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FOREWORD 

[n 1957, the API Evaporation Loss Committee initiated an extensive effort to 
collect available petroleum industry data on evaporative losses from e·xte.rnal fioat
i.ng-roof tanks. An intensive study was made of tb ese data and resulted in correlations 
for estimating evaporative losses from external floating-roof tanks. These results 
were publhhed in February 1962 as API Publication 2517. 

By the rnid-197Os, a.s a result of tbe national energy crisis and increased concern for 
the environmen t. additional emphasis was pJace<J on the lIeed to re(!uce evaporative 
losses from petroleum storage tanks. Accordingly. Ln 1976 the API Committee on 
Evaporation Los~ Measurement began a revie,w and analysis of the prior API work 
and of more recent work performed by oil oomp'lnies. manufacturers. industry 
groups, and regu.[atory agencies. rom. this analysis. an.d in view of the considerable 
improvement.s that had been made in both the tecbMjOgy of floating-toof tank seals 
and the lIlethods for measuring evaporative losses. tbe oommiuee recommended thaI 
the evaporative-loss data be updated and combined with n.ew data obtained from an 
extensive test program. API responded by sponsoring a broad program that iocluded 
l<l.boratory. tesHank. and fie.Jd-tank studies. Flam ttlis intensi"e effort , the mecha
nisms of evaporative loss were id.entifred. and the effects of the rel.evan I variable~ 
were more precisely quantified. The results were publir.hed in February 1980 as the 
second edition of APt Publication 2517. 

The second edition of AP1 Publication 2517 dealt witb evaporative loss from the 
floating-roof .rim se.al and the shell-Vl'etting loss from lowering tbe stock leve·l in 
external floating-roof tanks . In 1984. as the result of ollier rt l!lled API test program~. 
the Committee on Evaporation Loss Measurement believed that sufficient evidence 
existed to warrant an additional test program to d£terrnine the magnitude of evapora
tive losses from Hoating-roof fittings. A SlI.nIey of tant mallufacturers and owners was 
conducted to establish the type and number of typical roof fittings used on tanks of 
various diameters. From this survey and an API-sponsored test program performed 
in 1984, methods were developed for caleul.ating tbe evaporative loss from the variolls 
exlem.al floating-roof fittings . As a result, API Publication 2517 was updated with 
this information, and I.his third edition was published. 

This edition conlains the followi.ng information: 

a . s«tion 2 c{)ntains the equations necessary for estimating the evaporative loss or 
theequivalenl. atmospheric hydrocarbon emissions frolll the generallypesofextemal 
floating-roof tankscurrentl available . 
b. Section 3 describes current typical e:xlental floating-roof tanks , including types of 
floating roofs , rim-seal systems, and roof fittings. 
c. Sec:ti.on 4 discusses tbe mec.hanismsof evaporative loss and the deve!opmentofthe 
loss oorre1ation~. 

TIl.e entire data base and the details of the data analysis are On file at APt This 
third edit.ion supersedes all previous editions of API Publ.i<:ation 2517. 

API publications may be used by anyone desirins to do so. Every effort bas been 
made by the Institute to assure t.he accuracy and rdiability of the data contained i.n 
them; howeyer, the Insti.lute makes .no repre entation, wananty, or guarantee in 
connection with this publication and bereby expre sly dir.dairns any liability or 
responsibility for loss or damage resulting from it lLs.e or for the violation of any 
federal, state, Or municipal regulation. wi.th which tbis 1'\1 blic.atkm may conflict. 

Suggested revisions are invited and should be submitted to the director of tbe 
Measllrerneot Coordination Department , American PetToleum lnsti lute . 12.20 L 
Str"OOt, N. W., Washington , D .C. 20005 . 
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Evaporative l oss From External Floating-Roof Tanks 

SECTtON 1-SCOPE 

This publicat iorl cOlltains an improved method fo r 
estimating the total evaporative losses or t he eq uiva
Ie At atmospheric hyd rocarb(lll e mi sions from extern al 
floa ting-roof tanks that cOlltain mUltkomponent hydro
croon mixtures (such as crude oi1~ and gasolines) or 
single-componeAt stoch (sLlch as pet rochemicals). lis 
publication was developed by the· API Committee O'n 
Evapora tionoss Measurement. The equations pre
sented are base{! on recent 1 abora lory, test-tank , and 
fie ld-t ank data. These equations are illrellded to provide 
loss estimates for general equipment types, since it is not 
within ~he cope of thi publication to add ress specific 
proprietary equipment designs . 

Typical currenll available types of Ooating roofs, rim
selll systems, and roof fi t tings arc described for inform a· 
tion only. This publication is not intended 10 be used 3S a 
guide for equipment design , se leCl:iOrl, or opera tion. 

The equations are in tended to be Llsed to estimate 
annual losses from. cxtemal float ing-mof tanks for var
ious types of tank COllstruction , floatillg roofs, rim-seal 
systems, and rccf fittillgs as well as for various liquid 
stocks, stock vapor pr~ures. tank sizes, and wind 
speeds. The equations are applicable to properly mai n
tained equipment under lIormal work ing cOlld ition . 
The equation, were cleve 100ped for liquids t h at are nol 
boiling, stoc;ks with a true vapOf pressure ranging from 
approximately 1.5 to less than 14 .7 pound per square 
inch absolute, average wind speeds ranging from 2 to 15 
mile per hour, and ta II k diameters gre·ater than 20 feet. 
Without detailed field information . tbe e limal ion lecll
niques be.rome more approximate wben used to calcu
late Hosse fo r time periods shofter than I year. 

TIle equations are not intended to be used in the 
following applications; 

a. To estimate losses from unsta ble or boilillg stocks or 
from mixtures of hydrocarbons er petro.chemicals for 
..... h icll the vaper pre!1.~lI.re is net k no ..... n or call.rlot readily 
be predicted . 
b. Toestirnale losses from tanh in whicb the materials 
used in tbe rim seal, roof fi ttings, m both ha ",e either 

de teriora ted Or been signific!lntly permeated by th e 
tored stock . 

Section 2 include a com pJete guide for esti mati II g 
evaporati e tock los or the equivalent total atmos
pheriC emi ion from volatile tock "tored in external 
float ing-roof tank . 

Note: T1tt ealculale<l p(lUll d~ per >-ear of Lot~1 ~)' (lmc.~r"oo 1~,e, may 
lnDlmk both, Teactivc ilnd nOl1ore.a~li"e OOlnpound8. To Oblaln reaclive 
hy<lroca,horI emissions . tbe wo\gbt (rilction or ,cactiv,", ~ydTOc.,bon. In 

tlte "apor mllSt he applic<l. 

Delai led eq ual ion lI:re giyen in 2.1. and a description of 
how to delermine :>pecific values for the variable in
cluded in t.he equations is. given in 2.2. Reference are 
made to tables and figures that include informatioll 
about the most common (t, pica.l) value to Il e when 
specific i II forma tion is not avai.la bic. The loss-estimation 
proce.dures <Ire summarized in 23 (Tables 1 !lnd 2 • and a 
ample problem is presented in 2.4. 

Scction 3 describes the I.ypical equipment types oov
ered in Section 2. 

Section 4 describe the hae ' and development of the 
10 -estimation procedure presented in Section 2. The 
e timatiOJl procedUie were developed to provide esti
mates of typical loose from e temal floah.lIg-roof tanks 
that . are properly maintained and in Ilormal working 
condition. . o:se: front poorly [1\ aintaincd eq uipmcnt 
may be greater. Because the loss equatiorls are bas€d On 
eq u ipment condi lions tna l represellt a large popul alion 
of tallks , a loss estimate for a groLlp of external floati.llg
roof tanks wi.11 be more 8;crura!e I han a los~ estimate for 
all individual lank.. H is difficLllt to determine pre~cise 

values of the loss-rei ated par!lmeters for 311 y individual 
ta ll k. 

Equiplllent s.hould not be s.elected for use based soleI y 
on evaporative-loss com,iderations. MarlY o ther factors 
not addre~f>ed ill this pub I ieatioll, ~uch OlUan It ope rat.ion, 
Ina'ntenaDoe, and sa.fety, are important in designillg an d 
!i.e lecting tank eq uipmen l for a given application. 
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SECTION 2-PROCEDURES FOR CALCULATING LOSSES 

2.1 Loss Equations 

2.1 .1 GENEIRAL 

This ~e,ct:ion outlines proi;edures for estimating the 
total annual e·vapD atlve stoi;k los or theequiva~el.lt 
atmQSp he ric hydrocarbon vapor emissions from o latile 
stock sto ed in eternal floating-roof tan ks, Th.e total 
loss, L" j the um of the stfll1ding torage los, L., and 
the withd rawal loss, L",. In some CfI es , the withdrawal 
loss may be negligib.le (see 2.2.3,1); in t.hese cases , the 
total loss is approximately eq ual to tbe standing storage 
10 s, 

2.1.2 STANDING STORAGE LOSS 

The following minimum information is nee,ded to cal
culate the t<lnding storage 10 s. L,: 

a. The tTlle vapor pre.~~ure of the stock (or t.he Reid 
vapor pressure. and average storage temperature of the 
stock) _ 
b. The type of stock, 
c. The t<ln k d iameter. 
d . Ttle <lver<lge wind speed at the tank ile . 

Improved estimatcs of the standing storage loss can be 
obtaine.d through a knowledge of some or an of the 
following additional info.rmation: 

a, Tne type of tank construction (welded or riveted). 
b. The type of rim-seal system. 
c. The type and number of r(){)f fi ttings. 
d. Th ' type of floating-roof construction (pontoon or 
double·dec.k) . 
e. The molecu lar weight of the stock vapor, 

Tbe standing storage loss, L ... includes losses from the 
rim seal and lhe roof fi t lings, The standing storage loss 
can be esti.mated ~s follows: 

(l) 

Where: 

L . = stand ing storage loss . in poun.ds per year. 
Fr = rim-seal loss factor, in pound-moles per £001-

year, 
D = tank diameter, in feet . 
Ff -- to tal roof-fitting loss fa.ctor, i.n pound-moles per 

year. 
p' '"' vapor pressure function (dimension less) . 
Mv '" average molecular weight of stock vapor, in 

pounds per pound-mole .. 
I(., .. product factor (dimensionle s). 

The tanding torage loss is converted from pounds 
per year to barrels per year as follows: 

L. (barrels per year) c:: L. (pounds per ye~r) (2) 
42Wy 

Where: 

W. - den ity of the condensed vapor, in pounds per 
gaUon, 

The proced(J es ~ to calculate the standing storage 
loss are summarized in Ta ble L 

Equ.ation 1 was derived by add.ing logether the two 
equations that represent the in dependent loss oontribu
tions of the rim seal and lite roof fittings. The foUowing 
equations can be use.d westim<lte the independent can
tri bu lions: 

Where: 

L = FrDP"Mvl<,; 

L r = FrP3 MvK. 

L , '" ril1l-seal 10 , i.n POUII.dS per year. 
Lt - IOta] roof-finillg loss. in pounds per year. 

The olhe r variables ,lfe as defined fOT Equation 1. 

2.1.3 WnHDRAWAL LOSS 

(3) 

(4) 

The withdrawa.l 1()5~, L .. , can be calculated from tne 
following information: 

a, The annual net throughput (associated witb lowering 
the liquid stock level in the tank). 
b. The. type. of stock.. 
,. The average liquid stock density. 
d . The lank diameter. 
e. Tbeoolldit.ion of the tan k. shell. 

The . itbdrawal l(lss, L", pertains to the evaporation 
of liquid I,ock tbat clings to the tall k shell while tbe stock 
is witbdrawn. The wjtbdrawal loss can be estimated as. 
follows: 

Where; 

L.,. = O.94.>QCm 
D 

L. = withdraw ,11 loss, in pounds per yt:ilr. 

(5) 

Q = amlu<ll lIet throughput (associa ted with lower
ing the liquid stock level in the tank.), in barrels 
per year, 

C -- clingage factor, in barrels per 1000 sq uare feel. 
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Table 1-Summary of Procedure for Calculating Standing Storage Loss 

Variable 

K,. 

v 

" 

I) 

K. 

i 

v 
k 

SUmdina Sta ras" L"" Equslions 

L, (po.uilldll per year) = ((F,D) + (F.)]P+M.K. 

L (b 
,., . . ) _ L, (pounds per )<cor) 

, arr"~ per year - ~2W. 

= R'm-s".1 loss factor 

= K,V" (quatiofl 9) 

= Rlm-.eaIIOOl factOr 

Avtiage wind speed 

= Ri m-se"l-related .. ';ru::I-spe<l<l 
e pollen! 

- Taok dl'lllelcr 

= Total roof-fiUin!! 1m. fa"l"r 

= [(l " K,,) + (N" K.,) + . - . + (N"K .. )] 
(Equatill" 10) 

= Number of roof fi t tin&, ,,( a 
p:micUJ8J" tn>e 

= Roaf-finifl;S loS5 faclOr (or. 
p"rti~"lar 1)'1'" of fi lt ' ng 
K,.. K .. Y~' (Equation H) 

= }{oaf-flu' fl,f: lo.;, factor 

~ Roof·[llliflg kiss Lactor 

= I, 2. ___ .k 

a A>'erage Wind speed 

= Total lIumb.r or dirf.rent t yp"" ,,( 
roof fin ings 

Pound-moles per foot-year 

Pound-moles per (mite. per 
hour)" -foot-year 

lies per It",,,r 

Feet 

J>Qund-mol~$ pcr year 

( Dimensi<>nleS5) 

POWld-motes per }"'''' 

POII!Dd-mote5 per )<c.ar 

Poul1d·mol •• per (mi~es per 
hOur)~-)'C-Il r 

(Dimensionless) 

(Oim.n5i.onl •• ~) 

Mlles pet I>our 

Dim.ll<iolll<ss) 

Where: 

(I) 

(2) 

Fi&urc. 1-4 or E,qllation 9 

USer specified or Tab)." ~ 

T~b l fl' 3 

U e pecified 

( nO) s]lt'cific jnfo~tKm abo! ... l~ 
Iype arid nl:lmber of r.ltln~l a.ailable: 

igure 14 ro, • pontDan Hoallllg fool 
Figure 15 r"r a double-deck floo tillS 

roof 
If .pedfic infarmiltion about Lbe Iype 
and number "I liltings is a"' lab le: 

E qualiolls 10 and 11 . using values 
ftool Tabli:;$ 5- 7 Or Figures 5- 13 

WI ;: average Jiqu.id toe de nsity atthe a\rerage stor
age temperature , in pounds per gallon_ 

D ;;; t.ank diameter, in feet. Wt '" a erage liquid tock den ity at 6trF, in pounds 
per gallon. 

The constanl, 0.943 , has dimensions of (1000 (,"Ubi.c feet) 
x [gallons pe r (barrel squared»)' 

The wilhdrawal loss is converted from pounds per year 
to barre.ls per year as follows: 

L ... (barrels per year) Lw (pouAds per year) 
42W1 

(6) 

he procedure.s u.se,d to calculate withdrawal loss are 
summariz;ed in Table 2-

2.1.4 TOTAL LOSS 

The tOlal loss, L" in pound .. per year and barrels per 
year, can be estimated as follows: 
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Table 1- Continued 

L. (pound. per )"""r) = [(F, D) + (FJ)P'M.K, 

r ( .... _I ) =L .:.., Ui( ""'~lln,.dls~"".::T~'~",=a.Tl ..... ""'. ~ , pc:r ~,<aT = _ " '- r - ' 

(1 ) 

(2) 
• 

Variable Ddinili"'l Units of M<35Ur<mefll 011 ICC 

- V~POI press_Ire rucction (Dimensionless) ,gUT< 16 (or E;'1wltion 12) 

p = Tru< ""por pressure Pounds per ~ua~ inch 
;;)liiOhlte 

FIgure 11 for refin cd peLrolellm ~tucts 
\!lure 18 (or <;rude oil. 

T.blo II for ,cloct~d pct rochemic.ls 

RVP = Reid "apo, pressu '" (F'ignre~ 17 
i!lld 18) 

Pounds per 5lq1>a1'e i neb User specHJcd 

M. 

= '''''''''8c ,joraS" temperal ... e of 
s·lock (Figure:; 17 and 18) 

• AVGrage ImIIBC\lt:!.r wejgh[ or stock 
VlIpOT 

User spee;ili.ed or Thbtes 9 and 10 

User ~ec;if.ied Or 
64 for sasolinc 
50 for [) .S. lIlidoontirw:"I "T\lde oil 
Thble (01 selected petrocbemical 

= Prodllct factor (Dimensionle,,) 1.0 for refined 8to<:ks 
'0.4 [or m1de oil 
1.0 fOT sioglc-oompon<BI stod; .. 

- DetlsilY of roDdensed -apor 
= Litjllid sLock del15ity ror pure 

oompounds 

Pounds per gaUon User ~eCiified Or 

L. (poWlds pet year) = (L + L w) (pounds pet )~ar) (7) 

1..., (barrels per year) "" (L, + L .. ) (barrels per year) (8) 

Whet : 

L. '" total 10 . 
l = standing stonlgc loss . 
LV' = withdrawal loss. 

2.2 Discussion of Yarjables 
2.2.1 GENE.RAL 

lnfomlation is summarized bdow on bow 10 deter
mine pecifk va lues for t.he variables in the loss equa
tions given in 2. L Ta tiles , figures , and the range of value 
·of the variable for which the loss equations are applica
ble are ci red for re ference_ 

To obtain the mO "1 accurate estima te t t.he detailed 
quantities, i.ze , and other information pertinent to the 
specific tank or lanies under C~1l ideration should be 
u!>ed, The t}rpica l quantities and shes included in. the 
la ble~and figu.res sho uld be useil ollly when actual de
tailed informa tion is not available. More detailed d iscu -
sions of t.he developmeol., definition , and dfeds of these 
variables are given in Section 4 and tbe appendixes. 

OJI!lM. (or refined poetf<;>lclim tocks ~nd 
cruOt <.>ils 

TaOle 8 for sele«edpetrocbcmk als 

2.2.2 STANDING STORAGE LOSS FACTORS 

2.2.2_1 Rim-Seal loss Factor 

T he rim-seal los~ factor F. , call be estimated as fol 
lows: 

Fr = KrV' (9) 

Where: 
K, .. rim- ealloss factor, in pound.moles per mile 

per hour)" -foo t-year. 
V .. ave rage wind speed , in miles per hOUL 

I! rim ·:; ai-rela ted wind-speed exponent (dimen. 
sionless). 

T11e run-seal10ss factors, K, and 11, are gi en in Table 3 
as a funct ion of t.allk. cOllStruction and tim-se al system. 
There are three basic types of primary seals: mecllanical 
slloe , resilient fi.lled , and flexible wiper. Resilient-filled 
primary seals can be eilher vapor mounted Or liquid 
mounted . Vapor-mounted primary seals are mou.med on 
the noating roof SO Illat a vapor spaoe exists between the 
liq uid stock and the bottom of the primary .seal . Liquid
mounted p rimary seals are mou.ntcd so that the bottom 
of the primary seal touches tll liquid. In addition to the 
primary seal , SOme rim-seal systems are also equipped 
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Table 2- Summary of Procedure for Calculaling Withdrawal l oss 

W'thdr"",. 1 Lo .. EqllalioBS 

O.94JQCW, 
L. (po~!lds por year) " D (5) 

Q 

Ddinition 

= Aonu~l net tmrougllJJut (."""iatoo 
with lowering I.he liq uid 5locl( le''tl 
in Ille tao ) 

L. (p""nds PO! ye~r) 
<t:lW, 

Units. of M03'~Iemelll 

(6) 

Source 

c = C lin age fS["\Dr B",",,15 pcr IWI "lUJ., f""1 T.bl" 11 

W, 

• 
[) 

W, 

= A'oe,a.~ liqu.id Slo.:i. dcIlsiry lit 
average "oDk "o'as"· Icmpcratnrc 
rEq o;tat kln 5) 

= Tonk diameter 

A'~ .. ge liq!!l.id sloe ~mit)' 
3\ 6O"F (Equation 6) 

""I 

with a secondalY seal. For mechanical-shoe primary 
seals, the second ary eal can be eit.he r shoe mOlln ied or 
rim mounted. For resilient -filled primary seals. the sec
ondary seal is only rim mounted . 

The factors for average-fitting eals are applicable for 
typical rim-seal conditions and shouJd be IlscdclIcep t 

User .pc;cifl".d 0 ' 
6.1 for g850line 
ToN" S fQI' selected petrodtentkal~ 

User ' pcdfLOd 

USl:r pe~.e<I 0, 
6.1 for gasoline 
Table 11 for sdectod pet,.oro~mi~~1$ 

when a rim-eal system is known to be consist.ently tight 
fitLing (that is, when there are no gaps more than 1/11 inch 
wide between the rim seal and the lank shell), in which 
case the fac tors for tight-fitting seals are applicable. 

