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-2 -
_é Orifice Plale Diamcter: "Variable”
L Beta (d/D) ratio: 0.15 to 0.70
Pressure taps: Flange, static

tap.

2. Auxiliary Attachments:

I

{a) Static Pressure Transducers {5, one per run):

Manufacturer: Rosemount Instruments Ltd.

TYRE: 1151 Gp Alpha]ine gqage prossure

(al1brﬁfnd Range: d=-L000 pys.i.g.

Run Modoel No. Serial No.

L1IS1GPER22MBCE C04599
" co2813
" 046460
LLI51GPOEZ2MBCE C0541e
" C05414

U o

Manufacturer: Rosemount Instrument Ttd.
Lallbrdtud Range: 0-200" W.C,

Run Model No. Serial No.

—

L151DP5R22MBOE 046410
" 02836
" C04630
codsy
" Cod632

U s G RO

(¢) Temperature Transducer & Current Transmitter

ran #2):

(1) lemperature Transducer:

Manufacturer: Honeywell Ltd.
Model Number: Vutronik RU'/T 39102
Sorial Number: L2455118001

Calibrated Range: 0=-150°)

T e Lisl DP Alphaline differential

] (b)Y Diffcrential Presgsure Transducers (5, one per

pressuare

obtalned from downsbream

run

pressuee

(1 only,



Hote: Temperature transducoer is connected to the flow
computey via a currenk transwmitter,

(i1) Currenlt Transmitber:

Manufacturer; Moore Industries Ltd.
Type: SCP Signal Converter
Model Numbetr: SCU/4-20mA/4-200A/24VDE/STD
i.0. Input: 4-20mA into 50 ohms nominal
Output: 4-20mA into 0-1200 ohm load
Power Input: 24VDC
Enclosurae: STD (Standard)

{(d} Gas Gravitometer (run #1l):

Manufacturer: UGC Industries, Inc,
Model Number: GR6-0L & 223 (analog transmitter)
Serial Number: 815/0139

Calibrated Range: 0.550 - 0.750
{e} Calorimeter & Transmitter {(run #1):
(i) Calorimeter:

Manufacturor: Cutter-Hammer Inc.
Type: Al

{ii) Transmitter:

Manufacturer: Acromag Inc.
Model Number: 819--RX-LU

Calibrated Range: 31-45 MJ/m 3

(£} Gas Flow Computer:

Manufacturer: Waugh Controls Covrp.
Model Humber: 1110-2

Serial -Number: 7948

(g} Electro Mechanical Counters (7):

Manufacturer: Sodecno

Model Number: RGGNB2H

Number of Digits: 8, no regel

Max. Counting: 25 impulses/sec.

Operating Voltage:  24VDC
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Counter No. hecumulates
i volume, run no. 1 (m3)
; _) " " 1 2 n
3 113 n it 3 n
4 n u L1} 4 n
5 n i n 5 "
) Total starion mass (103 ke
7 " " energy (MI)

{h} Minicomputer:

Manufacturer: DEC-Digital Equipment Corporation
Model Number: PDEE-A0

{1) Print-0Out Unit:

PDEC-Digital Fguipment Corporation
LAJS

Manufacturer
Model Number

In addition te the above Instrumentation, the
measurement system is equipped with approved devices such
as pressure and temporature chart vecorders. Five (5)
pressure chart recorders are utilized, one per run. Lach
recorder is cauipped with two (2) pens - one pen records
Lthe static pressure and the second records tho
differential pressure. Only one (1) temperature chart
recorder is uscd (off the manifold) for all [ive runs.
Recorders use 24 hour charts and each is equippoed with an
automatic chart chander.

o/
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DESCRIPTION

The measurcoment cquipment delineatod above compose a
system relerred to as Real Time Measurement System,
Jocated at LEmpress B metoer station. This system is used
For Custody Transfer of natural gas atilizing five(h)
orifice meters with associated instrumentation., 3Since the
gas passing through these five orifice meter runs 1s from
the same source, the quality of gas in each run is
identical. This allows certain instrumentation as the
gravitometer, calcovimaeter, and temperature trangsducer to
he used as a common sensor whereby the information derived
oflf one run is used to calculate the accumulated gas
passed by all the five melber runs. The common sensors,
the gravitometer and <¢alorimeter, sample the gas on run
no. 1, while the temperature information is derived off
run no. 2.

