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I.  GOALS AND OBJECTIVES:  Accomplishments as of February 29, 2008
These accomplishments were achieved by the AOOS project leader, Molly McCammon and the AOOS subcontractors: the Alaska SeaLife Center (ASLC), the University of Alaska Fairbanks (UAF), and Prince William Sound Science Center/Oil Spill Recovery Institute (PWSSC/OSRI).  In addition, funds were withheld from the original funding source for NOAA’s Pacific Marine Environmental Laboratory (PMEL) to perform some activities in which they had singular expertise. 

A. Identify Additional Stakeholders and Stakeholder Benefits; Develop Education and Outreach 

Implement Education and Outreach Plan (ASLC)

Extensive outreach efforts continue with stakeholders and user groups. We published the first AOOS Newsletter in January 2008 to coincide with the annual Alaska Marine Science Symposium (AMSS), which drew more than 600 scientists conducting research in Alaska’s seas. At the 2008 Symposium, AOOS co-hosted the second annual Communicating Ocean Science Workshop, with record attendance and more than half the audience made up of scientists. Participants shared best practices in regional programs and discussed the formation of the Scientists and Educators of Alaska Network (SEANET). AOOS will co-host the website and a listserv, and participate in the development of a regional directory of education and outreach programs focused on Alaska’s seas. AOOS sponsored keynote speaker John Englander of International Seakeepers and hosted two workshops, one of using ships of opportunity and the other on the Prince William Sound demonstration project.
The Senior Outreach Manager and Executive Director co-authored a poster accepted at the Oceans 2008 conference in March entitled: “Collaborations in Ocean Science Education in Alaska: SEANET.” Presentations were also given to the Alaska Sea Grant Advisory Board and at the Alaska Forum for the Environment. AOOS staff members continue to participate in the IOOS Education Key Themes and Messages Working Group, the Communications Key Working Group and NOAA’s Alaska Region Communication, Education and Outreach Working Group, (ARCTic). A new 8-foot AOOS traveling exhibit has been purchased and designed for use at conferences and symposia and for display in AOOS offices when not on the road.

After some funding delays at the national level, the Center for Ocean Science Education Excellence (COSEE) proposal for Alaska, submitted March 1, 2007, was recommended for full funding by the National Science Foundation to commence in early spring 2008. This grant will fulfill a major portion of AOOS outreach goals and objectives. AOOS will be working closely with the other ten COSEE partners, including COSEE Networking Oceans Now at Rutgers University, which focuses on cutting-edge education and outreach using real-time data from the nation’s network of regional ocean observing systems. One of COSEE NOW’s first 
projects is a nationwide assessment of OOS educational programs, which will aid AOOS in further refining its tools and products for educational audiences.

B. Expansion of Observing Capacity:  AOOS Region 1: Gulf of Alaska

Nitrate Monitoring at the GAK1 Mooring (UAF)                           



       
Funds were used to acquire two Satlantic In Situ Ultraviolet Spectrometer (ISUS) sensors to determine nitrate concentrations in seawater for periods up to one year. Nitrate is a key nutrient controlling primary production in the surface layer of coastal waters in the Gulf of Alaska. The ISUS sensors were successfully deployed on the GAK1 mooring in the Gulf of Alaska starting in 2005. This mooring is the termination point for the oceanographic Seward Line that provides data for the longest running oceanographic time series in Alaska waters.   The upper sensor at approximately 30m depth was placed there to determine the nitrate in the upper mixed layer that is available to support primary production processes.  The lower sensor at approximately 150 m depth was located in the high nitrate source water that flows onshore during periods of reduced downwelling in the late summer.  Subsequently, the high nitrate laden waters are mixed throughout the water column during fall and winter storm events.  This two step process of relaxed downwelling followed by vertical mixing replenishes nitrate concentrations in the upper layers of the middle and inner shelf waters during fall and winter seasons.  The deployment of the ISUS sensors along with physical sensors in the upper and lower layers provide an observational suite of measurements that greatly improve our understanding of biophysical processes that support the relatively large biological production in the coastal Gulf of Alaska. After mooring recovery, AOOS receives the data and makes it available via the web. As data is compiled in the AOOS data base, it is envisioned that prior temperature records for the GAK1 site can be used to hindcast nitrate concentrations for the previous 1-2 decades.