The de\,e lopment of these average and tight factors is 
described in Appendix A. Average factors were devel-

Table 3-Rim·SeaJ Loss Faclors, K, and n 

Average-Fining Se~b TIght-Fitling Se.'\1 • 

Tank. COnSlt\loCl,Om lid 
Rim-S~al )'st-em 

K , 
Ilb.moleJ{mbll,r·h·YT} 

n 
(dimernionle:;s) 

K, 
[ 1b- lllo LeI(milhr)~· fI. yrl " (dlmea~iQnle s) 

Welded Taok5 

Mecllan ic.I·!h(l~ ~ oal 
Primary ollly 
Shoe-mDllnted scx""d~ry 
Rjrn-mo\mtod wcoodary 

l.iquld-mouJlted resment-fiLled ..,al 
rrimary onl 
WeotlLer shi.1d 
Rim·mDllnlcd 5OIlOnd;uy 

Vapor-mollnted ,..,.il;"a l· ,Ued seal 
Primor)' only 
We:atbe.r $bield 
R,' m·mounted :scoonduy 

t~ilaJl~I·sh(l~ "".,1 
Primary only 
Shoe-mourlled ,eoorldal'Y 
Rim ·mounted ",oorulary 

1.2" 
D.8 
0.2 

I.! 
O.S 
0.7 

l..2 
0 .9 
0.2 

1.3 
1.4 
0.2 

Ole: The rim· eallo s fM'Q~ K r lind ". rnB)' only b~ 115e<l ro, wirul 
speeds rmm 2 to IS miles poe! bou . 
• Criteria fo r seal t i ~htne55 arc dclin.cd in 2,2.2.1, 
• [f no specific inforrn~HclI i. available. a ..... dd(,.(J lank. wilb an .,..,r"b<e-

1.5" 
1.1 
1.0 

1.0 
0.9 
0.4 

2.3 
2.2 
2.6 

1.5 
1.2 
1.6 

0 .8 
O. 
0.2 

0.5 
0.5 
ij.5 

1.0 
1.I 
0.4 

, 
• 
< 

1.6 
1.1 
0 .9 

I.l 
1.0 
0.5 

1.7 
1.6 
1.5 

, 
, 
< 

fluiog me<:b.n;';"!·shoe primary $C.". only ~an be <iiS$Umt>d to represent 
Ih. m"'t commoo or tn,i",,1 oonMruclion Rod rim·seal 51'S tern La 1iJSe. 

'/'oIQ "-"'Ilpor~liv~.I,," informa~;on i~ available fOT ri"", (od t an!!.i; will! 
""n~,enlly IJgI" foning rim4ea1 syslems . 
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oped because it was not possible to quantify para.meters 
for all rim-seal conditions that affee-t loss. It was thus not 
pos-~i hie to de termi lie an exact relat ionship between the 
rim·seal lo~~ and ri tIl·se al. condit iOIl . 

The ri m-seal loss factor. Fr , can be caIeu lated u fig 
Equation 9 or read direct! from igures 1-4. 

he im-seal 10 factors are onl applicable for wind 
spee{j from 2 10 15 miles per hour. If the average wind 
speed, V, al the tank ite i ~ not available, wind- peed 
data f om lne nearest local weatlle r I ation or values 
iromable 4 may be used a an approximalion . 

11 no informac ion is available on t.lte specific type of 
!.ank con truction and rim-seal system, a welded tank 
with a mechanical-shoe primary seal may be assumed to 
represent Ihe most common type curre 11 Ily in use . How
ever, calcula tions based on such assumed data should be 
used onl y as a prelimina ry indication of evaporative 
losses. Losses from spedfic tanks must be based on the 
actual tan k characteristics . 

2.2.2,2 Total Roof- Fitting loss Factor 

If information is a~'ailabJe on the specific type and 
nllmber of roof fittings, the tota l roof-fitting loss factor, 
Fr, can be estimated as foUows: 

Fr ; ((NflKn) + (Nf2Kn) + 
Where: 

Fr ~ total roof-fitting loss factor, in pound-moles per 
year. 

NfJ ;;; number of roof fit tings of .a particular type (di
me nsionle:ss). 

Ku '" loss fador for a particui.ar t ypc of roof fitl'ing, jn 
pound-moles per year. 

i '" 1, 2, ... k (dimensionless) . 
k '" total number of di fferen! types of roof fitting.s 

(dimensionles~) . 

Tile 10 factor for a particular type of roof flui ng, K{I, 
can be estimated as follows: 

(11) 

Where: 

Kr.i = loss factor or a partkular type of roof fi Uing, 
in pound-moles per year. 

Kfb( = loss factor fo r a particular type of roof fi tting, 
in pound-moles per (miles per hOluyn-year. 

tn, = loss factor fo r a particular type of roof fitting 
(dimensionless) . 

j = 1, 2, ., . , k (dimensioniess). 
V .. average ..... ind speed, in m.il.e per hOUT. 

The most common fOof fittings are lis ted in Table 5, 
along with the a.oociated roof-fitting-related loss fae--

tors, K,., K fI>, and m, for various t ype$ of oonstM,l.;:tiOIl 
details . These factors are applicable for typical roof
fi tting conditions. The r~f-fjtting loss fa~tors may ollly 
be used for w'lId spe~ds frQJll 2 to 15 miles per flour. The 
loss factor fo r a particular type of roof fitting may be 
calculated u ing , quation 11 or read directly from Fig
ures 5-l3. 

Since the number of each type 0 f roor fin ing can vary 
significandy from lank to tank, rvalues for each type of 
roof f tting hOllld be determi ne<! for the tank under 
consideration. If tbis iniormation is not available , lypical 
Nr values are given in Tables 5, 6, and 7. 

If no inform.ation is availa bJe abo ut lile pecific type 
and number of roof fittings, a typical total roof-fitting 
loss factor, FI, can be read from Figur,e 14 or 15. Tbese 
figures show the lOlal roof-fi tting loss factor. F." a.s a 
function of lank diamCier. D, for pontoon and double
dcck floating roofs respecti ve I y. 

2.2.2.3 vapor Pressure function 

TIle \lapor pressure function, po-. can be detennined 
as folio> 

(12) 

Where; 

P = true vapor pre ure at the average s.tock storage 
tem perature ill pounds per squ are in.;:b abso
lute. 

P. = average atmospheric pressure at the tOluk loca-
tion, ill pounds per square inch absolule. 

A lternatively, P can be read directly from Figure 16, 
which is based on an atmospheric pressure, P., of 14.7 
pounds per square inch absolute . 

True vapor pressures l'.a.n be determined from Figure..~ 
17 A and 17B for refined stocks (gasolines and napll thas) 
and from Figures 18A and 18B for crude oih by knowing 
the Reid vapor pressure, RVP, and the average stock 
sto(age temperature, T , in degreiCS Fall fell he it. Vapor 
pressure~ of selected petrochemical stocks are given ill 
Table 8. 

U t.he ave rage siock storage temperature, T., is not 
known , it can be estimated from the average annual 
ambielll temperature, T" in degrees Fahrenheit (gi~'en 
fors.elected U.S. locations in Table 9). and the tank paint 
color, u~ing TOibie lO. 

Th e 10 ~ eq u alions are a pplicable for non boiling 
stocks down to a t:rue vapor pre sure of at least I. 
pounds per qu,lre inch absolute. The loss equatioll can 
be applied at lOwer vapor pressures with some small loss 

(text con.tinued 011 page 12} 
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Table 4-Average Annual Wind Speed (V) for Selected U.S. locations 

Loc~tion 

Alabalna 
Birrni~.!lh.m 
Huotw ille 
M bile 
Mon(~o=ry 

Alaska 
AI) ,"qrage 
Annette 
Barrow 
Barkr I']and 
Bel bel 
B"Il~es 
Big Delta 

o ld flny 
FitirbiiD 
Gulkana 
Homer 
Jurle<!11 
King SaLm<Jfl 
Kodiak 
Ko,Z(!bu~ 
MeGra.h 
Nom~ 

I. raul ~alld 
TiL/bel'''' 
Valdez 
Yakula~ 

A rizooil 
E' 1~t.r( 
'Phoeni, 
TIlcs()1l 
Winslow 
Yuma 

Ark~M~ 
For i Smith 
Littl" Ro~\ 

Cali (ontia 
Bak~r,(;dd 

Blue C'. YOll 
E~.reka 
Fresno 
Lon!> Beach 
Los Angele (Qt y) 

Wiml Spc:cd 
(mil", P"I" hour) 

7.3 
8.1 
9.0 
6.' 

6.8 
Hl.6 
IUj 
13.2 
12.8 
6.' 
8.2 

16.9 
SA 
6.8 
7.2 
8A 

10.7 
1M 
13.0 
5.1 

10.7 
183 
4.5 
6.0 
7.4 

7.3 
6.3 
8.2 
8.9 
J.!.I 

' .0 
8.0 

6.4 
7.7 
6. 
6.4 
6.4 
6.2 

1.0 Ange~ Inlenliltiollal 
Airpo rt 

Moun t Slursla 
Oa~Jand 
Red BI~fl' 
Sacrament 
S ... Dieso 

an Francisco ( ity) 
Siln FrliJlcl_ 

international A irporl 
Santa M.afi. 
S lockto~ 

Colorado 
Coklrado prings 
DclJl'<er 
Orand Jum:tion 
ruol;>l0 

Coan~:iclll 
Bridgeport 
Harlford 

7.5 
5. L 
8.1 
8.6 
8.1 
6.8 
8.7 

10.5 
7.0 
7.~ 

10.1 
8.8 
S. l 
8.7 

12.0 
8.5 

Localion 

[lelawa,e 
Wilming.loo 

District or Coh,mbi. 
Dutlcos Airport 
' ~Iional 'irpqrl 

Filorida 
Apalacht~ola 
Daytona Beacb 
Fort 1M)",,, 
J ad<sonville 
Key Wut 
M.iami 
Or'l~nd() 
PeI1iSii '01. 
T.!labs.see 
T~rnpa 
W<::St l\\lm Beach 

GeQtgja 
Atb~m 

AtLanta 
A\lgusI ~ 
eolum bm 
Mo<:on 
S'V3I!!Iah 

Hawajj 
Hilo 
HOR<1lulu 
Kaltu l~:i 

Llhlle 

ldaho 
Boise 
'Pucat"''!o 

Illinois 
Cairo 
Chic..!!o 
Moline 
f>c:.,ri. 
Ro~rord 

Springfield 

I ndinll~ 
Ev~n vilLt 
Fort WO)'oc 
Indianapolis 
SOYlb Bend 

lo't\' ~ 
Des Moin-es 
Sioux Cit)' 
W •• " rloo 

K.ansas 
Concordl~ 
Dud~~ City 
Goodland 
T0l"1k~ 
Wicbila 

Kemuc 'f 
Cind lmilti ir""r! 
J ackson 
LG~ingt(\,f\ 
LouiSVi lle 

louisit., 
Diltoo Rouge 
La!.;" Charlc. 

Wlrld Speed 
(miLos per hour) 

9.2 

1.5 
9. 

7.9 
8.8 
3.2 
8,2 

11 .2 
9.2 

.6 
8.4 
6.5 
8.6 
9.5 

7.4 
9. 1 
(,.5 
6.7 
7.7 
7.9 

7.1 
11.6 
12.S 
11 .9 

8.9 
10.2 

11.5 
'10.3 
lO.O 
10.1 
9.9 

11.3 

8. 2 
10.2 
9.{\ 

[0.4 

lO.9 
LJ.O 
10.7 

12.3 
13.9 
12 .. 0 
111.2 
12.4 

9. 1 
7.U 
9 .5 

.3 

7.7 
.7 

Locatlon 

Loulsia lu (con!lilu.d) 
Ne ... O rLe.ns 
Sh ,."v;::port 

M aine 
Caril;>Q\! 
Portla".:] 

fa.ryland 
Ba llimore 

M~~"J,usens 
Blue Him ObscoIV3,ory 
Bmwn 
WOr<;e.te, 

Mich\gan 
Alpena 
DClrot! 
Flinl 
Grand RHpid~ 
H nughlon La.ke 
Lansing 
Muskeg.on 
SuIt Sa in!" 1 .a ri ~ 

M innesota 
DUI\!th 
Illternatloli lli Fallis 
MIRn~ .. polis-S.iol Paul 
Rochcskr 
SalOl Ck>Qg 

M~ssi&s ipp i 
Jadwil 
M~ ridl.o 

Missourl 
Columbia 
K~M.'~ il )' (Cit~} 
Kansas 'IY Aif1X>rl 
Saint Louis 
Springfield 

Monlan. 
BiJlin~ 
GtilSg.>W 
Great RIll 
Hayre 
Hel>e t1 ~ 
KalISpell 
MiLes City 
Mis~la 

NebraSKa 
Gm"d Island 
U,\(.'Olo 
NorfoLk 
North ?I~II" 
O maha 
Srons IHuH 
Va le ntine 

e'yadla 
IkQ 
ly 

La. Ye,ga, 
Reno 
v.c,noe.rnucca 

e ..... H~mpsb 're 
Concord 
Moun~ WIISbingto n 

11 

Wlnd Sp<"d 
(m ile pef hour) 

8:2 
8.6 

11 .2 
8.7 

9.1 

J5.4 
12.4 
](1.2 

7.9 
10.2 
10.3 
9.3 
.9 

10. i 
10.7 
9.4 

11.2 
9.0 

HI. 5 
12.9 
8.0 

7.4 
6.0 

9.8 
9.9 

to.7 
9,7 

10.9 

" .J 
10. 
12.S 
9.9 
7. 
6.6 

10.2. 
6, 1 

12.0 
10.4 
I I. 
10.3 
10.6 
1U.6 
10.0 

6.0 
lOA 
9.2 
6.5 
7.9 

6.' 
35.1 
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Table 4--Continued 

Wiud Sp;ed Wind Sp;ed Wind Speed 
Locali01l (mlles pet bo"t) l..ocaliO>l (miles pel bour) LoealioJl (miles jl<:r oour) 

N.w Jo""",y 01og,om (oontinued) Texa~ (<;Qlllinu~d) 

Alla~ti c City 10.2 Portland 7.9 Houstoo 7.8 
Newark 10 .. 2 Salem 7.0 Lubbock 12.4 

ew Me~lco SextOIl Summit II .S Midla~d-Od .. cSSII LJ .I 

Albu<juerqur. 9. J PelUl.yiYa:nia Port A rthl,lf 9.9 

Ros",eU 8.7 Allcoln",n 9.2 San AngelQ 10 .4 

A~ 8.4 S.n AntOnio 9,4 
N.w Yor~ 

,ric 1L2 Vi.cIO"a 10,0 
Arh~IIY 8.9 

Ha" i$burg 7.7 Wa.:o U.3 
Blngnamton 10 .3 W",hit. Falls D .1 

Phi.L~delphJa 9.5 BufblD 11. 1 
Ne", York. ( entral?li. ) 9.4 .ll5'burglllnterll.tional Utoh 

N. York (JFK AirpOrt) 1.2.2 
Airport 9.2 Salt Lake O.y 8.8 

New York (La Guardia WiUiamspon 7.9 V.rownt 
AiIpO,Tj) 12.3 ~moRiCQ B1.nlingtoo 8.8 

Rocbester 9,8 San Juan 8.S 
Virgill~\ Syra-cus.e 9.7 

Roode Island LyncOhburg 7,8 
North Coro"na I'rovideDr.< 10.6 NorfoU, litS 

Asheville 7.6 South C.rolina Rictlmond 7.5 
C1Jl¢ H~neTas 11,4 

q,arl.,~oll 8.7 Roo.rloke 8.3 
Chulone 7.S Col'umbOli 6.9 Wasbing[OD GreenSboro-His" Point 7.6 

Orecmitl,,"",Sp~r Laliburg 6,' OJympiB 6.7 
It.~igh 1.8 Quilla)'Ule 6.1 WilmlfiglOiI B.9 South D.kOta 

Se~ttle l~tern~tiQnal 
Nonb Dako[a Aberd •• n 11.2 Airport 9.1 Huron 11.1 IIismarr!: 10.3 Rapid City i1 .2 

Spooune 8.7 
Fargo 11.5 !>iow< Falls ILl 

WaHa Walla 5.3 
Will~tOll 10,1 YMi.lma 7.1 

011;0 Tennessoc West Vlrgillia 
kroll 9.8 Bri~ toHollDSO" City $ .6 Il • .:kJey !U 

a ",el.nd 10.7 
Chauanooga 6.2 Ch.rleito n 6.4 

Co lllrnbo~ 8.7 Knoxvill.c 7.1 Elldos 6.2 
Da)'LO ti 10.1 

Memphis 9.[1 
Hunting[OIl 6 .. 5 

Mansr,eld 11.0 asb,'m ... 8.0 

Tokdo 9.4 Oak Ridge 4.4 Wisconsin 

Y"UDgslQl'ln 10.0 Texas Groen Boy 10.1 
L. Crosse 8.B 

o IMom~ 
Abilene 12.2 

Mi!ldiso~ 9.8 Amarillo 1.3.7 Oklahoma City 1.2.5 Austin. 9.3 
Milwaukee 11.6 

Tills. lOA Brown.vitie 11 .6 Wyoming 
Oregol! Corpm Christi 11 .0 Casper \2.9 

Astoria 8.5 Dalla~Fort Worlh 10.8 Cheyell!lo 12.9 
Eugene 1.6 Del Rio 9.9 LaMe. 6.9 
Mcdfonl 4.8 EI Paso 9.2 Sb~.ndan Ii. I 
P"lld!eton 9. 0 (ia"~to~ II ;0 

Not~ : The dalA in .!lis t.bl.e are taken from Comparariw CJi/ftllIjc Data ThrQugh 1984, Nal:icmal Qcrank 
"Jl(l AtmQ~Jlheric Administration. ruileviU" , Not1h Carolina, I9&). 

in a.CCUTacy, but they sbould Rot be applied at vapor 
pressure at Whiell it is possible for the stock to reach a 
boiling state at the liquid su rface . The vapor pressure of 
some mixtures of byd£Ocarbons orpetroclJemicals can
not be readily predicted; in t Ile!>e cases , tbe loss equa
tions cannot be applied. 

2.2.,,2.4 Vapor Molecular Weight 

The molecular ¥O'li ighl of the vapor M., can be de.te·r
mined by analysis of vapor samples or by cakuiation 

from the composition of the liquid. In the absence of this 
information, a typical value of 64 pounds per pound. 
m.ole can be assumed for gasoline, and a value of 50 
pounds pe.r pound-mole can be assumed for U.S. mid· 
continent crude oils (iRCltlding botb reactive and non· 
reactive fractions). Since a.lalge ariability in molecular 
weights has been observed in foreign crude oils, no 
average. value bas been developed for tnese stocks. For 
siDgle-.oornpomiJ1t stocks, tbe molecular weight of th.e 
vapor is equal to tile molecular weight of the liq uid stock, 
which is given in Table 8 for selected pelrochemi.cals. 
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Table 5-Aoof· Fitting Loss Factors, K",. Kit>, and m. and Typical Number of Roof FiUings, N. 

Fittlllg Ty~ and Con~ruction Delails 

A"""ss hatch (24-indl·diamc1.cr well) 
R<.>ltcd em,<;, r, .89!jlkcted 
Unbolted CO''ef, Illlgas}i;eted 
Unoolted OO' 'C:r , gaskerecl 

UIIliLoned guide-poLe well 
(8·indl-d'.rmt;:, un.Loued pole. 21";11<:h-diilm.c1cr ",cll) 
U~~.kolcd slid'ng rovcr 
GMketed sUding OQ\'~r 

SJO!teJ gl.lide~pol~l, ~Illple ..... 11 
(8·inch-cl iamele-r $lolled pole. 21 ·incb-dlameler ..... ell) 

Ungasketo<! ,filling am" . wilho"t float 
Ung9!jlkoted sMi og COY." with 0001 
Gask,ned sliding co"el, ",ltb.out float 
O"sk~ted 5Ij(lin..~ (lOYer ...... iLh (],m 

G3u.ge-iloRt v.dl (20·inch diiune,ter) 
Unbol1cd cover, ~n8 .. tct«l 
Unboll~ wver, g~skeled 
Bolted ~"""r, g-dsketed 

Ga"",<e--batchls:ample well (So;lnch di.meler) 
Wcight.e.d meOO.nieal actU3U.:m, gasleted 
Weighted rnech~n ical actuation, unga.sl<cted 

VllW~m b re;akeT (l(l.iDch..:liarncll!r wdl) 
Weigilled fiie.:ha~iea.l a«\I~"OJl , g1lsli.~ted 
Wdghtcd mlOChanical aCluali~n. ungaskeLed 

Roof drilln (3·incb diameter) 
O~n 
90% clO<I"'d 

Roof leg (J·jnch di~rnct~ r) 

Adjustable, pootOOll area 
Adjustable, ""nler lire. 
A djuSlable, doubk-deck ronf" 
Fixed 

Rool Jeg (2~inch d tarncIIIT) 
AdjuSlabk:. pontoon area 
Adjustable, <:CDle-r area 
Adjust.bk, d"mblc·dccK roofs 
Fi ed 

Rim vent (6-inch dj~meter) 
Weill/hled mtCb.nical ae[U~tloii. gas~eled 
Weisllied mechanical aotuation , ung3sllcled 

K" 
(lh' lllo]el}'r) 

u 
2.7 
2.9 

il 
Q 

() 

o 
Q 
il 

U 
H 
o 

0.95 
0 .91 

l.2 
1.1 

o 
0.51 

1.$ 
0.25 
0.25 
11 

1.7 
0.41 
0.41 
11 

0.71 
0.68 

Ole; The roof·fitting 10M (3Ctm-S., K., K ... l!-lId m. may oniy be ~d 
fur wind $peed. from 2 to IS miles p~r hout. 
, rf no specilic i"fcmnatitm i. availAble, thi. , ... luc <'a" be 3.sumcd to 
l'epresent [lie II1.Q I COmmQD Or t ypiClll rQOr (jUill~ currently i.ll 
use. 
• A olotted lIuidc.pDlc{sarnple well is an optional fl ttiDg a Dd is not 
typical1 ~ed. 

