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Description


USA S Z11.1 99- 1966



)



USA STANDARD



METHOD FOR MEASUREMENT AND CALIBRATION OF SPHERES AND SPHEROIDS



)



API Standard 2552 ASTJ'I'I Designation: D 1'108- 65 (Datc of Joint API/ ASTM Appwval, 1965)



Publ ished b y



AiVlERICAN PETROLEUM INSTITUTE Division of Science and T echnology 1271 AYellHe of the Americas Nell' York, N .Y. 10020



)



USA Standard A USA Standard implies a consensus of those substantially concerned with its scope and provisions. A USA Standard is intended as a guide to aid the manufacturer, the consumer, and the general public. The existence of a USA Standard does not in any respect preclude anyone, whether hE' has approved the standard or not, from manufacturing, marketing, purchasing, or using products, processes, or procedures not conforming to the standard. USA Standards are subject to periodic review and users arc cautioned to obtain the latest editions. Ilrociucers of goods made in conformity with a USA Standard are encouraged to state on their own responsibility in advertising, promotion material, or on tags or labels that the goods arc produced in conformity with particular USA Standards.



NOTE: API Siandard 2552-ASTJ.lJ D 1408 was approved as a USA Standard Dec. 30, 19M.



FOREWORD The standard in this publication is one of a series approved jointly by the American Petroleum Institute and the American Society for Testing and :Matcrials. This standard is the result of a cooperative arrangement established by the two organizations to develop and jointly approve and publish standards dealing with quantitative and qualitative measurements of petroleum products and lubricants. The American Petroleum Institute and the American Society for Testing and 1\1aterials take no position as to whether any method, apparatus, or product mentioned herein is covered by an existing patent, nor as to the validity of any patent alleged to cover any such method, apparatus, or product. Furthermore, the information contained in this standard does not grant the right, by implication or otherwise, for manufacture, sale, or use in connection with any method, apparatus, or product covered by letters patent; nor does it insure anyone against liability for infringement of letters patent. This standard may be used by anyone desiring to do so, but neither the American Petroleum Institute nor the American Society for Testing and :Matel'ials shall be held responsible or liable in any way either for loss or damage resulting therefrom, or for the violation of any federal, state, or municipal regulations with which it may conflict. Suggested revisions are invited and should be submitted to the director of the Division of Science and Technology, American Petroleum Institute, 1271 Avenue of the Americas, New York, N. Y. 10020.
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Stalldard Nlethod for MEASUREMENT AND CALIBRATION OF SPHERES AND SPHEROIDS'



API Standard: 2552 ASTM Designation: D 1408 - 65 ADOPTED, 1965,2,3



This standard of the American Petroleum Institute issued under the fixed designation API 2552 is also a standard of the American Society for Testing and ~latcrials issued under the fixed designation D 1408; the final number indicates the year of original adoption as standard, or, in the case of revision, the year of last revision.



This method was adopted as a joint API-ASl'JI standard ill 1965.



Scope



') 1. This standard describes the procedures for calibrating spheres and spheroids which are used as liquid containers. It is presented in two parts: Part I (Sections 2 to 10) outlines the procedures for the measurement and calibration of spherical tanks; Part II (Sections 11 to 20) ou\-



lines the procedures for the measurement and calibra han of spheroidal tanks. Non: 1.-Calibration procedures for other types of tanks arc contained in the foHm\,ing standards: API Btal1dard 2550-A8'1'M D 1220: Measurement and Calibration 0/ Upright Cylindrical1'anks



API Standard 2561-AS'l'M D 1410: Measu.rement and Calibral£on oj Horizontal Tanks API Standard 2553-ASTM D 1401: Measurement and Calibration of Barges API Standard 2654-ASTM D 1409: Measurement and Calibration of Tank Cars API Slandard 2555-ASTM D 1406: Liquid Calibration 0/ Tanks