All flow computations arc pe
Computer model 1110-2., 'The necessary additional
information required for [low calculation, such as mode,
AGA eqguations, number of runs, run and orifice size, etc.,
are entered via a keyboard on the {low comnputer itself.
The computer nas an 8 digit LED digplay to check entries,
input values, intermediate calculated data, alarms,
status, and accumulated Flows and flow rates for volume,
cnergy and mass.

B I | anr 41
LIS I W M) LR AR | Yy i

Supercompresgsibility factor is computed hy the
computer in accordance with AGA Report NX-19, which
requires knowledge of relative density and the mole
percentage of COyp and Np. COp and N> content 1s
determined hy the analysis of a gas sanple continuously
collected over a seven-day period, which 1s then
programmed into the computer (every scven (7)) days}),
Relative density is a variable which is continuocusly fed
into the computer by the gravitometer.

bnerqgy Units, the gigajoules (GJ), arc used in custody

transfor sale.

)



the five(5) orifice meter ruan within a total time span of
1) scconds. This process is continuous,

The computer updates the accumulated [low for cach of

Fvery hour the accumilated flows, as well as the

and the statice pressuar

(el
L pAL AT =

total for all five(h) runs; Sy
differcontial pressures, Lemperature, relative densilby and
enerqy and the [low rates, at the btime of the printout,

are printed out.

Every 24 hours, abt the conclusion of a print-out, the
accuimulated volune is resel to "zero" for cach run as well
as the total runs and tho whole process 1s repeated.

The 24-hour print-out data records shall be retained
for a minimum period of two(Z) years.

Computer at any time can be called upon to display
any accunulated flow or any parameter.

Automatic print-out is achicved by the use of the
PDPE-AD minicomputer and the decwriter LA-306 printer.

Al though the mecasuraement system is totally
"computerized", the pressure and temperature chart
recorders still have a role to play in thoe systoem.
kecorders are used to detect any irreqgulavities in the
computer read-outls when correlated against the information
provided by the recorders. I'n addition, recorders arc
used for billing purposes during periods of verification
of the computer, during which time the computer is totally
disconnected from the system. Recorders will also be used
for billing during periods where the computer may bocomwe
incapacitated due to malfiunction.

Conversion Factors:

Metric conversion Factor applicabile Lo cowputer
computations shall be as delineated in Technical Gas
Cilircular G-80-3, dated April 30, 1980,

Fmergency Powor:

The measurement system is cgquipped with an emerdgency
power back-up systemn, '

... /8



Sealing:

Because of the reagular and routine HOVA Carporatlion
and customer inspeoections and maintenance to onsure that
acouracy is maintained by the flow compnter, static
pressure Lransducers, differential pressure Ctransducers,
and the teaperature transducer, the scaling of thesce
devices to prevent acocess to the adjostments 1s lmportant.
lowover, Nova shall maintain a log record Ffor cach device,
showing dates and details of maintenance and calibration,
"as found" and "as left" calibration resulls, standards

13+ e ooy
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certification of accuracy of these standards.  Such log
records shall be made available to the Covernment
Ingpcctor upon reqgquoesk. :

-

Records of Measurement:

NOVA Corporation shall maintain rocords of all
determinations of enerqgy (gigajoules) upon which sales are
based, These rocords shall bhe available for inspection
upon reqgquest by the Department.

Verification of Measuroment Station:

] 1. R -

For fielid test procadure refer to the attached
Appendix "A",

Re-Verification:
Computer: Re-verification of the computer shall be at
one{l) year intervals. Verification process shall
eNcomNpPass an agreement botween NOVA and District ITnspector
to a mutually agrecahle time for the verilication.

Gravitometer and Calorimceter: Frequency of verification.
of the gravitomcter and calorimeter shall be as stipulated
by Departmental Instructions - Part VID, Section 4; and
Part VIC, Section 2, respoctively.

