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6.2

the specific spot within a site where measurements are carried out, which means that
for one refinery site there could be different average wind speed levels depending on
the place of measurement.

The means of reducing this possible impact is of course by, during one measurement
period, doing a number of repeated measurements at each of the different measurement
spots. By experience the wind normalization at tanks could as a rule of thumb mean up
to about +- 10-20% of the measured emission level, but of course less in comparison
with the total measured emissions for the site as a whole

As the DIAL- -measuring system works in a real llfe snuatlon, ie. measurxng the VOC
which are passing through the measurement-plane, there are of course also emitted
VOCs that do not get across that plane (the lower the wind, the higher the degree),
which means that the DIAL-measured emissions always can be expected to be on the
low side due to this. Trials carried out to get a better understanding of this phenomenon
show that the maximum “lost” emission due to this normally would be about 10% of
the real emission. In the figures below this “loss” is not taken into account, but is here
anyway mentioned as it indicates that emission-levels in fact could be even hlgher than
what is being measured and presented below.

Presented data

The data presented below consists of both comparable data for a number of years at
those sites where the highest number of measurements have been carried out, the Pre-
em and Scanraff refineries, as well as data showing typlcal changes in emission levels
due to variations in the conditions of some of the equipment at the Scanraff refinery.

All presented figures are exclusive of methane, as methane has a completely different
environmental impact than does the other VOC’s — although they also within themselves

" show big differences in environmental impact — as methane is more of a green house gas

than anything else. A rough guess is however that methane could add some 10-20% on
top of the total emission as a rough approximation, and then of course varying with site,
equipment, service and with time. Some specific measurements have also been carried
out on the Swedish refineries to indicate typical levels of methane emissions for crude
oil tanks and the waste water treatment. Methane in these exercises have amounted to
12-33% of the total NMVOC-emissions for the crude oil storage and being as high as
50-80% of the NMVOC-emissions from the WWT.

Measurements on the Swedish sites have been carried out with two different systems,
the Spectrasyne (former BP Research) system which can measure both in the infrared
(alkanes etc.) and the ultraviolet (aromatics) and the Shell Research system which only
can measure in the infrared (alkanes etc.).

Combined with these systems meteorological measurements have been carried out
as well as tube sorption measurements. The range of hydrocarbons covered vary with
the system used. Generally it could be noted that emissions of VOCs could be expected
up to at least the C, -level (pentadecane). The Spectrasyne measurements have been
carried out to meet this requirement, whereas Shell Research only reaches the level of
some Cg— C,. Spectrasyne, in contrary to Shell Research, also includes C, in the total
and has also made some spot measurements on methane, although this is not included in
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normal VOC-figure, i.e. VOC-figures should in this report be looked at as NMVOC
if nothing else is stated.

The conclusion is that it already from the beginning are different results to be expec-
ted from the two systems as the measurements are not done in an equivalent way. It is
quite obvious that the Shell Research measurement device will record too low values
compared to the real life situation as hydrocarbons heavier than C,-C, are not detec-
ted, and also not C,. As the Shell Research DIAL does not include the ultraviolet it

does not measure aromatics either which also makes the presented figures a bit more-
doubtable. Being aware of this, it does seem to be possible to in some way interpret the’

Shell Research measurements, although it will not be possible to in an accurate way
say how much too low the presented figures are compared to the true total emissions
as C, and hydrocarbons above C/C, , are left out and no aromatics are measured with
the Shell Research DIAL. As noted above however in contrary though the Spectrasyne
measurements fulfil the needed requirements.

Presenting single measurement surveys at a site only gives a rough indication of
the emissions level at the site - still however much more reliable than any theoretical
calculation ~ and is therefore not the best way of describing the emissions situation as
the level of emissions may vary from time to time due to the condition of the site, both
when talking about the tanks (i.e. conditions of seals and tanks as a whole) and the
process area (sudden leaks etc.).

A better way of describing the emissions situation is to describe it for those sites where
at least three measurement surveys have been carried out and where the measurement
results can be compared with each other. The measurements should then preferably
also be compared bearing in mind the current state of the art of measurements, which
means that DIAL-measurements for aromatics, and hydrocarbons in the range of C,
- C,, also should be taken into account.

