  to d i s t i n g u i s h  between e x u r n a l l y  and i n t r r n a l l y  a u s 8 d  
feflures. It seem highly u n l i k e l y  chat M e n t t r e  Region uould escaoe a l l  
in:rmal c o r r o s i o n ,  but I t  i s  c o n p l e t r l y  f e u l b l e  t h a t  fafled tanks n i g n t  
be inspeczed frm the o u t s l d e  only, n s u l t l n g  t n  a frllum to n c o p n i r r  
an i n t e r n a l  pmblan .  Addf t luna l ly ,  prior t o  the inerptlon of . the mincen- 
dnce c e n u r  concept. r e t a i l  d l s t r i c f s  uen hmdling mrd of their cMn a r k ,  
p a r t l c u l a r l y  i n  the u jgndlng 3f SWnge to C m n f  r q u i n m n t l .  Thus. 
many replrcrd trnks wn not 1rISWCted by tha eng imr ,  ina  no record of 
t h e i r  s t a t u s  ac rrmpvrl was nude. 

does n o t  lend i t s e l f  to proper inspection urd analyrls o f  f r l l u n s ,  and, 
h ls tor leal~y,  such I pmgru h a s  nvintalned I rather lou p r i o r i t y  m l a t i v r  
ti3 . c o n s t r u c t i o n  and other program. C o n s q w n t l y ,  u n r v a l l a b l l i t y  of tim 
har ?taper mrlyr i t ,  u well u lack o f  I n m f l v a .  mrultr I n  a s k e t c h i l y  
document8d tile relgrrding i n t v n a t  H ~ W  e x t r m l  corrosion. 

The c u m t  p r a n f c i  of tank raaovrl only  when m aatgency e x i s t s  

Thirdly, tn rmas w i t h  hfghly aggrrsslvr uuml envlmnmrns, 
f ~ l l t u r a  fma utrrnl a u u s  eecun so r a p i d l y  tht the rlonr I n t r n a l  
ciorroston umotlcad by coaprrison. 

Flnrlly, I n  ams whr, I seven pfiblm f s  r8eo Ired, whole- 

and llnes. am pursued, m s u l t l n g  I n  the elfdnrtlon o f  Internal as well 
u external corrosion. 

sale nrttlgatlon p r a c t l a s ,  such as flfr9lrss n l n f u r u d  p ? u t i c  tanks  

*Hotably, 'Riwrt No. 7 ,  I n v u t i p r t l o n  o f  I n t e r n 1  Corrosion of S a l 1  
i'uel S t a r 8 9  Tanks,' The Hlnchmn Cumpmy, 1970. 
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- A large ?umber O f  x d ~ ; ? ¶ : n e  l e k  %z:Rc:ijn sys:cm i s  
Jmducad and avaf laele f a r  'use i n  s e v o 1 e m  a r t e : i n g  fact 1 i t i c s .  5 ~ c . t  
~f :3c xncapts  f n  use i n  tnese t s t t t  w f 1 1  De discussed and anriyraa i n  
:?e '~!louing oagas, but a v a l i d  3 f s c ~ s i o n  o f  s y s t m  ti3htness Zcstfng 
nus: :cgin 3oe 4 t h  :hi I h y s i c a l  test 5 u t  racner - 4 t h  the imcCCures 
necessary  t o  o e t c m i n r  t h a t  a '.at i s  wrrrrntea. 

?rac-estfnq P w c e d u r r s  

c:rraction, and control o f  unlcrgruund 1edkS a t  serv ice  statlans i s  :ne 
inplemntafion and procer i I U l c Z s w I C r  o f  a v a l i d  fn meoy and stjck 
c a n t r o l  system. Them a r t  many such systems i n  usr!, and mst major o i l  
c:nganfu w i l l  nuke an aopmprirtr account ing system r v r l l t b l r  to thefr 

Tire first  step n8C8SSdry i n  th8 e f f e c t i v e  and timly eetaction, 

operators,  b u t  the key 1 s  t h e  +mlcmntatfan and uruocr nufntcnance of 
:he syttrn. I t  must b 8  used --* and 1 e n t l  ous- 

f f  ftt full value t s  3 be n a l i z e d .  A p r o m r l y  m i n u i n e a  s y s m  w i l l  
betact  l e a k s  or p o s s i b l e  18rkS b 8 f O r r  th8y k c c m  t auJOr problem, tnus 
r r s u l t i n g  t n  s m r l l e r  product  losses. less c o s z l y  c leanup,  and less extrn- 
sive q u i ? m n t  riprir and/or  n p l a c e m n t .  

Although the f o m Y  of tn8 vrrlous systems d l f f e r ,  3err a r t .  
c e r t a i n  pmcaduns c o m n  to a l l  v a l l d  system. P h y t l u l  and book lnven- 
t a r i o  msf be n c o n c t l e d  p r l o b l = r l l y ,  and d l f f c m c r s  must be a c w n t c e  
far. T'ne fol lowing procedures an necessary, b u t  notsufffclrnt ,  eo :3e 
Sr;C:eSSfUl I m p l e n e n u t i o n  o f  any v a l l d  r y s t r a :  

Tanks should  b 8  grugad and mete- read a t  thr apming and 
c l o s i n g  of bus inass ,  a t  change o f  s h f i t ,  and before m d  
&fur product  d e l f v r y ;  

Tmks should b 8  cnacked for ra t e r  w m k l y ,  before and af:er 
product del 1 very ,  and a f U r  a :haw; 

k t e t  1CZZTXy Should be cfi8Clud wfth 1 Standard 5 gal lon 
U S t  a n  w8ekly; 

Truck comprfoarntr or mtrn should ba checked before and 
rftrr every  drllvrry; and, 

Innntory should k balanced against sales r t  thr c l o s r  of 
businus and a f te r  pmducf delfV8ry.  

' LoSrer fmm l e a k s  can be m n  quickly  d e t e c t e d  a d  furthtr 
reduead by rrgular i n s p e c t i o n  o f  v i s i b l e  pa- o f  d l s p m s i n g  wuipmnt, 

.pursuit o f  saurcas o f  noticerDle vapor odor, or rrcognitlon of a cont inraus  
operrtfon o f  rrapte plmpfng units, or other mchrnlul a b n o r n l l t y .  

lSee Appendix IV. 

.-. . .. . 
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A v a i  1 able Eaui o l n n t  

I t  is generally ac:wtrd t h a t  the mst sensitive, quantltttativc. 
dnd ;inp:e system tightness t Z S t 8 n  ar8 based on the n m S U n m I t  a i  c w q u  
i n  :!w level jf ligula in the tanks. Howver, other  once^^ ment dts-  
cdssicn dnd ut i1 >e evriurt8d :oncurnntly w i t h  those tmits based an cne 
1 i p u i a  level raisurtng m'mod. 