GOA ocean observation scientist (ASLC)
The GOA implementation plan development included detailed design of combined atmospheric and ocean observing systems intended for deployment at the entrances of Alaska’s ports, harbors, and marine terminals. This conceptual network of coastal stations has come to be known as “Harbornet.”AOOS is seeking additional funding to develop and test this prototype station.
Southeast moorings (PMEL)

The deployed moorings were recovered in March 2007 and provided very good data.  The moorings have not been redeployed due to loss of future funding and a decision to analyze existing data first.  
Cook Inlet Nutrients and Chlorophyll (PWSSC/OSRI) 

These activities occurred only in year 1 of the grant and not in year 2.
Continued operation of Surface Current Mapper (UAF)

Because of reduced funding for 2007-2008 of this project, the PWS field experiment has been postponed from 2007 to 2009. The reduced funding to support High Frequency (HF) Radar instrumentation in Prince William Sound (PWS) at Shelter Bay and at Knowles Head made continued operation impossible. Both HF radar sites were decommissioned in August 2007 when some electronics, all batteries, and other equipment were removed. HF radar in PWS is now in hiatus. During June-July of 2008 we will attempt to acquire and distribute several weeks of HF radar data from PWS. However, it is unknown whether the remaining gear has overwintered successfully and will be operational.

Prince William Sound – A Pilot Program for AOOS (PWSSC/OSRI)

The PWS pilot project is progressing as planned under the leadership of PI Dr. Carl Schoch.  Budget reductions will cause some components of the demonstration to be postponed indefinitely.  Without additional funds we will not be able to support all the components of the demonstration project beyond the next fiscal year. Current activities include:

SNOTEL Gauges for Meteorological and Precipitation Data 

After a three year process, permits were finally secured from the U.S. Forest Service to deploy a new SnoTel station on Mt Doran in the NW corner of PWS and another on Naked Island in the middle of the Sound.  Logistical plans are being finalized to install the Mt Doran station in the late summer of 2008.  Recent discussions among the PWS investigators determined that the SnoTel stations proposed for Naked Island and Main Bay may be cut from the program due to limited funding and no certainty of maintenance funds if they are deployed.  Both of these stations were to be at about 500 meters elevation.  The other eight weather stations are operating very well.  The station at the Nuchek Spirit Camp was upgraded with a new telemetry system and Starband satellite broadband service and that station was also upgraded with a web camera.  

Central PWS Mooring 

The deployment of this mooring has been postponed until the spring of 2008.  The mooring hardware has been purchased with AOOS funds, an acoustic release has been borrowed from the University of Alaska Fairbanks, and a CTD was purchased with funds provided by the Oil Spill Recovery Institute.  This mooring will help determine the magnitude and frequency of water renewal in deep basins of PWS.  Data will be used to validate and improve circulation forecasts from the ocean circulation models which require information on residence times of water masses.  

Real-time telemetry for the Copper River stream gauge 
The seasonal stream gauge on the Copper River is functioning very well and a stage/discharge relationship has been established so that river discharges are now being reported.  Telemetry equipment funded by AOOS allows for real-time data feeds to the web page at waterdata.usgs.gov/nwis and www.aoos.org.  With real-time data telemetry, discharge measurements from the Copper River stream gauge can be assimilated into the ROMS ocean circulation model.  An MOU is in place between the PWS Science Center and the U.S. Geological Survey for the long term operation of this gauge.

Thermosalinograph/fluorescence surveys 

Supplemental hydrographic data are being collected with periodic boat-based surveys since the spring of 2007. The F/V Alena K is instrumented with a thermosalinograph to acquire underway measurements of near-surface temperature and salinity, a fluorometer to measure chlorophyll, and a transmissometer to quantify turbidity. From spring 2007 to January 2008, the F/V Alena K also conducted CTD casts at seventeen locations during each survey with the goal of estimating the seasonal cycle of freshwater content in the sound. The high speed thermosalinograph cruises will continue but the schedule has been reduced to four cruises per year for 2008. 

National Data Buoy Center weather stations
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The NDBC with AOOS support will deploy an experimental buoy in Montague Strait in the July 2008.  This buoy will measure directional waves and water currents in this important entrance to the Sound.  The new buoy will include an ADCP provided by AOOS and will transmit data in near real-time.  The measurements made by the NDBC buoys help provide better data on weather patterns in PWS and the Gulf of Alaska.  

Mooring enhancements to measure biophysical coupling 

The fluorometers have been discontinued from the deep water moorings and will be used instead on the nearshore moorings described below.  Key factors in the ecology of PWS are the timing and magnitude of nutrient enhancements and plankton blooms.  

