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<FERA TION, CALIBRATION AND MAINTENANCE OF Aca.JRACY OF ORIFICE METERING 

SYSTEMS FOR GAS MEASUREMENT - EXPERIENCE FROM THE ST FERGUS 

GAS TERMINAL 

Dr PL WILCOX 

Metering Engineer, Total Oil Marine, Aberdeen, Scotland 

SUMMARY 

The Frigg gas field was discovered in July 1971 and gas began flowing to St 

Fergus shore terminal in September 1977. Approximately one third of Britain's 

gas is supplied by Frigg, which underlines the importance of the gas custody 

transfer metering system at St Fergus. The operation and methods of calibrating 

the metering system is described in this paper, together with the metering 

experience gained over the past five years. 
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1. INTRODUCTION 

Gas from the Frigg field is transported 365 km to a shore terminal through 

two 0.81 rn diameter pipelines. The shore terminal is at St Fergus, 

. Scotland, and it is here that the gas is treated and metered before hand 

over to the British Gas Corporation. 

At an intermediate platform, MCPOl, situated 170 km from shore, the 

Frigg pipeline takes in additional gas from Occidental's Piper field and will 

soon - end of 1982 - also take gas from Texaco's Tartan field. 

A Norwegian association and a UK association share the field ownership in 

the approximate ratio 60 : 40 respectively, since the Frigg field was found 

to straddle the dividing line of the Anglo-Norwegian shelf (Blocks UK 10/l 

and NW 25/1). The members of the Norwegian association are Elf 

Aquitaine Norge (42%), Norsk Hydro (33%), Total Marine Norsk (20%) and 

· Statoil (5%). The members of the UK association are Elf UK (40%), Total 

Oil Marine (33%), Aquitaine UK (22%) and BP (1 %). Elf are the operators 

on the field and Total Oil Marine are operators of the pipeline, the 

intermediate platform and the shore terminal. 

The pre.sent maximum capacity of the two lines is approximately 67 x 10
6 

sm3 /day, with an additional average daily quantity of 200 tonnes of 

condensate extracted at St Fergus. In late 1983 compression will be 

installed on MCPOl for one gas line, and then the maximum capacity will 

be boosted to approximately 75 x 106 sm 3 /day. 

Metering of the gas is carried out at three locations : Frigg for the Frigg 

field gas production (metering done by Elf); MCPOl for Piper gas and later 

for Tartan gas (metering done by Total Oil Marine); St Fergus gas terminal 

for the combined gas handed over to BGC. In this paper we shall be 

concentrating on the gas custody transfer metering system at St Fergus 

which is the responsibility of Total Oil Marine. 

The accuracy of the metering is of great importance, because flow and 

energy measurements form the basis for contracts. Such contracts include 

those between buyer and seller of the gas, between partners of the field, 

between companies who enter into agreements to share facilities such as 
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the pipeline. In addition, the British and Norwegian governments are 

interested in the amounts of gas metered for their Royalty payments. 

Finally, measurements are required for the proper control of production, 

transportation, or treatment, where in these cases the measurements ere 

process parameters producing reactions from operators or on control loops. 

The metering et St Fergus gas terminal is open for inspection et any time 

by UK Department of Energy end Norwegian Petroleum Directorate 

inspectors, and Total Oil Marine is pleased that it has built up a good 

relationship with these inspectors by maintaining the accuracy of the 

metering system to the best of its ability. 

·~ . 

2. ST FERGUS GAS CUSTODY TRANSFER f.ETERING SYSTEM 

At St Fergus the gas is treated to meet the specification set by BGC. This 

treatment involves : separation of entrained liquid; chilling and then 

removing the resulting condensate; reheating; and then metering. 

The metering system was designed as two identical metering stations to 

ISO R541 recommendations for measurement of flow using orifice plate_s 

with flange taps. Each metering station comprises six 61 cm diameter 

metering tubes with normally four tubes on line, one tube on standby, and 

one tube being off line for calibration purposes. Every week one tube per 

station is calibrated, which means that all tubes are checked once every six 

weeks. 

The volume flow rate, Qv, in standa~d m}/hour is calculated according to 

ISO R541 using : 

Qv = 0.039986 

----·· (1) 

1.22495 s 

where = flow coefficient (ISO R541, section 6.6.1.1) 

E = expansibility factor (ISO R541, section 6.6.1.3) 

d = diameter of orifice, mm 
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= differential pressure across orifice plate, mbar 

operating density upstream of orifice plate, kg/m
3 

s = relative density 

Hence, the volume flowed is obtained by multiplying Qv by the time in 

hours. 