PART I. SPHERICAL TANKS Definilioll



2. A Sphere is a stationary liquid storage tank, supported on columns so that the entire tank shell is abovcgrade. There Under the standardization procedures of t.he API and the ASTM, this :;tandanl is under t.he jurisdiction of the API Cent.ral Committee on Pet.roleum Measurement. and the AS'l'M Committee D-Z on Petroleum Products and Lubricant.s. 2 The API method was adopted as API Standard 2552 in Oct.ober, 1965. Prior to its present. 1mblicatioll, t.he API Hecommended Practice 50B was ol'iginaUv adopted as tentative in November, 1937, an~l as finnl in November, 1941; t.he second edition was issued in May, 1942; t.he third edition was issued ill June, 1949, and reissued in January, 1952; t.he fOUl1h edition was issued in June. 1957. 3 Revised and ndopted as standard June, 1965, by action of t,he ASTM at the Annual Meet,iug and confirming letter bnllot,. ) Prior to adoption as ASTM stnndard, t.his hct-hod was publi'lhed as tentative from 1956 and revised in 1958. 1



dead capacity exists. This same point is zero gage.



are, usually, no internal structural members. A typical sphere is shown in Figs. 1 and 2.



01'



Outline of Procedul'e



4. (a) Liquid calibration is preferred for any tank or portion of a tank not susceptible to adequate or accurate measurement (see API Standard 2555-ASTM D 1406). (b) Capacity Table.-The capacity table should be prepared in any desired increments (usually Va in.) using graphs 01' mathemat.ical met.hods to establish a smooth curve.



3. (a) Practical difficulties limit tape paths for measuring great circles on the f>phere where the tape will lie flat and not tend to slip sidewise. Three representative great circles are chosen-one at the horizontal equator and two passing vertically through the poles at right angles to each other. The total volume is caicula ted based on these three measurements. Partial volumes are then distributed over the measured inside height by a formula or table based on the partial volume versus depth in a true sphere. (b) In a sphere the bottom capacity liue is the lowest point of the spherical shell inside the sphere. No water bottom 7



Liquid Calihl'alion



Calibration hy lUeteI'



5. The sphere may initially be either empty or full. Calibration should proceed by int.roducing or withdrawing liquid. rvIeter readings should be taken for each inch of the upper 25 pel' cent.
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l\IEASURE~IEX'l' AX!) C.\I,IBRATIOX 01 __X C3 6n'



(d) If the Yertic,tl inside height, D"" was mcasured nt a distance, lIl, from the centerline of the Rphere to 11. manhole or



other fitting [Section 8 (e)], calculate the total inside height, D, at. the centerline as follows: D = \/D",2



+ 4m 2



(e) Compute the partial volume at each desired incremental depth, A method employing a calcula ting machine may be set. up as follows: Let: l' = total volume of sphere. G = gage increment. A = one-half of the yert.ical inside height.



Ji-H G



11 = gage height to bott.om of increment. For the bottom increment:



Calculations



9. (a) If the field measurement of the outside circumfercnce [Sect.ion 8(a)] was made at a height, H, above the equator to clear the tops of t.he columns, compute t.he outside circumference, Co, at the equator as follows:



Co



~



,/·"C"'+-("'2"di'}



(b) Correct each outside circumference to the inside of the shell plates, by subtracting 21ft, For t, use the weighted



(API



1'",



=



Kj



For each sllcceeding increment: 17,'1 = 17",+1



+ J.l[[{2



The volume of each increment above the bottom increment is jlJ[(2 greater t.han that of thc increment directly below, NOTE 2.-Tables of partial yolumes arc lwailable but the interpolations required arc



2;);)2-AS'l'M



D 1408)
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often more laborious than machine calculation u8il1g the fm'egoing procedure. A ~ample calculation for a 38-ft-diameter spherical tank if.; shown in Appendix L Effect of Thel'lllUI Changes on Sphel'icul Tank Shells



10. (a) The effect of expansion or COlltraction of tanks containing liquids at normal temperature may be disregarded, Correction for expansion or contraction will not. be necessary except under con(Utions of use requiring very accura te results as to the partial or total volumes of hea ted or refrigera ted contents, (b) 'Vhen corrections for temperature effect are reqnired) it is necessary to estimate the r:;ervice temperature of the contents and compute volume corrections due to the difference in temperature from 60 F, the normal calibration temperature. Compute the volume correction as follows: Volume correction, per cent