7hc Kcnt-Mare Tank T f g h m s s  Tester was developed i n  caocerrtlon 

"Underground ',takapa of FIMmralr md bmbustible Liquids.'4 I t  i s  based 
J n  the concrpt - 
leakage. The txo majot variables *fCh Sfi%Ulatr and COnUal 1Mkdge f n  t h e  
jyS:s, =amerature variattan and s t ra t i f ica t ion  rnd ~ n s s u m - v a l u a  
r%13t iOnSntOS,  dr¶ compensrt8d for by Ute O f  SOphiSticrt8d I W N t 8 n d t 9  
rquimn':. A crrculating pumo mixes the product i n  the U n k  to eliminrte 
t n t  strrtiatca:tan of  tne product and a tsmueratun senrtng and mading 
instrumant m n f t o n  tmeratum chmga ta m aeturrcy'ot less tfian 0.OZ.F. 
A schemaclc showlng KMt-nOam's omratton i s  shorn f n  Flgun I S .  Variaus 
Chdrtt. conventorl tables, and f o m  enable the taster fo detamlne the 
nagnrtdde of product loss and gain tndaeondeftt o f  tenwetaturn and :Ink 
volume relatad vrrirt taru.  
t o  be stored and trmrportrd I n  the t r u n k  o f  a f u l l  stte passenger car, 
and the total testing tlm ft usually f to 6 hours. Tho cost of a 
:owleta uni t  Is appmxinvtely J2,SaO. 

Bra Reseadl I Engineering CoSHny h u  developed 
automated rys- 1s bud on tnr mt-nbon t m t q u e . 4  This auto- 
mated leak mlum mnimring system (ALVW) elloinrW the need f o r  
operator collactian o f  data and ulculrtlon by automtiul ly  coa#nrrting 
f o r  wl l rr  changls uurd by tuperatum changes And dirplaylng tho 
cortrctd AV vrlurr on a strip chart recorder. The need for mrnurl 
additlon or withdrawal of product to f~ sunaloe to lpintain the test 
level i s  also ollainrud through the use of a weight reservoir and self-  
prlmfng suction J-. k the volrmr I n  the might tank C h u r g u  to coa- 
PMS&t8 fur vrrirtionr I n  s u n d p i p  Ienl ,  tfu weight cwgr l s  c o m l r t e d  
t o  product tmperrturn vrrtctionr and n r u l u  i n  a traprrrture c m m e d  

w i t h  f h e  PPI (0 suooart :mroved technlques a S S O C l a t 8 d  W i t h  YFPA 329 - 
using r s'.mdOfPe '-0 dlmctly masum l i q u i d  loss by 

T ? I ~  total wulprrnt package i s  C O ~ O I C ~  enough 

stmgliflea 

'So0 Appendix 11 for collpleta text o f  NFPA 329. 
'the f u l l  r rpor t  h a s  been publ1Sh.d as: 'Leak Testing of Burled 

Product Storage tanks; S R P  17006, 1972. 

0~000800< 
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Takrn i n n  nERP 17006, “tau Testing o f  Buried Product Storage Yanks,“ 
1972, by N. 0. C r o s s  and J. L. fhouvson. 
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Tne o t n r r  s i n i c  method 'or tasting underground systrm fzr IeJks 
darks an t h e  concapt i t  d C t e C 3 n g  1raks by the unique vibrations erratad 
3y air going througn an or i f ice .  fes t fng  t s  done f r o m  above gmund, by 
imersing a e  probr'ln the product t.vough t he  f l l l ,  w t t h  no diSrTgtion 
t o  service o r  excavation a t  the t e s t  l o c a t i o n .  The Jamie Coqoraz ion  o f  
Cfnc inna t i ,  Ohio, i s  currantly r 8 f l n l n g  the pmcess, and t h i s  method 
333ears a h o l d  grrr: promise for  a Cast economlul p m c e d u t r  for  leak 
de t e c t l  on.  

n o n i t o r i n g  d r v t c r  w i t h  e x t m l y  h i @  s e n s i t l v l t y  (~0.001") to  changes :n. 
! i q u i d  l eve l .  However, no p r o v i s i o n  for mixlng to ellmtnrtr canperiturn 
s z r a t l f l c r t i o n  i n  the tank and no c ~ n s r t i a n  for tmnuerrtum-nlated 
volume changes mrkr the need fur Such accuracy qwstfonrble. 
t ~ a t  the I lmized duration of the test (about t# hour,) i s  f e l t  t o  prrciudt 
v o l p m r  changes due t? teffperatura varlatlon, b u t  t he  h i g h  sensttlvity J? :ne 
mnitorrng c q u f p m n t  would e w u t n l y  mgtstrr temperaturr-mlatrd v o t m  
c.Ianqss of an t x t m l y  small magnitude. I: rppearr t h a t  some modifica:ian 
o f  this cquipmnf i s  necessary  Won It can b r  used eftecflvely. 

The R a d  Jacket leak deUctor i s  based on the grlnCiP1e o f  
detecting flow pait the subarrgd tumlne plmrD (In) check valve. In 
practtca, thlr Involves tn a u t o a v t l c  test  tot leakage colrwnclng when t h e  
last operator on the d1s9ensef dmlt is t u m d  of f .  The system l o g ~ c  
causes  the S P  to e m t i n u  operating for a t e s t  cycle of tm to  thrw 
minutes, during u6tcf1 tfrn flow o f  product past the STP check valve caused 
by a t fn8  1- 1% detected by a ttmSduWr. s y t t r a  f s  a low Cost  ( S 7 5 ) ,  
easily ntroffttable u n i t  uhfa I s  currtntly k l n  installed on a l l  SV'r 

o f  0.05 #t, Uta unlts hrvr prawn valuable I n  d a U c t l n g  t n u h r  of leaks 
duo to loom f l t t l n g r  and other construction related problarr. 

The Red Jacket Lnderground Tank VAlidator (UN) i s  a l i q u i d  level 

I t  rdy ?e 

purchased by Wcl USA. Yhllr smrlt lvlty 1s wl P &bow Uta API n q u i n n n t  

Eva1 urtion 

. Thr Unt-Cbom Tank t1g)lurus Tertrr f s  a s y s t a  tester r c c e o u d  
by nust i n k r u U d  agencies  and usociationr, Including ,WA and A P I ,  dS 

e; 
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Trkm f ra  MRP 47OOd. 'LlAk Trrtlng o f  Burled Product Storage Tanks,' 
1972. by N. 0. Cross and J. L. Tho6psan. 
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mct:inG 311 :ritrrta f o r  rrr'y ac:xra:e ar tex ion  of  tank ra,lur5.j 
w i l l  tint e v r l u a t r  C h  Kent-?ocrt  SYSZMI. : .-!emem, and 
s t a n d a d  agrtnst dnicfi *e can , n a s u r r  :.?e p t l a t i v e  cttecziveness anc v a i d e  

df  :he other S y S i m .  

:akes f i v e  t a  s i x  ,lours d u e  3 :ne need 3 elimi~ate tmprta'.um s:rat:- 
fica:icn and a l 1 , r  tlm for 3 n k  end bulg ing  t i  s t a b i l i z e .  
~ e g i n s ,  i: i s  reccssary to :rke rradings each M minutes ,  and calculate 
:*mersture adjuszed volume chrnges f o r  the t c s t  d u r s t i o n ,  u s u a l l y  tflred 
23 four h o u n .  Owing  :ne tes:. t h e  System must be lsolatad and out o? 
use. The f a s t e r  i s  t x t r w l y  r t l f a b l e  M d  accurate, e a s i l y  ,masuring 
:ne e s t a b l f s h e d  srns i t iv l ty  crlterion of 0.05 gph, but :ne need fe r  ,mnr;rl 
c a l c u l a z i o n s  a t  intarvrls :hmuShouf the t e s t  p m v f u r s  ru~s tr  i c i a l  goss l -  
b i l f t y  t o r  k m n  ermr i n  the n s u l U .  