At the present time, since we are using analogue flow computers, the 

constants and are only calculated at one point and so the equation 

for volume flow rate actually used becomes: 

Qv 
(2) 

s 

where K is a constant which is only changed when the orifice diameter is 

changed. For each metering tube, differential pressure is measured by two 

transmitters. The low range transmitter and high range transmitter cover 

0 to 625 mbar, and 62.'5 mbar to 2SO mbar respectively. 

The corresponding energy flow rate, E, in megajoules/hou.r (MJ/hour) is 

obtained from : 

E = Qv x CV, (3) 

where CV is the calorific value of the gas in megajoules/sm
3
• Then the 

energy supplied by the gas is obtained by multiplying E by the time in 

hours. 

3. CAUBRA TION a-tECKS MADE EVERY SIX WEEKS 

The following checks are carried out at six-weekly intervals on an 

individual metering tube and associated instrumentation : 

3.1 Complete system "as found" when tube taken off line. 
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3.2 Operating density cell. 

3.3 High and low differential pressure transmitters. 

3.4 Flow Computer 

3.5 Signal conditioners and alarms 

3.6 Orifice plates 

3. 7 Local recorder 

3.8 Complete system "as left" at end of calibrations . 

3.9 Operational check out 

A complete system check is made when the tube is taken off line to 

ascertain the 0 as found" state, prior to commencing re-calibration. 

The operating density cells on each tube are calibrated with high purity 

nitrogen. These density cells are installed in pockets in the metering tube~ 

downstream of the orifice plates. Positioning the cells in the pockets 

ensures that the gas in the density cell is at the same ~emperature as the 

gas in the meter tube, and calibration is carried out "in situ11
• 

The high and low differential pressure transmitters are again calibrated 

using the high purity nitrogen, at a nominal line pressure of 42 barg. They 

are calibrated at five points on the instruments' ranges O, 25%, 50%, 75% 

and 100% of span on both rising and falling applied inputs. 

The flow computer is checked by applying simulated values of differential 

pressure and density and comparing the observed output with the 

calculated value. 

The signal conditioner from the relative density analyser to the. flow 

computer is checked, together with all the alarms to the metering tube 

under calibration. 
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The orifice plate is physically removed from the orifice plate carrier and 

checked by eye for cleanliness, condition of the orifice edge, and the 

condition of the "0" ring on the plate. 

The local recorder needed for standby metering measures upstream static 

pressure, differential pressure and temperature. The static pressure and 

differential pressure pens are calibrated at O, 25%, 50% and 75% of span 

(75 bar) and O, 12.5%, 25%, 37.5% and 50% of span (250 mbar). 

Temperature is only checked at one point, the gas temperature. 

With the complete system having been checked and recalibrated where 

necessary, a check is made on the complete system "as left" at the end of 

calibration. .,. 

This is followed by an operational check out which compares the measured 

time for metering 20,000 sm 3 of gas and hence the measured flow rate, 

against a calculated flow rate. 

4. CAUBRA TION a--tECKS MADE EVERY WEEK 

For each metering station there are two relative density meters and two 

calorimeters. At any one time there are always one relative density 

analyser and one calorimeter on line, whilst the second instruments are on 

stand-by or are available for calibration. The calibration of the 

calorimeters is checked at one point, weekly, with high purity methane. 

The calibration of the relative density analysers is also checked w~ekly 

with the high purity methane and a mixture of methane and nitrogen. 

S. MONTI-fL Y a--tECKS COMMCJt..I TO ALL TUBES 

Once monthly on each station a check is made by comparing for one hour 

the flow obtained from the sum of the individual tube totalisers with the 

volume obtained on the station totaliser. In addition, a transmission. check 

is made on the calorific value output at source and the actual value being 

inputted into the computer. 
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6. METERING IMPROVEMENTS OVER THE PAST J YEARS 

The main changes made to the metering in the past 3 years are : 

6.1 Change of high differential pressure transmitters 

6.2 Change from operating density analysers out of the metering tubes to 

density analysers in tube pockets. 

