
Happenings in Harmaliyah
Posted by JoulesBurn on March 20, 2008 - 11:00am
Topic: Supply/Production
Tags: harmaliyah, satellite, saudi arabia [list all tags]

I have seen the future of Saudi Arabian oil production, and it is
Harmaliyah. No, really. Sure, there are a couple more good doses of oil to
be had from Khurais and Manifa -- and perhaps a bit more from Shaybah -
- but after that, what is there but a lot of little fields discovered years ago
and produced for a short while before being mothballed? Saudi Aramco
essentially admits this by including the rejuvenation of the Nuayyim field,
up to a capacity of 100,000 barrels per day, in their list of megaprojects.
Well then, why not Harmaliyah? It is of similar size, and both fields had
about 50 wells drilled before being set on the back burner. Saudi Aramco
hasn't said much about this little field in the shadow of Ghawar, so one
might assume that nothing is happening there. Well, it just so happens... 

Under Pressure

This little investigation has its genesis in a little-reported story from 2002. But first, let's back up
a little. Harmaliyah, located 20 km east of the Hawiyah and Haradh areas of Ghawar, was
discovered in 1971-1972 -- about the same time as Mazalij, a field of comparable size in the
Khurais redevelopment. It was put into production and mothballed again three times over the
years. There is a report of a gas-lift recovery effort in 1979-1980 similar to that employed in
Khurais a few years later. In 1991, after the Gulf War, Harmaliyah was brought back online as
part of the massive ramp-up of production which included the restart of Khurais and southern
areas of Ghawar.

The most recent shutdown was in 1998, and over the few years that followed, engineers
monitoring the pressure of the field noticed that it was going up. Some increase is expected in
these circumstances, especially for fields produced under primary depletion, but in this case the
pressure kept rising past where it should have stopped (perhaps the pre-production pressure).
The engineers determined that water injection on the east flank of Ghawar was responsible for
the pressure buildup. Because there was concern that the oil might get pushed around enough to
make it less accessible, a decision was made to produce the oil to reduce the pressure. As the
single GOSP (gas-oil separation plant) in Harmaliyah was no longer up to the task, the oil was
allowed to flow by pipeline 57 km to Uthmaniyah GOSP #4. There was sufficient pressure to
provide an initial production rate of 55,000 barrels per day. What has flowed since then is not
clear, although the IEA reported 26,000 bpd for year 2004. This is just a splash in the scheme of
things, but it seemed worth a little look.
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Painting the Picture

The first step in an oilfield satellite investigation is finding the field on Google Earth; this can be
done by obtaining an image with oil field locations, such as this one, and importing it into GE as an
image overlay. After resizing the overlay to match with geographical features, a rough idea of the
field boundaries can be had. The quality of many maps is less than ideal, however, so it doesn't
pay to put too much faith into any one rendering -- even one from Saudi Aramco. Next, zoom in
to an area of interest, hide the overlay, and start locating oil wells and other infrastructure. These
locations can then be correlated with other more field specific maps which might exist, such as
those with well spacings or reservoir delineations (all, if you are lucky).

Shown at right are the oil wells identified from the current Google
Earth view. The square placemark in the center denotes the location of
the single GOSP. In the upper left of the image is the Hawiyah Gas
Plant as well as the Hawiyah NGL Plant under construction
(GoogleMaps). The northern part of the field is covered at low
resolution only, so identifying wells is more difficult and often requires
confirmation from well maps. The high-resolution coverage area for
Harmaliyah dates to 2003, in contrast to 2006 for the Hawiyah
infrastructure. An approximate field boundary can be visualized
surrounding the wells, but fields not under peripheral waterflood will
not necessarily have wells at the original oil-water contact (OOWC). 

Flowing Out

I was first interested in the
destination of the "raw" oil
exported from Harmaliyah, and this
required some background work on
Ghawar to identify the various
GOSPs. The two southern-most of
these units in Uthmaniyah are #4
and #13, and the more central of
these is more likely the destination
of the oil. Its distance from the
Harmaliyah GOSP is also almost
exactly 57 km. Piping oil to this
GOSP does raise some questions,
however, as there were four other
candidates in Hawiyah (1,2,3) and
Haradh (1) which are much closer.
Perhaps they were operating at
capacity (total liquid flow) at the
time.