The Esso Research & Enginewing Conprny v r r t r t t o n  on the Kent- 
Ho0l-a SySmn has the added advrn t rqa  O f  mor8 m l l a b l e  msults t h n u g h  
automated temperature comuwsrtion and s t a n d p i p e  t e s t  l eve l  maintenance. 
rnls v i r t u a l l y  e l fmfnates  the p o s s t b f l f  ty of a i s c r l c u l a t i o n  and false 
de tec t i on  or concH1mnt O f  leak.  
i n  a much less bulky m t h o d ,  and set-w should  rtquir, t e s t  tfme man Kent- 
%ora. The project& cost o f  less than $2,000 fs rn rdded rdvrnuje a% 
no ; r c r f f i c e  o f  accuracy. Tie rutomrtlon makes thr t e s t  l e s s  busy m d  
s i m l r r  t o  operite. In fact rmking p o s s l b l e  tha t e s t i n g  by m y  nrchlnlc 
or remi-swilled l&o t r t .  t C O n O d 8 S  Can result fmn t m e i n g  the tester 
f r o m  t h e  c r l c u l a t l o n  and imIf tor fng  O f  the rpprratuS. I t  11 rr&soflAbl@ 
',o I S S M Y  tnat chis would nuke p o s s i b l e  t h e  perfonnrncr of  other r o u t i n e  
mainttnancr dur ing  che trstlng squence, thus  utilizing o t h e n i s e  un- 
s r o a u c t l  ve t t .ne. 

The contact ?robe sonlc tester d o u  not uwrr u have s i g n i f f -  
cant  v a l u e  i n  t h e  trrttng o f  undarground rtorrga. The necrssay p r r p r r a -  
t i o n  ( e x c a v a t i o n ,  d e g u i f i u t l o n ,  etc.) I s  t l a  consuarlng, c o s t l y ,  and 
d i s r u p t i v e  to business, m d ,  i n  the f fW1 a n a l y s i s ,  the probe w i l t  n o t  
oe much mre r f fect lve i n  plnpolntlng rxistlng l r r l u  than the naked eye. 
Its rral v a l u e  l ies I n  t h e  d!scovery o f  p o t t n t l r l  frllures, through the 
. n e d s u r ~ ~ l n t  o f  metal thlckness, and i s  much ram s u i t r b l e  tA testing o f  
aPovcgmund fad1itI@s. 

needs rrflneomnt beforr I t  will rchleve Ww n l l r b i l l t y  leve l  of Kent- 
M a n .  Uhm t u u d  rglnrt ttH KMtLnoon UsUr i n  Ohla, i t  f a l S r l y  
detrctrd leaks tn 
was mnlated .to tJu tank under u u i n r t l o n .  
sophisticatad noisr ftlkring systam my be m q u i m d  k f o n  a ptiCtfCA1 
v r l l d l t y  un k esubl1sh.d. HQwver. tfm a n c r p t  rpperrs to have 
conrtdarrble rrlt. 

,e 
as a 

me Unt-MOm Syoctn : ? S 3  a b c u t  5 2 . j S O .  TM :as: o f  d :anr 

Once 3 e  

S Y S W  fS desfpned to k PdCkdged 

, 

The u l t r a s o n i c  U s t w ,  produead by the J a d e  t4rPOr8tlOn, s t i l l  

tl@t W k ,  pmbrbty dU8 to 1- tnuflafWlce '*c\la 
I t  appears that a 

6It should k caut ioned that not  a l l  ffn Waraarcrtr r c c a p t  t h e  
Kmt-more Test kcruse t t  1s not  always mhrstaad. S a  f i e l d  orienfl- 
t l o t i ~ y  k a d v i s r b l r  i n  o w r  to gain m n  ridespread a c e r p t a n c r  w i t h  
voluntaer and p a r t - t l a  mnonnel. Pmsurr tasting should k s t r o n g l y  
d iscouraged  as an reuptable unk tas t ing &#od JS ft I s  u n m l i r b l e  md 
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However, ;kiS h e t r m g e n e t t ~  which 1 s  so rpoarrnt on a i i c r o s c a o i :  
l eve l  : a s c i  i t s  i d e n t t t y  q u i t 8  m a d f l y  on a mrcruscopic oasis.  In . x s :  
geagraphic amas , t h o  n a t u r a l  e n v i m m n n t  can be wnslaend iomgeneous 
over a limitrd range, ana an environment h f c n  nas been found to be of a 
corrosive natur8 a t  1 given  l o c a t i o n  e r n  be a s s w d  p r n l i m i n a r i l y  t? 
e x h i b f t  t h a t  sann c h d r a c t e r t s t f c  a t  other lacrtfons i n  tne SMY general 
geographic area. 

Csrralattm Between Environment and  Strueturn L i f e  !w Ceauraohfer? &ma 

Our t o  t h l s  hetemgenoity Over r idespnad r n a s ,  :!?em 1- 
rererrl saurcas o f  v e y  goad S t R C t U m  I l fo  data a v r l l a b l r  t o  :he engineer. 
ifrs;, county s o i l s  reports aft85 cover  are4s i n  close proximity to thr 
s i t e  under i n v r t t t g a t l o n ,  and p t l l  I r o i n r y  rpproximtions as to tne 
aggmssivenesr of the s o i l  can ba d e u m i n e d  tm t M S I  general I t sd ie s .  

Cornany and industry exprrlmca f n  the ama a n  be a valgable 
source o f  i n f o m e i o n  mgrrdlng ~0th stmc%rt l i f e  and necessary m i t i p a -  
Cion medsures. i r a n s m l s s l o n  and pIOelfn8 CLNW&nleS run exUnslve t a s t s  
Jrtor ',a and subsequent t o  line ff!SUlldtlW!, md thrlr data r i l l  i n d l c d 2  
such inout as stray c u m n u ,  pW, m d  n s l s t i v f t y  along the piprllne path. 

with 
They 
sol 1 

Local so i l s  experts and c o r n s f o n  englnean am often familiar 
specific l o u t l o n s  and conditions W h f d  amy af fec t  m installation. 
cm also roatims offer i n f o w t l o n  rrglrdlnq the v l r g i n i t y , o f  tne 
and thr nrurtr o f  any f f l l  on th s i t $ .  

Finally, the enginrrr can avka nwrrrr). usu o r  c o n t r a c t  the 
orrfommcr o f  u s t s  In order to d r t r m i n r  nrcatry  laitigatlon m a s u n s .  
Partinant tasts and their p r t t o r n u n c r  am covend i n  drtrtl i n  eP9 46704, 

" ~ r r a s i o n  Control, fnplanrnution. S .c t lon  111. Evrluatlon o f  Service 
Station c4Jldltions.' 

h U a  th data gathered fm these S O U f t 8 $ ,  f t  my be possible 
ta d a t e m t ~  aithln a nrsonrblo tolaruret, th. rervlcr l i fe  o f  an un- 
p m t u M  rtructurr urd w h a t  lnttigatlon mlrsures am n q u f n d .  This 
detominrtlon o f  rpproxlaute senice l l h  I s  b a l e  to tnr adopt ion of a 
vr l ld  pmgru o f  l e a k  con t ro l .  

