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1. This Military Standard ia approved for uae by all Departmentsand
Agencies of the Department of Oafanee.

2. Beneficial connc.ante(recommendations,additions,deletio~ ) and my
pertinent data which may be of we in improving this document should be
addreased to: US ArotyMobility Equipment Research and DevelopmentConmand,
AT: DS.DMB-DS,Fort Belvoir,VA 22060 by using the eelf-addreesed
StandardizationDocnment ImprovementRoposa3 (DD Form 1426) appearingat
the end of this document or by letter.
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1. SCOPE

1.1 Purpose. The purpose of this standard is to provide a uniform
procedure for determining,with reasonable accuracy, the normal loss ex-
pectancy of petroleum liquids, including crude oil, from bulk storaga tanks
and from traosportacionoperations.

1.2 ~lication. Tha procedure for determining evaporation loss ex-
pectanciae for volatile petroleum liquide ie applicable at all domeeti.c
and oversea inatallatiom of the Depertmant of Defense. Data tables are
provided to translate theoretical conaiderationaor uuthematical expreesioos
and observed experience into typical data of sufficient accuracy to permit
valid evaluation of probable loss conditions for bulk storage. Overall
experience data are offered which will serve as a baeie for evaluating
transportation losses of volatile petroleum liquids. However, this sample
eurvey should not be utilized as a target for any particular facility.
Each facility ehould be surveyed utilizing the guidance provided herein
and a loss expectancy established for each tank or facility. Theee data
can be uead sa a basis for obteining needed modification, improvements or
repaire when =eeaive loeaas occur. Bulk tankage losses can be controlled
so es to not exceed the lose expectanciaa for volatile petroleum liquide.
Lassea reeulting from leaking tanka, valves, lines, pilferaga, or spillage
are controllable and should be proceesed in accordance with applicable
departmantel instructions;data presented herein do not include nor reflect
these Iosse-, lhis standard will be implementedby each Department for the
reporting end handling of loaaee during tranaportatfon.recaipt~ storage,
and issue of petroleum liquids within the frsmework of its inventory control
system.

2. FJ?.PSBXNCE00CUMSNTS

2.1 Amaricen Petroleum Institute bulletins. The following documents
form a part of standard to the extent spaciflad herein:

(a)

m)

(c)

(d)

(e)

API Bull. 1623 - Recommended Good Practice for Bulk Liquid-
Losa Control in Terminals and Depote.
API Bull. 2512 - Tantativa Methods of Measuring Evaporation
Lose from Petroleum.Tanks and TreneportationEquipment.
API Bull. 2513 - Evaporation Lees in the Patroleum Industry -
Causas end Control.
API Bu~ . 2514 - Evaporation Leas from Tank Cars, Tank Trucks,
and Marine V-eels.
API Bull. 2514A - Hydrocarbon Emlssiom from Marine Vessel
Loading of Gasolines.

1
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I
(f)
(g)
(h)
(i)

(~)

(k)

(1)

(m)

(n)

API Bull. 2515 - Wee of Pleetic Fom to Reduce Bveporatioo Loss.
@

API Bull. 2516 - Evaporation Lees fma Low-Preesure Tenke.
API Bull. 2517 - BveporationLoaa from Ploatiog-BoofTenkE.
API Bull. 2318 - Bvaporatim Leee frcm Fixed-Boof Tenke.
API Bull. 2519 - Use of Interoel Floatlng Covare for Pirad.
Boof Taoka to Reduce EvaporationLaaa.
API Bull. 2520 - Use of Variable-Vapor-SpaceSystem to
Seduce EvaporationLoss.
API Bull. 2321 - Uae of Preesure-VacuumVent Va3vee for
Atmospheric Preeaura Tank to Reduce Bveporatiwn Loee.
API Bull. 2522 - ComperatfveMethode for Evaluating
Cmaervation Medankm for Svaporatioo Loss.
AS3?!D1250/IP 200/API 2540 - Petrolem llaaaur~t Tab3,ee.