Nearshore moorings

This project provides better information of the spatial and temporal variability of ocean water in the nearshore zones of PWS and telemetered water quality data for assimilation into the ROMS model (see below). The data will also be made available for the NPZ (nitrate-phytoplankton-zooplankton) modelling effort and for hatchery management as well. A pilot mooring has been installed on an existing oil spill response buoy (with permission from the Alyeska Pipeline Service Company) adjacent and approximately 1 km offshore from a salmon hatchery. The mooring instrumentation consists of a Seabird SBE16 (temperature and conductivity) and a Wetlabs ECO FLNTUSB (fluorescence and turbidity), cage-mounted at 5 metres depth. Both instruments are interfaced through a Campbell Scientific (CS) CR1000 data logger mounted on the buoy in a waterproof enclosure, which also contains batteries, power management hardware and a radio modem (CS RF401, available). Data are telemetered via radio modem from the buoy to a Starband upload center located at the nearby hatchery. We are proposing to deploy two additional units in 2008 and another two in 2009 in preparation for the 2009 field experiment.

Weather forecasts

The PWS Observing System provides for many weather observations within a relatively small area.  With over 20 weather stations reporting real time data within an area of 100 square km, PWS has one of the densest networks of marine and terrestrial weather observation platforms in the world.  Using these data, the Alaska Experimental Forecast Facility operates two weather models for PWS that have much finer resolution than the current National Weather Service model.  Where the NWS now only has forecasts for areas of about 12 km, the models developed by AEFF allow for forecasts of areas as small as 4 km.

The Weather Research and Forecasting (WRF) system is now being primarily used for the atmospheric modeling in PWS and is compatible with NWS requirements. The WRF modeling system is intended to be a next-generation mesoscale assimilation and numerical model system. The model is in continuing development by a group of agencies including NCAR, NOAA, DOD AFWA, FAA, University of Oklahoma, and others.  The AEFF runs the WRF model twice per day on the supercomputer at the Alaska Regional Supercomputer Center. Comparisons between model forecasts and point observations are now being analyzed.
Wave forecasts

Surface waves constitute an extremely energetic component of the physical oceanography affecting coastal Alaska.  Waves create turbulent effects that can be orders of magnitude larger than baroclinic and barotropic currents that can overwhelm the latter to the extent that even the identity of the currents can periodically be destroyed.  From a practical standpoint, information about the wave conditions in the Alaskan coastal areas is needed to assess the fate of oil spills and related recovery efforts and safe boat/ship operations.  Because buoy and satellite altimeter measurements of waves in coastal waters suffer from spatial and/or temporal sampling limitations, the grid-based wave model SWAN is being developed to make wave predictions for both oil spill response and marine safety applications in PWS.  We are using satellite and in situ wave observations for validation of model results and satellite wind and wave observations for data assimilation to enhance model results.  Besides traditional data assimilation schemes, we will explore techniques of artificial intelligence to incorporate satellite measurements into wave model results.

Ocean forecasts

In September 2004, UCLA and JPL ocean labs were asked to design a numerical framework to help advance the knowledge of Prince William Sound (PWS) ocean dynamics. Ocean circulation forecasts and error estimates are based upon a nested series of spatial domain models using the Regional Ocean Modeling System (ROMS). ROMS uses a terrain-following vertical coordinate and represents the current state-of-the-art.  Specifically, UCLA's responsibility is to build a PWS configuration of ROMS nesting capability. 3 nested grids have been generated with a mesh size of 11, 3.6 and 1.2km encompassing respectively the whole Gulf of Alaska, the central coast of Alaska and PWS (the latter extends to the Copper River delta to make sure this important source of freshwater for PWS is included at the finest scale).  Our preliminary ROMS implementation for the PWS/CI and the nearby Gulf of Alaska coastal oceans shows very encouraging results when compared to observational data from moorings and drifters.

Data assimilation

A major goal of the observing system in PWS is to develop an operational system that delivers information on physical and biological conditions in real-time to research and application users.  This information includes raw data on environmental conditions, such as wind speed, air temperature, precipitation, ocean currents, ocean temperature, tide height, and water salinity as well as modeled forecasts of anticipated conditions.  Forecasts for the atmospheric conditions in the Prince William Sound region have been developed using a Regional Atmospheric Modeling System (RAMS) with a 4 km resolution.  The JPL/UCLA group has the responsibility of developing a real-time forecasting capability for oceanographic conditions. 

