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BALTIC GAS progress during year 1.

The BALTIC GAS project had an excellent start in the beginning of 2009 with a kick-off meeting in Bremen
and a later project planning meeting in Warneminde.

BALTIC GAS partners participated in eight research cruises in the Baltic Sea during the year, several of
these cruises in cooperation with other BONUS projects. Important progress was made with respect to the
application of seismic-acoustic instrumentation to survey free methane gas occurrences and with respect to
the understanding of sources and sinks of methane in the seabed.

Progress was also made in the compilation of data on the distribution of shallow gas in the Baltic Sea and
the sedimentary deposits providing the main sources and sinks for methane. Contacts have been estab-
lished to the main holders of relevant data in the Baltic Sea countries with the aim to develop a complete
methane budget for the Baltic Sea.

Dissemination of the BALTIC GAS theme, in particular of the potential role of marginal seas such as the
Baltic for future methane emissions, has taken place by several presentations at scientific meetings and by
interviews with the press. For example, in connection with the awarding of the German Environmental Prize
2009, the coordinator of BALTIC GAS was able to inform the public and politicians about the potential role of
marine methane for the future climate development. This happened through multiple newspaper articles,
radio news and several television transmissions on German primary channels.

In the following, the progress of individual work packages is described in further detail.

WP 1: Project management, coordination and dissemin ation

(reported by Bo Barker Jgrgensen, Center for Geomicrobiology, Aarhus University, Denmark)

Task 1.1: Management and dissemination
1.1.1: Coordination scientific Reports
1.1.2: Organizing Workshops or Meetings
1.1.3: Establishment of project home-page

Task 1.2: Submission of data to a common database

Task 1.3: Research cruises
1.3.1: Identification of target sites
1.3.2: GIS based maps of target areas
1.3.3: Organizing two weeks cruises

Task 1.4: Ph.D-training program

Deliverables within this reporting period:
- BALTIC GAS home-page
- BALTIC GAS Workshops and meetings (reports)

According to the proposal, the relevant tasks for the reporting period are activities conducted in the context of
Task 1.1, 1.3 and 1.4.

The coordinator has discussed the progress of BALTIC GAS with all WP-leaders, Principal Scientists and

Task Responsibles and is thus able to state that
- all WPs and Tasks are advancing according to original research and financial plan,
- no necessary adaptation of the research plan and schedule of deliverables is presently foreseen,

- no third parties have major influence on the working programme at present,



- no changes in the future working plan are expected,

- no changes are expected for the deliverables.

During the first project year two BALTIC GAS-workshops have been organized (Task 1.1) in cooperation
with the hosting institutions, Max Planck Institute for Marine Microbiology, Germany (MPI; February 4-6) and
Baltic Sea Research Institute Warnemiinde, Germany (IOW; September 16-17). Scientists from all 12 BAL-
TIC GAS research institutions attended these workshops, 29 participants at the MPI-workshop and 20 at
IOW. Meeting reports (i.e. agenda and minutes) from these workshops were delivered to then BONUS Se-

cretariat and will be accessible from the BALTIC GAS home-page.

The BALTIC GAS home-page was launched late summer 2009 and is accessed at www.balticgas.net. The

home-page will be up-dated currently with news and brief information on BALTIC GAS tasks progress,
gained results and new knowledge as samples are successively analyzed and data are worked up. Further,
the home-page will be equipped with a password protected ‘Members area’ for exchange of confidential in-

formation between the BALTIC GAS patrticipants.

Eight research cruises with BALTIC GAS participation have been performed during 2009 of which 5 cruises
were organized by BALTIC GAS institutions in cooperation with the coordinator (Task 1.3). In order of ap-

pearance these cruises comprise

- RV Oceania (February 20 — 27, 2009) BALTIC GAS-cruise. Chief Scientist: Zygmunt Klusek, Insti-
tute of Oceanology, Polish Academy of Science, Poland. 8 participants/ 2 BALTIC GAS institutions.

Cruise report published.