3. DEPII?ITIONB

.o~~~ac~ ‘s ‘soctit~ ~tb *e thermal espamim ~e vepor apece reeulting from the daily t~ereture
cycle.

thita4%H3ide2%e”Z$%2%2 %%q%d%%-%o%ht
w- W- ebOVW* Iiwfd level after a rapid witbdrewal of the.Ii@d.

3.3 kid Vaper
.-.— .

rmeawre OWP). Daelgiiatee the vapor preeewre of e
llqaid ~uel contafnins really rffneolvedefr. Ihe RVP, wured ●t @
100° F with a vaper-to-~quid ratio of b to 1, is weed in noti

laboratory mating of volatf.laliquid fuels.

3.4 3tue vapor preesure (TVP). Deeignatee tha vapor preeaure of en
e.lr-free liquid at a epeelfiad temperatureend a vapor-to-liqofdratin of
o. 13ds erpreeeion denotes the tree vaper preeaure of the liquid in
equilibrium with ite vapor apace and fe uead In evaporation Ioaa ~-
euletiona. True vapor pressure ie determined from the RV? awd ie ueed fn
calculating the breathing loeaee deecrfbed harefn.

3.5 Outage. The height of the wepwr space h fixed-reef tewke. ~.
a correction for cone-reef vwlume. (One-third- ha.i.@tfor cxmiaewith
eeme beee diameter ee tenk).

2
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4.1 Petrole!m liquid conservation. Accuracy in meeauting, good maio-
tenence procedures, Cfficlaot records, detailed inspections,end equipment
modificatiooe provide the priocipal control tools necessary for the
achiev-t of maximum practical petroleum liquld coneetwatioo. Gilculatloo
of the lose expectancy for en operation provides a measure of instellatino
efficiency in the control of the loeaea within the limite imposed hy the
condltimn and nature of the facilities. An actual loss lo ercaee of the
calculated lees ~tancy or iudicatad expartence factors will Indicata
that m ebwrtd 10ss has occurred or that eoae umietacted error wee meda
wheo the iovcked, received, and inventoried quantitim were datam.imed.
Xn any event, all I.oeme will ba investigatedvithout delay end an ex-
planation aod eeeeemt of reepooeibilityrendemsd to the satiefaction of
the appropriate admioietrativaor property officer. Survey actions, if
indicated,will then be directed by the cognisent adminiatrativaor property
officer.

4.1.1 Coaeamation rgpe teaks. Certain coneervatioo type tanks are
findfng imcreeef@Y s=etar mppli~ti~ in the ~litaw =a+= fOr =tOr
and aviation fuels storage. Data are offered herein to serve es a basis for
predicting standing e.torageor breathing losees in this type of teukega.
The earliest end predominant coneervetion type tank ie the floating roof
tank. kaathiug losses are caueed primarily by the leehge of vapors betweco
t&e g4Ser em~l ~g ~f ~he -f ~d tenk shell and may he expressed as
berrele per f wt diameter -r year per peund of true vapor praseure.

4.2 Effect of tampsrature. For adequate stock control, it is neceesery
for tmerature variatf.ooby adjueting all recelpte, deliveries,

~d=t%ea to a uniform basis of do” F (AS!f31D1250/IP 200/API 2540,
Petroleum Meaeur-t Tables).

4.3 bee prevention. Zhe prevention of I.Osseerequires conetaot vigflaoce
by all eoocamad, p ic reeveluetioq of lees qxpectency, adherenca.to,
time-tested operating pticticee, good bmieekeepiog~ end acceptance of the
principle that it la se important to account for patroleum liquid stocks
se it is for cash. Bar&idly, the“pro@em that aboidd be udartekeo by each
eognieent activity coo,eiateof:

(a) Determining actual loeeee.
(b) Isolating theea loesee se to phase of oparatiou.
(c) ~~lg lees control =thode wherever economically

3
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5. DETAILED SEQUIFXMENTS AND STATEhO?NTS

5.1 Tank loss expectancies.

5.1.1 Storage tanks.

5.1.1.1 General statements. It ie recognized that some loseee are un-
avoidable, especially in the handling and storing of a volatile petroleom
liquid. Stock losses can be controlled so ae to not exceed the lose
expectancies for any vulatile petroleum liquid. Such loseee are relatively
negligible for nonvolatile petroleum liqulds. Naturally, the maximum 3.0ss
reduction varies for each individual caee depending upon the volume handled,
the rapidity of turnover, the prevailing temperature and the type and
condition of tankage, resters, and equipment.