2.2.1.5 Product Factor 

The product fa.:tor, K •• accounts for the effect of dif
fe·rent types oHiquid st()Ck on evaporative loss . Product 
factors have been developed for multioomponent hydro
carbon mixtures, including refined stocks (such a gaso
lioes and naphthas) a nd crude oiJs. as well assiogle
component stocks (such as petrocbemicals): 

K .. 
Ilb.mCJlef(mvluj.yr J 

(I 

7.1 
0.41 

67 
3.0 

310 
2~ 

260 
a.5 

5.9 
f).J~ 

o 

0 ,14 
2.4 

(1.17 
3.0 

1.0 
0.81 

(I.U! 
0.067' 
O.Otii 
(I 

(I 

o 
o 
(I 

(1.10 
1.8 

HI 

(dimensjonless) 

[I" 

1.0 
1.0 

0.9ll' 
1.4 

1.2 
2.Q 
1.2 
2.4 

1.0' 
1.0 
o 

1.0' 
1.0 

Ul' 
1.0 

1.4' 
1.0' 

1.0' 
1.0' 
UI 
o 

o 
o 
o 
o 

l.0' 
1.0 

'lypical 
Nl,lrnb~r or 
Fillings, N, 

1 

1 

• 

I 

Nfl, (Table 6) 

N" (TabU, 6 ) 

N .. ("fable 7)' 

"',. (Table 7)' 

l ' 

< R()()i dra~n5 thai draio cx~e~s raillwalrr iIllQ the product are 001 ~~d 
on ponloon floating roots. Th.ey ace, bOIVe''U. used 011 dotll}le·deck 
I1o.ating roofs and are Iypically le-ft "pen. 
·Tb~ most OOm:mml roofle, diameter ;'; l in.cbe$. n.., 1"55 facto", for 
214-incbodiamelor roof kgs ar·e provid>ed (01 I!ISe jf this ~lllaller i~e 
JOor leI!. is used on .. particular (loaling roof • 
• Rimvc;m15 are u5ed only with mcch3llical-shoe p rim or)' seals. 

Kr = 1.0 for r~fined stocks 
- OA for crude oils 
- 1.0 fur single-component stQcks 

2.2.2.6 DeAsity of Condensed vapor 

For r~tined petroleum stocks and crude oils, tbe de.n
sity oftheconden~ed vapr,lf, W" is lower tban Ibe density 
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Figure 5-Roof-Fltling Lo$S Factor for Access Halct'les 

of the stored liquid Slod<; .. If the dellsity of tbecon densed 
vapor is not known , it cal) be appwxirnated from qua
tion 13, which wa~ deveio pe(l primarily for garoline: 

W, .. O.08M, (13) 

Where: 

W, "" dens-ity of condensed vapor, in poundc~ per gal
Ion. 

M, '" vapo.r molecular weight , ill pounds per pound
mole . 

For single-component tocks. t.he density of IJie con
densed vapor is equal 10 the densi! of t.he l.iq uid stock , 
W, . Thls informatlon is given in Table 8 for e[ecled 
petrochemica\s . 

2.2.3 WlllIORAWAl LOSS FACTORS 

2.2 .. 3.1 Slgnlflca.nce 

The ignificance of the withdrawal loss, L."., will vary 
\ ith lank operating prdcti.oes. Industry-wide , wi th-

dra al loss can typic aU be assumed 10 be negli,gi ble 
relative (0 the standing storage loss , L. . However, in 
cas.es of extremel hig,h throughput that result in fre~ 
quent tank turnoverS , the wi I hdrawal loss rna. become 
so sigDifiamt that it should be includ ed in a calculation of 
the total loss. 

2.2.3.2 Annual Net Throughput 

used ill thi publication, an Ilual net throughput. Q, 
is the total volume of toc withdrawn from the tank per 
year that ~esul in a decrea e in the level of tbe liquid in 
t he ~ank:. filling and \ ithdrawal occur equally and 
simultaneously so that the uquid level does nol change , 
the ne t throughput i zero ,. 

2:.2.3.3 Clll1lgage 

Table 11 gives d ingage factors, C, for steel tanks with 
light rust, dense rust , and gunite lining in gasoline , sin
gle-component stock, and crude oil service·. 
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S liding OCJIJer, ungl1lsl<.eted - ........ 
- aOO~---------4--------~~----~~--~----------~ ·iG 

.~ 

~ ... 
<II 
<> 
E 
U 600~-----------r--------~~------------+-----------~ c 
~ 
<> 
So 

N 

,;: 

400~----------~-.~------~------------+-----------~ 

5Iid;~ cover,gasketed 

200~------,'----r--------+----l------------+-------------I 

OlO~--~~=r::5t:~::~~i-~~lo-J--L-J--L~15~1--L~~~20 
Win(! speed. V (mites per hour) 

Rgure 6-Root-Fitting Loss Factor for UnslOtied Guide-Pole Wells 

2.2.3.4 Average Liquid Stock Density 

The density .of liquid stocks, W" can vary signifi
cantly, particularly fe r crude .oils and single-component 
stocks. This infonnation h given in Table 8 for ~elected 
petrochemical stocks . For gasoline, the dens.ity is gener
ally consi~tent enough that a typical \'31ue of 6.1 pounds 
per gall.on can b-e assumed. 

2.3 Summary of Calculation Procedure 
Tables 1 and 2 sll.mmarize tlie equations and informa

tion nc.Ct:ss8r tD estimate the tctal evaporative less . 
including the standing storage loss and the withdrawa.! 
loss, respectively. The information in these tables is the 
sallle as that presented in 2.1 and 2.2 , but wi thout all of 
the important d.escriptive qualifiers presented hi tho-~ 
sect ion~. Therefore, questions about the infonnation in 
Tables 1 and 2 should be answered b}' refe.rring to 2. J and 
2.2 for more detailed information . 

he total evap.orative 10 ~ is the • ~m .of the standing 
storage 1o:ss (Table 1) and the withdrawallo5S (Table 2) . 

Hcwever, as nmed in 2.2.3.1 the wit.hdrawal loss can 
.often be assumed to be neg.ligible, in which case the total 
loss can be assl1med to be approximately equal to the 
standing storage 10<S.s. 

2.4 Sam pie Problem 

2 .• 4.1 PROBLEM 

E~tim ale the total annual evaporat.ive Joss r in pDunds 
per year and b<lrrel per year, given the following infor
m.aticn. 

A Welded, e ternal f1Dating-roof tank in good condi
tion has tbe foliDWing characteristics: 

a. A di ameter of 100 feet. 
b. A shell painted an aluminumco!or. 
c. A pontDon floati.ng rocf. 
d. A mechallkal- hDe primary seill. 
e. Typical [OOr fitt ings. 

The mDtDr gasoline stDred in the tank has the 
foll.owing characteristics (no vapor or liquid composition 
i gi ell) ; 
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Ungasketed SHCIlA!) awer. 
wilholJl floaJ 

e aOOQr--·------~--~~~~----_1~--~------+_----------_1 
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'" 
~ 
u &OOO~----------~----------~--~+---~~+-----------~ 

i 

Gasketed sliding cover. 
withoul ~1oat 

2000~--------__ ~~-----7~~r+----------+-----------~ 

Gasketed s~ding (;Oller, 
witlh ~ Ioat 

O~~~~~_~~-L~~~~-L~~J-~~~ 
o '> 10 15 ~,y 

Wind $jl(l(ld . I' (miles per hour) 

Figure 7-Roof-Fltting Loss FacLor for Slotted GUide·PoIe!Samp e Wells 

a, A Reid vapor pressure of 10 pounds per square inch , 
b, A liquid stock densit y of 6.1 pounds per gallon. 
c. An average net throughput of 1 ,5 million barrels per 
year. 

Tile ambient conditions are as follows: 

a, All. average annualambie.nt temperature of 6O"F, 
b. An. atmospheric pressure of 14.7 pounds per square 
inch absolute . 
c, An average aDDual wind speed of 10 miles per hour, 

2.4.2 SOLUTION 

2.4.2.1 Standing Stora.ge Loas 

Calculate the standing storage 10 s from Equation I 
and 2: 

L. (pounds per year) "" [F.D + F,]P·M.K~ (1) 

L. (barrels per year) _ L~ {pounds per year) (2) 
42Wv 

The variab.les in Equations 1 and 2 can be determined 
as follows : 

F, = K,V' 
= 38 pound-moles per foot·year (from Equation 9 

or from Figure 1 for an average-fittillg primary 
seal only, with V = 10 miles per hour). 

Wher.e: 

K, = 1.2 p(Jund-mo]cs per (miles per hour) l.5·foot. 
ye.ar (from Table :3 for a we-lded tank with a 
mechanieal~sboc primary seal) . 

V = 10 miles per hour (gil/eo), 
Il = 1.5 (from Table 3 for a welded tank \,.,itb a 

mechanical·shoe primary seal) . 

D '" 100 feet (given), 

Ft = [( nKn) + (NrJ(,.) + ,., + (Nf~K'k I 
-- 782 pound-moles per year (from Equation 10 or 

from Figure 14, with V = 10 miles per hour) . 
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Figure 8-Roof-Fittlng Loss Factor for Gauge-Roal Wells 

Where: 

NuKn '" (1)[(0) + (0)(10), 
;;: 0 pound-moles per year (f.or aoce s hatches, 

frOom Equation 11 and Table 5 Of from Fig
ure 5). 

Nt2Kt2 '" (l}[(O) (67)(lOt~] 
- 640 pound-mOoles per year (fo:runslotted 

guide-pole we.Jls, .from Equation 11 and Ta
ble 5 or from Figure 6) , 

NnKo - (not t}'pically used) 
... 0 pound-mOoles per year (fOor slotted guide

pole/sample wells, frOom EquatioD 11 and 
Tabl.e 5 or from Figure 7). 

Nr.K'4 == (1)[(2.3} + (5.9)(lOt") 
== 61.3 pound.mOoles pcr year (fer gauge-float. 

wells. from Equation 11 and Table 5 .or from 
Figure 8). 

NfSKfS = (1)[(0.95) (O.14)(lW~) 
= 2.35 pound-moles per year (for gauge-

hatch/sample "''ells . from Equation 11 and 
Table 5 .or frOom igure 9). 

Nrt.Kf6 .. (1)(1.2) + (0. 17)(10) " ~ 
"" 2.90 pound-moles per year (f.or vacuum 

breakers. from Equation 11 and Table 5 
and 6 or from Figure 10). 

NnKrr == (not typically used) 
". 0 pound-moles pet year (f.or roof drains , 

from Equation 1.1 and Tables 5 and 6 or 
from Figure 11). 

NrsKa = (17)«1.5) (0.20){lOto] 
+ (16)[(0.25) (O.067}(10) LO] 

= 74.2 pound-moles per year (for roof .legs, 
{rom Equatioll 11 and Tables 5 and 7 Oor 
fwm Figure 1.2) . 

Nf'lKf9 = (1)(0.71) + (0.10)(1O}1.V] 
"" 1.71 pound-mole.s per }'ear (for rim vent>. 

from quation H and Table 5 or ftom Fig
ure 13). 
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p' = 
PIP. 

[1 - (PIP.))G_S}2 
To ca!crllate tbe tanding wrage loss in pounds per 

year, substitute tbe values above into '{)uatioll 1: {l + 
5.4/14.7 

= 
{l + [1 - (5.4/14_7)] sF 

'" O. U4 (for P '" 5.4 pound per square illCh abso
lute. from Equation 12 or f.rom Figure 16). 

Where: 

T. "" 6O"F (given) . 
T, = 62.5"F (from Table 10 for an aluminum-ool

ored taD k) _ 
RVP = Re-id vapor pressure. 

= 10 pounds per square inch (given)_ 
P ;;:; 5.4 pounds per square inch absolute (for ga~

oline with RVP = 10 pounds per quare inch 
and T. = 62.5°F, from Figure 17). 

P. ;; 14.7 pound per square inch absolute (gillen)_ 

M. = 64 pounds per pound-mole (for gasoline, from 
2_2 .2.4)_ 

K< = LO (for refilled stocks. from 2.2.2 .. 5). 
W,. = 5.1 pounds pe r gallon (from Equation 13). 

L = [(38)(100) + 782)(0.114)(64)(1_0) 
= 33;$00 pounds per year 

To calculate the st.anding storage loss in barrels per 
year, substitute the alues abo e into Equation 2: 

L, = 33,400/ [(42)(5_1») 
= 156 barrel per ye4r 

2.4.2.2 Withdrawal Loss 

Calculate the wilhd rawal loss from Equations 5 and 6: 

L", (pounds per year) = O.943%CWI (5) 

L.. (barrels per year) _ L.. (pounds per year) (6) 
42 WI 

The variabl.es in · quations 5 and 6 can be determined 
as follows: 
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Figure 10-Roof-Rtting Loss Faoto,r for Vacuum Breakers 

Q ... 1.5 X 106 barrels per year (given), 2.4.2.3 Total Loss 
C == 0.0015 barrel per 1000 sq uare feet (for gasoline 

in a lightly rusted tank from Table 11), 
Calculate the totaJ 1 s from Equariol'!s 7 and 8: 

1'9 

W L = 6.1 pounds per gallon (given). L, (p.Jund<; per year) '" (L. + L (pounds per }~) (7) 
D = 100 feet (given). 

To calculate tbe withdraw'31 loss in pounds per yeal', 
substi t tl te the value above into £qua I ion 5: 

L. = [(0 .. 943)(1.5 x 1cf)(o.OO15)(6.1)]/100 
= 129 potl.nd per year 

To calclliatc withdrawal loss in barrels peryear, substi
tute the value abo~'e into Equation 6; 

L. = 129/[(42)(6 1)) 
= 0.5 barrel per year 

- 33 400 129 
- 33,500 pounds per )'C3r 

L, (barrels per year) = (L. + L.,.,) (barrels per year) (8) 
= 156 + 0.5 
= 1 7 barrels per year 

(texl colltimu:d on page 34) 



AFtI F'U!!IJCAJ ION 2511 

'C" 
400 I 

«I 
~. -'" Q. 

I 
• 300 " <;; 

§. -~ 
~ ..., 
Q 
n 
J!1 200 ., 
'" Q 

co 
" ~ 
0 
~ 100 

90% Closed 

oLi~~~~~r=C±~~~=L~~~~ 
[) 5 10 15 20 

Vlfind speed. V (miles per hOur} 

Figure 11-Rool-Filting Loss Factor tor RooI Drains 



Pontoon area ---1r--, 
Cenler area 

4 Double deck="I-I'+I--""""':....---+--------1 

3.inch-diameter 
roof legs 2V2-inc/1-<iiameler , 

rem legs I 

31--------+---7""-+1--+--------1--+----1 

Pontoon area 

Cenier area 

Double deck 

2~--~~----1~----1~-+~~--------_+----------~ 

----. ,-, - -- - -

1 1--------lf----,H--+Jy----:;;;--..c:::;:~-_+---------_I 

OL-~~_L~~~L-~-L~~-L-L-~~~~~L-L-~~ 

o 5 10 15 20 

Vl/'ind speed. V (mites per hOur) 

Figure 12-Roor-Fil1ing l oss Factor for Adjuslable Roof Legs 

21 



22 

~ 

'" ~ 
~ 

<II 
<1 
<I> 
S 
0 

~ 
"0 

'" ~ 
~ 

:< .,. 
Q 

ti 
.E! ., 
~ 

'" '" ~ 
'6 
~ 

50 

I-

f-

I-

f-
40 

f-

I-

f-

f-
SO 

r-

I-

I-

r-
20 

I-
I-

r-

I-
10 

r-
f-

I-
r-

o o 

I 

I 

API PuBLICAflON 2517 

! I I I I , , I I I I I I 
• I -

-
VI 'elghlad mec!h<lllica.1 aCM~liOIl. 

ung<l-skaled I -J 
I -' 

- ! -, 
I 

- ' 
I 

- ' 

Y 
-
- ' 

, 

- ' 
I 

,/ 
, 
, 

-
-
-
-

/ 
Weighted mecl1anfcal actualion. -['M .,,' -

-
-, 

, I I I I I I I I I 

5 10 15 

Wind speOO, V (miles per M~rl 

Figure 13---Roof-Fitting Loss Factor for Rim Vents 



Table 6-Typical Number of Vacuum Breakers. Nrt.. 
and Roof Drains, M, 

~mber of 

ThJll 
Vacuum Break.". N .. 

urn.be, of 
Diameter, 1'01110011 Doublc>-D..:k Roor D['ili n~, Nn 
D (fe~t) ' 'Roof Roof (Do~ble-Deck Roo!)" 

50 I I I 
100 1 I ! 
150 2 2 2 
200 3 2 3 
250 4 3 5 
300 5 3 1 
350 6 4 
400 7 4 

Ie: This. !..1ble \\las deri\'ed from <l. s\lrvey (If uSc,. and ma[liLr.o
Im'.rs. 11le art ual lIumbc. of vacuum breaker. rna!' var)' greatly de
""nding on thl"Oughp~' .00 m3I1u.fru:mring pr~r(lg",j\~. T~e a<;C1!al 
lIumber of mof drains may al vary greatly deperulillg on [lie. desi!l'l 
taialaU lIOd m lIu:filauti~gprer<>gativto_ 'For tiln ' 5 mo,e tlwn 300 reet 
in diamete,., actuill t.llk daln or tb. manufacturer', ,ocmnmemdotions 
n,ay be n~ed.d lor !he Jlunlher of r(>Of dr~i" , . Thi. libt~ Ilould not 
s~pel!e<k ioiorm3Tlon oosed OD ac1ual 13nk dal • . 
" If I,he actual djamote, .. bel"'""o Ihe d,ameleJ, I;"ted . tbe dosc:st 
diameter listed 000 .. 1<1 be used. If the sctual diameter is midw3)' 
""'tween tlte diomcte;rs li,ted, .IIe nC.xt I",.fger diameter $noul<l bc u e~ 

b Roof draio Iba!. dnin excess rainwater into tbo: proo"':1 = .101 used 
On pullloO.n lloali'lg roO I • . They are. Bow"""r. used 0 0 dc>ut>le-deck 
lloatil1& roofs and are Iypicall~' lefl open. 

Table 7- Typical Numbef of Roof Legs. Nrs 

Pontoon Roof umkr or 
nm~ LeBs on 

Dia",eter, Number of Numb., of Double-Deck 
D (fctt ~' POll toon Lef,$ Center legs Roof 

30 4 2 6 
-to 4 4 7 
50 6 6 8 

60 9 7 10 
70 ]3 9 13 
80 15 10 16 
90 16 Il 20 

100 17 ]~ 25 

110 18 20 2') 

12(} 19 2.01 34 
!3(} 20 28 4Q 
140 21 33 46 
150 23 38 S'2 

160 26 42 Ss 
170 27 49 6ti 
18[} 2S 6 74 
190 29 62 &2 
200 3(} 69 90 

21iJ 31 17 98 
220 32 !13 107 
230 33 92 lIS 
240 34 101 127 
250 35 100 138 

26(1 36 11S 149 
270 36 12& 162 
280 37 US m 
'290 8 1~8 186 
300 38 156 200 
31{) 39 168 21.3 
32f1 39 liiI' 2-2b 
330 4Qo 190 240 
340 4] 202 255 
350 ~2 213 27O 
360 4 226 285 
370 4S 238 300 
3S(} 46 ill 3 15 
39[} 47 Ul6 330 
400 48 281 345 

Note , T bi, "'ble 1lI\l' derived from 3 ,lIr'o'¢Y of u,crs and manufac
t\lrer~ - TIw ~ctUllJ number of roof legs may '~ry greatly depending 011 
3ge, 1)'le of fIoa tlng roof, loading $peclf",aliullo, and lI'la IJufacluring 
prerogalh'e" T hi, table mould not supe=.ck informal ion based on 
actual tamk dala . 
• IT Ihe ~otu31 di,amel<'J' is boeL\IIeell the diameler lisled, the clos~SI 
di.arnete' tisted shc>uld be uscd. If tne •. ctllilJ d' .meler .~ mid.wilY 
between tlte di.meto" list<d, the o. •• t Largn diamet er .hould be used. 
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Figure 16- Vapor Pressure Function 
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P = exp {[ 0.7553 - ( T ~1!5~.6)] So 5 IOgLO (RVP) - 11.854 - T 10:;9.6)] So.s 
+ ((T ~::9.6) -2.013] IOglO(RVP) - (T ~~29.6) + 15.M} 

Where: 

P .. stocle true vapor pre~uJe, in pound~ per square inch absolute. 
T '" stocle temperature, in degrees Fabrenheit . 

RVP = Reid vapor pressure, in pounds per square inch . 
S '" slope of the ASTM distillation curve at 10 perc.en t evaporated, in 

degrees Fah rell be it per perce:nt. 

NIl1~' This cqll'liQII W8~ d~*'¢d fro m ~ regression anii.lysis ofp<)illts read off 'gun, 17 A ",'cr t"" full mng" 
of Reid vapor pressures, slOfle.S of [he ASTM di5tiUali.<m ClIn-e at 10 pc.rccnt evapOOItod , aDd stock. 
temperat""",. In general. Ihe equation yiolds P VlII"~ tbM ~.re withi!! ± 0'.05 pouoo per sq" are inch 
.bsoJllle of t"" v.llIes obtained dirGct~l' (rom lbe. nomograph. 