Secondary Tnstruments: Frequency of re-verification of
goecondary instroments shall bhe as stipulabted by
Departmental Instructions — Part VI{l; Secbion 1.3,
Secondary instruments reforred to consist of pressure andd
temperature transducers, and their siognal transmitters.

A / N
LN e

DL, Smith, Po Ina,
Chief,
t. Poissant Flectricity & Gas IMiv.

CCr J.M. Taylor, Winnipog
L. Hewiti, Calgary
.ow. Nash, Pdmonton



APPENOLY "A"

Ref: sSpecial Approval SPG-203 May 1, 1981

F1HLD TEST PROCEDURE

1. Crifice Metoer

Inspection of the primary elements 15 to o performed
as doelineated in the "bepartmental Instructions for
inspection of Gas Meters and Auxitiavy bevices" -

Part VLI, Appendixz 1; Speciftication No. 7.

2. Transducoers:

Performance verilication of pressure and Lemperature
transducers is accouplished with the evaluation of any one
meter run at a time.  Flow through the cun being evaluated
is shut OFF.  Waugh computer 15 engaged into TEST mode,
This 1solates the meter run from the remaining runs whose
flow the compubtor keeps processing, The transducers are

isolated from the run with cvonnections to the computer
remaining intact.

Set the computer to display the roequized units of
weasurement: p.s.i.g., in W.C., or it °F, whichever ono
is applicable to the transducer being veriliod. Apply to
the respective transmitteor appropriate pressure or
temperature from a Standard source and compare the applicd
value Lo the value displayed by the computer.

The computer is also able to display the analog
signal (4-20 wmA} it recelves {rom the transducer.

Orifice runs 1l and 42 contain sensors which arnm
"comnon" Lo all the remaining runs.  ‘The oubput signal
from a common sensor is used for all of the [ive (%) runs.
There are Lthreo(3) "common" sensors in the system, namely,
temperature transducer in run #2, gravitometer and
calorimeter in 1.

Frior to shutbing OFF. run #2, sct bthe compubter to
accept. a "Fixed" temperature signal, only for the doration
of the shut-down, to eonsure the continunous data processing
for the remailning runs in opceration.



Similarly, the outputs from run #1 commen sensors,
the gravitometer and galorimeter, as well are to he
"fixed" into the computer prior to the shubk-down of tho
run. This is delineated further in section 3 and 4,
respectively.,

At the concluston of verifying runs containing the
"common™ sensors, and with all the sensors replaced in
thelr respective runs, de-program the computer to revert
back to instantancous data processing state applicable to
the said "common" sonsors.

2.1 Static Pressure l'ransducer:
Calibrated ranye is 0-1000 v.s.i.q.
PTransducer shall be checked abt following test

to the full range of the transducer, or, 1f this is not
possible, to and including the maximun pressure avallable
on the systornm.

~Deéecreasing from the full scale prossure, or, 1F this
is not possible, from the maximum pressure available to o
"zero" in cagual decroments,

Compare pressure reading as indicated by computer
with applied pressure from the Standard,

This procedure is repeated for each run.

2.2 Differential Pressure Transducor
Calibrated range 1s 0-200"" W,
Transducoer shall be checked at following test

differential pressures:

-Increasing difterential pressurcs of 0, 3023, 604,

90% and L00% of full scale.
~Decreasing differential pressures of L00%, 80%, 40%,

20% and O of full scale.

Compare pressure reading as indicated by computer
with applicd pressure fron the Standard.
This procodure s repeated for each run.

2.3 Temperabure ''ransducer:

Calibrated range is 0-150°0.

Transducer shall he checked at following test
temperabtures:

-AL a point approximately equal to the flowing
temperature of the gas.

-At a point less than and as Far as practical from
the flowing gas temperaturo.

AL a point greater than and as far as practical frow
the Flowing gas tomperature, .

Compare toemperature read.ag as indicated by computer
with the indicated temperatis by the Standard
Lhermometer,

e /3



3. Gravitometer:

As stated in scectton 2 above, a "rixced" factor [or
Relative Densitvy, RN, ds programmed into the computer.
i

Ne instantancous R.D. signal becomes o "Uixed" signal at
the instant it is "frozen",

Calibratod range is 0.550 — 0,750,

Vorifticatiton shall be in accordance with

Departmental [nstructions for Inspection of Gas

Meters and Auxiliary Devices, Part VID,

Scction 3.