-2s- 
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The state o f  the a r t  of leak proteetlon md corrosion nitigat.lon 
has c u r r r n t l y  progressed to tne p o l n t  wlHn tho l l t e  of  i newly i n s a l l c d  
facl I f  t y ,  w l t h  pmmr p n - l n s u l l r t l o n  testing and tnalysls  and Proper 
ins:rllatl3n, a n  be q u i t 8  accurauly fonusud. Tinenfore, the under- 
gmund system can be deslgned f o r  a useful I l f r  compatible w i t h  the ant i -  
cipated 11fe o f  the  facil i ty.  As a rmult ,  neu l n s u l l a t i o n s  CUI be 
pmgrammd for testing both later In thcllr l l v u  and at less frequent 
intervals :hrn f r c l l l t l e s  constructed i n  an era of less knowledge concem- 
ing corrosion. 

Rcolactmnt Prior t o  Failurs 

Than am cemln t y p e  o f  toatlonr nhich r w l n  mom drastlc 
a c t i o n  as Umy near th. end o f  th.lr useful lives. Thy Include locrtions 
for whlch an mdwgmund leak has r h l g h  pmbablllty of uurlng su8suntlrl 
advonr  publlclty. b n q  Mere typos o f  l ou t lon r  am: slkr rdjolnlng 
navigable wrtrrmysr; thou when contadnation of mlls o r  otner undrqround 
wurs I s  probablr I n  the -0 o f  a f r t l um;  fac l l l t l es  used I n  r i r c r r t t  
furl rrnlcr; md loutlons when tiw rcanulrtlan of llgulds or vruor~  
s i g h t  m u t t  tn  an explosiva cundltlon fn subueys, brscrmnts, or other 
sdumnem melosum. 

I n  tfnsr types o f  l ou t lons ,  I t  alght be wlse to pmw a pmgram 
of prrtodtc facf l i ty  nglrcenmnt as rytt8!r6 rpprorch the mticiprtrd urd of 
.their SONICI l l v u .  I f  M. sf tutfm.  In  fact, doas warrant such d r a S t f C  

' 
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( a )  N o m l l y  :nhabited S u P S u r f m  5:ruc:ums sdcn 1 s  >as@- 
ments , s&ways, and tunne 1 f ; 

( b )  Orher subsurface s t m c t ~ r e J  such &s fCuerf and u:ili:y 
condui t s  ; 

( c )  Gnundwatrf S u c h  as drawn from wel ls ,  on o r  i n  surizca 
water, or mrrginq from cuts or slopes i n  :ne c a m .  

( 2 )  User reports lost  o f  sxek or pnsencr of Mater tn :.le sar- 

Each o f  these conditions feaulrrs cer.rfn f t rgs  whlck am 7eces- 
rary a t h e  protactfan o f  l f f e  and property, and which should be cAmiM 
out prior to any f u r t h e r  actfon. A mtd of caution should b r  insert& tiem, 
ncwrvar. Avoid crratfng unnec8fsay slam or unwarranted in ter rJpt ton o f  
n s m l  activttirs. Hake every masonable e f f o r t  to determine the ;Mpnftude 
o f  tne p n b l e m  h f o n  notifying authorities. Excassive alarming, s u a  as 
t h a t  uhich my be caused by unwarranted evrcurtlon or  pub1fct:y. can crtatr 
, m e  hazard tnan :ne orfpinal p n o l r m .  In short, use good judpent  i n  a l l .  
x z f o n  taken. 

Smoking and other fonm of fq I t t lon snould >e eI le ln iud from thr susaczed 
amd. Efectric and gas servlce should be Cut o f f  It a l ou t fon  e.mt8 f rom 
:ne area to avoid r~arklng.  OCCJOAIIU should k evacurud u r d  unruthorrtad 
penonnel should not be alloued td entlr. 

age f ac i l i t y .  

Condltlon ( 1 )  ( a )  1s normrlly the mst natrrdous sltuatlon. 

Vsntltate the area by 9Plnfng doon and windawr and use snunded 
mechanical ventilators eo exhaust the ima of  vapors. 

Afar rmderlng tho building f r h  f o r  entry, try to locdte tha 
source o f  entry tnto UM s t r u c t u n  and block thr soum.  I t  'chlr ts. not 
posslble, -11 points, m e h e s ,  or holes for  pMps may b r  necessary out- 
side o f  th. st ructum to block tho entry. 

I 
Conditions (1) (b) and (1) (c) prurnt  a n o m l l y  lass haUrbouJ 

stturtion. tIu t r t u t  oftrn producing #em o f  a pollution pmoblea than a 
drngrr ta l l f a  md property. Horr.vtr, tba s u m  l n i t i i l  p t r u u t l o n s  should 
k ukrn until aqlat lv i ty  and toxicity am & f i n I t a l y  e l i d n a u d  as 
Sotlntlrl kurds. 

Condition (2)  does not imply directly i hazard o f  firt and 
exolorion. Rn i a a d i i t r   are^ should b. ctmcted fo r  sims of escrolng 
fluids. If m exist ,  wply the p r o w  protectivt muuns outlined 

fyrUn.  These procrdutrr rm rxwtded I n  daW1 i n  NFPA No. 329-72, 
OUmrwisr, ape T y pmpar tasting pmcedum ta n r i f y  tha tfghorut of the 

. Chapter 11, for t)n inurtstrd ruder. 

.. . 
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Pt-mrr Search 

cans isu  o f  rn e l i m i n a t i o n  p r u c t s t  whem mst, i f  no: a l l ,  non-cant r ibcar /  
locations an e l i m l n a t r d  f r o m  s u s a i c i o n .  This  p m c r d u n ,  br ie f ly ,  i s  as 

The :rirdry seare!, as 3ut l tned t n  N S A  No. 329-72, Chrorrt t:i, 

fJl1OWS. 

Canvas a11 I O ~ I  oderations uos:nm of :he dlscavery wnicn 3- 
g o t r n t i a l l y  responsible f o r  :ne !sic. try to deunaine fmm :onvcrsa:ron 
rnd v i s u a l  inspecZion if tRem hdS m o  a soill o f  pmduct l r u l y .  a 
r tcent  m i n z s n a n c r  or morir call wnicn my ham diszuraed the undeqrcuad 
facilities, any nat tcrd  odor Or other sign o f  liqu1dJ whem ;hey should 
n o t  be, watrr i n  *e tantcs, etc. 
s a u r a ,  ask f o r  prnirsion t o  cneck tne q u i m n t  m d  :he r n r  r m m d  each 
s u s o e c t  f a c i  1 i ty .  

if this f a l l s  to i d e n t l f y  any potMtia1 

When 3 r  f l e l d  hdS b m  n d m u 8 d  down 4s far 1S possible, i t  my 
be necessary to t e s t  one or mom f a c l l l t l e s  for underground leaks. i f  no 
definltfve nsultr can be reached and the flow o f  I iqu ld  does not  s t o o ,  f t  
i t  t h t n  necrssry to trace tne l l g u l d  underground w i t h  t)H help o f  geolasisu, 
wtnoritles, and industry mrs. The n a t u n  o f  l l q u l d  flau underground 
i s  such tha', :he source ray im a Errat d i s t m c r  aw&y, and elreorate studies 
my be necrssar/ ta p l i c a  t h e  f a u l t .  

and spectography.  
by l t a c n i n g  and bleaching aver longer d l s u n a s .  

mucn pmatrr detrtl. 
s a u m  o f  um product I 

. * 

O f  S O m  & S S l S t a n c 8  be 1 A b O r a t O ~  t 8 S t S .  Such aS C h ? Q f M t O p T a P ~  
Oyes am somtiner heluful, but an l i d t 8 d  ~ h y t r c a l l y  