Figure 17B-Eql.lation for True Vapor Pressuf'e of Refined Petroleum Stocks 
With a Reid vapOr Prsssure of 1-20 Pounds per Square Inch 

P = exp {[ (T~7:9. 6) - 2.227] Jog ,o(RVp) - (r ~2:19,6) 12.82} 

Where: 

P '" stock true vapor pressure . in pou.nds per sq nare inch absolute . 
T - stock temperature in de.grees Fll.hreobeil . 

RVP '" Reid vapor pressurcin pounds per square inch . 

Nme ; This e.qlLll ~ioll " s 4eti',<,4 from a regressiotl an" lysis QI poiot read oifFigure 1M ovc>r the lull range 
Df Reid \';ipur pn!SSu:re., slOpes ,0{ the AST'M disliU.atwn ourve 01 10 perc" ... 1 evaporated. and .tock 
temperatures. In ,gener.l. tlte ~qllilt i<:m yields P values 1lI.1 are wilhin 0.05 PQIIfl4 pc r square inch 
absoJutB of t~~ ,allies Oi;ll" il)eo dir~ctly (rom ~ lte nomograph. 

Figure 18B-EqIJstlon fot True vapor Pre-ssureof Crude Oils WrIh a 
Reid ~por Pre-ssure of 2-15 Pounds per Square Inch 
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Tabl!e 9-.Avemge Annual Ambient Temperature (T.) for Seleoted U.S . Locations 

mb",nl 
Temperature 

(degrees 
Lo<;ilt;On RtbreDh~it) 

Alabam~ 
BirmingttiLln 62.0 
Huntsville 60.6 
Mobile 67.5 
MOn 19o1l!ery 64.9 

Ala.k .• 
Ancharase 35.3 
AI\~ctto 45.4 
B~rrow 9. 1 
Barler IsJ"'1<1 9,6 
B~lhei 28.4 
Bell l~ 21.2 
BI~ Delta 27.4 
Cold EI"y 37.9 
P.l irban. 25.9 
OuLk.na 26.5 
Homer 36.6 
JU".e:;l1,1 40.0 
King almo[f 32.8 
~ilid ~7 
KOlzeb\lc M.9 
M Gmlh 25.0 
Nome 25.5 
SL Paul t ,Loo<l 14.3 
Talkeeilla 31.6 

""i<i.kieel 26,4 
Valilez lB. 3 
Y • .km81 3.8.6 

Arizona 
Flag tali 45.4 
Pboonix 71.2 
Thcscm 68.0 
Winslow .9 
Yuma 73.8 

ArUn .. , 
Fort Smith 60.8 
Linle RQck 61.9 
NOrl1i Uule Rock 61.7 

Calilolllia 
Bakers.field 65.5 
B~hop 56.U 
Blue ClfiYOO 511.4 
E:ureko 52.0 
Frc;"" 62 .6 
Loog Beach 63.9 
Los Angel~ (CilY) 65 .3 
Los AngeLes I nlemational 

A irpo rt 62.6 
'Mount ha!a 49.5 
Red Blu.ff 62,9 
SOCfllmento 60.6 
S~o DiegQ 63.11 
San F"",cisro (CiIY) 56 . 
S.n Francisc.o 10tom.I;.on.1 

irporl 56.6 
Santa Baroorn 58.9 
Santa Maria 56.8 
StocktDll 6 1.6 

CoLoradJo 
Alarnoa 41.2 
Color.do pring. .9 

Ambient 
l~mpo"'lur., 

(dcgTttS 
L<:>C<ltL 1\ ThhJenbei!) 

Colorado (oontinuotl) 
Dtnve, 50.3 
G mod Ju.rneliOn 52.7 
PlJeblo 52 . . 

Ccmnecticul 
Bri(lg~p"" 5 1.11 
Harlford 49, 

Dela ~re 
WUminglon 54 .0 

Disl";cl of Columbi. 
Du"~ Airport 53 .9 

ational AifPOrl 57.5 

Florid~ 
Apal..:hioola 68 .2 
Daytona Beach jI(U 
fori My~t'S 73.9 
Gai~>'illc 68 .6 
Jacl<s.onvillo 08 .0 
Ke W05t 17 .7 
Miaill; 75.7 
Orlando 12.4 
Pons..,ao!a 68.0 
T(k\/. Jlasl« 67 .2 
·r .. mpa 72.0 
Vero BCl>C'h 72.4 
we~1 rallll Be~eh 74.6 

Georgi •• 
. l hen$ 61.4 
AtJanta 61.2 

. "g~gUl 63 .2 
Columbu. ~.3 
Macon 64.1 
SavaMah 65 .9 

HS\1,'sii 
Hilo 7;3.6 
Honolulu 71.0 
Kahului 75.5 
Lihue 75.2 

Idaho 
BoiSe 5U 
Lewiston 52 .. 1 
rocatello 46.6 

rII inois 
Cairo 59.1 
C hicago (O'Hare Alrporl) 49.2 
MDH"" 49.S 
i'eQria 50.4 
Rockford 47. 
Springfield 52.6 

Indiana 
Ev.nsvil lo 55 .1 
Fort \V~,oe 49.7 
Indianapo lis 52.1 
Soulh Bend 49.4 

r",,· •. 
Des Moioe.5 49.7 
Dubuque 46.3 
SloW<. City 48.4 
Watorloo 46. 1 

Kansas 
on cordi 

D dge CilY 
GOodland 
'Topeka 
Wicltil a 

Kemucky 
Cindnnall AirpOrt 
Jackson 
be i.llglon 
Louisville 
Paducah 

Louisiana 
Bat"" ROllge 
Lake Clial1es 
N~w Orlean, 
Shr""epon 

Maino 
CariOO\1 
Porlland 

Maryland 
Balt imore 

MMSIlchu5ens 
Blu~ B ill Ob'l'1"rv~tQL1' 
BO.lon 
Woroestcr 

Micttigan 
A lpena 
INtroit 
Flint 
Grand R~pid~ 
Horuglnoll L'lke 
Lan,in,g 
Marquette 
Musk~goll 
Saull S .... inl., Mane 

Minile.ola 
Du]ulh 
IIII~ ",atiQna I Fall$ 
Minneapoli Saint Paul 
Rochester 
Saint Cloud 

Mississippi 
J~t.'kson 
Meridii~n 
lupel", 

Missouri 
Ca1umbia 
Kansa Cily (C'lYl 
K;,n.as CJt)" A irporl 
Sa,nt L-Ouis 
Springfielc.1 

M"'lIana 
B.illitlgs 
GLa~,gow 
Great Fan~ 
HiVo're 
Hel.,na 
K8li'pcll 

rnb, VI 

e mpc-(aturc: 
(degrees 

Fjhr~~ heiO 

53.2 
55,1 
0.' 

54. 1 
56.4 

53.4 
52.6 
54 .9 
56.2 
57.2 

67.5 
68.Q 
68.2 

.4 

.9 
45.0 

55. 1 

48.6 
SLS 
46.8 

42 .2 
~8 .6 
46.8 
47.5 
42.9 
41.2 
311.2 
47.2 
39.7 

:38.2 
](,.4 
44.7 
43.5 
4L~ 

64.6 
64.1 
61.9 

34. 1 
59.1 
56.3 
55A 
55.9 

46.7 
41 .6 
44.7 
4'2 .3 
43.3 
42 .5 
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Table 9-Continued 

Arnbi"nt Ambi" n, 
'fcmpcrllture Tempe rM-~re 

(degt~ {deg'" 
Location fahr<:'Tl~'l) Loc.alion Fa"r~nlw:it) Location 

MOlltana. (romlm.ed O llio (collli'lll d) T.xas (oonlin"cdj 
Miles Cit~· 45.4 a."elillld 49.6 AmarllJo 
Mi,soula 44.] Columbm .R 7 Amlin 

Nebraska DaytOIl 1.9 Brown ville 

Grand lsl~lld <19_9 {<1llsl'eld 49.S C.ori>US Cbristi 

Li~coln SO.5 Toledo 48 .6 Dall8s- For. Word. 

orfol~ 48,3 YoungUown 4 .2 Del Rjo 

mth P latte <Ill.! O klaboma p= 

Ollla~~ (City) 9.- OklahOn1~ II 9,9 G .. lv"ston 
Houston Omaha (Eppley AirpOfl) 51.1 Tulsa 6(U 
Lubbock Mot,,. Bluff 48.5 

Oregoo 1Idland- Od",'Sa Volent ine 46.8 Astoria 50.6 Port Arthur 
evada Sums 46.6 SOD Angelo 
Elko <\6,2 Eugene 52, San Antonio 
Ely 44,4 Medford 53.6 Victori" 
L"" Vegas 66.2 Pc"dlet"Jl 52.5 W""o 
ReDo 49.4 furtlalld 3,0 Wicflin Rills 
\V'IJoemucea 48,8 Salem 52,0 

tJ t ~tl 
~' Hampshire s.,.xtOll Summit 47.7 

MU{ord 
oocore! 4S,3 Pacific Island. s.tt L.t" City 

MOlIn. W.shin s,o" 26.6 Guam 78.8 V.rmont 
N~ k "icy 

Jobll ton lsI~ud 711,9 Burling1Q1l 
A1lantic City (City) 54.1 l'eollS)'lvallia Virgini 
A tlan(ic City (Ai.rpOrt) 5J, 1 AIk:D(()"'n 51.0 Lynchburg Newa rl. 54.2 AvoGi 4'U 

EriC 47: on o.lll 
New Mexico Harri!huTg 53.0 Riehmon'" 

AJooquerql.!e 56_2 
Pbiladdpbia 54.3 Rootlok.e 

layton 52/1 
Ro",,'e iJ 6L4 

P i tlstlllr~h, 50.3 Wa hingcoD 
WilllalRspotl 50,1 Olympia 

New Yorl;. 
Rhode ]slalld 

Quillayme 
AItI1'R)' 47.2 

BIo~k (:stand SO.2 c"!1~ (Oly} 
B'ogJiamlon 45 .7 

Pr4),'id~ncc 50.3 e~tlle Intern!ltion31 
Buffalo 47.6 Airport 
No:w YQ1'l;. (Centr.1 Porl) 54_6 South Carolina Spobnc 
NI'W Yo k (lFK Airport) 53-2 CbllriesR'" (Cil}') 66.1 SCam pede Pass 
New Yort (La Guardia Cb.arl.SIOO Ai.rport 64,8 Walla Wa~a 

Airport) SO CoIII.r.nt>i8 63.3 Yakima 
Rocfl~er 48"[1 Greenvjll<N>pan.nburg /iO.l 

Wcst Virgi.nia SyraCllse 41-7 Soutb Dak"t, BedJe 
NOrth CatO~M Abe:rdee.n 43 ,0 C harleston 

A.hc\,iU. 55.S Huron 44.7 El.kin. 
Cape Hattuas 61.9 Rapid City 4/).7 HUllli~gton 
Charkme 60;0 Sioox Fa lls 45.3 Wiicon;;n 
Oteensb<Jro 57,8 
Rakigh .w.0 ThnDes5ee Oreen Bay 

DriSloh! ol",wn. Ily 55.9 La Cross. Wihningion 6J.4 ("bal tanoog" 59.4 ~adi50n 
orlb D~itola Knox.me 58.9 Milw-.lUkee 
Dismarcl< 41.; il>f.e.mph' 6l.8 V,)'Omulg Fargo 40.5 "5hvin~ 59.2 
WiUi~to lJ 40.8 Oal> Ridg" 57. - Cilsper 

Ch~)'Cnne 
Qflj4) Te,n.~ L~Qder 

Akron 49 ,5 Abilene 64,5 benclaD 

NQle: Tbe data in !his laNe are t~tell frQIl1 COmpilMrill/! l[mack Daw TfrrC~igh 1984, N~[iQf)al Oce~nic 
and A tmospherio Admini tration, MbeviUe. Notlh Carolina. 1986, 

Ambient 
lemperslUrc 

("e~ee$ 
F. i>renbeil) 

57.3 
68.1 
1J.6 
n .] 
66,0 
69.M 
6.1.4 
69.6 
68,3 
S9.9 
63.5 
68,7 
60S. 7 
61U 
70. 1 
67,0 
63.5 

49. 1 
51.7 

~4,1 

56.0 
-9.S 
57.7 
56. 1 

49.6 
48,1 
52,1 

5 ) .4 
47 ,2 
59.3 
-4. ] 

49.7 

50.9 
54.8 
9.3 

55.2 

43.6 
46 .1 
45.2 
4LI 

4.~ . 2 

45.7 
44.4 
44.6 
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Table 1 ~Avefage Annual Stock Storage 
Temperature (T.) as a Function of 

Tank Paint Color 

Tank Color 

White 
AlumiBll1ll 
Gr.y 
Bfad. 

A,u8ge Annual Stock 
StQr~8e Tempe:rntlMe, T, 

(degrees Fal'rrellhdt) 

T. + 0 
T. + 2.5 
T. + 3.S 
T.+ S.O 

Ole: T. - a''erage ann\lal mt>iem temperature, La degree Fahr· 
enh.il . 

Table 11-Average Cllngage Factors, C 
(Barrels per 1000 Square Feet) 

Pf(ldu(:t Stored 

GasolillC 
$;nsle·(t)mponem toeb 
Crude oil 

Liglll 
Ruu 

0.0015 
0.0015 
0.0060 

Shcll Condition 

Derue 
Rusl 

0.0075 
0.0075 
0.030 

Gunile 
J.i Ilillg 

0. J5 
0.15 
0.60 

NOle: if no sJlC'cif", information is available, the .atue in this labl. 
ean De &ssumcd 10 r.presenl lhe lIl~t common Or l)'plcaI condition of 
tanks currently in ~se. 

SECTIONI 3-COMPONENTS OF EXTERNAL FLOATING~ROOF TANKS 

3.1 External Floating-Roof Tanks 

External floating-roo tan s are cylindrical ve sel 
that ha e a roof tbat float on the urface of the liquid 
stock. in addition to a cylindrical bell, the basic ompo
ncnts include (a) a floa ting roof, (b) an annular rim eal 
attached to the perimeter of the floa ting roof, and (c) 
roof fi ttings thaI penetrate the floating roof and serve 
operational functions . General types of these compo
nents , wbich are available in a range of commercial 
designs, are de cribed .in Uti section. Included in these 
descriptions are comments on the potential for evapora
tive loss , as well as SOme design and operational cba.rac
teriSlics . Ot.her fa.ctorS, such as lank maintenance and 
safety, ani imporlant in designing and electing tank 
equipment but are outside the cop<: of this publication. 

3.2 Floating Roofs 
Floating roofs are usoo to control evaporative lock 

loss. The basic de ign concept is to reduce the liquid 
surface exposed 10 evaporation to 8. minimum by p lacing 
a floating roof in direct contact with the liquid urface . 
Evaporative loss during standing torage is then limited 
to the rim-seal system and roof fi llings. Ploafing roof 
are used in volatile stock se !"Vice. for stocks with a true 
vapor pressure at storage condi lions below atmospheric 
pressure (that is. nonboil.ing) . They are avai .l able in vir
tually all commercial tank sizes, from about 20 to 400 
feet in diameter. Methods and materials have been de
veloped to properly seal the annular rim space, which is 
located be·tween the tank hell and the floa ting.roof rim 
and to se.al around the fi ttings that penetrate the floating 
roof. 

Floating roofs are currently constructed of welded 
steel pia Ie and are of three gene ra I type : pan, pontoon, 
and double deck. Although numerous pan-type floating 

roofs are currently in use, the present t rend j toward 
pontootl and double·deck floating roo . Figure J9 and 
20 show an external floating-roof lank with a pontoon 
float ing roof and a double·deck floating roof, respec· 
tively. Manufacture·fS StiPp!}' arious versions of these 
basic type of floating roofs, wbic are tailo ed to em· 
phasiz~ particular features, such as full liqu id contact , 
load-cmying capacity, roof · tability, or pontoon ar
rangement. 

3.3 Rim Seals 

3.3.1 GENERAL 

AU types of floating roofs have an annular space be
tween the tank hell and tbe floating-roof rim to permit 
trllve l of the floa ting roof ithin the tank. A rim-seal 
system is used with all types of floating roof to control 
e\'aporati ve loss from the rim space . Effective rim-se al 
systems close the rim space, accommodate irregularities 
between the floating roof and lhe tank shell, and help to 
center lhe roof, yet permit normal roof mov ment. 

A rim -!>eal system can con ist of One Or t",() separate 
seals: (a) the primary seal and (b) the secondary seal, 
which is mounted abo"e tbe primary seal. 

Three basic types of primary seals a.re currently in 
wide pread use: (a) mechanical shoe (metallic) , (b) reo 
Bient filled (nonmetallic) , and (c) flexible wiper. "''0 

ba ic config\lfat[ons of seccondary !ieals are currently 
available: hoe mounted and rim mounted. In addition, 
some rim-seal ~r terns include a ",'Cather hield. Other 
types of prima.ry and secondary seal have been or are 
being deve loped , but these rim seals are not presently in 
wide tse . A number of pecitic types of rim seal and 
''''eather shields, whlch re.pre ent most of lhe rim-seal 

tern currently in use, are described in 3.3.2 through 
3.3.6. 



,r--~ Wind girdat 

Access atch 
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r--- AoCling ladder 

Gauge--t\Pt4;h1 eamp1e w91i - --> 

Gallge·!loat well 

Guide pole 

Gauger's plauorm 

Figure 19--External Floating-Rool Tank With Ponl.Qon Floating 'Roof 

,Factors u.~.d to detenninc evaporat ive los (see 
2.2.2.1) have been developcd on ly for rim-seal system 
with mechanical-shoe and resilient-fill d primary se'll . 

Proper attention should be given [0 the seketion oCthe 
material!; used in the construction of rim-seal ystem: 
because of the potential for chemical incompatibility 
with ~he stored product. 

3.3.2 MECHANICAL-SHOE PRIMARY SEALS 

1cchanical- hoe (or me Lailie) primary seals ha e 
been in wide usc for many years. Figure 21 hows a 
lypical mechanical-shoe primary seal. The identifying 
characteristic of [his rim seal is lh.at it uses a ligh t-gauge 
metallic band as the sliding contact. wi th the tank she 11 . 
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Wind girder 

Rim Y8f11 --, 
r-- V,acuurn breaker 

emergenc~ 
moj drain - - ----. 

Gauge ha1cf1lsampIG well 

'---- Roof leg 

Figure 2o-Extemal Floating-Roof Tank Wi1h Dooble-Dack Floating: Roof 

The metallic band is ~upported and held against the tank 
hell b a ~Il ech an ieal devioe . The mechanical device 

varies with different man ufacturen: . The band is formed 
of sheet (hoe) and may va ry ill size with different 
manufacturer . The shoe·s are joined together to form a 
riug. The sboes are l'IormaUy 3-5 feet deep and thus 
provide a potentially large contact area with the tank 
sbell. ExpaIlsion and contract ion of the ring isprovide-d 
fo r as t.hc ring passe oller shell irregularities or ri els. 

This is accomplished by join ling narrow pieces of rabric 
into the ri ng or hycrimping the shoes at intervals. The 
bottoml> of the shoes ~tend below the I.iquid surface to 

conijne the rim vapor spaoe between the shoe and the 
floating-roof rim. 

The rim vapor sp;Ioe, which is bounded by the shQe, 
the floating-roof rim, and the liquid surface, is sealed 
from tbe atmosphere by bolting or damping a coated 
labrie, caned the prima y·seal fabric, that e·xtends from 



the shoe io tbe ri m. The sped IC type of fabric lIse.d 
v~ries with the tank m an\lfac-turer and the type of er
VIce. 

~o lo~ati.oDs are used for anaching the primaE -seal 
fabnc. With the most rommonly used method, tbe fabric 
~ attac,hed to the top o;f the shoe and the f1.oa ting-roof 
r~: WJth the reducoed-nm-vapor-space method , the fab
.rlC is attache.;! to the shoe and tbe floarhlg-roof rim near 
the su~ace of tbe stored stock. These t .... ,o position of 
the pnmary-seal fabric are shovm in Figure 21. Rim 
vem (see 3.4.10) can be used to relieve any excess 
pressure or acu um in the rim Vlip<lr space. 

1ecbanieal-shoe seals are usually designed to accom
modate a local variation of _ :5 in.ches in a normal S-inch· 
wide rim space, Different design details are iwailabl.e for 
tanks wi l.h large diameters or with rim spaces wider than 
!l inches. Tne shoe sealing ring and mechanism ordi
n arily provide sufficient flexibility to aocomm odate 
nominal irregularitieli in the tank shell. Mech an kal-shoe 
5eal~ COIn easily be fitted with .... "eOlf pJales for longer 
service life in rivete-d tanks. 

In norrn;tl use (tllat is, when the float ing roof i kept 
contin\lously floating) mechanical-shoe seals bave a 
good service life. l:n general , the primary-s.eal fabric 
begins to show signs of aging before Ihe metal.li.c parts 
show wear. Where mechanical-shoe seaJs are used with a 
corrosi ve product or with unusual operating practices, 
such as when the underside of the floating roof is fre
quell.ll ' exposed to air, corrosion may be severe . In such 
sentice, the u e of corrosion-resistant metals OT peciai 
coatmgs can be advantageous. 
. Since tbe i?tegrit}' of the· enclosed rim apor space is 
Im~rtanl With respect to controlling evaporative loss , 
repair of boles and other defe.ct 'n the rim-seal system is 
desirable. 

