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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. 

Full document details: API Publ 2517-1989 scan

http://avadocuments2026.com/doc/api-publ-2517-1989-scan
http://avadocuments2026.com/doc/api-publ-2517-1989-scan


2 API PU~lION 2517 

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. Full document details: API Publ 2517-1989 scan
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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: Full document details: API Publ 2517-1989 scan
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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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:E IAPORATIYE I.oss F'FICM ExrERN~L fLo\TltlG·Ax!F l~NKS 5 

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 . Full document details: API Publ 2517-1989 scan
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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 
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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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