NFPA No. 329-72, Chaptars 111 a V ,  u n r  thlL subjtcr; matter i n  

s t i l l  very mucn UI a r t ,  and consfderrble reserrch 
I t  I s  a p p a n n t ,  howrvrt ,  that the 1au:lon of the 

is  needed In.thlr ana.  7 

7Sea Apprndlx I11 for  additionat trrrtmnt o f  tracing lfquidt under- 
ground 
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The ais;avrry J f  an unger;2und l i d x  ~:ue~: i0naj iy  indlcaiaj 

It a u l d  m!n as 1i:tle i s  dn 1SoTatea cornsion ce l l ,  
3 y m o i r m  a(: i location. 3u: :: z e s  n o t  nccrsrarily : n c i C j c r  the s x x n t  
~f -.ne j n b l u n .  
3 1jase !?:zin3, or a mcnantcal scal f a i l u n ;  or f: :auld =an 4s seriaus 
a j l%dZlOl l  as a h '3h ly  cotns,ive envimnmrnt. s e w n  f au l :  ic t ivr ty ,  jr 
;crreril sackfill fatluru, w i t 3  m enttre system aDoToacntng f a i l u n .  how,  
men, does the $ngineer deternine whit  c o r n c t i v a  masums a n  rrrrant8e? 
First, an exaninatfan o f  the f a i l u n ,  f f  jossible, mould Be mde. I: is 
mezims posstble t o  determine t i  Lie f a i l u n  it  caused ?y an . i so la t rd  
:all or i f  if  i s  widrspmrd by visual examinatton. 

The envlnnment must k n-evaluated to determine if a less 
ag3rasslvr s i  t u d t i o n  hrs MCOm ram rggmssivr, And t h e  degtrt If a g g m -  
s'veness mus: be tvaluatad. Changes frw prior evaluations should Be nozed 
3nd t !c i r  causes investfgated. 
c o n d i t i o n  of the brlmc8 of the SySUlD w t t h  soan d e g m  o f  accuracy, allow- 
i n 3  a e  engtnMr ro 'select  tne pmmr cormz:lve .masums fm vIe r l te -  
nat!vrs discussed below. I 

This f n f u m t f o n  should indIcd;e the 

Realacsment Ltmfted ta F a i l e d  5ttuctJtr 

I n  siturtions where the frl lum i s  d e t r n l n e  t o  ba l o u l f r s d  i n  
n a t u r e .  i t  my p r o v e  advanugrous to l i m l t  rcplacrmnt to the s:ructum - 
t h a t  fa i l ed .  Thfs  my man Taplacing I single Unk,  hoist. o r  undoqround 

natives to consldor. 

The fai led strueturn can k rrotrc8d on r lik8-for-like basis, 
e.g. .  steel f o r  steel, fiberglass for ffkrglass, etc. W o r n  selecting 
tnis  altemrtiw for an e x i s t l n g  s u r 1  installation wtthour current crtnodtc 
pmt rc t fm.  h w e H r ,  f t  should ba rwm&errd that r potential diffemncr 
e X t S t S  betman flW S-1 and Old S U t l ,  dnd grlvanlc act ion my be induced 
setween the nau structurt md the exlstlng portion of me systra. 

tfberglasr nlnforwd plastic.  This o f f a n  M twrt slturtlon which will 
n o t  result i n  tho c o w s f o n  call f l lustrrud ~ W H ,  but I f  my uuse 
problem If the s y r w  Is crrmntly cathodfully pmurUd. The nolacr- 
mnt could thr# t!m c.p. systam out o f  balrnce or causa a bmrk f n  the 
system by acting 8s a dielectric coupling. Sooclrl handling md magnitton 
o f  mis siturtlon dl1 rllevlrte thls potrntlrl problem. 

end o f  the ptoducfin life of tho faclltty, i t  amy ba justiffable to 
u t n o d l u l l y  pmucf Uta system, or my part of It. subsrqmnt tD mPlru- 
mrnt o f  UW w r  wlllch failed. 
exist in s y s t a  u wall as tho opportunity to utilize the amst economiul 

l ine.  I f  t h l S  fS tile declsion that has bWn Wd8, them S8Wrll  Alter- 

That portion o f  tfn SOW t ha t  fIIl@d Un k npl8C8d ~ 1 3  

In the e- that widrspmr4 -go I s  antletpatad p t l o r  to the 

This offirs m rxtrnded 1lfa to tM 

amtarfa ? for tha nplaunent o f  tha fafled portion. 
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. :uonnaT?y Uninhabltrd Substrueturns 

?amvrl and dlsposrl .mthods f o r  u t l l i t y  conduits am d f f f e r t n t  
ifm :hose discussed earlier for thnt prlncipal masons: 

( 1 )  N o m l l y ,  COnCantratiOnS wit1 k hfgher huose  early 

(2) Access is limited to manholes a t  fnfrequtwf fntirvals; 

(3) b p o s u n  and danger tO m publlc a n  p ~ d C , ! y  nduced. 

C:eanuo should consist o f  separating contrmlnrncs fmm wrcer l n  . 

di scovtry and pnventive m a s u m s  an unl I krly; 

* 
1 settling tanks o r  dnma by gravity tc) rvold 4ormstmro cmtrminrtion o f  

clra i nrgr fael 1 i t i e s  . 
Sewers offer an effect ive mtbod for colleetlcn o f  =antminrn-.a 

f r o m  r surtoundlng rma. 
points, houever, n m v a l  c o n s t l t u t r s  a continulng elfa- u n t i l  the entim 
d.mr i s  Purged. 
c;oneaminat,d stmrm cannot be diverted to a separator.  boo^ and uei rs  
can  be used to faci.litak :he s k i d n g  effurt by backing the contaminant 
U,O t o  o f f e r  i mm easi ly  recoverable fflm. 

Oue t o  tnr inpractlcaltty o f  ra;liRg e f t  all  encq 

S k i d n g  facllitles IroviQ effectiw wcovery I C  tne 

Utrr Surfacrr 

dlscussrd r b o n  for sewn. 
Contrminrtlm o f  watrr surfacer should be nsolved in  the manner 

i i le Soil -- 
Unbrbrgmcad toll conunlnrtlon oftm pronr to ba th. mst 

dlffftcult sluutlon to nrolva. A knowledgl o f  tt# l o u l  geography I t  
b u l c  to We solution o f  t h i s  type o f  condition, strongly suggesting Ute 
rttmtion o f  a grologlrf fralliar with the m a .  kuuse the contaminant 
wlll gravl ta ta  d o w ~ r d  through porous soils m t l l  It naeM an i m r v i o u s  
l r y w  or the water table, so- k n o w l t d ~  o f  I o a l  salts ad water uble 
level 1s ersantlal to the collrctlon o f  the llqi*ld. 
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1: I S  Jovious fm :.?e *:r5s31ngs:Jay :Ad: :?ern 's -0 srnqlc 
BCS: ; J l & l O I l  :J d Jafll:uld- JTODllm. 
lac31 cJacsI and agency c e f e m c a s .  Influeice me 3ecrsion i n  i l l  :3ses. 
Csnseauant!/, cne i o l l o u i n g  reumnendattons inc lude  aporaved r l ~ r n r : ~ - t e  
sol  ,::xu 'Jr zacn discussed si :ur:Ton, cl  tfn3 a e  o r r f e r r r d  t r i r n e n t  
'rrs:. :n$q sic1 o f  :ne a t n e r  alumatives, i n  tne order of ;eftrrqce 
(dijregir;ing f a c z a f l  such i s  C a s t ,  because o f  j e o g r a 2 h i c r l  v a r i a t i o n ) .  