The original high differential pressure transmitters manufactured by 

Westinghouse kept drifting, and after evaluating 3 other types of 

transmitter, Rosemount transmitters were chosen as replacements. The 

Rosemount transmitters have been found to be extr~mely reliable, with 
' . 

little or no drifting taking place over the six week calibration interval. 

The original operating density analysers were outside of the metering tubes 

and due to temperature discrepancies ocurring between the gas inside the 

metering tube, and the gas inside the analyser, these discrepancies caused 

errors in the measured value of operating density. To overcome the 

problem, two possible solutions were investigated. One solution was to 

place the analyser in a thermostatically controlled enclosure whic~ 

maintained the enclosure at the same temperature as the gas in the 

metering tubes. The second solution was to change to analysers in pockets 

in the metering tubes. These pockets were placed downstream of the 

orifice plates. After a detailed comparison of the two possible solutions 

analy~ers in pockets were chosen as the preferred solution, and all the 

metering tubes were converted to take the new density analysers. 

7. FUTURE PLANS 

At this moment, the performance of Solartron relative density analysers 

are being evaluated with the intention of using them in place of the ageing 

Spanner-Pollux analysers. 

To increase the present capacity of the metering, Total Oil Marine is in the 

process of uprating the differential pressure transmitters to 500 mbar. 

This uprating is expected to be completed by Autumn 1982. 
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It is also proposed to change the metering standard from ISO R541 to 

ISO Sl67 at the same time as the change is made on MCPOl and Frigg. 

This change will take place towards the end of 1982. 

During the summer of 1983 it is proposed to change from the existing 

analogue flow computers to digital flow computers. The main reasons for 

the change are the increased computation accuracy to be gained, and 

increasing difficulty in obtaining spares for, and in maintaining, analogue 

flow computers. 



- -- - -.... ,..,, I ''1 .I' ·~ 
., ,., 

Slf:TLANO 

"1'1f 

'"'" 'WlO 01• n· 1r1 
•r sr U"N 

~ 
c 
r 

!f'lf 

~ 
r 
~ 
0 
)<. 

St:OTLANO 

\ ,,.,, 
\ 

\ . 

FR/00 FIELD 0 ST.FEffJUS SCOTLAMJ 

Pl LINE ROUTE 
Ap,,,. ,.,.,, Stelo·l:l.I00._ ____ ...__.__--1 



·.' 

% -4-~ 
3J 

~ S" 
u 

ti/O f4J £ C::. '" H ~~roe.. 

E.L.F AG.'41. HMcte: 
NOA.S"- '"'~eft.O 
SIATOI~ 

TO"TAL. MAN~ 

t+/OW 
(1..UIVE:Q 

~~ 

o.~. A~$°OC - :IL 
A<.t\o\\''fA\~ V. ". 2.~ 

E L..t=" u.t. 4'-4 
TOTAL f IL l"\A,.._\~ ~ '13 

s. '· I 

'"'-'C l'T't OF Mtle P•f'EU~ To flE 

floo S1"t?l:> 1'b 4-'2 "10• s"" "lf '-.., tJv 

co MP r\.E-n'\otv ON Ne.Poi 



f'h~t..l> J>E VE' l-0 P Ef\.~ 

B~,,...~ A,.,S> NOl\W£'4\Af\I C.ov-rs. 

B .4 .c .. 

o c..c.. • o e ri;'-r At. -;- -re')(. A c:.o 

tl €" C-A v. SE' A U.... c..o flJ1" (l 9' ~I~ (\..€ GJl \ ~ 'f o K.NOW 

C.A.S G...\.H\N-r\11€'> :rr-.1VOL'1E°!> 

lJu '( € t\. A.ri'O S t'L-\...E"t\. 

rto'-4':\L11 E"S 

0Pel\.AT1t\IC. c..o ~Ts 

ltt4' ~S -'e>tl "1" A "'f tOl'J ~.t" 

O~ : P"OO\AC T\OWV 

T (\AN S'2ol\.'T' f\ 1°• .,.., 

lt'\£A,..M~T' .. 