- RV Aranda (April 21 — 28, 2009) INFLOW-cruise (Aarno Kotilainen, coordinator) in cooperation with
SYKE Marine Center, Finland. Chief scientist: Harry Kankaanpéa, SYKE Marine Center, Finland. 2
BALTIC GAS participants/ 2 BALTIC GAS institutions. Cruise report published.

- Field study campaign: Himmerfjarden (12 -17 May) BALTIC GAS-cruise. Chief Scientist: Volker
Bruchert, Department of Geology and Geochemistry, Stockholm University, Sweden. 6 participants/
3 BALTIC GAS institutions. Cruise report published.

- RV Aranda (June 4 -17, 2009) HYPER-cruise. Chief scientist: Alf Norkko, Marine Research Centre,
Finnish Environment Institute, Finland. 2 BALTIC GAS participants/ 2 BALTIC GAS institutions.

Cruise report published.

- RV Ladoga (June 30 — July 3, 2009) BALTIC GAS-cruise. Chief Scientist: Nikolay Pimenov, Russian
Academy of Sciences, Winogradsky Institute of Microbiology, Russia. 6 participants/ 1 BALTIC GAS

institution. Cruise report published.

- RV Merian (August 28 — September 9, 2009) Amber-cruise in cooperation with INFLOW, BALTIC-C,
and BALTIC GAS. Chief scientist: Falk Pollehne, Baltic Sea Research Institute Warnemiinde, Ger-
many. 1 BALTIC GAS patrticipant. Cruise report published.



- RV Oceania (November 5 — 16, 2009) BALTIC GAS-cruise. Chief Scientist: Zygmunt Klusek, Insti-
tute of Oceanology Polish Academy of Science, Poland. 14 participants/ 4 BALTIC GAS institutions.

Cruise report not yet published.

- RV Poseidon (November 27 — December 17, 2009) BALTIC GAS-cruise. Chief Scientist: Rudolf
Endler, Baltic Sea Research Institute Warnemiinde, Germany. 11 participants/ 4 BALTIC GAS insti-

tutions. Cruise report not yet published.

A brief summary of the research cruises incl. cruise reports will (when published) be available at the BALTIC

GAS webpage. However, this feature is presently delayed due to technical problems.

The EEIG Steering Committee has evaluated and qualified BALTIC GAS to receive funding of 10.000 € in
support of a training course Seismo-acoustic Imaging of Sedimentary and Gas-related Features in the Baltic
Sea (Task 1.4). The course starts with a 3-4 days preparatory course on land (starting on July 15 or 16,

2010) and continues onboard RV Navigator XXI http://www.wsm.szczecin.pl/?section=348 form July 19 to

July 25, 2010. The course will be organized as a joint training course for 14 PhD students from the Joint
Baltic Sea research Programme and 16 students from the University of Stettin and the Maritime Academy of
Szczecin, the latter owns the research vessel. BALTIC GAS Principal Scientist Volkard Spiess, Department

of Earth Sciences, University of Bremen is responsible of the overall planning of the training course.

WP 2: Data mining and GIS-mapping
(reported by Jarn Bo Jensen, Geological Survey of Denmark and Greenland, Denmark)

Task 2.1: Data mining
2.1.1: Searching Baltic Sea methane data in national data-bases
2.1.2: Compiling data in a common database

Task 2.2: GIS-mapping
2.2.1: Mapping of mined data
2.2.2: Mapping of methane flux and distribution in sediments
2.2.3: Mapping of hot-spots of present and future CH4-emission

No deliverables due within this reporting period.

According to the proposal, the only relevant task for the reporting period is research activities conducted in
the context of Task 2.1.Thus, within this WP, the first year of the Baltic Gas was used to identify data among
the project participants and data holders outside the project, as well as establishing contact to the data hold-

ers, with the purpose to get access to relevant data.