~ d n y  f3:fars. i n c l ~ d r n s  ;cogragny, 

<1dSSiafC3?10f l  O f  !?StZlldt?OnS 

' y p r c r l l y ,  i n s t a l l a r f o n s  fall i n t a  one of f o u r  c a t , a ; 3 r i o  x s c e  
an  :ne :ansmuencas o f  an ~ftd8?grnUnd f r i l u n .  T i  naaer n i l  qote xz :  
:nesa r t s k  ::ass:flcatfons vary  f r o m  tbose i n  Ute #RP Cormsfan Manual, 
AP iA1b.  3 8  d l f f c n n a s  n s u l t  fm a change o f  erpnasls s i n c e  :.?e 
Dubl ica t ion  of  the Corrosion Manual In hutamor, 1968. 

( 1 )  Gruuo'I - T h f s  g m u o  Includes chose fac l l f t fes  at wnic:! 
cdnx leaks would exhlbft tha mst c r i t i c a l  o u b l l c  Q ~ i r d .  
!Ircluded am t3ose l o c a t l o n s  nhem l eakage  migh: ~ ~ l t  i n  
e m l o s l v r  c o n d i t l o n s  In octuoled or congested artas. 'aca- 
trans i n  3 8  v l c i n i t y  o f  $asemnu or s u b r ~ y s  f a l l  i n to  t h i s  
gmuo. Equal ly  :riticrl am tm faci l i t fes  a t i j a c m t  to 
naVfgAb1e w a t e m a y s  whem a l eak  d q h t  be p r r t l c u l r r l y  
damaging to  t h e  environrant or c o s t l y  to c l e a n  ug. This I S .  
p a r t t x l a r l y  :rue l n  l l g n t  o f  munt l e g i s l a t i o n  u l l i n g  
f o r  t.w a u t m t l c  tnws1:Ion of substmtial ffnes upon :.w 
owners and/or o p e r a t o r s  o f  frci l f t fes  which fail rrscr::rng 
i n  spllls i n t o  c e m l n  navigable waterways. 

mtgnt not pmsmt the msf critical s l t u r t l a n .  b u t  do i f f c r  
a graaur I n c m t i v e  for i n s u r i n g  a g a i n s t  gt)nuture f a i l u r e  
and pmlonglng the llfr o f  the underground system. 1n:luded 
am fac i l i t ies  In  the vicinity o f  sewers, stream, and uti l t ' .y  
condui t s  *hem leakag, mfghf Ea widely d i s t r i b u t e d  and 
c o n r t l t u a  a s lgnl f funt  huard  to llfr and pro#r ty .  A l s o  
included as Grow I f  lout ions  am aircraft fueling facilitres 
and under;lround Smr8p8 A t  bulk p l i n U .  

( 2 )  Group I1 - Classified ham am thasr i n s t a l l a t i o n s  mi:n 

(3)  I11 - These am the avengr underground insullrtims 
uhem no unusual incmtiva f o r  c o m s l o n  prouctlon ex is ts .  
lJnti1 n a n t l y ,  this includrd the bulk o f  o u r  undrrgmund 
smnv; but i n - s w n t  tmdl Indicate a t  thls gmuo i s  
and vtll continue to k bcl fnfng In s i r ,  i n  favor of the 
&'Ow 1 a d  -Up 11 10CAtlOflS defined rbovt. 

(4) Grow I Y  - Thls group eantains those f a c i l l t f r s  f o r  whfc3 
tnem 1s less I n a n t i n  for a m t i o n  control. Tha locations 
am ctrrtrcurlstlully deslqrw for a ten year rather tnrn 
w n t y  yeat l lfe.  They AIW typically canwaet dealer and 
ansi l l l r  r c c ~ r n t r  I n  outlying a n a .  

-.. 
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( 3 )  S u b p u p  c - Included h e n  rn shor t  nmining nar(cr:ing 
l i f e  facflftirs (less -nm five ~ W S )  ritn a n1stor;r o f  
underground 1 rrkt . 
nave ken i n  service f o r  I S  yews or more. 

o f  l c i k t  and in the 10-1s year age bracket. 

t.un 10 y r r n  and hAve no history O f  mdetpromd larks. 

(1) Subgroup d - rWSe 10CAtfOnS ham no n i t t o r y  of leaks dnd 

( 5 )  Suegroup e - T'flis group incluas locations w i 3  no h i s x y  

( 6 )  s~b3roup i - Thesa faCflftleS hrn hen i n  ser f lca  for less 

Thr fol lowing rrconmurdatlens rn ptrsrnted in  the swuence one 1 
would n o m l l y  dp3ly thm a t  a gfWn lOCltlOtI, begrnnfng d-s!  the Instal-  
laition o f  the new f ac f l f ty  and contlnufng through the varfous s u g r s  i n  i t s  
scrvict 1 i i t .  

- t tew Undercmund S toraa/Deltvrn System 

s y s t e m  i s  *e propar rvrlurtlon o f  tRa rx ls t lng  rnvironant. Thr oast m e  
,mtst rccuratr m w d  of rvrlurtlon I t  thrwugh the physiul usu describe4 
i n  the HERP Carrusfocr Manual, h IIIE, and Includes wts f o r  msistlvfJy, 
JH, and other brslc drta. These tastf  can k conductad by the engineer or 
,a prohrttmrl trsttng ftm, and an ~ ~ ~ ! v m e s s  in* un be developed 
(See table 2). m w r ,  not all r n r s  r q u i r ,  these fomlIred U s f l n g  
2rvcedures. An am history of innocuous soil w y  bo sufffclent evidence 
of' sol1 condftionr, f f  tlw J f t a  1s undisturbed mtfw soil; lfkewise, an 
arrr with a hlrtoty of  highly rggrutlm andit ions my warrant omtectlon 
af tha srrbstructurrr wlthout further trstlng. 6Mlt l l ly  speaking, houewr, 
ernvitonarnts *hick do not show rn extmuly  e l d  or h l p l y  c o m s i v l  
hlsary should k flsW p h y r ~ c r l ~ y  u the I n i t i a l  sw I n  the dewlowent 
Plan.  

must'b. Investlgamd a t  ewq n a u  si-. HIM rolugm 1fn.r. g8s transads- 
sfon frcflfties, electricrl md talephone condufu, mUItifiCa?ing md 

Th flnt step necrssrry In the tnsta11atlon'ot a n l y  undrqmund 

Regrrdless o f  the r n r  hfstory, possible souras e f  s t n y  c u m 9  

. . . . . - - . . . . ,. . . . . ____. -. , . 
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mus: 3c csnsiae-a JS j;urtzS 3f s:rly c;rrmfltt, m a  necasslq 3mcdU;iORS 
:aka?. 
:armsion snqtnerr m o u l d  >e 9 x i n e d  :a deternine :ne 3ej: ai:iga:ian 
- e J s m s .  . 

s m u l d  3e classi.ficd a s  to rrsk gmuo. The selection o f  cqujtnen: for 
un?rrground use can :pen )e maae f rom table 4.  