Tl!tlk snQII 

Rim 
v .. Jl(Ir---H\- ..... 
space \ 

Liquid 1eveI1-U ........ 

locallon ot primary-seal fatwlc 
vanes wJI!I'I ml!tluf~urM 

I 
/ 

~-Aim 

~shQe 
Figure 21 - Mechanfcal-Shoe Primary Seal 
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3.3,3 R.ESIUENT-AlLED PRIMARY SEALS 

. Resilient·filled (or nonmetallic) primary se.aLs have 
Increased in populMity Over the years . The identifying 
characteristic of this type of ri m seal is t.he use of an 
ela~tomer-ooaled fabric envelope as the. sliding contact 
~ith the tank shel~>a~ ~hm .... n in Figure 22. The eoveLope 
IS expanded b}' belIlg fllied with liquid, resiJient foam, or 
gas, thus providi IIg contact wi th the lank shelL Th.e seal 
. attached to the rilTl of the float i IIg roof so that it eitJler 
touches the liquid surfa.ce (liquid mOllnted) or allows for 
a rim vapor space between the liquid and tbe seal (vapor 
mounted), Tanks with resitient-filled se-als are often 
equipped witlla weather shield or a secondary seal. 

The main advantage of tbe resilient-filled seal is its 
flexibility. The fabrics used fo r the envelope are much 
more nexiblc than arC mecbanical-sltoe eals, so then! is 
better conformit to the tan.k sbell. Most resilient-fi lled 
seals are deSigned to aocollunodate a normal variation of 
± 4 inches in 11 normal 8-inch-wide rim ·pa.oc . Different 
design details arc avai la ble for tanks with large diame
ters or with rim spaces wider th an 8 inches . 

Si.nce they are less a bTasive than mechanical-shoe 
seals, resilient-filled seals are typicany used if an interior 
coating bas been applied to the tank shell. However, 
~ in~ the envelope rllbs against the tank sheU, pro
Jection from t he hell, . uch as rivet heads or weld burrs, 
ma cause .... -ear and reduce the sc'rvice life of thlsseaL 
Projections that m:ght damage the envelope should be 
removed , 
Vapor-mo~1Il ~ed seaJs nave an associated rim vapor 

space , wblch lends to contribute to evaporative loss. 
Also since these rim &eal have a rela I.ively snort vertical 
area i.n contact wit j the tank sheU (compared with me
chaniC<lI·shoc seals) gaps between the· rim seal and the 
lank shell tbat commLl.nicate witb lhe rim vapor space 

~a'her shield 
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Sealen ... mp 11118(1 1111:111 
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Figure 22-Res ilient·Fitied PrLmary Seal 
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permit additional evaporative los'S. On the other hand, 
vapor-mounted seals are not subje.ct to deterioration 
(rom oootact with the liquid stock surface. 

Liquid-mounted seals. hicb loucb the, liquid surface , 
significantly reduce evaporative 10 • However, coal.ed 
fab~ in contact with hydmcaroon products, es~ialiy 
those with high aromatic contenl have in SOme cases 
experienced reduced life or required increased mainte
nance . Recent advances in synthelic compounding have 
resulted in fabriCl; ",.jth increased compatibility with hy
drocarbon products. Se,al manufacturers c.an recom
mend the most suitable envelope fabric for particular 
applications. 

Although resil'ient-fi lled seals have not been in service 
as long as mechanical-shoe seals, they too aJ'e known to 
have a good service life. nUke mechankal-sh.oe seals, 
resilient-fill.ed eals bave only a few metallic parts that 
are subject to corrosioIl. 

3.3,4 FLEXIBLE-WIPER PRIMARY SEALS 

Flexible-wiper primary eal ' have been develope(\ in 
Iecent yea rs . . he identifying characteristic of this type of 
rim seal is its use of an elastomeric blade a the sliding 
oontact with. the tank shell, as hown in FiguJ'e 23. The 
flexible-wiper seal bridges the annulus between the 
floating-roof rim and the· tank shell and uses its own 
stiffne s or mechanical mean to push the eal against 
the tank shell. 

n advantage of this type of rim seal is its flexibili ty. 
The wiper is usually more flexible tban are mechanical
shoe se~ls, SO there may be better conformity to the tank 
shell. The flexible-wiper seal is u~ually mounted above 
the liquid to avoid any potential deterioration from liq
uid contact. Most fle.xible-wiper seals are designed to 
accommodate a local variation of about _ 4 inches in a 
normaI8-inch-wide rim space. Special details may be 
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Figure 23--Flexlble-Wiper Primary Seal 
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required for tanks with large di.ameters or wit.h rim. 
'paces wider than 8 inches. Some flexible-wiper seals are 
designed to reverse wben the floating roofs direction of 
travel reverses, as howD b}r the dotted line in Figure. 23. 

flexible-wiper seals have an associated rim vapor 
space , hidl tends to contribute to e\'a.porative 10 s. 
Depending on the lengtb of the. ertieal con tact area 
betwee.n tbeOexi ble wiper and the I anI:: hell , gaps be
tween the rim eal and the tank hell permit additional 
evaporative loss , ince the lead directl . to the rim vapor 
space . 

Because flexible-wiper seals have be n used for a re la
tively short time , theexpe.cted !>ervicc life is not welJ 
defined. As is the case for resilient-fiUed seals, the non
met<lllic part~ of flexible-wiper seals are not subject 10 

corrosion. 

3.3.5 SECONDARY SEALS 

Seoondary s.eaL<i can generally be divided into two 
categories: shoe mo unted (see Figure 24) and rim 
mounted (see Figure 25). Rim-mou nted secondary seals 
are more effective in reducing losses because the cover 
the entire rim vapor space . Shoe-mounted econdary 
se.als which are used only with mechanical-shoe primary 
seals, are effective in rooudng losses from gap between 
the sboe and tank shell but do not re(!uce 10 ses cau ed 
by defect in the primary-seal fabric . 

Sec{)ndary seals are usuaUy made from fabric or elas
tometic materials. sometimes reinforced ith metallic or 
nonmetallic stiffeners or guided by external attach
ments. Some secondar eal are designed to reverse as 
the floating roofs direction of travel reverses, as shown 
by the dotted line in Figure 25 . For secondary ~cals to be 
effective , they must maintain contact with the tank shell . 
Thus , the use of a secondary seal may reduce the effec
tive capacity or the tank . 
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Figure 24-MechanicaJ-Shoe Primary Seal With 
Shoe-Mounted Secondary Seal 



Properly firted shoe-mounted secondary seals are 
known to provide 8 good service life. The service life of 
rim-mounted secondary seals has not yet been deter
mi l1ed because of their recent use . 

3.3.6 WEAtHER SHtELDS 

When floating roofs rh.at have a resilient-filled p ri
mar seal are not equipped with a secondary seal, most 
are ftl nished \V ith weather shields, as shown in Figure 
22, Weathe r shie ld are usually of a leaf-type CO/lStruc
tioJl and bave numerous radial jOints to allow for move
ment of the floating roof and jrregulari ties in the tank 
shell. Weatber shields may be of metallic, e lastomeric, 
or composite con truotion , They a re nOTlllaUy attached 
to the floa ting roof with either a mechanical or a pliable
hinge connection. Weather shie Ids generaU}' provide th e 
primary seal wi lh longer life by protecting the primary
seal fabric from deterioration dne to e~u:re to 
weathe r. de bris, and sunlighL 

3.4 Roof Fittings 
3.4.1 GENERAL 

Numerous fi ttings pass through or are attached to a 
floating roof to (lliow for operational functions . Roof 
fittings can be a source of evaporative loss when they 
req uire openings in tile fl.oating roof. Other acoes!>Ories 
are u cd lliat do no I penetrate the Doating roof lind are 
thus not sources of evaporative loss. The mOSt common 
fittings that reqtlire openings in the floating roof are 
described in 3.'1 .2 through 3.4.10. 

3.4.2 ACCiESS HATCHES 

Figure 26 shows a l.ypiea.1 access hatch, which ('"'OILSisrs 

of all opening in the Hoating roof with a peripheral 
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vertical weU attached to the roof and a reH1QllabJe cove·t. 
An IICCX:ss hatch is ~ized to provide for passage of workers 
and materials through the floating looffor construction 
and maintenance. The cove·r can rest directly on the well, 
or a gasket caIl be use.d between the cover and the well to 
redllc:e ellaporative loss, Bolting tbe oover to the ""ell 
further reduces evapo ative 10 s . 

3.4.3 UNSlOTIED GUIDE-POLE WELLS 

Figure 27 shows a typical uns.lotted guide-po]e well . 
Antirotation devioes are used to prellent floating roOf5 
from rotating and damagin.g rolling Jadders, roof-drain 
sy;stems, and rim" seals and from interfe-riog with float 
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Figure 27-- Unslotled Guide-Pole Well 
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gauges, One commonly used <lntirot<ltio[l device is a 
guide pole tha t is fi!lied at tne top and bottom of the tan k .. 
The guide pole pas~s through a well on the floating roof. 
Rollers attached to the top of the weU ride on tbe outside 
surface· of the guide pore to prevent rotation of tbe float
ing roof. T11e guide-pole well bas <l sliding cover to 
accommodate limite·d radtal movement of the roof. TIle 
sliding cover can be equipped wi til a gasket betv.1een tbe 
glljde pole and the cover to reduce evaporative loss. The 
gu.idc-pole well can also be eq uipped v.ith a gasket be
twecn the sliding cover and the top of the "",ell 10 reduce 
evaporati ve loss. Openings al the top and bottom of the 
guide pole provide a means of hand gauging the tank 
level and of tak.ing boHom samples. 

3.4.4 SLOTTED GUIDE-POLEISAMPLE WELLS 

F I,gure 28 sttows a typical slotted guide-pole/sample 
well. In this application, tile wall of tbe gLljde pole is 
cons! meted wit.l1. a series of boles or slots t.hat allow tbe 
product to mix freely in the guide pole and tbn ba e tbe 
same composition and liq Il id level as the product in the 
tan.l" To reduce cvaporalive loss callsed by these ope,n
ings . a p movable Ooa t is sometimes placed inside t.he 
gu.idc pOle. 

3.4.5 GAUGE-FLOAT WELLS 

Figure 29 shows a typical gauge~Doat welL Gauge 
Ooal are us.ed lo indicate t ile level of tock within the 
tank . They usually con is! of a float cont ained within a 
well that passes through the floa ting rooL TIle float is 
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connected to an indica tor on the exterior oithe tank by a 
cable or i ape that passes through a guide sy 1em. The. 
""'ell is dosed by a CQVeT that oOJltains it hole through 
which the cable or tape passes. Evaporative loss can be 
reduced by gasketing and/or bolting Ihe cover to lhe 
well . 

3.4.6 GAUGE-HAICHfSAMPlE WELLS 

Figure 30 show~ a typical g<luge·batcl sample well. 
Gauge.hatch/sample wells provide access for hand gaug
ing the level of stock in the tank and for taking thief 
samples of tbe tallk contents. A gauge-hatch/sample well 
consists of a pipe leeve througb the (tost.ing roof and a 
self~c1osing gaketed cover. Gauge hatch/sample wells 
are usuall located under the gauger's platform, which is 
mounted On the top of the tank shell. Tile cover may 
have a cord attached '0 that it can be opened [rom the 
gauger's platform. A gasketed cover will reduce evap
orative losses. 

3.4.7 VACUUM BREAKERS 

Figure 31 hows a t pical \'acu:um breaker. A vacuum 
breaker is used to equalize the pres ure in the \'apor 
spaoe beneath the f10ati ng roof wilen lhe roof is either 
landed on its i.e:gs or floated off its legs. Thi is accom
plished by opening a rooffi t ling . usually a ",ell formed of 
pipe Oil which restS a cover. A guided leg i attached to 
the underside of the cove]" and comes in contact with the 
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011 the stock. When the· leg j in contact with the tank 
bottom, it mechanical! opens the va.cuum breaker by 
lifting the cover off the well, When the leg i DOl in 
contact wi th tbe bottom. the openill8 is closed by tJle 
cover resting on the well, Some "'flCUllm breakers have 
adjustable legs to permit changing Ihe roof level at which 
the leg COntacts the bo t 10m, Since the purpose of the 
va-cuum brcake r is (0 allow the freeexcbange of air or 
vapor, the well docs not ext/Hid appreciably below Lhe 
bottom of the floa ting roof. A gasket can be used to 
reduoe the evaporati ve loss when th . cover is ea ted on 
the welL 

3.4.8 ROOF DRAINS 

Roof drains permit removal of rainwater from the 
surface of floating roo[s, TWo types of float ing·roof 
drainage s},stc.ms arc currently used: closed and open. 

Closed drainage s stems carry rainwater from the ur
face of the floaling roof to the ou t ide of the ta nk 
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til rOl.lgh a flexible or anicul.ated pI plng system or 
t llrol,lgh a flexible hose system located below the floating 
roof in the product space. Si lice product docs not enter 
tbh dosed drainage system, there is no a oeia Icd evap
orative loss . 

Open dra inage syste tn pe rmit drainage of rainwater 
from the surface of the floating roof into t lie product. 
Roof drains in the..'Ie s}'stems cOil i t of an open pipe that 
extends a short distance be.low tbe bottom of the 1loating 
ooL Since these drainpipes are filled with producl lO lhe 

product leve l in the tank, evaporative ~oss occurs from 
the lOp of the dra inpipes. Open drainage S} (ems can 
only be used on double-deck float ing roofs , 

Two type~of roof drains are currently in common usc. 
j n open dm in age sy te,m : fl u h drains and overflow 
drains . Flush drains have a drain opening th.at i flush 
with the top surface of tbe double deck, The permit 
rai nv.ate·r to dra in into the product. ave rOo drains 
consist of a drain opening lhat i ,elevated above the top 
S'urf~e of the floatlng rooL 0 erOow drains limit the 
maximum amoullt of rainwater that can accumulate on 
tbe floating roof and are thus used 10 provide e mergenc 
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drainage, of rainwater, They are normally use<l in COll

i unctioo wi lh a closed drainage system 10 carry rainwater 
to the outside of the tank . Figure 32 shov.'s a typical 
overflow roof drain. 

For pontoon Hoaling roofs, proprjetary drain design 
that employ manOmeter or membrane seals are available 
but are not commonly uwd. 

Some open roof drains are equipped with an insert to 
reduce the evaporative loss. Care must be taken in the 
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Figure 32-Overflow Roof Drain 

design and u e of the in er1 to a\loid impairment of Ute 
fining's drainage ability. 

3.4.9 ROOF LEGS 

Figure. 3 shQ\ a typical 'ooC leg. 0 prevent damage 
(0 fitti 11 0 located be neath the floa ting roof and to a 110 
c lea ra lice for ta n k cleaning or repair. roof legs are pro
vi ded to bold the fio<lting roof at a predetermined dis
tance above the tank bottom when the tanK IS emptied. 
The larger the diamete of the tank, the greater the 
n l! in be r of Ie reqll ired. Roof legs generally con ist of 
an ad ju ta ble pipe leg t hat passes through a slig.htly 
larger dislUe ler ve n ic..'ll pipe leeve. Tile sleeve is welded 
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EVAf'ORATlVE Loss FROM EXT~RNA FLo",YING-A.:lOF TANKS 

to the floating roof, extending both above and below it. 
teel pi.ns are pa:;;sed through boles in the leeve and leg 

to perm it height ad jU8tmellt. TIle length of the sleeve 
a bove the Hoati ng roof ark , depending on it location 
011 Ihe roof. Evaporative loss occur in the allllulus be
tween Ihe leg alld its stee ' 

3.4.10 RIM VENTS 

Figure 34 shows a typic,al rim vent. Rim vents are 
normally supplied only on tank equipped ~ itb a me-

chanical-shoc primary seaL The rim vent i connC1:ted to 
the rim ~'apo r sp:li.ce by a pipe and releases any eJ(oes~ 
pressure Or vaCuum tha t is present. The rim vapor space 
is bounded by the floa ting·roof rim , the primary-seal 
hoc , the liquid surface. aod the prim.ary-seal fabric , as 

shown in Figure 34. Rim venl usually consist of 
weighted pa.llets that re,! on ga keted surfaces. 

SECTION 4-DETAILS OF LOSS ANALYSIS 

4.11 Introduction 
rom 1976 til rough 1979. extensive test were con

ducted to de termine los es from external Ooatlng-roof 
tank with various rim-seal ystem . 1.0 ses were meas
ured in a covered floating-roof Ie t tank, 20 reet in 
diameter, designed and instrumen ted to ludy Ihe inde
pendent effect of different rim-seal stems and their 
tightne , product types and apor pressure , rim-space 
temperatures, atmospheric pressure , and ambient wind 
speeds on e aporaljve loss. Losse were measured di
rectly b monitoring both the airflow rate induced Over 
the floating roof and the hydrocarbon concentration in 
the inlet and outlet air. using an air velometer and a 
flame-ion.ization type of hydmcarbon an.alyzer, respec
tively. 

T exam.ine the effects of varyi:ng tank diameter and 
field oonditions, losses were measured in external f1oa t
ing·roof fie ld tanks. Losses from the fie ld tanks were 
determined indirectly by measuring the change in liquid 
density over a long time period. Extensive v.'Ork was 

performed that demonstrated the equivalence of the 
direct and indjrec~t techniques for measuring evaporative 
to!)"!>. The test·tank and fie ld-tank data ""'ere related by 
comparative studies of the test conditions. 

Additional testing ineluded measurement of Ios.~ 
from product eli ngage. to tbe tank s.hell (using a test 
.. pparatus) laboratory .. od field investjgations of wind· 
induce·d pressure d ifferenti .. ls, therm .. 1 mi in,S of tank 
contents . and surveys of tb e teld condition of exi ting 
rim a1. 

-rolll 1984 througb 1985 evaporative-loss tes t were 
performed on a large variet of general type of roof 
fittings . These Ie Is were conducted u ing a bench·scale 
Ie I apparatu that incorporated a wind tunnel to imu
lale ambient ind effect . 

All of the work described above , in addil ion 1.0 rele
vsm tudies t.hat were part of API' interne.1 fl.oating-roof 
test program, was considered in tile d dopmenl of 

tbe loss·esti mation metbods and factors described in 
Section 2. 

4.2 Loss Mechanisms 
4.2.1 oeHe.RAL 

Every liquid stock bas a finite vapor pressure, depend
ent on the surface temperature and composition of the 
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liquid, that produce a tendency for tile liqu id to evapo
rate. hrougb e aporation, all liquids tend to establish 
an equilibrium concentration of vapor above the liquid 
surface . Under completely static conditions, an. equilib
rium vapor ooncenl.ration would be esla blisbed. after 
which no further evaporation v,'Ould occur. However, 
external floating-roof tanks arc exposed to dyna.mic COIl

ditjons that disturb this equilibrium, leading to addi
tional evaporation. These dynamic condirions ate re
~ponsiblc for contin ued evaporation, resuJting in stock 
loss and atmospheric emissions. 

Evaporative losses from external floating-roof tanks 
pritnarily occur during standing storage. Sour~ of 
standing storage loss include. the rim-seal system and 
fitting penetration through the floating roof. Rel.atively 
minor I es re~ult from evaporation of liquid that clings 
to the tank shell a tock i withdrawn from tbetal1k . 
Howeve ,e I reme!}' fre.quent tll move r of 1 he stoc·k in the 
tank can increase Ihe ignificance of tltis withdrawal loss. 

4.2.2 RIM-SEAL lOSS 
The mechani IllS of apor 10 from the rim seal a e 

complex. However, wind has been found to be the domi
nant factor in inducing rim- al vapor I es . Wind tun
nel tc~1s have shown that the air that flows up and 0 er 
the tOp of a floa ting-roof tank produces a low-pressure 
zone above the floatin roof on the upwind ide of the 
tan k. This resu.lts in air from the downwilld side of the 
floating roof moving around the circumfercnce of the 
floating roof above the rim ~al. A steady wind thus 
e tablishe~ pressure differen ti al. across the floating 
roof, with higheT pressu.res on the downwind side and 
lower pre slire on the upwind side. ( baracterization of 
the ind-induced pref>Sure differentials provided a 
mean of con erti.og airflow rates th rough the covered 
test laok into equivalent wind peeds for external float
ing-roof lank , a discussed in Appendix B.) 

The differential pressure and airflow patterns estab" 
lishcd across a floa ting roof are re poosible for wind" 
induced losscs in two basic ways: In one case, t.he pres
sure differentials t..'-l.use air to Cntcr any continuous rim 
vapor space beneath the rim seal on the downwind side 
of the floating roof. This air then f10wscircumferentially 
through the rim vapor space , flushing an air-hydrocar
bon mixture out past the rim ~al on the upwind (low
pressu Ie) side of the floati ng roof. This action reduces 
Ihe hydrocarbon concentration in the rim vapor space, 
o more liquid evaporates to re.establish more nearly 

equilibrium conditions. The magnitude of this wind
induced los depends on the tightness of Ihe rim-seal 
system and the presence of any gap between the rim seal 
and. the tank hell. 