5.1.1.2 Effects of vapor pressure. The tendency toward evaporation
losses is governed, to a great extent, by the vapor pressure of the fuel.
the higher the vapor pressure, the greater the possibility of increased
evaporation losses through breathing. Breathing is cawed by period~.
temperatureand pressure variations resulting In alternate expulsion
of the vapor air udxture end intake of atmospheric air.

5.1.1.3 J&pressing vapor vreaaure. Two terms used to express vapor
preaaure ar~

5.1.1.4 Determining true vapor preesure. The tme vapor preseure Is
taken from the vapor pressure chart (see ~gure 1) using the Reid vapor
pressure end the average liquid body temperature. The slope of AsZlldie-
tillation (plus loaa) curve at the 10 percent petit providea a criterian
for this variation se illustrated In Figure 1. Crude oile vary widely in
vapor preesure and in the slope of the ASTM distillation (plus lose) curve
at the 10 parcent paint. In the absence of dietill.atlm data a slope of
5.0 can be aeeuued for crude oti. In many crudee, the slope ia higher h
5.0 and ie off the scale of Figure 1. In such caaea, the trua vapor
pressure calculated frmm Figure 1 should ba considered as a lower lfnlt,
and the actual value will be higher than the calculated value.

5.1.1.5 Evaporation losaea in tankage. From the RVT end the AS’IM
distillation characteristicsof a petroleum liquid which are available
from laboratory tests, it is poeaible to detern&ae the evaporation loss
expectancies from fixed roof storage tanks. Evaporation lose-esare the
nmst common type end may be divided into two categories deacrlhed in 5.2
and 5.3.

4
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Breathing loss expectancies (fixed roof bulk tanka).

5.2.1 Loaa determination. The chart of Figure 2 shall be ueed to
determine the expected annual breathing loss of volatile petroleum products
from a ftied cone reef tank in good phyeicel condition. The true vawr
pressure is taken frum the vapor preseure chart (see Figure 1). lhe
outage will vary during operations, but will be taken aa the average from

5.2.2 Tank roof and shell paint. Evaporation loss data indicate that
roof and shell paint types (colorsj have a decided effect upon breathing
loeees. ‘he breathing loss, as determined from Figure 2, includes the
paint color/condition factor.

5.2.3 Tank c~dition. The breathing loss determined es above la baeed
on a tank h gamd physical condition; i.e., gas-tightroof, gas-tight
manhole and gaging hatch, tank equipped with preseure-vacuumvent, and
roof painted white. Consequently, the poorer the physical condition of a
tank end fittings, the higher tha breathing 10SS. TO incl~e the Physical
condition factor, the calculated breathing loss is multiplied by the tank
condition factor listed fn Table 1. The cnndition factor IS beeed upon
the degree of lsdage of the tank reef and fitting. It is determined as
the sum of all individual items which contribute to incraeeed 10SSW from the
tauk in questien.

Table I. Tank Condition Factor

Condition Factor

Beee factor for:
Gaatight tank and fitting 1.0

Add for:
Leaky fleet gage 0.1
Lea& gage hatch 0.2
Leaky manhole cover 0.3
open vent 0.5
open gage hatch 0.5
Leakg roof cnnatructlon 0.5

5
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ZIe: A tank 48 feet io dfemetex has beeo calculated to have en ermuel
breethlog loss of 185 barrels (see 5.6 for ernnple). Ihok condition
idi.catee so opeo veot, twm-gaeti@zt gage hatch, eod non-geeti@t flost
gage; tbta, 185 x (1.0 + 0.5 + 0.2 + 0.1) = 333 berre3.e(breetldugeod
condition 10SS). Tank condltloo loea = 333 -185 = 148 barrele.