Subsauent +,o me selection of equipmnt, a e  prlmary censiuarr- 
t i o n ,  as i t  m=?ains 'co tne unuergmund leak problem, I s  o m  o f  constin: 
3 f  ligencs d u r i n g  im!imnU+.iOn. 
Axention a speciffcation f s  the most imormt single i c m ,  p r c i c u l i r l y  
4i:n regard :a backff l l  and trszlng f o r  systm tfgnmess p r i o r  ca caverua. 
The rrader's knawleaga now COnCtming t h e  basic arms ion  cell  and 
f ! e c t m o t t v e  series imonsses %e necessay pmclusion o f  fomtgn objects 
from contdct 4 t h  al?y of the components o f  the underground systun.  

Necessary cnecking and monitortng schedules should oe set up 
through use o f  a suspense system. I n  the carr.of cachoulc protection 
j y S : m ,  validatians should be perfonnrd annually, 3r nom often i f  a 
si:ndl devfce indicates c i r cu i t  flllUr8. Other s y s t e m  nQuirr no s e t  
insoaction, buc f i l e  data concerning environmntal rgressiveness snould 
ind,:cate tm cnticlsatrd servtce I f f 8  o f  tha qulplnnt,  and t h i s  i n f o m u -  
t i o n  snould be uzi l i r rd  i n  the  scnrdulin o f  l a t e  l i f e  verification o i  . 

stringent 1 oca  1 COdlS m u  1 d necrssari ly  Ulu 3rtctdence. 

i n i  : n l l t g  l ines ir! :he imedjatc  ir.i 

f f  t es ts  i n C l C a c f  :.if m s m : :  O f  j:yZy :';rrents, 4 quriifieg 

;rhea :ne dggrzssi venass Index has been dt+,ennince. :ne loca:;3ns 

This  p o i n t  cannot be wers t r t ssed .  

jyStcl;a. These, o f  c3urse, a 3  uractfca 1 Zestlng mlnimns,  and mare 

Ixfstinu Underanund ltaraar/De1fvtw S~stems 

aecomes I mch mra comlex problem than r new InsUl l r t i an  for  several 
rrasans. 
so i l s  investigations, so most exlsting f a c f l l t l e s  ha- f i l e s  Mich a r e  
incomplete as f a r  as envitonmnu1 variables am concrme4. A d d r t i o n r l l y .  
Qegion data i s  not kwt, t y p l u l l y ,  on underground leaks as a seoarate 
calntenmcr utagory; tmnfon, an accounting o f  tkosa f ac i l i t i e s  with a 

easily d i t r m i n r d  due to p a r t i a l  mpl rc rmnt  o f  i r c i1 f t i e r ,  expansion and 
addition o f  knkrgo, and f r f lu t ,  to nmve rQ1rad frcilities fran the 
b o o b .  b n s e q w n t l y ,  the d r v r l o p n n t  o f  t h e  i n f o w t i o n  necessary to 
c lass i fy  tila locrtlms into ttu subgroups derailed ~bam d l l  m u i m  SM 
inltirl rfort. Hamvet, this efer t  I s  necastrry to thr successful 
I ap lamnta t lm  o f  tlm following program. 

The l n l t l r l  IUD mqulnd for ulstfng frcflltles is the classf-  
f futim o f  each f a c i l i t y  by 6rouo ( I - IV)  and Subgroup (a-f).  Once 
uugarlred i n  this manner, a l o  i u l  procrdum can be Collowd wfthln 

.to 5-!3 a t  th. a r m n t  annual nu by thr coapletlon o f  the program. 

;he f ac i l i t y  uMch has been i n  setvfcr far some period o f  tine 

P a s t  practices i n  the f f e l d  charrc 'Jrist ically did no t  invalve 

1rAk history IS not n a d l l y  aV8lllble. nklrdly, f ac l l l t y  101 M y  not be 

each mup. r)n end results wil 1 k the Mduction o f  underground fallurrs 
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:.ter:ency L t a k  Correczion 

%hen d t a n k  failure occurs ,  t n e n  are several approved mmus 
s f  2u i ' c tng  tne facilfty 3acrc inzo aperatfan. In oraer o f  pntrnncr, tney . 
3r2: 

( 1 )  L ine  the fatltd :rnk v l t h  ;lass A m u r ,  and tnstall an 
i;rrprestrd curren t  cathodic pro tac t ion  system on :rm e n t i r e  - 
undergmund sys tern. 

( 2 )  Replace *e f a i l r d  mwar w l t h  m .?RP rank and instrll an 
imprassrd current cathodfc p r o t e c t t a n  system 3n me balance 
of the  unaergnund sfrueturns. 

( 3 )  Reolacr 3te i r l l td  meutter w i t h  a c a r d  stet1  tank and 
l n s u l l  an fmtrssed curr8nt utnodlc  p r o a c t i o n  system on 
the 8 n t i n  S y S t a .  

The rbovr  rrcolnandrtionr l l a l t  t r p l a c w n t  urd =pair to the 
failed strxtura. 
beyond tm W l e d  umber and replam o r  reubtr tlgkt tanks as w l l ,  due t o  
extenuattng c i r c w u n c r s .  

so 1 ut1 O N  : 

I t  my b r  drrirrblr I n  certain r x t r r m  c u e s  to 9 

If tlm frllum Is I n  tnr piplng, t h e n  arm two rlurnrtivr 

(1) R w l r u  thr mtln Ifnr w i t h  FRP plpfng and install m 
imrrssrd curranf cathodlc p t y U C Z l O n  system on tha brlMC8 
o f  t!u tyttrm. 

(2)  Rtplrcr th. entira line wfth  galvurlred imn pip ing  and 
Inst811 m i lrpnrted Current cathodic protaction ryrtaa on 
MI mtln systm. 



3008000130 

L.. - 

.. 

- l t -  

. 

0 1 2  t i  tl 
002 11 01 

66 I 6 e 
51  9 ,c 

01 0 I 
L 2 I 

J ? J  11 I 

D 

C 

E :le:: 



>e k n t - h o t r  rank  rigntntss rrstrr i s  s t i l l  :ne anly rrliralt 
:-duczion m c e l  systrm v i l i e a t o r  on tne mdrkrz. L . 3 . a . ' ~  4L'iOnS 2c:tirs 
s:>er?or i n  oackrsrng and i n  3::;Jracy; but i t  w i l l  no t  ae a ' v a l i a  :mo*:,- 
:w m t l l  i; oecmes available on :he open market. knr,-Hoori's uni: 
:auld are%u nore rttrrceive f f  f t  fneoruatrtrd tom o f  AL'iOPS' supertor 
Jackaging t a m ;  aut only a p a t  price dfCferenttal a u l d  v i n g  i t  aacK 
tO d C O @ 8 t l . l i V 8  h d S ? t .  

The 3rd J a c k e t  Ltdk 3etlCtOr Should ba i n S U 1 l e d  On a l l  n e u  
r+.%t9 syxrm. Certain aqrncirs ( n o u b t y  those t q u i r l n g  c:nfomrr?ca 
co ,V.:?A - 30) r)quire the installation o f  a llnr cnrex device suck es  :kt 
2ed Jacket or GiiPrrto Leak O e c s t a n ;  b u t  tne :ost o f  the G i l x r c i  marl 
1: :3is tim rmkes i t  und::tac:lre m l a t i v e  u Xed Jacket's e w t m n t .  
dn inves5Irrnt o f  $60.300 3 J75,300 I n  r8SlirCh and devrloomnc :auld 
a r i n g  :ne u n i t  :ast down :a a :omrtt:ivr lrwl, nouawr. 