The JPL/UCLA group will apply the Regional Ocean Modeling System (ROMS) to PWSOOS.  ROMS has been successfully used for the California coast and it represents an evolution from the family of terrain-following, vertical coordinate models. ROMS solves the primitive equations under the hydrostatic and Boussinesq approximations. ROMS is discretized in coastline- and terrain-following curvilinear coordinates. 

A major new feature of ROMS is the 3-dimensional variational (3DVAR) data assimilation system in ROMS. A Pacific basin-scale ROMS has been developed with a resolution of 12.5-km. The Pacific basin-scale ROMS will provide the needed boundary conditions for the PWS ROMS configurations, which consist of three nested ROMS domains (Figure 2) with 12-km, 4-km, and 1.3-km over the Pacific Northeast, Gulf of Alaska, and PWS, respectively. We are also in the process of developing a tidal modeling component in ROMS, so the real-time sea level can be predicted in addition to circulation fields.   

Modeling nutrients and phytoplankton in PWS
Understanding and modeling ecosystem dynamics is an important component in establishing any ocean observing systems. The nowcast-forecast modeling program has potential in advancing our understanding of how marine ecosystems respond to climate variability, and these physical and ecological predictions can be used to make better management decisions on marine living resources.  Within the observing system in PWS, the circulation nowcast-forecast system is well underway with a goal to issue predictions of physical conditions.  We are incorporating ecosystem models into the PWS ocean nowcast-forecast system based on the nested ROMS domains.  Our long-term modeling goals are to establish coupled circulation-ecosystem models that are capable of producing real-time and forecasts of nutrients, plankton, and marine habitat for key fisheries for the PWS and northern shelf of Gulf of Alaska.  The ecosystem model for PWS is based upon the CoSINE (Carbon, Si(OH)4, Nitrogen Ecosystem) ecosystem model.

C. Expansion of Observing Capacity:  AOOS Region 2: Bering Sea and Aleutian Islands
Amukta Pass moorings (PMEL)                                                                                                                Amukta Pass (sill depth ~450m) is a key passage for monitoring volume transport and other fluxes from the North Pacific into the Bering Sea. Four moorings were deployed in May 2006 and recovered in February 2007 in Amukta Pass.  All ADCPs functioned for the entire period as did the Micro-CATs.  In addition, during deployment and recovery, a series of 5 CTD casts were done across Amukta Pass.  All of these data will be available on the PMEL data server and will eventually be on the AOOS website.  The important accomplishment of this deployment is that the instruments functioned for 10 months with the new battery packs.   All four Amukta moorings were redeployed in February 2007 with recovery planned for March 2008 using non-AOOS funds. 

Maintaining and Enhancing Physical and Nitrate Monitoring of Bering Strait (UAF)                    The data are now part of the AOOS web site and data archive, and the monitoring continues, uninterrupted, with Federal support. These activities were a stopgap measure to ensure an uninterrupted time-series of flow measured through Bering Strait. NOAA and NSF have now partnered to maintain this mooring at least over the next several years. Funds for physical oceanographic moorings for the first year were a one-time support that enabled AOOS to acquire the data as soon as mooring are recovered and the data processed. Funding in year two was for operational costs to place nitrate monitors on the Bering Sea moorings. The data are now part of the AOOS web site and data archive, and the monitoring continues, uninterrupted, with Federal support.

D. Expansion of Observing Capacity:  AOOS Region 3: The Arctic
Monitoring sea ice edge and motion (UAF)  

Real-time information on sea ice motion and the position of the sea ice edge continues to provide data on the extent, velocity and evolution of coastal sea ice. The installation of the radar is complete, and data are being logged and available on the AOOS web site. The ice edge radar provides useful data to coastal residents near Barrow and to researchers at UAF and elsewhere. Preliminary data suggest that the “break out” events that remove ice from the nearshore zone may be related to “flickering” of the radar images in the moments before the event. Data are being collected to further explore this possibility and understand whether and how it can be used to improve marine safety. These funds were used for hardware upgrades for the sea ice radar and for support of a graduate student. The radar site continues to operate using non-AOOS funds, and the data are being integrated into the AOOS data archive and website. Present funding precludes expansion of the Barrow site to other sites.