Relative density Jdotected by the gravitometer can be
displayed direcctly by the computer.

4. Calorimeter:

Similarly to section 3 above, a "Lixed" factor or
value for heating value is programmed into the compulter,
The . instantancous hoating value becomes a "Cixed" value at
the instant it is "{rozoen'.

Calibrated range s 31-45 Md/'mj.

Verilication shall be in accordance with

Departmental Inastrockions . . o ., DPark VI,

Scotion 3.

Calorific content detectod by the calorimeter can boe
displayed directly by the computer.

5. Computer:

Verilfication of the computer roguoires thalh it be
disconnected totally from the systoem. During the timo
noericod that the compmiteor is disconnected, the oxisting
chart rocorders will be used to collect the data Tor
hillina purpones.

The verilication of the computer will ascertain its
capability to taialize the qgigajoules (upon which billing
is bascd) when subijected Lo varying aimulated flow
conditions,  Process will encomnpass the use of the General
Fauation tor computing Llow throongh orilice metor:s :
together with the simulated [low paramebtor inputs provided

by static pressure transducer, differential pressure
transducer and tenperature transdocer {(off run §2}, and
gqravitometer snd calorimoteor (off run #1). Sounrces ol
pressure and bompoeratuare the ransdocers are sobhjoectoed to
shall b provided by apprepel be prossure and btewperature
standards. Gravitometor ana  dlorimeter shall use
certifiod goas samples or plog cd=-in Lixed valuces.,

e /4



supereconpressi
1

Su ot bhility favtor she ccount
programning into the computer the €O, and Ny content

of the certilficd gas sample ased In verification. As
mentioncd above, the relative density may be the actual
value provided by the same gas gsanprle or a simulated

constant [ixed value plugged into kBhe compuber.

wll be accounted for by
.

In total, there are five{5) flow paramcters that are
used in verilying the computer. They are static and
dilferontial pressure, temperaturce, relative density, and
Leating value.

Relative density and heating value are not variable
when the ceortified gas sample is used for their
determination. Prossures and temper
shall be held to within calibrated range ol the
transducers,

P [ F 1- my o o]
ct LB s Mot L 3 i

. 1 4
Loli) Ltz dlit

Orifice moter Flow calculations shall o in
accordance with the methods Taid down in Sceetbtion IV of AGA
Gas Measurement Committoce Report No. 3, 1969, as callel
for in Deparvtmental [nstructions Part VIT, Appendix I,
Saection 4. :

Calonlated (low shall be expressed in energy unibs -
the meaajonle, which is Lo be corrvelated with the readings
off the computer.,

An example of calculations utilizing the orifilce
mebter flow equation has beon workad oult in sccetion 6 -
Summary of Field Test Provedure o . .

5.1 Poeod into the compuber A signals From the Tive(H)
sitmulated Clow parameters.  HNote the {five paramctoers for
inclusion into the orifice flow oequation. Paramelboers [or
pressure and teaperabuve may be as doelincatsy] in sections

2.0, 2.2, and 2.3,

Al Low the computer to accumulate solficient haeot
units (gigajoules) to produce o minimun resolotion of +0. 2
per cent oon Lhe digital display, which is equivalent to
computer cumulalive rvead-oul advancing by 500 G7.

e /B



Note the (time) duration of the test run, in "hours".
Actual test run will only last minutes, but the orifice
flow cquation calls for test time to be in hours. Insert
this time, "hours", into the orifice flow cquations and
valeulate the megajoules that should have beon passed by
the computer. '

Conpare the calculated gigajoules to the accumulabed
gigajoules as displayed by the computer, as [ollows:

Per cent errcr for the computer 15

ST = GIT o
GJT h
where GJe are gigajioules as displayed by computer,
GJT are truc gigajoules as calculated by
orifice flow egquation.

Note: Allowable computer error is +2.0%.