I also attempted to trace an oil pipeline connecting the Harmaliyah GOSP with UTMN #4, but
this was unsuccessful. It is possible that, with two more GOSPs coming online in Haradh since
2002, the oil flow has been redirected. Alternately, the Harmaliyah unit might have been
reworked (although no reports have surfaced) or the flow suspended. There is, however, a
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definite connection from Harmaliyah to the Uthmaniyah Gas Plant, as indicated by the red trace
in the above image which runs right past the Hawiyah Gas Plant. Go figure. There appears to be
more than one pipeline following that route and then connecting with major pipelines headed
north, so it is possible that output from the Harmaliyah GOSP is flowing through it.

The Reservoir

Available information for Harmaliyah is rather sparse, but a rather useful source is Geostatistical
Modeling of Arab-D Reservoir, Harmaliyah Field, a Masters Thesis by Ali Ahmed Mohammed Al-
Salem from 1996. Included within are maps with well spacings and reservoir topography and
information on the thickness and porosity distributions of the Arab-D reservoir. The well map
aided in confirming locations of wells in the low-resolution areas. As is quite often the case, the
distance scale on the map was in error by almost 20%. A
contour map of the Arab-D had no other referencing features.
However, the top of the reservoir at many of the wells were
determined using other data from within the thesis and these
were then used to position and scale the contours on the
satellite view as shown at right. The field boundary as drawn is
also somewhat approximate. From the area enclosed (130
square miles) and an oil-bearing thickness of 100 feet with an
average porosity of 14%, I estimate the oil originally in place
(OOIP) at about 6 billion barrels. This might be a bit high, as
the field is often reported as having reserves of 1.8 billion
barrels, but that of course depends on what is assumed for the
recovery rate. Harmaliyah has produced about 10% of its
stated reserves.

This is all very interesting, yet Harmaliyah seems rather quiet
in the 2003 view -- but that was then. The only hint that
something is going on comes from a source (I'll keep it
anonymous) that reports a rather thorough 3D seismic study of
Harmaliyah was done sometime between 2000 and the present. Well, that and the satellite
images presented next.

Harmaliyah 2006-2007

There are two DigitalGlobe preview images from 2007 and one from 2006 which can be used to
identify recent activity in Harmaliyah, all taken in September of the year. These areas are shown
in the outlines in the below left figure. Taken together, 12 new wells sites and 2 workover sites
are identified across the field. These are represented in the below right figure with solid green
placemarks (new) and green circles (rework). Click for a larger image.
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A close up for the area around the GOSP as revealed in the low-resolution images is shown below.
Older wells are indicated by red placemarks. The left image (2006) shows one new well (green),
and the right image (2007) shows four new wells (green) plus a rework of an older well (open
green circle). New pipeline routes area also visible.

The fresh sites visible in the 2006 images do not necessarily reflect work done in 2006, although
previous work has shown that weathering of sites occurs rather rapidly. Shown below is one new
well site further north in the field as it appears in the 2006 (left) and 2007 (right) images. At least
in the low resolution images, the freshness wears off after a year or so.
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Conclusion

The recent addition of twelve new wells and a few workovers to Harmaliyah does not
(apparently) warrant megaproject designation, but it does indicate considerable interest in a field
that has received little publicity. Furthermore, it is likely that these wells are horizontal with
perhaps multiple laterals, potentially yielding a considerable amount of oil overall. What remains
unclear is whether the GOSP has been rehabilitated and whether the pressure supplied by the
Ghawar injection wells provides enough support to lift much oil, although the addition of injectors
for the Haradh II and Haradh III increments have possibly enhanced this capability. Finally, this
latest drilling flurry in Harmaliyah might not be over yet.

Addendum: Water Injectors?

With further inspection, there are indications of new roads
and/or pipelines following trajectories from the GOSP area
out to the wells on the eastern side of the field --put in
between the 2006-and 2007 image dates. It is possible that
peripheral water injection will be used on this field after all. 

Previous entries in The Oil Drum, Satellite Edition:

Satellite o'er the Desert
Intro to Satellite Sleuthing 101: Finding Haradh III
Khurais Me A River
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