To make this possible the choice in this report has been to present the data of
measurement surveys for the Preem and Scanraff refineries during the period of 1992
- 1999, bearing in mind the current state of the art of the measurements. This means
that the older and historically reported measured data is, where it has been shown to
be needed, recalculated to the current standards to be comparable and to show trends.
Data for the tank storage area has also been normalized to the wind speed on average
being accurate for the area of the specific refinery. For Scanraff data is also presented
for a few practical situations, showing the impact and value of real life emissions and
the uselessness of old calculated data. A

In the tables data are transferred from measured kg/h to tons/a by presuming an
average of 8 600 hours/a of emissions a year. By this periods of maintenance and shut
downs are taken into account. Of course minor individual differences do exist, but
their impact can anyway be assumed to be below the total level of accuracy of the
presented figures.
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6.3  Preem Raffinaderi AB, Gdteborg
kg/h tons/a kg/h tons/a | kg/h  tons/a | kg tons/a kg/h  tons/a
Crude 0il Tanks
(Wind Normalized) | 410 3500 350 3000 180 1590 90 790 80 700
Process Area 1640 14100 530 4600 115 1000 130 - 1150 170 1490
Waste Water _ , _ : R
TTreatment’ [ US6T T 480 | T BTy TRy | TTAT T T 49Ty Tamg T
Product Tanks
{Wind Normalized) | 750 6400 750 6400 310 2700 270 2330 170 1470
Total 2860 24500 1680 14500 620 5360 510 4410 460 3980

Note: In 1988 emissions from Product Tanks were not measured, as the emissions were presumed to be low. As to make figures
comparable, figures for these emissions have 1989 have been put in the table to also represent 1988.

6.4 - Skandinaviska Raffinaderi AB, Scanraff,

Lysekil

: R e e e e
e o e SR L e
kg/h tonsfa kg/h tons/a kg/h tons/a
Sauth Tanks incl Crude 310 2700 90 770 350 3020
oil (Wind normalised) .
Process Area 380 3270 260 2270 230 2000
Waste Water Treatment 160 1350 80 690 55 480
Main Tanks (Wind 660 5660 320 2760 430 3670
Normalized)
Total 1500 12900 760 6500 1060 9160

Example of tank storage conditions - tanks.
with outer floating roofs

A set of comparative measurements and anal-
yses have been undertaken at a sertain set of
tanks at the Scanraff refinery. The results are
shown below in a table. As a background to
the table the following should be noted: At the
Scanraff refinery in 1992 high levels of emis-
sions were recorded from tanks with Vacuum
gasoil, because light hydrocarbons had slipped
to the tank with the product, i.e. due to poor
upstream operation. High emissions from cru-
de oil tank Tk-1401 were recorded due to high
liquid level being kept in the tank. In 1992 only
two gasoline component tanks were equipped
with secondary seals.

At the 1995 measurement survey all storage
tanks with outer floating roofs had recently been
equipped with secondary seals and thus main-
tenance work had been done quite close before
the measurements, so emissions were measured
to -be very low.

In 1999 the emissions from the gasoline as well
as the gasoline component tanks (with outer floa-
ting roofs) had increased due to presumed poor
performance of the seals introduced. High emis-
sions were experienced from the crude oil tanks.
The inspection that followed due to the high
recorded measurement results proved a number
of leakages along the roof sealing of the crude oil
tanks. Major maintenance works were carried out
on two of the crude oil tanks and on the third the
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seals were changed to new ones. Unfortunately however no follow-up measurements
were carried out to see the results of the latter installation.

Below the measured emissions at the tanks are presented as comparison-figures with
the results related as factors compared to the old rigid calculation methods, ie. the true
emission value is presented as a factor compared to what emission level is accounted
for when only relying on calculations. In the table measured data from 1992 and 1995
is in this case not compensated to the 1999 state of the art knowledge, but it anyway

_quite clearly shows the dependence of good maintenance work and the need for fre-

quent control on emission levels. Recalculating all data to 1999 standards would even
clearer have shown the trends and the value of measured emission data compared to
only calculated data, the latter not varying at all from time to time.

1992 1995 1999

{factor) {factor) {factor)
Gasoline tanks ' 2,7 2,0 24
Basoline component tanks 1.9 1,7 2,2
Crude oil tanks (Tk-1401 and Tk-1402) 26 26 13
Crude oil tank (Tk-t408) -~ | 1,1 52

Rearranging the waste water treatment unit
Also for the waste water treatment unit a follow-up study has been carried out for
the Scanraff the existing refinery. In 1992 at Scanraff settling tanks were used for
ballast water only and they were also equipped with fixed roofs only. The API-
separator was only partially covered.

At the 1995 measurement survey one of the settling tanks was equipped with an
inner floating roof and was also put into a somewhat different service, being used as a
settlingtank for both ballast and all other waste water produced at the site.

In 1999 both settling tanks were used for all waste water produced at the site and
had also become equipped with inner floating roofs. The API-separators were now
completely covered.
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kg/h M 1992 B 1995 1999

Wast water treatment Settling tanks

In the table data from 1992 and 1995 is not compensated to 1999 state of the art
conditions, but anyway quite clearly show the dependence of good maintenance
work and need for frequent control on emission levels. Recalculating all data to 1999
standards would have shown the decreased emissions even more clearly. ;
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