Within the project, the major data holders of relevant seismic data for methane mapping in the seabed are
The geological Survey of Denmark and Greenland (GEUS, Denmark), Baltic Sea Research Institute
Warnemiinde (IOW, Germany), Shirshov Institute of Oceanology, Atlantic Branch, Russian Academy of Sci-
ences, Kaliningrad (Russia) and to some extent Institute of Oceanology, Polish Academy of Science, (Sopot,
Poland). The combined dataset from these partners was presented in September 2009 at a seismic work-
shop in Warnemiinde. The combined dataset covered Danish, German, Russian as well as parts of the Pol-

ish, Swedish, Lithuanian, Latvian and Estonian waters.



To get a full coverage of the Baltic Sea, supplementary seismic data has to be supplied from other sources.
So far identified data sources are the Geological Survey of Sweden (SGU), University of Stockholm, Polish
Geological Survey and Finnish Geological Survey. Positive contact has been established to Sweden and

Finland and progress has been made towards data owned by the Polish Geological Survey.

Data from the Central Geological Database in Poland were received and preliminarily analyzed by Sopot.
The data include: methane concentrations in the bottom layer along transects and seismic data in the

graphic form (both as maps and in paper prints formats) processed in the MATLAB environment.

At the University of Bremen, data mining from previous Baltic Sea student cruises began under the lead of
BALTIC GAS student Zsuzsanna Téth (hired September 2009). Multi-platform seismo-acoustic data are
generally available in the Mecklenburg Bay and around the island of Rigen since the year 2000. In prepara-
tion for the Poseidon cruise P392, the complete set of water column acoustic data (EK60) was scrutinized for
indication of free gas ebullition and results passed on to cruise participants in form of maps and coordinate

tables.

At IOW, data from several years of expeditions within the Baltic Sea have been reassessed as contribution to
this project. Work to make these “pre-BALTIC GAS data” available includes
- compilation of first shallow gas related seismo-acoustic datasets,
- development of software tools (MATLAB) for shallow gas related seismo-acoustic data processing,
- extraction of first meta-data from shallow gas related seismo-acoustic datasets and import in GIS
(Mapinfo),
- first shallow gas focused interpretation of existing seismo-acoustic data and proposal of future work-

ing areas (profiles and stations).

The seismic workshop in Warnemiinde September 2009 showed that GIS mapping (Task 2.2) of seismic
data from BALTIC GAS members has already progressed well. GIS mapping of external data therefore have

particular focus during 2010.

WP 3: Gas and seismo-acoustic mapping
(reported by Gregor Rehder, Baltic Sea Research Institute Warnemiinde, Germany)

Task 3.1: Mapping and guantification of shallow gas by seismo-acoustic technigues

Task 3.2 Physical characterization of gas-bearing sediments

Task 3.3: Assessment of sites of sediment weakness for recent and future gas ebullition using multidiciplinary seismo-acoustic and
sediment property data

Task 3.4: Detection and monitoring of gas bubble propagation through the water column and into the atmosphere in key regions of the

Baltic

No deliverables due within this reporting period.



According to the proposal, the relevant task for the reporting period are research activities conducted in the
context of Task 3.1, 3.2 and 3.4.

Major efforts of all partners involved in the gathering and interpretation of pre-existing seismo-acoustic and
relevant sediment-physical data in the sediments have been performed by the partners as described under
WP 2.

In addition, a suite of new data has been gathered by scientific cruises organized by BALTIC GAS or with
contribution from partners of the BALTIC GAS consortium, involving both new acoustic (Task 3.1) as well as

sediment-physical data (Task 3.2).

Valuable seismic data (backed up with three gravity cores) were sampled in Gulf of Finland and northern part
of Gotland deep during the Aranda-cruise (April 22-25, 2009). Also the annual student cruise of Bremen Uni-
versity with RV Alkor (cruise Al347 October 8 —18, 2009) in Mecklenburg Bay and Prorer Wiek (east of
Rugen) was of major relevance to the scientific scope of BALTIC GAS. Here new multi-frequency seismo-
acoustic data were collected for the mapping of gas in the shallow sediments by use of high-frequency seis-

mic sources (i.e. airgun and boomer) and an echo sounder system.