If no continuous rim vapor space exists between the 
rim seal and t.hc llq Il.id, the air now pattern described 

above does not apply. In this ca~, the wind flowing 
above the rim seal produce turbulence in the air that is 
present in any gap belween the ritll seal and the tank 
shen. TIlis turbulence causes [resh air to mix with the 
hydrocarbon vapor itllin the gap , re u lling ill a reduc
tion in the hydr<X<lrbon concentration with in the gap a rid 
causing more liquid to evaporate to reestabH h more 
nearly equilibrium condition. he magnitUde of this 
wind-induced loss depends on the area of the rim -seal 
gap and the depth of the vertical contact area between 
the rimeal and tbe tank sbell . Thi mechani m can also 
contribute to 10 e from rim·" 'al sy tern tllat have a 
continuous rim vapor pace. In general , lower wind
induced los es OCCur from rim seals with mall gaps and 
from those with a I.arge vertical COntact area belween the 
rim seal and the tank shell . 

To a smaU extent, the wind-induced evaporative losses 
may be a function of the height of the floa ting roof in the 
tank. HOVoiever, for operating field tanks, this loss varia
tion is not considered significant. 

Other potential 10 mechanism~ include the expan
ion of gas in tbe rim vapor space attributa ble to changes 

in temperature , pre ure, or both (thai is , breathing) 
and tbe varying solubility of gase , uch as air, in the rim
pace liquid a a function of temperature and pressure . 

Breathing in the rim apor space can occur as the 
pre ure or t.empe.rature (or both) .of the rim vapor 
cbange . As the vapor temperalure illcreaseor the 
barometric pres ure decreases, an alt-hydrocaIbon mix
ture can be expelled from the rim '.rapor pace. A . the 
vapor tempe mtu.rC decreases or the barometric pre Slife 

increases, fresh air can be drawn into the rim vapor 
space. This causes further evaporation and can also re· 
suit in vapor being expelled fr-om the rim vapor space. 
The degree to which the vapor is contained in or expelled 
from the rim vapor space durillg temperature and pres. 
sure cba nges is a function of the tightn ess of the rim ·seal 
system and the pressure and vacu lim se.ttillgs of any rim 
vent on the floating roof. 

Cbanges in tbe temperat Ute .of the liq uid in the rim 
space or the barometric pressure can cause air 1.0 dissolve 
in or be evolved from the liq uid. As the Hq uid tempera
ture inerea es or the barometric pressure decrease (or 
both), the air SOlubility generally dec rea es , and air 
evolves from the liquid in the rim space. As air leaves tbe 
liquid, it carries with it some hydrocarbon vapor. 

In the test tank, the wind speed was varied to deter· 
mine the effect of wi nd-induce(! losses. The temperature 
.of the vap r and liquid in the rim spa.ce and the atmos
pheric pressure ..... 'ere varie,d in some of the tests to exam
ine the breathing and solubili ty Ims mecbani ms. The 
standing storage rim-seal loss factors pre ented jJl 

2.2 .2 .1 were developed b averaging test in wbich some 
or all of these 10 . mecll anisms occurred. Therefore. aJI 



of these- loss mechanisms are accounted for in the loss 
factors used with the loss eq uation given in Sc.ction 2. 
Funhermore, when tests i.n which only the temperatures 
Qf t tle vapor a nd liquid in tile rim space and the atmo
spheric pressure \""ere varied were compared with tests in 

nich these parameters were held constant, no signifi
cant di.fferences in los e·. were Qb~erved. Therefore , the 
breailling and solubility loss mechanisms were Judged to 
have a negligi ble effect on losses_ 

Other possible loss mecbani ms include permeation. of 
the ealing fabric b vapor and wi.cking of the liquid in 
the rim space up Ute tank shell into can lact with the air 
above the rim sea\. Seal fabrics are glrnerally reported to 
have very low permeability wilh respect to typical hydro 
carbon \ Pd POrs, so this source of lo~s is not considered 
significant_ However. if a seal material is u e-d that is 
highly permeable to the vapor fNUl the stored stock, the 
rim-<se,alloss could be signi ficanlly higher II an that esti
mated from the rirn-sealloss equ.atiO'n in 2.1.2. Wi.cking 
doe nol occur to' any a ppreciable extent, and Ill. us Ihi 
loss is alsO' negl.igibJe. 

4,2,3 ROOF-FIniNG LOSS 

fi ttings that penetra Ie th.e floating roof are PO'lenti al 
Ollrce5 of 10 beeause I:he can req Il.ire openings that 

allow for communicaLio.n betwee n the stored .Iiq uid and 
the O'pen space above the. floa ting roof. Although suel! 
openings are routinely seallOd, the design detail~ of roof 
fittings generally preclude the use ofa completely vapor
tight seal. As a result, sOme of the mechanisms discussed 
in 4_2_2 for rim-seal losses can cause losses from roof
fitting penetrations- Thel>e mechanisms inchtde ve.nical 
mixing. resulling from diffusion or ail' turbulence., of 
vapor thlOUgh any gaps between tbe roof-finin.g seal and 
the fitti ng ~ e-xpansion of any vapor spaces directl}' below 
the fitti ng seal, resulting from temperature and pressure 
changes; va.yiog solubility of gases in tbe liquid directly 
below {be fitting seal; wicking or liqujd up the roof 
fi fling; and permeation of any filti.lIg seal O'r gasket by 
vapor. 

Th.e extent to which anyone of these mecltanis:ms 
contributes to the total roof-fitting loss is not known_ 
The relative i:rnportance of the various mechanism 
probll biy depends on tbe type of Toof fitting and the 
design of the fitting seal. evertheless, the roof-fitting 
loss factors in 2.2.2.1 account for the-com bill.ed e fleet of 
all of these mechanisms, 

4.2.4 WITHDRAWAL LOSS 

As the Hoating roof descends du.ring stock with
drawal, some of the liquid stock clings to the inside 
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sU.rface of the t.ank shell and is exposed to the atmo· 
s;phere. To the extCnt that this clingage evaporates be· 
fore the expo~ed shell area is agaill covered by the as
cending fl(Y.l. ting roof during a sub£equent filling, 
evaporative loo.~ re;sults_ 

4_3 Data Base for Loss Correlations 
4.3.1 STANDING STORAGE LOSS DATA 

Of the test-tank data . 106 dataets had information 
relevant (0 an evaJuation 0 ~he effect of tank construc
tion and type of rim-seal system, wind speed, stock 
vapor pressure , and product type on tlle Slandi.n.g storage: 
loss .. Of these data se I;S, 44 could be used directly in the 
development of the rirn-~al 10. s factoJS. Although the 
test tank wa~ welded, ~ome of the te~ts performed cov
ered tbe gap-area range,~ observed for rim seals ill ri
vete<! tanks . The types of rim-seal y terns that were 
ured in these tests a re listed below. These-systems repre
sent the vast majority of thosecune.ntly in use. 

n. Mech an ical-shoe seal: 
L Primary only_ 
2, Shoe-mounted secondary. 
3. Rim·mounted secondary. 

b. Liquid-mouJlted resll~ent-filled seal: 
L Primary only. 
2. Wea tlle r shield. 
3. Rim-mounted secondary. 

c. Vap<lr-mounted resiliellt-filled seal; 
1. Primary only_ 
2_ Rim-mounted secondary_ 

During the tests conducted irl the lest tank , the airflow 
ratc was varied to simulate equivalent wind speeds of 
2-15 mi.\Cs per hour. TIle stock true vapor pressure was 
varied from 0.75 to 9.25 pou.nds per square inch abso
lute_ The stock liquid used in mOSt tests was 3 mixture of 
n -octane and propane_ 

To evaluate the losses from various types of roof fi t
tings, data from 52 bench-scale tests were evaluated_ 
During there tests, the stock true vapor pr~~ure ranged 
from 1. 3 to 8.4 pounds per square mcn ab&<>lute_ M()~t of 
the tests """ere conducted with II -hexane., but mixt\! res of 
n-octalle a nd propane, we re also used_ In addition, sur
vey information Ofl the flum ber of valiou types ·of roof 
fittings typically used as a function of tank diameter was 
compiled and evaluate<!. 

To determine the effect of tank diameter on standing 
storage loss, data from a total of 16 field tanks were 
evaluated. Losses from three or these tanks, w hieh 
ranged i.n diameter from 35 to 152 (eet, were preciseJr 
measured. and e;v;tensiwl supporting data on tan.k con
struction . rim-seal system, aod ambient conditions were 
collec,ted . The other 13 field-tank tests used slightly less 
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precise instrumelltation alld included sOmewhat I.ess 
complete data on the fie ld tanks, wbich ranged in diame
ter from 55 to l53 feeL 

To relate test-tallk r im-sea l c{)nd itions to actual fie ld
tank rim-seal conditions. data from more thall 400 mea
surements of field-tank rim-seal gap areas 'Here 
analyzed. This analysi determined the frequency of 
oc-curreDce of various ranges of rim-seal gap areas in 
operating external floati.ng- roof field tank . 

Additional data analyzed included tank ternpe.rature 
data to determine the effects of paint color 011 stoc,k 
liquid t.emperature relative to ambient temperatures [1). 
Several Joss-measurement I.est were conducted with 
gasoline and crude oil in flle test tank. Data from the· e 
tests were used to develop the product fa.ctors. In addi
tion, \'apor samples from both gasoline and. crude· 011 
stocks were analyz;ed, and lhesc s.howed a large range of 
hydrocarbon components, including methane and etb
ane . 

4.3.2 WITHDRAWAL LOSS DATA 

' ests were conducted to determine the amount of 
liquid th.at clings to steel test plates as the test plates are 
drawn out of a stock liquid. These data were analyz.e.d to 
develop clinga@e fa.clors for gasoline and crude oil. 

4.4 Development. of Standing Storage 
Loss Corre'latton 

4.4.1 GENERAL 

The important parameters that affect standing storage 
loss were identified and sepanltely evalua ied to deter
mine their independent effect· Oil. I.he total loss. These 
parame lers include the type and condi tion of lhe rim
seal system (Kr, II, Fr); wind speed (V); tank d.iameter 
(D); the type, number, and general design of the roof 
fi ttings (Kt~, K/b, m. Nr, Fr)' stock vapor pre~'Sure (P); 
and type of stock (Ke). The methods used to develop the 
fllnctionalloss relationsbips involving lhe~e parameters 
are outlined ill 4.4.2 through 4.4.7. The appendix.es are 
referenced for more detailed discussions of wrne of the 
parameters. 

4.4.2 RIM-SEAL LOSS FACTORS 

As discussed in Appendix B, a Tegression analysis was 
used to develop equations to convert the airOow ra t.e in 
the covered floating-roof test tank to the equ.ivalent willd. 
speed across an external floating-roof fie ld tank . An 
analysis of the test-tank data indicated that sa aight-line 
plots are obtained when the logarithm of the IoS!'wes 1:.5 

ploned against the logarithm of the wind speeds. There-

fore, loss, LJ is related to wind speed, V, by an equation 
of the following gener fmm: 

L ", KVM 

Where: 

K. n = constants for a given rim-seal system and 
conditioD. 

By regression analysis, values of K and n were directl}r 
calculated for each rim-seal system, as discu8s.ed inA p
pendix A. By oonsidering tbe vapor pre sure, vapor 
molecular weigbt, and test-tank diameter, the rim-r.eal 
los'S factors, Kr and 11, were dire(;tly calculated. 

It should be OQte.d that 2.2.2.1 recommend t he use of 
wind-speed data from local a'rport we-ather stations if 
t ank-site wind-speed d-ta are not avanabJe. During t .... ,o 

of the fie ld-tank testillg program, ational Weather 
ervice wind-speed data were collected from the nearest 

airport and compared with wind speeds measured at the 
tanks. Tank wind peds were expected to exceed the 
National Weather Ser ce data, since the former rneas
tlrements were made al greater distances above grollnd 
leyel . In all cases, however, tan.k wind speeds w'e.rc lower 
than the National WeatheJ Service data. For the (Olii 

tank sites checked , tan};: wind speeds averaged about 50 
perron t of the wind speeds obtained from local airports. 
Airports are generally large flat areas; tank farms are 
ch.aracteriz.ed by local roughness caused by tanks. dikes, 
buildings, and other obstruclioDS. These tank farm fea
tures contribute to turbulence that could oonceivably 
dec.rease tbe local effe(."tive horizontal wind component, 
but tbe data were too limited to develop general oonclu
siom;. Hov.'ever, the dau indicate that use of wind-speed 
data from local a irports will generally provide conse.rva
tive loss esti.mate.~. Calculated losses ba!'wed on airport 
wind-speed data will g.enerall y be higher than those 
calclilated using wind-~peed data from the tall k site. 

4.4.3 TANK DIAMETER 

The depe ndellce of evaporati ve los'S on tank diameter. 
DJ was determined by comparing measllred field ·tank 
los es with predicted losses ba. .. ed on the test-tank data. 
As discussed in . ppendix C, test-tallk data were se
lecte<l tbat most closel)' matched the conditions fo r the 
field-tank rim-seal systems. The data from these tests 
were used to predict expected field-tank losses as a fllnc
tion of the lank diameter raised to a variable exponent. 
The predicted losses we re then ploued against varying 
values of the expo[lem. The exponents that resulted in 
the predicted losses being equivaleot to the measured 
losses were read directly from these graphs. ror the 
three field tests used as the primary data base, withill the 
accu.r.acy of the mea ured results, an exponellt of 1 was 



observed, Although 11 similar aRalysis of the otAer 13 
field-lank tests showed significantly mote variability, it 
too supported an exponent of 1, 

4.4.4 ROOF-FtTTING LOSS FAC"fORS 

As desc.ribed in Appendix D, ]os·ses from various 
types and desigosof roof fittings were directly measured 
Don a bench~sCille test appara EUS that used a wind tunnel 
to simulate the ambient wind speed at an. external float
ing-rooftan.k site, Using ~he bench te t apparatus, losses 
from se eral seJected fitting types wele delermined by 
measuring the loss of liquid stock weight over time. 
Thes,e da la were analyzed to obtain tbe roof-fitting loss 
factors K fo. K it>, and m, for each fitting type , 

These loss fac[OTs are applicable to average win d 
speeds fr·om 2 to 15 miles per hour fortypical roof-fi tting 
condili.ons., This assum.cs a gap of approximately l/a inch 
between a roof penetration (for example, a guide pole) 
and t he sealing material On the well's sliding cover. Loss 
factors fo r roof· fi tting t ypes Or conditions not addres.sed 
in this publication can be derived from the roof.fitting 
loss d <)ta, using the an alysis procedures included in the 
documentation file for Appendix D. 

Survey information ITO)1ll1)anufacturers was compi!ed 
to determine typical values for the number of eac,h type 
of roof ~IUing generally inst alled, N[, as a function of 
tank diameter. 

To arrive at a total roof-fitting loss fa.;:~or, Fr, for a 
give,n tallk , roof-fiurng los~ fa.ctors KI •. K[I, and m can be 
combined eithe.r w.ith information on the sped!'c 
number of each roof-fitting type included in the tank 
uode r conside·ration or with typkal ,vr lIalue,s. 

4.4.5 VAPOR PRESSURE FUNCTION 

As detailed ill Appendix E , test-tank data in which the 
only variable was s tock tr ue vapor pressure were ana
lyzed to determi.ne bow the standing storage loss varies 
with vapor pressure , p, "&'0 proposed functional rela
tion.~h ips were tested by correlation anaJysis techniques , 
Both functions were found 1.0 correla.le about equally 
well with the data, However, one funcl ion be.;:omes ini.i
nite as P approaches atmospheric pressure , p~ 1 and the 
other doe~ not. Therefore, the latter funct ion , P' (as 
defined in 2.2,2.3), was selected to determin.e the effect 
of sto.;:k true vapor pressure on standing storage loss, 

404.6 PRODUCT FACTOR.S 

A product factor , Koc, was induded in the ,equation for 
s tanding storage loss to account for the effe~ts of differ
ent types of liquid stocks on evaporative loss, These 
effects (such as weathe ring) are in addi.tioJl to tbose 
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acoou.n ted fo r by consideration of differenc¢s in stock 
trite \lapor presslire and vapor molecu.lar weight, Since 
the loss equation was developed primarily from tests of 
mi;ll:tures of n-octane and propane , tbe product factors 
quantify the reiative loss from Ii given stock type , cOm
pared with the loss from mixture of n·octane and pro
pane. 

Tests were performed in the test tank t o compare 
mixtures of n -octane and propane with both a midoonti
ne·nt crude oil and gasoline, As a first approximation , it 
WOlS assumed that the only differences would be the 
vapor pressure, P, and the molecul ar weight of the emit
ted vapors, M,. However, after the data were normalized 
far the~e factors. the losses from crude oil were observed 
to be consistently less tha n those from the mixtures of 
n-octane and propane at all wind speeds, whereas the 
losses from gasoline were approximately equal to those 
from the mixtu res of f1 -octane and propane. 

~ outlined ill Appendix F, a n analysis of the crude oil 
and ga.wline data re.sulted in ac:rude oil product factor of 
0.4 and a gasoline product factor of 1.0. The prodllct 
factor for s i ngle~oomponent stocks was developed in 
other API studies, as documentC(j in Publicat ion 2519' 
{2). 

4,4.7 TANK PAINT COLOR. 

T he tank paint color influence~ the amou nt of sOlar 
heat absorbed and thus the average stock liquid tem
perature. If the stock liquid tempe ratllre in a floatlng
mof storage tank has been measured, this measured 
value should be used to calculate the stock'~ t rue vapor 
pressure. In this case , no confiideration of the tank paint 
color i. .. needed . However, if the stock liquid temperature 
is not known , it can be esti mated from the average 
;1m bient temper3t\lJe at the tank site and the tank paint 
color, as shown in Table 10. 

4.5 Development of Withdrawal Loss 
Correlation 

Tests were conduct.ed to dete.rmine the amount of 
~tock that Clings to the exposed tank wall as stock is 
withdrawn from a tank. In these tests. a Jigbtly rusted 
~teel test plate was a]'(ernate Iy raised OLI t of and lowered 
into a liq llid, Sections of 11 floating-roof rim seal were 
placed above the liquid surface so that they provided a 
wiping action agai.nst the steel test plate as it was with
drawn. Measurements were made ofthe change in liquid 
level after m any withdrawal cycl.es . These data we·re, 
analyzed to calcul ate clingage factors , C, for diffe rent 
stocks and tank shell conditions. This analysis is dis
CLlSSed in more detail in Appendix G. 
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APPENDIX A-DEVELOPMENT OF RIM-SEAL LOSS FACTORS 

A_1 Mathematical Development of 
Rim-SeaJ Loss Factors 

Test- tank data Were analyzed to determine relative 
10 s rales. D irect meaSurements or hyd.rocarbon concen
tration and airflow mtt were com'erted to a mass loss 
rate, and the airflow r.itc was converted to wind speed 
(as described in Appendix B). The enti re data base was 
reviewed and all relevant test da ta were analyzed. The 
loga rithm of the losses from the selected tests was plot
ted a. a fu nction of the logari th m of wind speeds ; linear 
regre~ ions were performed on e·ach se t of loss versus 
wind- peed data. From the regre .ion analyse , con
tant were obtained that were di rectly related to rim
eal los {actors Kr and n (as defined in 2.2.2.1) . 

K, and I! \'alues were determined fOJ tbe· following 
ca e , repre enting specific type· of tank construction 
and types of primary rim seals: 

a. Welded tanks with (1) mechanic.al-s.hoe prima.r}' 
eals, (2) resi lient-fi lled primary seals mounted with the 

rim ~al i n contact wi th the liquid (liquid mounted) , and 
(3) resilient-filled primary seah mounted SO that a V<lPOl 
space exists bet .... -een the ri m seal and the liquid surface 
(vapor mounted), 
b. Ri. eted tank with me.chanical-shoe p imary seals. 

For ea<:h of these (our tank-con truction/primar},-rim
seal cases, th.ree rim-seal syste m cOn figurations were 
included : 

a . Prima! eal only. 
b. Primary seal plus hoe -mounted eoondary seal (or a 
weather shield for a re ilient-fiHed primary seal). 
c. Primary seal plus rim-mounted seoondary eal. 

K, and n are inrerdependellt ; therefore. relative 10 
rates are not represented sole ly b a comparison of K, 
value . A comparison of the F, value. which are the 
product K, VW

, is the proper measure of relative los 
rate . igures 1-4 may be used to compare the loss
control effectivene~ of diffe rellt rim -seal systems. 

Two sets of K, and 11 values were developed for the 
different cases of tank construction and rim- eal s ·Iem. 
TIle e l\ 0 el of rim- ealloss factors represent average
fi ll ing and con istently tight-fi tting rim-se.al conditions. 
Their d elopmen t is outlined in A.2 and A.3. 

A.2 Development and Applicability of 
Average Rim-Seal Loss Factors 

tl man}, ca e , but not I, 10 es were observed to 
increa e a the lightne of f:.t of the rim seal against the 
tank shell decreased . This seal fi t was characterized by 
the lo tal area of lhe gap between the rim seal and the 
tank shell per fOOl of tank diameter. However, th is mea· 
sure of rim- eal tightne is not the onl)' rim-seal condi
tion that affects 10" • Other conditions, such as relative 
location of the rim-scal gap, also a.ffect loss , but these
could not bc q u an tificd . Because of the d fects of such 
randomly varying rim-seal wnditions in field tanks, an 
explici t correlation between loss and area of t be rim-seal 
gap will no t exist. Therefore, to deve lop average rim ·seal 
loss factors for each t}'pe of tank construction and rim
seal s)'stem described in A.l, the t.est-tank dara selected 
for analysiS included a wide =ange of rim -l;ea l conditions 
marked by varying rim-seal gap areaS and relative rim
seal gap loea tions. 