5.2 Repeat 5.1, but cheoose a different temperature {refer
to 2.3) with other paramoters kept the same,

5.3 Repeat 5.1 and 5.2, bul choose a different static
prasgure (refer to 2.1) with other parameters kept the
same.

5.4 TRepeat 5.1, 5.2 and 5
differential pressure (ref
kept the same.

3, but choose a ditferent
r

or to 2.2) with other parameters

Verificaton of the computer concluded and found
satisfactory, computer along with the transducers,
gravitometer and calorimeter are re-connected back into
the measurement system.  Also, the prevalling CO, and
M, content of the gas flow passing through the system
are re-programned back into the computor.

c /6
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6. Sumimary ol Micld Test Procedure tor Verification

of Orilice Meter Installation and Computors:

h.1l  Primary Mlements:

Thee oritice plate and the installation shall b
cramined and dimensional measurcement made to verifly the
confarmity with Specification Moo 7 for Approval of Type
of Orifice Gas Mebtors and thels installation.

b, Computer:

(a) During the verification tests it is inmportant for the
flow conditions to he stable.

(1) Por verification tesbts simulate the low conditions
by applying appropriate temperature, static and
differontial pressures; relabive density and heating valooe
off a standavd qgas sample, to thoe compubtoer,

() Allow the cumnlative read-out on computor advance by
500 GO to achiceve the 0.2% resolution.,

(1) Imsert the Bive(h) parametors Iinlo the following
orilfice gas crualbion bhascd upon the existing oritfico
metoer{s).  PThe numerical following sample shows Lhoe mebhod
of calculation Lor the assuned average Flow conditions.
The same process ol caleniations s to be wade for the
parameter valees at which verification tests are to bhe

periormed.

est Moo 0P kD /]
! Tl Pl Py R M /w3
2 T2 ! Bt R SRPATRA
3 i . P e om0
1 T 12 P2 SR ML /mb
" ] b i bR SRR
o I Py [ feds ARPATRE
7 Jo8 P P R M/
8 Iie P P2 TR SRUATES:
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The above RD and veﬁ\:fw jarametor:
sample or plugged-in

Ly a certificod

qas

() BXAMPLE:

Conditions al- Meter

may bhe supplied
constants.,

Value of Pactor

Moter Hguipped with Flange 'taps.
do= diameter of orifice = L4.000 in.
D= intornal dia. al tube =
23,000 in. Fho o= 43015
Static pressure obhtained downgtream
of meler
hw = average assumed differontial
pressure = 1LY%0 in. W.C.
i o= average assuamed statbic prossure =
600 possivg. (BI30d6 oo icas)
Averaqge almospheric pressure =
Piodn Fal.d.
B o= d/n = IO R R RARY 0,609
WPl = pro rooextoention
= (LS50 x 613.46)° 303,340
for I = 0.609% and N 25,000 dn.s
o= 0.0 30, H
Pro= 1 o4 1S (hwbry e ’
= 1 [0.0431 ¢ 303.3461 = 1.000] = 1,000
Differential ratio
v P = 150 6l 3,496
=0, 2 " Yooo= L0 L3
Pl = base prossure = 34,73 L.a. b o= 1.0000
Th = tompera base = Goor Prho= 10000
TF = tompoerature =35°%1,
v PEL = 1,0249
= assuned e fve density = 0,58 oy 1.3131
percompresstha bity Factor for
A00 pos.iLg,, and 0.58 RD: Fpy = 1.0529
Supercompressibility factor, Upv, for relative de
other Lhan 0,600 can boe determined by the ALGUALD method as
delineated in AGA Report o, 3 o NX-19,



Relative bDensity _ = 0,458

CO9 content (Mc), (assumed) = .37 mol %
Ny content (Mn), (assumed) = 2,00 mol %
sStatic proessure (P5) = 600 pos.ig,
Flowing temperature (Th) = 35°F

Calculate Kp and Rt

Kp o= Mo - 0,392 Mn
= 0.37 - 0,392 {(2.00)
= 0037 = 0.784
= -0.414

Kt = Mc + 1.6H1 Mn
= 0.37 + 1.681 (2.00)
= 0.37 4+ 3.362
= 3.732

Find pressure and temperatore adiusting ‘factors PE) and
fp for:

Relative density = 0,58
Kp = —0.414
Kt = 3.732

(a) DBy AGA Report Mo, 3; Appendis I3 Section 13

Lf

L,:Li.1~17 F]
AN

S 0 B R B Ty o

I;‘ t— = — ___2_:) (‘ . ‘),(),MH,, P
© T 09,15 + 211.9 RIY ~ Kt

Thus,

F.ooy

1
]
f
b
1

Pl = 200,29 e
ST IS ST I IO RO 5 e S I 3 B

on
Ch) By AGA Report NE-19; Tables 1 and 2:
By dircect table look-up:

Prroo= L,0017
o= 1 N365
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Calculate the adjusted pressare and

tempoerature:

Adijustoed Pressure = PfoTp
= 00 1,00 17
. = 601 pos.iaa,.
Adjusted Tomperaturo SO MR - 400
= (35 + 160
Lodigs — 460
= 513 - 460
= H3%
From Table 16 of AGA No. 1 or Pable 3 ol AGA Nx-19, find
Fiov factor for:
Ad juatod Prosasure = ol p.s.bl.g.
Adiusted Temporature = G ep
e Ppy = 1,u520
Oritice thermal oxprossion factor, o,
for stainless sconls
Fa = 1 + [0.00001L8% (7T = 0#H)|
= Lo+ [0.00D018S (3% -~ GHY) = 0.99494 Fa = 0,999
Orifice Constant, C', covrosponds to oxpression:
Co= Phox rox Y ox Fpb o P ox PR w1y ox Fpy o x a
Then,
GV o= 3015 o 1.0000 x 10003 x L0000 x 1.0000 x 1.0249
X L3131 2 1.0529 x 0.9994
= 43015 x 1.4181
= 6G1000.5
For an averadgo prossure cxbonsion,

T
\]hw[’ [ =
he,

Ol = C' Nhwh e 6L000.5 % 303,346

(150 % GL3.46) = 303,346,

the [low rabe would

18504254 1ti/n
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The A ‘)OV(“ arrtalt i on by = (¢ ‘r'r'\l:r-b—r] van e anvoerkosdd bo
LI S AR & e O S A R A (S B [ RN Pol 2 1 B 14 RSO SV Sl S S U W s
an equation where all threce variable paranmcters are

included in the solution of the Flow equation, namely,

O = C' Vhw{ x FLF T B

where Oh = rate of flow in cu.ft. per hour at base
conditions,

C' = orifice flow constant as designated in AGA
Report No. 3.

o= Q!
FEF

Ftf = gas [lowing temperature factor,.

The equation (1), above, can be adapted to include
the measurcd period of test time during which the
difference in readings of the integrating register boetween
the start and finish ol the test is atilized,

Thus, Q = C" YAWPT X FEF X £, wveweaes (2]

whore Q = accumulated flow in cu.ft. at basce
conditions (60°1F and 14.73 p.s.i.a.).
Lt = time Jdurantion of test in hours.

In order to obtain calculated accumunlated heating
units in gigajoules, GT, cquation (2) rvequires the
inclusion of Yhe heating valuae of the gas sample used in
the verification of the computer.

Faguation (2) then can he re-arranged to produce
accumulated GJ:

GI = 0 x MJI/m? % 0.

2612784 e (3)
NE:

where MJ/m? is the heating value of the dry das analyzed

per cublc metre at 101,325 kiPa {(abs) and 15°C,

{f) Obtain reading of accumulated flow in GT off theo
totalizing computer Ffor an accurately measured period of
time. The magnitude of the acoumulabed GJ shall be
sufficiently large {500 GJF min.) so that a resolotion of
0.2% can bhe achievoed,
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(q)y Cempare this chserved roault with the calceculated GJ
{ecquation 3) over the same time duration, t, as in para.

(£, namely,
T oPLF oxotox M /mt x 0L0283: 84

GJ o= " éwpfgww* .
Lt

] e

and duration of Ltest is 5 minutes or 5/00 hours, then khe

accumulated energy unibs are

Assuming heating value of dry gas is 306,97 MJ/m=,

GJ = (18504258 x 5 ) = 36,97 x 0.02832764

S e

HU 10
= 10l14.9 gigajoules