Two cruises with RV Oceania were carried out as part of the collaborative project BALTIC GAS from 20-27
February, 2009, and 05-15 November, 2009, respectively. Objectives of these efforts were to collect acoustic
(seismic) data in the areas with potential presence of shallow gas sediments, active gas seeping, and pock-
marks. The near-bottom water column and seafloor was surveyed with hydro-acoustic methods working in a
broad frequency range. A sediment coring program took place during the cruise in November. The cruise
focused on the EEZ of Poland, including the fault system near the Smoldzino Fault, the inner Gulf of Gdansk
between Gdynia and Hel, and the Vistula River mouth. Acoustic data acquisition included chirp data, 360

kHz multibeam data, and a dual frequency side scan sonar as well as other methods.

During RV Poseidon cruise 392 (November 28 — December 17, .2009) seismo-acoustic data, long gravity
cores as well as undisturbed upper sedimentary cores, and hydrographic data in combination with dissolved
methane data from the water column were collected in the Mecklenburg Bay, Arkona Basin, Bornholm Basin
and Gotland Deep. The sampling program focused on gradients from gas underlain to gas-poor sediments
along sections, and to investigate the water column methane inventory along these sections. The hydro-
graphic work also aimed for across-basin sections of the methane distribution in a winter situation. The com-
bination of older and new hydroacoustic data will help to assess the persistence of the shallow gas accumu-

lations in Holocene sediments,

During RV Poseidon cruise 392, a prototype of a water column imaging multibeam system (ELAC) was used
for the first time to monitor free gas bubbles in the water column. It was possible to demonstrate the potential
to visualize gas from seep structures, using the gas release occurring during deployment of instruments as a

target. This part of the program is a major technological breakthrough in the framework of Task 3.4.

WP 4: Biogeochemistry



(reported by Timothy Ferdelman, Max Planck Institute for Marine Microbiology, Germany)

Task 4.1: Methane distribution and geochemical in situ gradients

4.1.1: Sulfur biogeochemistry
4.1.2: Methane biogeochemistry

Task 4.2: Gas emission across sediment-water and sea-air interface

4.2.1: Methane flux and ebullition measurements
4.2.2: Hydrogen sulphide flux
4.2.3: Water column methane and ferry box surface methane measurements

Task 4.3: Methane and key biogeochemical processes

4.3.1: Quantify production and breakdown of methane
4.3.2: Analyze controls on relevant key geochemical processes
4.3.3. CH4 and H2S oxidation coupled to water column oxygen consumption

Task 4.4: Holocene evolution of the Baltic Sea ecosystem

No deliverables due within this reporting period.

According to the proposal, the relevant task for the reporting period is research activities conducted in the
context of Task 4.1, 4.2 and 4.4. The first year was characterized by several sampling campaigns to evalu-
ate the distributions of methane and geochemical in situ gradients in Baltic Sea sediments (Task 4.1). Ex-
periments were run on selected samples to estimate rates of methane turnover and sulfate reduction (Task
4.3). Furthermore samples were collected for the evaluation of the Holocene evolution of the Baltic, including

long cores and short cores for dating (Task 4.4). Sampling expeditions included:

- an expedition to Himmerfjarden (Ask6é Marine Lab, Sweeden) where scientists and students from
three BONUS Institutes participated in a field campaign to obtain cores from the Himmerfjarden, an
anthropogenically impacted fjord in the north-central basin of the Baltic Sea. The principal goals
were to obtain baseline pore water, gas, and solid phase sediment data for the Baltic Gas project, as
well as to obtain samples for experimentation and flux measurements. In addition, this expedition
provided the initial training for 2 BALTIC GAS doctoral students,

- the aforementioned doctoral students also joined the R/V Aranda Expediton with BONUS HYPER

scientists on a coring expedition throughout the entire length of the Baltic Sea,