5.2.6 E.cdce of repair eod mefnteoance. mble I may be USA M a
roogh guide for justifying the cost of
roofs end ftttinga.

~~ Or repairing ~

5.3 IJork.$llg10ss expecteociee (fixed roof balk renke).

5.3.1 General atstmt. VOrkiog loss is applicable eoly to ff.xedroof
tanks for the purpose of thie standard. Workfng Ioaa ti a term wed to
deecrlbe the loeeee attaudfng tank filling sod s.mptyfogoperatfoae.
Vapors erpelled wheo a petroletm liquid is delivered to a tank are filling
10ssss. tiditiooal foal eveporatioo into ol.legespace followiog tank
diepenaing operatiooe la celled ~tyiog losses.

5.3.2 Uorkins 10* determfnetfon. Thecbert on Figure 3aha3.lbeueed
for above grouod fired cone roof eod undergroundbulk etorsge ~ m
detendoe the expectant working lees of volatile petrolem liqoide. 3ha
true vapor preeeure is rakeo from the vapor preeeure chart (see Pf,gura1)
USf.08tie md =SPOY pmaure d the average liquid body temperature.
firoughput, en wad in Y’@re 3, iR the mm dfltt~- ~y~ & :X*

Pd ~ti ~ Mnk for the pariad under raneidaretlen.

5.4 l’remportatfon leee expecteneiee.

5.4.1 6ener.1 etat~t. Traoaportetion 1o.. is that lose soemined We
bulk petrolmm liquids are loaded fnto, treneportedby, end dincMz@ from
bergee, tauk=s, d care, t=k tmCkS, end ptpSliUSe.

5.4.2 Barges Sod mnkere. Traneporatiookaa expertenry dab preeait.ad
io lhble II eflect leases to be expected lo traoeportetiooof petraleua
liqufde frtmriaeuing tank at source to xecaivlag Mok et deatinatieo M
determined by ehora tank gages. Loss expectvmcieeOfcrudeoil Bey very
wMsIy eccordiog to the voletf.1.ityof the erode. V&o m other &ti ia
evai3.able,tha &es ie eea- to be tha S- as rntor gseolfne. Bxperimce
faetore for each crude oil. if avelleble. should ba used in place of tbe
fecmr ebown in Table 11.

6
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Teble H. ‘freoeporatiooLoss SXPSCtenciee

Petroleua Liquid Teaker
Factor Factor

AVSSS/MOSSS 0.0085 0.0025
Jet Fuel, SP-4 0.0040 0.0020
Jet Yue2, JP-5 eod JP-8 0.0010 UTL
mead PmEl 0.U)35 E31.
W Oil, SurmOr, Navy Special 0.0006 ?lYL
Crmie Oil 0.0085 0.0025

5.4.3 Tnllk Cal= and tauk trmke. Experience data indicates leaeee
attribut~e to treoeportetionby tank truck end tank car as deterdnd——
by treueportatioo e@p=ent S6@S is oeglisfble. Ho further ceoafderatf@a
to these10SSSS IS given in fMe standard.

i05Ss.-Aence everase 0.0005 to 0.001.
Lees expectancyfactors b to pipeliae tralleportatioa

5.5 Erpectallt10ssss - other tuuke.
.. .

j
5.5.2 c---cl stat-t . Wersge yearly loeeee for tanks other thm ffxei

roof ~pes ua as fe- :

5.5.1.1 lU.oetiogroof. welded shell. aiagle or deubla eeal. Breatbiog
loea IS 0.43 berre.b per foot diemeter per peuod of true vapor preeaare.
Horking loseeeere bwferfloer* roefteOke uhara*timect*
tip~t Of vapor during fW end =PW% ~ w be cmtiered
m@i@Je for practical pmpoeaa. AS en average, working lotusesfor
floating roof w, all Cypee,equs20.01 perceot of throughput.