:e:ztr t q u i p m n t  :an Ir txpretrd to nrcir -de uurxrt OR a c o n t i n u i n q  o a s i s .  
:anscquently, cne engineer snould keep himself AbrWJt  of ~l(r drvelamncs, 
ana .ie S h o u l d  notffy JuOerIors o f  any prornfslng equipmnt .and ,WtROdS. 

:ouraged ana only prrfoma a t  c . ~  d i t r c t  inststance of Fire Control 

Out 3 th r  rxtmmly'dynrm'e nature  o f  t h i s  induszry. neu and 

Pressure test ing o f  underground t a n k s  mould be stmngly d i s -  

J?f! S .  

[ i t n t f f y i n a  :Re L14k Sourer 4 Clirnfns  Uo L t a k s  

The drfinitlva wricfng wid8 t o  these problems today i s  NFPA 323, 
Unerrgtound Lrakrga o f  r7rnnrblr & bmbustlble Lfquids, 1972, out  much 
adartionrl nsrrrch f r  n r t d d  hfon ua d l l  8e able to cuickly and easily 
cefina and clrrn uo I nmjor product loss. No MUats rOPrar to be a v a i l -  
able  re & I s  tlm, hoyIver,  LO no fu-r !SRP pro jec ts  a r e  pmoose4. 

Ac:ountlnq Proadurns 

Tha tm&rground leak pmblm mst be irolrted fn  the rccountlng 
system i n  order that r mrnlngful rnrtyrls of a prrvrnttvr mrintrnrncr 
Frogrrm u n  be done. A marate  expnre utegov cut Ea rmlntained, and 
the crslU1 budget .mst show r lina tt8m for costs rsrocfrtrd w i t h  undar- 
ground larks. 



Thmugnout  :he 5ody of  me w c r .  mfe-ancr has bcrn made :a :he 
need for a d d i t i o n a l  rrsrrrcn i n  var ious  areas.  This final scczion w i l l  
ddumss t a c n  o f  :heir a n a s  and t ietr  .mst l o g f c a l  r r s o l u t i a n .  

( 1 )  Undrmround E n v i r j n m n c / E q u i J m n c  R e l a i i o n s k i ~  - Re turzntr  
sruay ?ecassaty hem I S  confined t o  3 8  a r e a s  tauching ucon 
the  Aggrrss iveness  Index md intrmrl corros ion .  
p r o j e c t  an me l a t t e r  i s  feasible, b u t  the nguimd tim soan 
ana rtsoclrted c o S U  nay Dmv* p r o n i b l t i v 8 .  Ora gather ing  
w i l l  be rxtremly ~im-COnsurnlng, and rtsults my p m v r  no 
b t t r a r  tmn :nose ~nsentrf f  i n . t n i s  n00t-t. A f ine- tuning 
o f  :he AggreSSiv8neJJ Index CancIPt shoo1 d Ee cant rac tad  
througn in o u t s i d e  ffm s P e c i a l i t i n g  l n  so i l  ~ n a r i c t e r i s t i c s ,  
p r r t i c u l a r t y  c o r m s f o n  c o n t r o l .  

A HERP 

(2 ;  Tests f o r  Sysrrm riChtneSS - The nsrarcfi nwcs o u t l i n e d  

No ful7her MERP s t u d i e s  am 
awve f o r  tnls VJPlc rnOu\d rigkttul\y b 8  hrndltb through m 
induszry  group Such as APl. 
prooased. a l though a seQue1 t o  a6RP 17006 i s  needed ngardtn< 
pmductlon models o f  ALVORS. 
carrted o u t  a long S8v8rS1 a m n u e s  rh1e.i should be mnftorrd 

P r i v a t e  nserrth i s  being 

closely. 

( 3 )  Oetermining Leak Pmbrbflftr - A HERP study could cmbine 
tnis a p i c  wi tn tne A q p r r s t i  venoss Index concept swdy 
mntiand ab-. b r e  does app8ar t o  b r  a feasibility to a 
pmdlctlon mtmd which incorporaus pnys icr l  t e s f i  ng and 
ml irble forrustfng o f  sewtea 1 t fe. 

( 4 )  Idrntlf~ln~ tm Lea& Source - Altkough rmuIodt I n  use tadry 
an cwnoca and unnliabIr, ttnn does not  appear t o  be 
a vrlld C D n a g f  wick offrrr my hapa for  imrovenmnt tn tnr 
iamdlrt8 futum. 

(5) Cl8anin~  Up Leaks - The SM rlturtlon exists for a i r  asoect 
o f  thr undergmund leak pmblra 1s tot tha identlflutlon of 
uu wulw. 



. .. .. ..- -...., ... "..," - . - _- ... ".- - :7 ..- 

c 

r .  . .- 

' .  

. -  
G' 

i; 

1 .  

1 .  

3 .  

4 ,, 

5 .I 

Ple i se  :amla:: the following Check Tis: at your srrliest convenience and 
t::um I C  :o 11'4afntrnancr Center) 

C.icck 1nvrnZJ ry  records for :.m ~ a s t  30 cays far ar:fhmcic errars dnd 
csmol ctcness. 

;at9 r'ind:ng 

- 
00 :>e p l l o n t  s o l d  :heck 06: wi:A t h t  mney totalttcr? 

3 1 Z 8  r'fndfng 

Jo tne drtiy :cnk stfcklngs ag-8 with :he dally metrr9d sales aver 9 a  
3ist 30 days? 

2a:t Pfncinq 

I f  not, tO what W t m t . d o  :Fey vary? 

Arr ompar procadurn used f o r  r u r f p t  o f  gasoline? One o f  the ?otlowing 
me'Slods mould k used (Check box o f  islrthod currently used). 

0 
1-J 
a 
Hdvr m y  discreorncfrs been noted brzwaen v o l ~  actually rec84ved and 
manifest wiuam? 

1. Quqfng o f  undergtound tanks before and after bulk delfvery. 

e. visualty ~ e ~ k 1 n g  *e quantity o f  g u o l t n e  i n  the truck on 
arrival urd again for c?rrolrtr angtying befon  l u v l n g .  

C. i f  &llvary I s  by mur, ch&k the m a r  r8adlngS beforr and 
rftrr drlivery. 

-.- 
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I. , 

Oaer Finding 

5 .  

7. 

9. 

9. 

19. 

11. 

Are Cdnk s:fCks t h e  Yropar length? 

3dZS Ffndlng 

b c s  :he s i z e  indi:dted on the tank chart  agrw w i t h  the s i r e  of t h e  zrnt? 

Oatc Finding 

. 
./ 

;; tnare any vis ib le  evldence of leaks or sullls around :he ~umt o r  
; 3 n r s !  
:2 l ook  ins fee  zhe pump panel around the lmpact valve. 

(Turn an pumps or submrged punp whrn lukfng cneck.) 3e sur* 

Oats Ftnndl ng 

Check a l l  mten tor pmgw seals and stgnr o f  ~mperlnp; pay part icular  
atantion to tha shaft annectlng the metar 4 t h  me cPrPputar. 

C h e k  far sfgnr o f  m e r l n g  w i t h  the 1/4' plpr plug In tho impact valve. 

0.U Flndtng 

-- - 0FL000%oc)(3: 
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