AT 3 LOC..A.T lO r/S 

Ff2.. IC.Cc 

2. l'A.CPO \ 

~.ST. FERGUS 

ME"1"EJ'\..\f0 B"1 4\o'"TAl- OIL. f'.\A.tl.t NE'.: > T'°' E' T£ti.M 1NAl­

O (J ~(\. P.T'O (\ 



G-'S Ht?fC"-(O ~ S'1"' F~t\.~ur tt~b\ A~o F(l\Gf, · ·as (al\. 
) ' 

\.-1 'l.-l- (.l~) A I'-\\ X \~ ~ l:J (:. ~ uS F t"\..6 M 'f ~ ~ VA (\.\O\A! ~ t;L..t 

. .. Cc~s · ArtAL~r\S' t\"'r" so~l\.ctt. A,_,o 'DCZUV\?J\'1 

~C)I f"''T' • 

(...CM t'""'""r G 'S-'4 ~ Ov.T f\C.<...O(\..Oa,vc, 'lo MA~ \!MA\\ c.AL.. (1.ul..~ S 

A.~ (\e;f~ ~~ 5~\PP\!l\. i;:,I= ~AS" azwlt!t\.\tv~ MtC,c;. 

- ~ "'ttt!M . 

I 

~ 

Ftt..\C.~ F•C!\-0 ~f'~S 

~ 5 ~ ~ "'1""'"' cf'\.. 

l ~t>A~ 
S"" (' ~ L-, t='"A "-""'Y'\o\I ~ \!"' W\o\ \!Jl€ 

c.At"\4 OF ""~ 
VA(\\ A""{\ ,N_r 

h '\.\ 
~\!: P4' '"-'~" .. \\\~ l-lt-'&. u: N~1t0 

"' 