- aBALTIC GAS biogeochemist was invited to participate on the RV Merian cruise M12-4a project
with partners from 4 different BONUS projects participated: INFLOW, BALTIC-C, AMBER, and BAL-
TIC GAS. Stations for BALTIC GAS activities targeted the Gotland Deep, Aland Sea, Bothnian Bay
and Bothnian Bight, as there have been no published data on the distribution, depth, and abundance

of methane in sediments from the oligotrophic, low-salinity northern Baltic Sea,

- employing a unique, converted ferry boat, the Susanne A, as a sampling platform, a high resolution,

biogeochemical sampling transect was completed along a gas-rich seismic line in Aarhus Bay,

- the Bay of Gdansk was targeted for high resolution sediment porewater methane and sulfate profil-
ing and experimentation during the BALTIC GAS RV Oceania expedition in November 2009 by sci-
entists from three BALTIC GAS institutes,



- during the course of a three week expedition in December on the RV Poseidon, BALTIC GAS scien-
tists from 4 institutes collected high resolution pore water samples for methane and chemistry analy-
ses along seismic transects in Mecklenburger Bay, Arkona Basin, Bornholm Basin, and the Stolpe
Foredelta. This work also supported the water column seismic and methane distribution research

also performed on this cruise.

Extensive laboratory work to analyse the collected samples is underway. Initial analysis of the pore water
data suggests that in the diffusive systems of the southern Baltic that the thickness (accumulation rate of
organic rich sediment) of the Holocene mud layer is a controlling variable for the flux of methane. Deeper
layers are not a source of methane. In the northern, low salinity reaches of the Baltic, the methane-sulfate

interface is within a few tens of centimeters of the sediment-water interface.

A one-day workshop was held in Warnemiinde (September 2009) to introduce the biogeochemists to the
problems inherent dating and evaluating the Holocene evolution of the Balic Sea (Task 4.4), so as to coordi-

nate proper and consistent sampling across all platforms.

With reference to Task 4.2 water column methane distributions and isotope distributions have been made on
the RV Poseidon expedition. These provide a detailed picture of early winter depth distributions of methane,
which support the synoptic distributions of methane obtained from the ferry box IR spectrosopy measure-
ments. The ferry box IR system was deployed in the Fall 2009 time series of the methane on the commercial
ferry line Finnlines, and has been running on a daily basis. This is an integral aspect in the research of a new
BALTIC GAS doctoral student, Wanda Gulzow.

For the first-time, the deployment of floating, lagragian, methane-gas flux chambers have provided estimates
of methane fluxes at the air-seawater interface in the shallow littoral regions in Swedish Baltic waters (Task
4.2).

WP 5: Modelling and data integration
(reported by Pierre Regnier, Department of Earth Sciences, Utrecht University, The Netherlands)

Task 5.1: Modelling methane and sulfur dynamics

5.1.1: transport-reaction models
5.1.2: Predictive models (i.e. climate change scenarios)

Task 5.2: GIS-modelling

Task 5.3: Integrating gas, acoustics and biogeochemistry

No deliverables due within this reporting period.

According to the proposal, the only relevant task for the reporting period is research activities conducted in
the context of Task 5.1. Even though the post-doc to be hired on BALTIC GAS by Department of Earth Sci-
ences, Utrecht University, will only start in March 2010, research on the modelling of methane and sulfur
dynamics has nevertheless been carried out. More specifically, a detailed model for the coupling of the ben-

thic methane and sulphur cycles has been developed. This reactive-transport model (RTM) includes meth-



ane gas formation, migration and dissolution in marine sediments. It has been validated against field data
(e.g. organic carbon content and sedimentation rates, aqueous sulphate and methane profiles, sulphate
reduction rates, depth of free gas) collected by the partners of the project in several gassy areas of the Baltic
Sea. The RTM operates both under steady-state and transient conditions (seasonal and secular variations).
Based on the model results, a prognostic indicator for methane fluxes based on the depth of methane gas
and the methane solubility concentration has also been developed. This indicator will be used in combination
with GIS facilities to establish regional estimates of methane production and removal and their response to

water column eutrophication and climate change.