= J{



Ct. - 60)



where: J( = a coefficicnt (see Appendix III). t, = service temperature of tank shell, in degrees Fahrenheit. The coefficient, [(, is hased 1I1)on a low-carhon sleel having a coefficient of thermal expansion of 0.0000065 l)er deg F. When the tank is constrllcted of a different luelal, the coefficient of expansion shall he calculated in accordance with Appendix III. (c) For llollinsulated metal tanks, the temperature of the shell may be taken as the mean of the adjacent' liquid and ambient air temperatures on the inside and the out;.;ide of the shell at the same location. In applying t.hese principles to both spheres and spheroids, only the horizontal dimensions are functions of tank calibration correct.ions. The liquid height dimension is a function of gaging the liquid level; accordingly, the effect of thermal expansion or cont.raction on il111age and outage gage readings should be considered separately.



PART II. SPHEROIDAL TANKS Definitions



11. (a) A Spheroid is a stationary liquid storage tank having a shell of double curvature. Any horizontal cross-section )is circular and a vertical cross-section is



a series of circular arcs. The height is reduced compared wit.h that of a sphere, The bottom rests directly on a prepared grade. The spheroid has a base plate resting on the grade and projecting beyond



the shelL Structural members rest on the base plate and support the overhanging part. of t.he shell for a short distance above the base plate, A drip bar is welded to t.he shell in a horizontal circle just above the
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CAL1BRA'l'IO~



OF SPHERES AXD SPHEROIDS



(API 2552-AST~T D 1408) Onlline of Procedure



Poinls for Circumferentlol Measurements



,~i--I--+------'---t--
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FIG. 3.-S).IQOTH SPHEROlIlAL T.-\;\K.



Top.



Capacity



tfl7t1k'-f-+---I'--f---I'-+--t1



Line



Bottom Capacity



±-::-Ht--:--t1 \



Line



FIG. 'L-XODED SI'HEROTllAI, TANK.



FlO.



5.-NoflEIl SPIIEHOIDAr~ TANK.



structural supports to intercept. rain water, NOTE 3.-Since the drip bar is used as a tape path in measuring, the builder should exercise care to locate it accurately.



(b) A Smooth Spheroid, shown in Fig.



3, usually has no inside structural memhers to snpport the shell 01' roof. (c) A Noded Spheroid, shown in Figs. 4 and 5, has abrupt breaks in the vertical curvature called nodes which are supported by ,1 circular girder and structural members inside the tank.



12. Practical difficulties prohibit measuring a spheroid except at two locations, One of these is on t.he shell at the upper edge of the drip bar; the other is at the largest horizontal circumference where the :-::hell is tangent. to a vertical line. At other locntions it would be difficult, if not impossible, to support the measuring tape. The theoretical horizontal radii arc calculated and t.hen adjusted to conform with the measured circum ferCHers.



{ ~l



Liquid Calibration l:~, (a) Liquid calibration is preferred for any tank or portion of a tank not susceptible to adequate 01' accurate measurement.. Because circumferential measurements un a spheroid are limited to t \Yo, liquid caliiJm tion (see API Standard 2555-ASTM D 1406) is preferred to the measuremcnt. procedure. (b) Adequate facilities are not always availablc and the measurement procedme is given as n satisfactory altcrnative for spheroids. 'Vhen visibly distorted, the spheroid should be liquid calibrated, (c) Liquid calibm tion may be performed by meter, using either water 01' a product of low volatility such as No.2 fuel oil. If calibration tanks are used, the liquid iihould be water. (d) When calibrated by liquid, t.he spheroid should have been filled at least once with a liquid at least as heavy as the liquid to he stored. (e) "Then calibration tanks are used, they shall be accurately calibrated by the critical measurement procedure (as outlined in API Standard 2550--ASTM D 1220), or by the water draw procedure, into National Bureau of Standards standardized measures (as outlincd in API Standard 1101: l1Ieasuremellt of Petrolcwn Liquid IIydrocarbons by Positive Displacement .Meter). (f) \Vhen meters are used, they should he installed, operated, and proved according to the systems outlined in API Standard 1101 (see also API Standard 2555AS'Df D 1406). (g) Capacity Tab/e.-The capacity table should be prepared in any desired incrrments (usually Va in.) using graphs or mathematical methods to establish a( smooth curve,
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