In general, three categories of rim-seal gap area \vere 
defined: 

a. Tight seals, with no gal» gre.ater than II inch . 
b. Small gap areas, wh ich are commonly encoun tered in 
operatin g tan ks. 
c. aIge gap areas, which occur only infrequentl}'. 

For each type of [aok COD (ruction and rim-seal ,sys
tem aU of the applicable loss data in each category were 
averaged together to de termine representative factors 
for each category. To determine average factors fo r each 
type of tank construction and rim-seal system represen
tative of a typical operating tiink the loss factors for each 
categof}' "''ere a\'eraged. Categories were averaged by 
weighting accord ing to the frequency with wh ich each 
categoI}' occurs in oper<ltin,g tanks. 

Field-tan k gap mea. uremell t data collected b}' a na ir 
regulatory agency (3 ] we re u ed to determ ine the fre
G uellCY wi th wbich operati n~ tanks e 'h i bit pecific rim
seal gap areas. Data from IIlQre than 400 tank 'inspec
tion "''ere analyzed b tan k con rruction and rim-seal 

tern . These data were interpre.ted a an indication of 
the percen tage of time that a typical operating tank will 
exhibi t a specific gap area . Since operating tanl gener
all have gap areas that var ' a the roof height changes , 
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no one gap area is representative of an average tank. A 
typical tank is a sumed to have a range of gap areas that 
corre ponds to the distribution of gap areas determine.d 
from the tank insp!ction data. 

The average rim-se.al loss factors (see Table 3) are 
judged to be applicable to aU typi.cal operating tanks. 
These J~s factors are based on distributions of rim-seal 
gap areas measured in operating tanks between 1976 and 
1977. The dlfference in rim-seal la!>S factors between 
riveted and welded tanks with the same rim-seal system 
reflects the fact that the average rim-seal gap area in 
riveted tanks is gre-ater than that in welded tanks. H 
future design or maintenance practice causes a signifi
cant change in gap area distributions, these average loss 
factors could be modified accordingly. 

The average rim-seal loss (actors developed are appl,
ca ble to average wind speeds from 2 to 15 miles per hour. 

A.3 Development and Applicability 01 
TIght Rlm-Seal Loss Factors 

From the tan k inspection data , ri m-sea.1 systems are 
tight (that is, have no gaps greater than l/S inch) a signifi
cant percentage of the time (depending on tank con
.struction and rim- eal syst.em). Loss data. from tests 
representing only a tight primary~seal condition .... 'Cre 
averaged to determine l.he rim-seal loss factors for tight 
primary-seaJ systems given in Table 3. Because the pres
ence of small gaps in th.e primary seal below a tight 
secondary seal does not significantly influence loss . the 
rim-seal I.oss factors for tight secondary-seal systems 
gi en in Table 3 are based on data from both tight 
systems and those with small gaps in the primary eal 
under a tight secondary seal . 

The tight rim-seal loss factors are applicable to welded 
tanks ..... ith rim-seal systems that remain consistentl y 
tight througnou t the range of operating roof heights. No 
information is available on the extent to which it iSpo$$i
ble to maintain con~istently tight-fitting seals . 

The tight rim·sealloss factors developed are appl.i<:a
ble to average wind speeds from 2 to 15 miles per hour. 

A.4 Data Base lor Rim-Seal 
Lou Factors 

Eighteen t.est-tank data sets were used to develop tbe 
a erage and Light rim-seal loss factors for mechanical-
hoe primary seals in welded tanks [4-9J . In this case, 

the loss rate from primary eal did not vary with rim
seal gap area from tight-fitting seals to those with the 
rim-seal gap areas round approximately 90 percent of 
the time . Tv. nt test-tank data SetS Were u.sed to de
velop the average and tight rim-seal loss factors for me
chanical-shoe primary seals in riveted t.anks (4- 9). In 
additioa to variable gap areas and relative gap location~, 

a wide rang.e of variability in the tightnes~ of the pri
mary-se.al fabric is represented by the .selected tests of 
mechanical-shoe primary seals for botb welded and 
riveted tanks. 

ix test-tank data sel'.$ were used to develop the loss 
fa.Clors for liquid-mounted resilient-filled primary eal 
(10), and eighteen test-tank data sets were use-d to de
velop the loss factors for vapor-mounted resilient-ftUed 
seal [11, 12] . The \'apor-mounted rim-seal tests were 
condu.;ted ..... ith a vertical vapor space ofapproximarely 8 
inches betv."e>ell the bottom of the· rim seal and the tiq uid 
stock, representing the upper end of the range of rim 
vapor space ius typical of vapor-mounted seal . Loss 
rates snou!d decrease as this vapor space becomes 
&naUer, approaching those from liquid-mou.nled seals. 
Ho ever, the. effect of rim vapor space size on loss rates 
could nOI. be q uantiIied with curren tJy available data. 

A complete summary of the test conditions for the 
more tban 100 test-tank. data sets considered in the anal
ysis of rim- eal lo s factors is included in the documenta
tion file for Appendix A. This file also includes graphs of 
loss rale versus wind speed for aU the tests used to 
develop the rim -seal loss factors for each category. A 
summary of the field-tank inspection data js also in
cluded. 



APPENDIX B-DEVELOPMENT OF RELATIONSHIP BETWEEN 
AIRFLOW RATE AND WIND SPEED 

A test tank wi th a diameter of 20 feel was used to 
determine rela Ii ve cvapora live-loss levels . Thi test tank 
wa fi tted with an external floating roof (min us all roof 
fittings) and several different rim-seal systems. How· 
cver, unJike an external Doating.roof tank in the field , 
the lesl tank was covered to al.low direct loss measure
ments. Air was blown into the test tank through a duct 
and exited through another duct 180 degrees from the 
inlet. This permitted direct measurements of Dow ra le 
and concentration from which losse could be calcul.ated . 
TIle. airflow rate was varied to simulate varying wind 
speed above an extern .. l f1o .. ting-roof tank. To rela te 
losses from the teo t tank to those expected from field 
tanks , if was n~essary to deve.lop a relationship between 
the test-tank airflow rate and the corresponding wind 
peed at a Ian ite. 

The approach taken was to relale the measured air-
00\ -induce.d pressure. differential around the perime. 
ter of the test tank' floating roof [B J io wind-induced 
pre ure differ·entials tha t had been measured in wind· 
tunnel tests [14,15] and On an actual field tank (11,12]. 
A review of these re:suJts showed that the pattern of 
pressure differentials obtained in the test tank were 
similar to those obtained in both the wind-tunnel and 
field tests. It was therefore concluded lh at wind effecl 
on io5ses from enernal (loating-roof tanks were ade
quately imulated in the test tank. 

A series of tests was conducted in which the pressures 
at various positions around the perimeter of the floating 
roof were measured as a function of a irflow rate. Using 
th~ data, a regression analysi was performed to relate 
the measured te..~Hank a irflow rale to the corresponding 
wind speed at a tank site, as outlined below. 

Wind spee.d is rela ted to pressu re differentials b the 
following equation: 

V ~ [(P1 - PI )2g]O., 
(4, - CPfh (B-1) 

Where: 

v = wind speed. 
P , - PI '" differential pressure between Positions 

I and i around the perimeter of the 
floaLing roof. 

g '" accele ra tion due to gravity. 
J - Cpj = difference in pres..<;ure coefficients be 

tween Po&itions 1 and i . 
'( = specific weight of ai r. 

A value of I for p I - C PI was determined from wind· 
tunnel and fie ld tests (11. 12, 15) . 

Pressu.rcs, P,. at varying ciroumfe rcntial posi tions , j, 
around the perimeter of the floating roof, relative to a 
reference pres.'1ure at the leeward posit ion on the floating 
roof, PI. were found to be related to the .. i.rOow rate, G, 
by the f<illQwingequation: 

Where: 

AI .:z pO' iti o-dependent constant. 
G = airflow rate . 
b '" airflow rate cxponen t. 

(B-2) 

Values for AI and b were calculated by linear regrcssion 
of log (P L - p}) ersu log G. 

Because the data analysis su.pponed a value of 2 for b, 
Equations B-1 and B-2 were combined to Tesult in the 
following relationship between the test-tank airflow rate , 
G, and the corresponding wind speed, V, at a tank site : 

v = BiG (B -3) 

Where: 

Bi - constant evaluated for the ca e ~ here Po&ition i 
is on the windward side of the roof. 

Equalion. B-3 was used to calculate the wind peed that 
correspond to tbe te t-tank airflow rate. 

The wind-tunnel te~ts indicated that the pre ure dif
feren tial did not vary significantly with the beight of tbe 
roof in the tank. ince wind-induced losses are propor
tion al to wi nd peed, and thus to the pre ure d iffereo
t ia Is, the e 10 ses hou1d not vary significant! with Toof 
height, 

The malhematical analysis and all supporting data 
used to develop the relationship betv.'een a irflow rate 
and wind speed are in the documentation file for Appen. 
dix B. 





APPENDIX C-DEVELOPMENT OF DIAMETER FUNCTION 

The API correl alion for e~timating evaporative losses 
from f1oot ing-roof tanks in the first edition of Publication 
2517 [16J indicated tha t tosses are proportional to dia me
te raiseod to the 1.5 JXlwer. However more recent aerQ
dynamic tud ies [ 7 J of wind effe.cts on ta nk los5es con
duded tha [ the diameter expone nt 5hould be 1 (that i , 
that losses are directl)' proportion,,1 to tank diameter}. 

To determine an empirical . alue fo r Ule diameter 
exponent , test programs were conducted to measure 
e aporative losses from field tanks that varied from 35 to 
152 feet in diameter. The 1977-79 A Pl field-Ie t pro
gram is summarized in Referenoc 18. 

Losses from the field tanks were determined by the 
density cha.nge method. rllcreas"s in stock bulk den ily 
we re examined in two tanks tested by AP[ (19) and one 
tank tested indepen dently [20].. The increases in ~tock 
dellslty \\'ere related to the decrease in stock vol wne 
(evaporative loss) [19, 21, 22, 23]. 

Field-tank rim-sea t condit ions were analyzed and 
compared \\~th the test-tank data base, as described in 
4.3.1. • 0 s prediction for thefie1d tanks were de\'eloped 
from. the te Hank data. Tbese prediction ,which incor
porate<:l the prope rties of tbe stock and c1ima tic cond i
lions at the field tanks, wele used to e\'alua.te t ile influ
ence of tank diameter on e\'aporative loss . 

Field-tank losses were calculated a a function of a 
va.riable exponent of tan k d iameter. hese calculated 
va lue. were plotted to detem1i De the re lation .11 ip be
tween loss and diameter exponent , as bowD in Figure 
Col. lea tI re d losses from the field te Ie \vere then 
compared witb the predkte.d 10 se . Based on lhi . com
pa ison, a diameter exponent of I was establis.hed for the 
los equa lion. 

Data from a floating-roof tank t <!:!>[ program spon
sored by the We (em Oil and Gas Association {WOG A) 
in 1976 [24] were evaluated in a simi laI manner. The 
WOG A tests ill oj vcd 13 tanks i II ga.~oline or vol ati Ie 
stock servicc, for which losses were measured with simi
lar techniques. The WOGA program was the first in 
which sophisticated densityrmeasurernell t instrument.a
lion was used. Data scatter in th is developmental pro
gram was hi gher than in the test programs discussed 
above. Wind speed at ~Ile tank sites were not measured , 
and less information about the rim.-seal conditions ..... as 
obtailled. Nevertheless, the average diameter exponeDt 
developed from the. WOGA results supports lhe conclu-
. on that the diameter exponent in t he loss equation is l. 

TIle mathematical analysis and all supporting data 
used to devetop the diameter exponent are i.n the docu· 
mentation file for ppendix C. 
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APPENDIX D-DEVELOPMENT OF ROOF-FmING LOSS FACTORS 

D.1 Mathematical Development of 
Roof- Fitting Loss Factors 

The eva porati",e loss from t he roof fittings on afl exter· 
nal floating roof i s the sum ofthe lQ·sses from each type of 
rOOt fjtting. The losses for each type of fitting can be 
estimated as follow's: 

(D-1 

Wht're: 

L( ;; evaporative loss [rom the type of roof fitting 
being considered, in f'(JUnds per yeaL 

Nr '" n umber of roof fi ttings of the type being COn
sidered (dimensionless) . 

P • vapor pressure function (dimensionless). 
.\I, average stock vapor molecular weight, in 

pounds per pound-mole . 
K. prodllct factor (dimensionless) . 
Kr - roof-fitting loss factor, in pound-moles per 

year. 

The roof-fitting to factor , K r, for each type offitting 
can be estimated as follows: 

Kr = Kr• + Krt. V "" (D-2) 

Where;' 

K [~ = 100$ factor for iI particular type of roof :itting , 
ill pou Ild-Illoles pe.r year. 

KIb = loss fac,tor for a part icular type of roof fitting , 
in pound-moles per (miles pe·r hour)",-ye.ar. 

m = 1008 factor for a pOI rticular type of rooffittins 
(dimensionless) . 

V = wind speed , ill mile per hour. 

After each roof fit tin g ha.$ been c.on!iidered, the total 
roof-fining loss is the sum of the los&e~ from each type of 
.roof filti n g. 

0 _2 Data: Base for Roof'-Fiftlng 
Loss Factors 

Experimental data [25]1 were us-ed to determine roof
fi tting I05S factOTS. Tests were performeD in a wind tun
nel con~tructed fo r this test pwgram. Four roof fi ttings 
could be te~ted simultaneously in thi. facility. Eacb roof 
fi tting ~ mounted on an independent product reser
voj r that rested on a digital platfoml scale. The top of 
each roof fi tt ing extended into the wind tunnel 'r 
passe.d over the roof fi tting at a known velocity to simu
late the wind on all actual external floating roof. E ap
oration 10 was measured by a we.ight-cbange method. 
using a computer-controlled data acquisition s),ste.m tbat 

would aut.omatically record the weight of each test fix
ture . the product te nlperature, the air temperature, and 
the wind speed at specified time intervals . The wind 
tuonel was operated at wind speeds of 0, 5,all:d 14 miles 
pcr hour. 

To be consistent with the mathematical formulations 
used in the development of rim-~ea losse.s, the resulting 
loss data for each roof fitting were fiued to an equation 
assumed to have the form of Equation D·2. 

Tbe wind speeds measured in the Willd tunnel were 
assumed to represent both t he local wind spee,d at a 
particular roof fitting and the wind speed at the tank 
location. A litemtme searcb found no data to alter this 
assumption. This assumption is considered conservati\le 
in tbat the wind speed at any fitting on a iloatingroof wiJI 
be l e!i~ than the wi.nd speed at the tank location. Botb 
single.oomponent. hydrocarbons (n.hexa.ne) and mix
tures of propane and II-oclane were tested. The data did 
nOt show a we.athering effect for mixtu.res. 

0 .3 Roof Fittings Tested 
Eight series of tests were performed, with four gen.eric 

types of foof fi ttings tested i neacb ~erie8. T hese fittings 
were chosen as being representative of the m()'5t com
mon roof fiuing~ on existing externaliloating-roof tanks. 
The follow; ng fittings were tested : 

a . An 8-inch-diameter, Schedule 40 slotted guide pole 
alld well t with the liq uid leve ~ 18 inches below the level of 
the slidi.ng plate and a l fi-.gauge Sliding cover over the 
guide plate at the top of the 21311 6-i.llch-inside-diameter 
well. The follOWing features lvere varied: 

1. The gui de-pole slot~ (2 i nche.~ wide x 10 inches 
long) were oriented at 0,45, and 90 degrees from the 
willd-tunlle l axis (\.\in d direction) by rotating thepo[e 
about its 'Ie rtical axis . 
2 , n e guide pole was teste.d with aod witl10ut a 
float . e float was a tube with an out.side diameter of 
7 .5ill he and a length of 28.5 illche ,with ealed end 
cO ers. A wiper seal 8 ·nche·s in diameter was at
tached to the upper cover. 
3. The ",.ell was w.ted with the sliding p late ~ea]e.d 
and unsealed . 

b. A IS-in.ch -diame ler CQ\'ered well with an unboltC(:l 
Sliding OO\ler, with the liqu id level 18 illch.es below the 
cover. The well was tested with and witbout a pre orme.d 
sponge-foam gaskN. 
c . A 6-inch-diameter, Schedule 40 open roof drain , with 
the liquid level 18 inches below the top of the drai.n:pipe. 
The following features were varied : 



1. Tbe roof dra.in was te ted with and without an 
insert to the upper end of the dra inpi pe. The insert 
was a 20-gauge galvanized heet . ith triangular 
notches cut r.o tbat the remaining area represented 
90-peroent dooure of the open roof drain . 
2. The roof drain was tested with n-hexane product 
and with product that wa a mixture of propane and 
II-octane . 

d, A 2-jnch-diameter. Schedule 80 open pipe, with the 
Hq uid Ie eI of the n-hcx.ane product 18 inche.~ below the 
(OP of the pipe, 
e, A I-Inch-diameter, Schedule 40 open pipe, with the 
Liquid level of the n-he ane product 18 inches below the 
top of t.he pipe. 
f , A 4-inch-d.iameter, cbedule 40 pipe leeve with a 
3-inch.diameter, Schedule 40 pipe roof leg he.ld in posi
ti.on by a 1. 250-incb·.diameter pin througb a 1.375-iilcb
dia.meter pinhole located 3 illches below the top of the 
pipe sleeve. he closed upper end of the pipe roof leg 
was kept J 5 inches above the top of t he pipe slee e, TIle 
following featu!es were varied : 

1. The. fitting wa tested with lJ-hexane product and 
with product tJlal was a mixture of propane and 
l1 -octane . 
2. The.liquld levc\s used were 18 inches and 36 inches 
below the top of the pipe sleeve . 

g. A 3-inch-diametcr, Schedule 40 pipe sleeve with a 
2.5-inch-diameter, Schedule 40 pipe [·oor leg he Id in 
position by a 1.250-inch-di.ameIIlI pin through a 1.375-
inch-diameter pinhole loc.ated 3 inches below lhe top of 
the pipe sleeve. The dosed upper elld of the pipe roof leg 
was kept 15 illches above the top of the pipe sleeve . The 
fit ting was te.sted with Jl -hexane product and with prod
uct that was a mixture of propane a nd ll ·oc~tane. 

The data obtained from the 1S-inch-diameter covered 
weJl were used to calculate losses from similar covered 
fi ttings . This calculation was based Oil a ratio of well 
diameters. Loss factors for the foHov.'ing roof fittings 
were ca!c.ulated in this maImer: 

a. A 2O-inch-diame·ter gauge-l1oat well, 
b. A 24-i nch-diame.ter access hatch . 
c. A 6-inch·diameter rim ellt. 
d. A lO-inch-diameter vacuum brea .. er. 
e . An. 8~incl1-diameter gauge-hatchJsample well 

SuniJarly, tbe test data for llie 6-inch-diame ter open 
roof drain we re used to calculate losses from a 3-ineh
diameter open roof drain by the ra tio of tbe internal 
cros'S- ectional a.reas of the dra inpipes, 

D.4 Analysis of the R.oof-Fitting 
Loss Data 

The computer-oontrolled data acquisition system re
corded tnc specified i.nformation from the wind tunneL 

The lest data "''ere (ored on computer d ' ks . The data 
were presemed Lillhe form of plots of product loss versus 
net time . The stored data were directly reduced by t he 
computer using regression techniques. The tests we.re 
documented in the form of plots of product los. .. versus 
net time . 

hi add.ition, when tw-oocompone nl miJuures were 
tes:ed, initial , intermediate, a nd fi nal ~mp.les were 
taken of the product, from which t he C(lmposition and 
vapor pres!ilures were determined. 

Least-:s.quare~ regression was u ed on all of tile test 
data to determine the slope of the data piot (which 
correspond to the 10 s rate) for eacb roof filting at t ime 
zero [26J. Whel1ever po sible, the te l data were fined (0 

a fiISt-order polynomial and the 10 s rate was 
dele rmined by eva.luat lng the first derivative of the poly
nOlIlial. i n several of tbe lests, bowever the lo.<;s rale 
changed significan tly as the tcs i progressed. In these 
cases, the lest data were fi tted to a second-order poly
nomial at the start of the test, and the los rarte was 
determined by evaluating the fi.ISt derivati ve of the pol
no lIlial at the start of the test. The second-order fi t wa 
used for all tests in which either the liquid le\'e l or tlle 
prcduct vapor pre~sUJe changed signifkandy during the 
te51. This method seemed rea onable, ince it wa onl 
the initial loss rate that was used to calcula te the roof
fitt~tlg to factors. 

The in 'tialloos .rate (in pound-mole per year ) fo r each 
rocf-fitting te I was determined, and the recorded tern
peUltures and measured vapor pressures were used to 
normalize the test data to a true vapor pressure of 1.91 
pounds per quare i.nch absolute . 

These normatiz.ed lest data rep resent the bulk of the. 
dalll u ed tod.clermine t.he roof-fitti.ng loss factOTS. How
ever, SOme additional datil were obtained from Ihe test 
data used to write API Publication 2519 [2]. est data for 
the following roof fi lli ngs at a wind speed of 0 mile per 
hOllr were used : 

a. A. 15-inch-diameter covered well , unbolted and gas
ket-d . 
b. A 15-inch-diameter covered well unbolted aod un
gasketed . 

With this information . a table of roof-fi tting loss factors 
of 1he type used in Equation D· 2 waS developed. 