,. • 
~~~~ (lAN\C.-\r~ I"~~ "~s tt1' T' f"'\ €'S' aF 

~~Mi'r'D \ 0 ~ S\n~A't€ ~ f' l\.O O\A C"("', ~ 

P~K 



i'W'1' C.~ \S F1~ST T~~1"1!P "'Tb l'\q"T fl.C.~. "r SPeC.1FIC..A-ftON ~ 

S~"~l\~,..1•"1 OF €"""'f"M1fW"f°O L..tQ.'-tO 

GA~ ~€"'1"E~,_.,, STA'T"1 Dtv C..OM,~1(£~ co ME1"Et'- lfV(9 TuB€S 

ot: 2 Pt". ( 0. (o\ "") 0 .o. 

C. ~ P'"'\i' f\ A Ll.. .._, '-'AV£ . 4- l'--(JES I If'\/ OPf.r\.All OIV -
I -Tullf ON STA~r1'1 

' -r--0£ 'Of (J Ms'"" I'll J e:D f'oll CM~CX • "*''r 

A.NO C..Al. tflt'\.A-.1 ~ . 

Of'lle -rud6 CM£ac.e:D Pe'f\.. WEE~ ~ AU.. 'TutJEf AIU! 

~€°'-€1' ONCJi.. €v-'r'l"' ~\"K w~'° ,, 



' 

~ 

~ 

l0i 

VOLUME F'L.OWll!'O 

(s"'-i) 

wu.;tv;. o{ 

t. . 

d 
. ·s· 
~, 

s 

--

= 

-= 
--
= 

-
--

u 
I) 

~ ft.ow 

L p 
I 

.hp 

O· 01qqi~ . tX £. cA 2 J A}>. j 
x +.""c.. 

I · "2. 'l 4-CI S'" S 

FLOW C.O~FFT. ( Ct sq...1 J M-4-'7. ·~ ,.,.l.l) 
. 

~f'!IJ I OIL.t'f-f f'AC."f"oil. (M41, "·" . I. 'l) 
~lF°l'E DIAM~~.~. 

o'~'""'" oe~rr., ) ~r~, 
.,, lt:°F~1 AC.. P "'€SS'llf\€', ~.,-

rt.~LA'f"• v~ D C~l"'C-t . 



<..orJ~IArV"IS 0( 

of'le Po,,..,..- . 

f~~N : 

\to\.»""~ FL.Ou \!P x 

e,v 

\!.- ,J A.p. f x ~~ -x CV 

s 



.. .. 
£"'f ~~M ~s Fo"' ,_,,D W\46?1'1 ..,.., tJ_e 'f'"k..\!"' 

~- S~ S1"\?M '' AS 

) 

~ 



,, A.S 

• 

't)G',.l'Sl"t-t A,.,o 1>1F"F€M,..,'1"•AL. Pl'\.~S~U4\.E' f\ft;.E ~tf'L-lt:.1' "To 'T~€ 

FL.o\J c..o '"'""4 -re-tt , \J S1 we, "\c;\t pv.n. t(y IV t1"t~w 

lH~F. Pr\.C"SS • 
. - . - -

0 

100 r. "-x - '2.50 ""'~ 

1S-I~ "-r 1i1.f" ~ .... 

IS--(. 11'1 1~-,.~ ~\,...,.. 

so• h LO - "l I· "Lr ...._. \....,.. 

~ 4-S. ~\~., 

~ 4Gt ~lh\, 

~ ~i-t- ~I...,.., 

~ 2-S'" ~ ' """:I 



oG s cz: "'~ tro Fl\.e" Q.~""''"'1 ou"'f P~ 

- SoL.fi'"'-'Tl'oN 'Z.601.. 11~t~r '-C>~.,-(~ 

-
'D~" t ~ & '" \l ..,- -rts-r~"'­

T.., ,~ \044,.r / lr44 . 

Te"'t~M~~ o/: ~l'l'f Sh-r fi
1 

Sea..At\."T"-9"' \~IS too ~('\l.,._,C:C 

~~'-n•r1C~C'f'.. W\~ W.ata'-rr-r • ..,& 4\~\ ·~ 

,;."' "'~w""~-, MS•fTA.-« ~'c ~" ,_.,_,o • 
~o~-r"~" M•on t~I'-~ / 1"3 

cF 'Otno1S t-tv VA\.M £S oF 

-r "' 1'\l ti CA l..C.'4 '-~,..es> 
W "''°'" ~ h-r N "'L Fo "- \/A A. V 1NC. p ANO 

Ni. 1) CC.NS' t-T-, ( ~ "'D "~ c.e c.." L c;.\A LA"'Tl?\> 



~G'"- c..Jl'~llO ou.-r ~T 4-1. 0Af1.<;. P~.U\t~ ON oo fM 

~\'4\.l ~,..,D Lo\.' 't) .P. T'l'\.ArJSf"'\l~'"rGr\.S' A-r 

0 J '1...C' , S-0 ) I~ , """0 \OQ
0
(. ()F rr1~i\MM("'"1" '14'1\'C.f;S' 

c:,r1 G o·n.~ A. I~ 1f'tc; A,.,o S:A Llr I ,v'(, 01 f f='£(l~~'AL Pt\.~S~rt.~.C 

..,...._e A'"fu~1,, T.>.f'. IS Sf.-t' B'f -T.-~ 'TE ~~.S. 

'o L. AATt\.oN IO~ 0 l>IC. rf AL 

"'0 ... ,.. t'1 ~ .,. .it'. 

HJ Lo 

r­., 
----, 

. 
f 

' • 

' ' 
' 

A.MSkl' MAWCAAL 

P"-GSl.,."4i' U~'t'o~ 
~ 

;_1-0-
~ 
i 

----

A -
0 -

' -

• 

I 
I 
I . 

' ' ' . ' 
' . 

VA\...V\!S 



4-. FLOW 

"Tvo PA "-TS" 