5.5.1.2 Otha tvpee of cOaOermtion teob. llmke ●qdpped with floating
peoeuuder lixedroofewlll be cm=idered CO preeaam negligible losses for

PWWe= of this atenderd.

7
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5.6 Sample calculation.

5.6.1 Conditions:

Product AVGAS

Tank diameter
Height
Type
Paint

Capacity
RVP
Annual temperature (average)
Annual maximum temperature
(average)
Aonual minimum temperature
(average)
Throughput
Annmal inventory (avarage)

48 feet
40 feet
Fixad roof
Medium grey
(ehell and top)
12,500 barrels
6.5 pSi
46.5” F

55.0” F

37.7” F
57,500 barrels
17’.25feet

5.6.2 Breathing loss. To obtain true vapor prassure (l’VP)from Figure 1,
uae average tank fuel temperature. If this informetion is not available,
uae averaga atmospheric temperature,plus 5* F to approximate the product
temperature. Step 1 - enter Fi-gme 1 .t 51° F (46.5” + 5“). L?SSF.V?SLOp~
2 at 6.5 psi and raad off ‘IVP= 2.6 psi.

Annual average temperaturechange = 17.3“ F (55.0” - 37.7“).

The average outage is the average dietance from tha surface of the fuel to
the top of the tank. lhe tank vapor space due to the conical roof must be
included. 2hia is 1/3h (height of cone). Standard slope of cone roof is
3/4 inch per foot of tank radius = 3/4 x 48/2 - h; l/3h - 6 imchee = 0.5 foot.
Actual equivalent height of shell and cone 40 feet + 0.5 foot - 40.5 feet.
Average outage = 40.5 feet - 17.25 feet = 23.25 feet. Stap 2 - enter Figure 2
at 17.3“ F (average atmospheric temperature change) proceed to 1.46 on paint
factor; then to 23.25 feet on tank outage; then to 2.6 pai true vapor preeaure;
then 48 feet tank diameter; then to breathing loss scale-read 185
barrele/yeer loee for AVGAS.

5.6.3 Working loss. Step 3 - enter wnrking 10SS chart (sea Ngure 3)
at tank turnover 6’turnovere/year) then line up with 2.6 psfe TVP.
AMne 5750 barrels throughput through pivot line and read 4.4 barrels
working loea or 44 barrels for 57,500 barrela, throughput.

Downloaded from http://www.everyspec.com
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Total evaporatIon loee =
Breathing loaa
Working loss
Breathing and Wr~nB loss

Md, If applicable, tank condition loaa ae
in 5.2.3.

185 barrels
44 barrela
229 barrels

computed by method described

Permlaaion hee been granted by the American Petroleum Institute for their
data end charts. Exemplee shown on Figures 2 and 3, this stesdard, differ
frem those in API Bull. 2518 and have not been checked by API. API makes no
claim to their correctness.

Cuetodiana: Preparing activity:
Arny-ns
lievy- SE

Army-m

Air Force - 68 Project 9130-0091

Sevlew Sctidties :
Army-AM
Navy - NM
DL4 - PS

User activities:
q-cl?
Navy - As, MC,Yu

(

(

i

)
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Vapor pressure of petroleum liquids.
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EXAMPLE:
12300BARREL T4NK
TNRWSHFUT= 57S49SMRELS PER YSAR

TURSWFRS= 4 .S
~ v~OR FwzssimE= 2.6P91A
WKINS LOSS=44 BARRELS PER YEAR

NOTE:
THE TWWUOMR)T IS DIVIDEDBY A WMBER ( I 0, IW, I

THE SCALE,~ T14ENSE NILTIPLIEO OY TNE’ SAME UMSER.~lTO BRM IT INTO THE RANOE OF

[

30

so

15

I
&
ao
7.0

4.0

5.0

4.0

3.0

2D

115

lNE SCALE.

FIGURE 3. - b d -m ii2fuldsfmm fixed-rod tank.
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