The loss factors de eloped a.re applicable 10 average 
wioo spee<ls from 2 10 15 miles per hour, which is the 
same range applica blc to the ri m-seal loss factors de· 
scribed in Appendix A. Allho ugh a few tests were made 
on ·;e rtain roof fittings at 11 wind speed of 0 miles per 
bour, these were only for reference p tuposes . 

TIle mathemat'cal analy,s.is arnd aU upporting data 
used to develop the roof-fitting loss faclors are in the 
docwnelltatioD file fo r Appendix D. 



APPENDIX E-DEVELOPMENT OF VAPOR PRESSURE FUNCTlON 

In the fir t edition of Public.'ltion 2517 [16], the evap
ora live-loss correlation in eluded a vapor pressure func
tion in the form of the following em pi rical relationsh ip: 

( 
P )'1.1 [ PJ14.7 ] 0.7 

P' "" 14,7 - P I = 1 - (P/14 .7) (E-l ) 

Where.' 
P = true vapor pressure, in pounds per square inch 

amolute. 

This function has the undesirable property thai when 
the stock true vapor pressure approaches 14. 7 pounds 
per sq lI.are inch absolute, the evaporative lOiSs rate be
c.ome..<; i 11 ti Ili Ie . Therefore, a Tlew apor presmre function 
\ .... a~ derive-d that approaches a filli te value as the true 
vapor pre· sure approaches atmospheric pre~ure. 

The following vapor pre ure rela tion hip wa derived 
'[27J base'\'! on theoretical considerations: 

P* .. PIP, (E 2) 
{1 + [1 - (PIP.lo,sF - . 

Where.' 

P "" frue vapor ptessure, in pounds per square inch 
absolule. 

P. "" atmospheric pres ure, in pounds per square 
inch absolute . 

111i. vapor preS~\lre function resu Its in a fmite evap
orative los rate as the true vapor pre u re approacbes 
atmospheric pressure. Therefor·e , this function i. a more 
appropriate one to u e in predicting cllapora live loss, 

To detefmifle tbe effect~ ohapor pr~ule on evapora.
tive loss and to evaluate the P* relaljon hip, a series of 
lest \ as performed i.n wbich only the stock true vapor 
pressure was varie<i [7 j. During th is series of tests , the 
stock wa a mi ture of propane and II-octane in which 
tIle pmpane con [e llt was vS.ried to change the product 
vapor pressure from 0 ,75 to 9.25 pounds per quare inch 
absolute. Test resuJts ",ere plolted as loss rate versus' 
wind speed for each test and clea.rly showed increasi.ng 
loss nlte with increasing vapor pressure . 

choose the more appropriate vapor pressure func
Lion , lhe test resu Its were normalized with respect to 

each apol pressure fU1lction. Cllrve for the loss func
tions versus wind speed were d eveloped, 

The ella pomtive·los eq uation can be written as fol -
10\ : 

E = K.MyDPV" (E-3) 

Where: 

:P = some· function of vapor pre· !lure . 

To normalize for vapor pressure and molecular weight), 
the equation can be rewritten as follows: 

Wilere: 

E 
-= KV~ 
M,'P 

K = con~tant equal to K,D. 

(E-4) 

To evaluate a given vapor pressure function , the 
fUIlc tion call be substituted into Equ.ation E-4. By plot
bng log ( ElM ,F) ersus log V, the dahl caD be anaJYi:ed 
with a li.near regression technique to determine tbe 
values of K and n that yield the best-fitting curve. The 
correlation coefficien I calculated for each curve can tben 
be used to evaluate hc)w well the valX' pressure function 
accounts for ch.ange.s in loss with vary' og vap<lr pressure .. 

Such an analysis was done fQr both vapor pressure 
fU.nction$, P' and p • . It wa~ found that both functions 
were approximately e~u.al1y good predictors within tbe 
range 2.50-9.25 pound per quare incb absolute. No 
tef>ts we·re made at higher vapor pressures, One test was 
made below (bi: range, at 0 .75 pounds per squ.are in.cb 
absolu Ie; neither function pred icled the results of tbis 
test a accurately as it predicted tbe reSu Its of the o ther 
tests. 

It was conclude,d: lhat the theorctically derived vapor 
pressure function , r (Equation E-2) is the most appro
priate functi.on to uSe in t.he evaporative-loss equation, 
since il approa.ches a fjn ite value as P approacbes Pa. 
This function is judged to be applicable for DQoboiliog 
stocks down to a true vapor pressure of approximately 
1.5 pounds per square inch ab olute·. 

The mathematical analys' and all supporting data 
used to sele,ct the vapor pressure fUDction are in the 
documentation fLle for Appendix E. 



1. Tbe roof dra.in was te ted with and without an 
insert to the upper end of the dra inpi pe. The insert 
was a 20-gauge galvanized heet . ith triangular 
notches cut r.o tbat the remaining area represented 
90-peroent dooure of the open roof drain . 
2. The roof drain was tested with n-hexane product 
and with product that wa a mixture of propane and 
II-octane . 

d, A 2-jnch-diameter. Schedule 80 open pipe, with the 
Hq uid Ie eI of the n-hcx.ane product 18 inche.~ below the 
(OP of the pipe, 
e, A I-Inch-diameter, Schedule 40 open pipe, with the 
Liquid level of the n-he ane product 18 inches below the 
top of t.he pipe. 
f , A 4-inch-d.iameter, cbedule 40 pipe leeve with a 
3-inch.diameter, Schedule 40 pipe roof leg he.ld in posi
ti.on by a 1. 250-incb·.diameter pin througb a 1.375-iilcb
dia.meter pinhole located 3 illches below the top of the 
pipe sleeve. he closed upper end of the pipe roof leg 
was kept J 5 inches above the top of t he pipe slee e, TIle 
following featu!es were varied : 

1. The. fitting wa tested with lJ-hexane product and 
with product tJlal was a mixture of propane and 
l1 -octane . 
2. The.liquld levc\s used were 18 inches and 36 inches 
below the top of the pipe sleeve . 

g. A 3-inch-diametcr, Schedule 40 pipe sleeve with a 
2.5-inch-diameter, Schedule 40 pipe [·oor leg he Id in 
position by a 1.250-inch-di.ameIIlI pin through a 1.375-
inch-diameter pinhole loc.ated 3 inches below lhe top of 
the pipe sleeve. The dosed upper elld of the pipe roof leg 
was kept 15 illches above the top of the pipe sleeve . The 
fit ting was te.sted with Jl -hexane product and with prod
uct that was a mixture of propane a nd ll ·oc~tane. 

The data obtained from the 1S-inch-diameter covered 
weJl were used to calculate losses from similar covered 
fi ttings . This calculation was based Oil a ratio of well 
diameters. Loss factors for the foHov.'ing roof fittings 
were ca!c.ulated in this maImer: 

a. A 2O-inch-diame·ter gauge-l1oat well, 
b. A 24-i nch-diame.ter access hatch . 
c. A 6-inch·diameter rim ellt. 
d. A lO-inch-diameter vacuum brea .. er. 
e . An. 8~incl1-diameter gauge-hatchJsample well 

SuniJarly, tbe test data for llie 6-inch-diame ter open 
roof drain we re used to calculate losses from a 3-ineh
diameter open roof drain by the ra tio of tbe internal 
cros'S- ectional a.reas of the dra inpipes, 

D.4 Analysis of the R.oof-Fitting 
Loss Data 

The computer-oontrolled data acquisition system re
corded tnc specified i.nformation from the wind tunneL 

The lest data "''ere (ored on computer d ' ks . The data 
were presemed Lillhe form of plots of product loss versus 
net time . The stored data were directly reduced by t he 
computer using regression techniques. The tests we.re 
documented in the form of plots of product los. .. versus 
net time . 

hi add.ition, when tw-oocompone nl miJuures were 
tes:ed, initial , intermediate, a nd fi nal ~mp.les were 
taken of the product, from which t he C(lmposition and 
vapor pres!ilures were determined. 

Least-:s.quare~ regression was u ed on all of tile test 
data to determine the slope of the data piot (which 
correspond to the 10 s rate) for eacb roof filting at t ime 
zero [26J. Whel1ever po sible, the te l data were fined (0 

a fiISt-order polynomial and the 10 s rate was 
dele rmined by eva.luat lng the first derivative of the poly
nOlIlial. i n several of tbe lests, bowever the lo.<;s rale 
changed significan tly as the tcs i progressed. In these 
cases, the lest data were fi tted to a second-order poly
nomial at the start of the test, and the los rarte was 
determined by evaluating the fi.ISt derivati ve of the pol
no lIlial at the start of the test. The second-order fi t wa 
used for all tests in which either the liquid le\'e l or tlle 
prcduct vapor pre~sUJe changed signifkandy during the 
te51. This method seemed rea onable, ince it wa onl 
the initial loss rate that was used to calcula te the roof
fitt~tlg to factors. 

The in 'tialloos .rate (in pound-mole per year ) fo r each 
rocf-fitting te I was determined, and the recorded tern
peUltures and measured vapor pressures were used to 
normalize the test data to a true vapor pressure of 1.91 
pounds per quare i.nch absolute . 

These normatiz.ed lest data rep resent the bulk of the. 
dalll u ed tod.clermine t.he roof-fitti.ng loss factOTS. How
ever, SOme additional datil were obtained from Ihe test 
data used to write API Publication 2519 [2]. est data for 
the following roof fi lli ngs at a wind speed of 0 mile per 
hOllr were used : 

a. A. 15-inch-diameter covered well , unbolted and gas
ket-d . 
b. A 15-inch-diameter covered well unbolted aod un
gasketed . 

With this information . a table of roof-fi tting loss factors 
of 1he type used in Equation D· 2 waS developed. 

The loss factors de eloped a.re applicable 10 average 
wioo spee<ls from 2 10 15 miles per hour, which is the 
same range applica blc to the ri m-seal loss factors de· 
scribed in Appendix A. Allho ugh a few tests were made 
on ·;e rtain roof fittings at 11 wind speed of 0 miles per 
bour, these were only for reference p tuposes . 

TIle mathemat'cal analy,s.is arnd aU upporting data 
used to develop the roof-fitting loss faclors are in the 
docwnelltatioD file fo r Appendix D. 



APPENDIX E-DEVELOPMENT OF VAPOR PRESSURE FUNCTlON 

In the fir t edition of Public.'ltion 2517 [16], the evap
ora live-loss correlation in eluded a vapor pressure func
tion in the form of the following em pi rical relationsh ip: 

( 
P )'1.1 [ PJ14.7 ] 0.7 

P' "" 14,7 - P I = 1 - (P/14 .7) (E-l ) 

Where.' 
P = true vapor pressure, in pounds per square inch 

amolute. 

This function has the undesirable property thai when 
the stock true vapor pressure approaches 14. 7 pounds 
per sq lI.are inch absolute, the evaporative lOiSs rate be
c.ome..<; i 11 ti Ili Ie . Therefore, a Tlew apor presmre function 
\ .... a~ derive-d that approaches a filli te value as the true 
vapor pre· sure approaches atmospheric pre~ure. 

The following vapor pre ure rela tion hip wa derived 
'[27J base'\'! on theoretical considerations: 

P* .. PIP, (E 2) 
{1 + [1 - (PIP.lo,sF - . 

Where.' 

P "" frue vapor ptessure, in pounds per square inch 
absolule. 

P. "" atmospheric pres ure, in pounds per square 
inch absolute . 

111i. vapor preS~\lre function resu Its in a fmite evap
orative los rate as the true vapor pre u re approacbes 
atmospheric pressure. Therefor·e , this function i. a more 
appropriate one to u e in predicting cllapora live loss, 

To detefmifle tbe effect~ ohapor pr~ule on evapora.
tive loss and to evaluate the P* relaljon hip, a series of 
lest \ as performed i.n wbich only the stock true vapor 
pressure was varie<i [7 j. During th is series of tests , the 
stock wa a mi ture of propane and II-octane in which 
tIle pmpane con [e llt was vS.ried to change the product 
vapor pressure from 0 ,75 to 9.25 pounds per quare inch 
absolute. Test resuJts ",ere plolted as loss rate versus' 
wind speed for each test and clea.rly showed increasi.ng 
loss nlte with increasing vapor pressure . 

choose the more appropriate vapor pressure func
Lion , lhe test resu Its were normalized with respect to 

each apol pressure fU1lction. Cllrve for the loss func
tions versus wind speed were d eveloped, 

The ella pomtive·los eq uation can be written as fol -
10\ : 

E = K.MyDPV" (E-3) 

Where: 

:P = some· function of vapor pre· !lure . 

To normalize for vapor pressure and molecular weight), 
the equation can be rewritten as follows: 

Wilere: 

E 
-= KV~ 
M,'P 

K = con~tant equal to K,D. 

(E-4) 

To evaluate a given vapor pressure function , the 
fUIlc tion call be substituted into Equ.ation E-4. By plot
bng log ( ElM ,F) ersus log V, the dahl caD be anaJYi:ed 
with a li.near regression technique to determine tbe 
values of K and n that yield the best-fitting curve. The 
correlation coefficien I calculated for each curve can tben 
be used to evaluate hc)w well the valX' pressure function 
accounts for ch.ange.s in loss with vary' og vap<lr pressure .. 

Such an analysis was done fQr both vapor pressure 
fU.nction$, P' and p • . It wa~ found that both functions 
were approximately e~u.al1y good predictors within tbe 
range 2.50-9.25 pound per quare incb absolute. No 
tef>ts we·re made at higher vapor pressures, One test was 
made below (bi: range, at 0 .75 pounds per squ.are in.cb 
absolu Ie; neither function pred icled the results of tbis 
test a accurately as it predicted tbe reSu Its of the o ther 
tests. 

It was conclude,d: lhat the theorctically derived vapor 
pressure function , r (Equation E-2) is the most appro
priate functi.on to uSe in t.he evaporative-loss equation, 
since il approa.ches a fjn ite value as P approacbes Pa. 
This function is judged to be applicable for DQoboiliog 
stocks down to a true vapor pressure of approximately 
1.5 pounds per square inch ab olute·. 

The mathematical analys' and all supporting data 
used to sele,ct the vapor pressure fUDction are in the 
documentation fLle for Appendix E. 





APPENDIX F- DEVELOPMENT OF PRODUCT FACTORS 

F.1 Gene rat 
The test-tank data used to determine relative losses 

"''ere obta ined with mixtures of propane and n.octane. 
us.ing di reet mea$urement of vapor Io.sses. To apply these 
results to refi ned products , such as ga.<;ojines, and to 
crude oil stocks, it was nece sary to relate direct mea
surements from gasoline and crude oil to the mi;nure$ of 
propane .. nd n-octOllle under the same rim-seal configu· 
ration and wiod~speed cooditiolt . It was expected that 
after the measurements were nOllRalized for differences 
in true vapor pressure and vapor molecular "''eight , these 
difl'eren t tock.s ",'Ould h.ave the arne loss. However, 
differences in losses were observed even after this nor
malization. Therefore , a.product fac tor, Kc. was needed 
in the loss equarion to account ror this observed differ
ence in loSSoes from one stock to another. 

F.2 Theoretical Considerations 

Crude oil losses were significantly lower t.han the 
losses from the mixtures of propane and It-octane under 
tbe same conditions of rim-seal configuration and wind 
speed . This differenc.e was attributed to mass t ransfer 
effects that would occur when the evaporation was tak
ing place under nonequiJibrium conditions. !fthe ate;lt 
which evap.oration occurs exceed the rate at which the 
evaporating light ends migrate frem the liquid bulk to 
the liquid surface, tbe evaporaticn is occurri t1g under a 
n.onequilibrium condition. The migration rate of the 
light ends depends strongl on the vi cosity.of the fiquid ; 
tba t is, as st.oC visco sit y incre ases, migration rate de·· 
Crea es, promoting nonequilibrium condiri.ons. There· 
f.ore, under the same condition, as a Slock's viscosity 
increases compared with tbal of mixtures of propane· and 
n-octane , the los will be les . 

F.3 Crude on Factor 

Evapomtive loss data for crude oil and mixtures .of 
propan and n-{)ctane at varying ind spee.cts and three 
different rim~seal configuration ~ ere compared to 
quantify a crude .oil product factor [23J. The daHl were 
firs t analyzed as described in Appendix B and the. docu
mentation file for Appendix F. After the data ""ere 
normali2.ed fer \lapor pr~ssuIe and apor melecular 
weight, the average ratios of losses from crude .oil to 
l.osses fr.om mixtures .of pr.opane and n-.octane were cal-

cuLaled . For r"m-seal systems tested with .only fI primary 
eal, the average ratio was appro Imate I)' 0.3 . F.or rim

seal )' terns thai indudee a rim-mounted econdary 
se.al, the ratio was approximately 0.6, although the abs.o
lute nmgnit de of the crude oi1 losse was lower. 

The increae in the product factor when a secondary 
seal was preseot. is consistent with a reduced loss rate 
(that is, more nearly eq uilibrium cond.i tions) caused by 
the secondary seal. However more data are necessary to 
confmn that these [actors are generally applicable . By 
averaging all the data t.oget.her, an average product fac
lor of 0.4 wa~delermined . Bccause of the limited data 
base, it was judged that 0.4 is the most appropriate 
pToduct factor for all tanks used to store crude oi.l , irre
spective of Ihe lank rim-seal system. 

The crude oil factor is judged to be c.on!;ervative for 
crude oils in general , since a relatively light crude oil was 
tested and heavier crude oils would have rower product 
factms. 

API Bulletin 2518 III on lo.sses from fixed-roof tanks 
include a product factor of 0.58 for crude oil losses 
compared ",lth gasoline losses. Although the dat .. on 
which thi 5 factor is baf>ed aIe nct directly comparable 
with data for floating-mof tanks, they tend te support 
the crude .oil product factor d [scw ed above. Also, a 
theoretical determination [231 of t.he expected crude oil 
product fac tor resulted in an estimate of 0 .5, ~ bich also 
upports the test results. 

F_4 Gasoline Factor 

E aporative 10 s data for gasoli.ne were also compared 
wi th the loss data for mixture of propane and n-octane 
[21 ]. The e da ta were available only for a single rim-sui 
condition at a si.ngle wind speed. By a similar analysis , a 
ratie of 10 es from gasoline to losses from mixtures of 
propane and n-octane of approximately 0.9 was calcu
lated . However, because of the similarity in viscosity 
bctween gasoline and mixtures of propane and n-OClane 
and the limited 10 data available for comparison, a 
product factor of 1.0 was judged to be reasonable and 
conservil tive fer predicting gasoline losses (that is, such 
calculated losse will be higher than losses calculated 
using a factor of 0.9) . 

The mathematical analysis and all supporting dala 
used to develop the product factors arc in Ihedocumen
tation file for Appendix F. 





APPENDIX G-DEVELOPMENT OF CLiNGAGE FACTORS 

G.1 General 
A number of !lell-wetting tests were performed to 

estimate the amount of stock remai nillg on the tank. sbe II 
as tile floating roof descends wbile the tank. is emptied. 
In the..se Ie-sIs a steel test plate was immersed in stock and 
then slowly witbdrawn past ections of rim seal 1.0 simu
late· roof trave l ins~de a 'OInk.. 

A container was fined w'th a known volume of Ihe test 
liquid. The test pl.ate was slo I)' puUed out of the liquid 
between a pair of resiliellt-foam-filledeals 2 feet in 
length at a rate roughly equivalent to that at which a tan 
""uuId be emptied. The plate was then reimmersed after 
most o( theliqllid bad evaporated, and the remaining 
volume of liquid was determined. Enougb tests "vere 
made to detenlline an accurate volume change, from 
which the dingage factor, C, in barrels per 1000 square 
feet, was calculated. 

A separate series of tests wa . conducted Io determine 
the evaporation that would have occurred. without move
ment of the test plate, ,SoC) that the results cOllld be ad
justed to repreent only th.e withdrawal loss due to stock 
cJing"ge to tbe te~t pI ate_ 

G.2 Gasoline Tests 

Four shell.wetting tests were conducted with n"OCtane 
stock [28] , which nas clingage characteristics represeota
tive of those of gasoline . A lightly rusted steel plate was 

used, and the seal position ..... as varied _ The resulting 
clingage factors ranged from 0.0010 to 0. 0019 banels per 
1000 square feet , with an average of appr-oximately 
0.0015 barrels per 1000 square feet. The test results are 
considered conservative, since rim-seal pre~"Su:re was not 
illtroduced to produce a wiping act jon Oil the steel plate_ 

G.3 Crude Oil Tests 

Fi e sbell-wetting teslS were conducted witb a me
dium-volatility crude oil [23]. Again, a lightl}, rusted 
sl.el plate ..... as lIsed, and the se.al position was varied_ 
The resulting clingage (actors filnged from 0.0032 to 
0 .0072 barrels per 1000 quare feet, with an average of 
approximately 0.0060 barrels per 1000 ~uare feet. 

G.4 Other ShaU Conditions 

Clingage facto for dense rust ..... ere del,ermi.ned by 
multiplying the values for light rust by a factor of S. This 
facetor is based 011 data refened to in the fust edition of 
AP Publication 2517 [16J. This pubJi.cation also referrerl 
to data hicb indicated that gUDite-lined tanks bave a 
cllIlgage factor 100 times greater tban the. factor fO.f a 
lightly rusted steel. Tile resulting clingage factors are 
1Jmmarized in Table 11. 
The mathematical analysis aDd all supporting data 

IJ!ed (Q de"e.Iop the clingage fa.ctots are in tile documen
tation file for Appendix G. 
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