APIL'i tN'C, SIM~ LAT<Z'D "l.,v f'"IS' O~ 1). P.. FOt\. .,-\.J'o VAL.MES 

o~ o" £f'\4'l'' tvCr Ol!'tvS'\\'-1' \.J \ TW tl-D Fl~e:l> • 

~t!c...t:.. 0GstZ11.v£D FLow (lkre AC\AlNfT <..Al.-<..'-'t.-Aaf!b 

FL.Ow t\...A'1""€ (J'f Ca~"'"'' ,..,,c, "TI I"\€ A I\. Io o f' u LS l?' s 

! 

' PAt\.i 'Two 

Al s c Mu l..ATeD 

X""P'°" . , 

A'-'A,,...S".,- CA ~C\A l..A'Te'D 

M>I\. too P'-- U ctS 

'TO~V\.Ar-- ~s Fo~ -r\.l ~r~ 1'es-r.r 'w-'.i~ oO.,....A• ""l!l) 

F'..u>M ~\Z ot\..\C\\fl'iff\\... MAtv&.4~A<.."t"'V\V\.€t\.S ~,flc~· 

-rr&tr I o ~ I~ ~ ~LOU (..() M f' "'.,-\1Yl ,. 



'i~~, 1"\Z rl>W Ot'STA•~\) FAOM ~tr S~f"'\ o~ '"'~ 

~t"O\V\S)~A~ \"(\'i "To\A\..-\(\!f\~ 

'2. "T('.t\f'o/S' fW\ \tSIOt" C.\' EC~ °"" ~~ <..\I 0'4TP\A.T AT 

~ov.(\ ~ ~ ~',..•A'- "~\-~ '1C.!'1tv<t •Nf\Alffl» To <-ot1Pvrfe 



STAT IS Tt<::..AL ANAL.'1 S lS Oi=" TM€ c AL.t B ftAIJ o N 

Fl'20r1 'T'-l.:: ~ - WEl!IQ..'1' CA\... l f.S l\.A.1'10 rJ S\,.\~U 

0""1'" A ~1"'ATCS-"'f'1C.A'- AroJAL'fStS 

l""f" 4:icve:s A <;~OD l'r'OIC.AT•oN OF T~\r' AC<..\.\AAC./ 

A"" D 0 ct.\ ~ 0-t=" \~ 'i' S '1 S'..,-'1"'1 
·~ 

K: wb \.J, "''1 -r~" "'P "'L, ~'"'D r"' s:'"" v A Lu lr A"'o 
M LZ ~S"'w f\,.\ I"' '1 ~ G" TN s-r (\..v M ~"" v A LU.\!: llk""'l\.D 1-r • s 
"0~S" l rJu:; ~a OfrTt\u~ AfltJ o~s l!r'-VA;n.ON o~ IU(r St'1tT 
Dw!'V I A"1"1 0 .rJ 0 t:- TH~ Tri S"T~M ~"W'T , 

--

• • 

r 
-~ 



~IC:-M OP~~ ft~UCT'\\' ~ F\..o C-4\toil-
DP 'DEIVS'rry 

C!U.. c.ctu..: 

AS r -O·Clo) ..().Of(, 
0 
<:" 
"1 

fO~ND 
UN(~~ 

J.o ~2. o.soo ,O~l. () o. a.31g ,, 
/ 

" ~ 
r -O·Of(, 1ooC>..Ol$' +O·_O•S' -0·001.. -0.0~'t.. 

.. ~· 
/ . 

~IT · / 
u~ T. 

·14o {2<J) O·~'l4 Q.f of()·blt 4'·0$'-z, 0.11(, 



., 

'IMPR.0\1~ M£WTS 

J. 

• 

t 
~ ........ \.I ,.,.U ~ £ ()(\..1 (1 #AL ,,,.,.i«T"i ~It O\nV( t<~ 

- c...u~ C:,'-'1"'~ ,,,~ 1"'\!. M~'M.'""<, 'T~B\!'~ , T\!)"'\I' • VA(\.\ ~Tl•~ 

fl\f'l'V~~ "A{ ~" ,. \..."'f r U\"'l ~...,,, " AS' . h~ ..,-~ tJ ~ r CA"' rc..JI! 

~ yt(l.o Cl "" 

So 

t. 't>~f,~., (...(....l\.U ,,..., ~«> c..~~"fS , "' 7.,.dc:S 
2. • 3 ~t't1 ~ ,,.J \"~\..~S~~' c.f' U...'f ~ f'/Tf\.O c...l.UD 

l>t-' G\....O~~ S o YT'S' • o cr M ~-r\.."Yl • ,...,<, t\I\ 1'S 6 , 



----

f~ A 

I"'\~ ... ,""''"'"' o (: ~ ~ . <:i 'll \o ~ .. _"' I ~ 
...... ,. ~ I '3. ~ ")< ,~~ ,_i I~-



.. 

j, OStfJ'-t Or'~ 1)El'C.~,.,'1\!"S + \\-v.c>T t>.P. l~,..,fr\\""7ff)\. 

'rel t\O~\fot\.... 4L~t::" Pl!1l~~NC.E oF snc t\oS~"""rvT 

~ ~~ M t"7''110\S 

'J.,.... C..O'"""AM ~o.V lesJS G ~w~ 4' D .,... " ~...-D 

.. ·· I!'. tto S €>"'\ o ""'"" ,- ~ . " . 'T'(l.4'. N t' r'\ r'f 1' LtY'-

:rso Sl~7 

'1 ... "~~c.~~ A..o\...a 

~"~-rO\S -

(>M flu 1"~ 1l> D \ct l'T A'­

~1""\~ \ C\ ~1 .. 



Calibration of Gasmeters 

by 

H. Bellinga 

ERRATA 

page 2 line 6 : lightning must _lighting 
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