E. Integrate Data across Components, Regions, Agencies, Funding Sources 

Data Management and Communications (DMAC) (UAF)

The DMAC team continues to demonstrate its ability and knowledge in both data management and communications and is well connected with the national effort. Data Manager Rob Cermak serves on the national DMAC committee and has a key role in writing DMAC planning documents. Significant real-time data is now on line and available to stakeholders, along with the popular web-cams from a number of statewide locations.  DMAC is working directly with stakeholders in PWS, Coast Guard Search and Rescue, and others to update and improve the web pages. AOOS, in collaboration with the North Pacific Research Board, has hired a software engineer to launch the Alaska Marine Information System which will include a project and metadata browser that provides an easy to use web-interface for Alaskan projects and datasets. To meet national standards, the project and metadata browser will search the AOOS data records to automatically update the status of our data holdings. Experience gained through this will apply to the development of the broader metadata browser necessary for allowing stakeholders to search for specific data. New data streams acquired by AOOS will meet IOOS metadata standards, however, at present we acquire as much data as possible with the hope that future funding will allow a dedicated data handler to work with data providers to create relevant metadata.

F. Data and Information Product Development 

Data Visualization (UAF)

Data visualization has become a shared task among the full AOOS team. “Custom pages” have been developed for Barrow, Cook Inlet and for Prince William Sound. The Barrow page displays SAR data along the North Slope. The positive response to the Barrow page sets the stage for developing similar pages for Nome and Kaktovik. The Cook Inlet page provides HF radar data in real time, tidal currents, and RAMS meteorological forecasts. Similarly, a Prince William Sound “boaters' page” has been created that integrates tide tables with buoy data and marine forecasts The AOOS web programmer accepted a job offer elsewhere, and we are now searching to fill that position to provide an improved  “look and feel” to our web pages to meet stakeholder needs.

Satellite Data Products (UAF)

The AOOS satellite technician was funded at 33% time and currently provides geo-referenced MODIS, AVHRR, SAR, and GOES data sets for display of SST, visible imagery, sea ice concentration, sea ice extent, chlorophyll-a, and SAR-derived winds via the AOOS web pages. We are working on producing the monthly means from these data streams (the climatology) to meet stakeholder needs.
Modeling and Analysis Group (MAG) (UAF)

A critical need as forecast models are developed is analysis and validation of the accuracy and performance of a model. The MAG team – in collaboration with the University of Alaska’s Arctic Region Supercomputer Center and additional funding from the U.S. Department of Energy – was developed to do this.  A biological modeler at the post-doctoral level has been hired to build an NPZ model into ROMS and is currently conducting experiments on fisheries problems in the Bering Sea. Funds for this and the previous post doc were secured by Johnson outside of AOOS, although that work adds to the AOOS goals. Johnson and AOOS member S. Gaffigan have completed an analysis of sea ice models and compared them with observations, published recently in a peer-reviewed publication (see Johnson et. al, 2007, J.Geophys.Res. Res., 112, C04S11). A second article is in preparation. Those data-model results are now on the AOOS web site. Additional comparisons between observations and other models (NCEP, MM5, NOGAPS) are underway as we archive longer time series of observed data. Johnson now serves on the NFRA Subcommittee on Modeling and Analysis that assesses how the OOS modeling will be coordinated, funded, and will carry out the mission of improving forecasts.

II. Overall Program Issues and Concerns
The following issues continue to be of concern to the overall development of AOOS:

A.  Funding uncertainty

AOOS began operating in the summer of 2005 using a $2 million FY 2005 earmark.  That earmark was reduced to $1.7 million in FY 2006.  Following a competitive process, AOOS was awarded $750,000 in June 2007, and following another competitive process for FY 08 funds, an additional $1 million in summer 2008. This funding variability and uncertainty continue to make it very difficult to develop and sustain a program, hire and keep qualified personnel, and proceed forward with long-term plans.  The reduction in 2007 required AOOS to drop its financial support for the Amukta Pass and Southeast mooring programs and the Barrow ice radar, reduce staffing for the DMAG group, and significantly pare down the goals for the Prince William Sound pilot project.  These are significant losses to the AOOS stakeholders since they are in addition to the loss of the Bering Strait moorings and work in Cook Inlet/Kachemak Bay in 2006.  With the recent record minimum Arctic ice in summer 2007, there is a pressing need for improved monitoring and forecasting capability in Alaska – the U.S. Arctic - for marine navigation and safety and to continue to understand climate change. The additional funds in 2008 will only allow for the core data management group to continue, and to fund the Prince William Sound demonstration project. 

We note this again: If the AOOS program is looking at approximately $2 million a year as its base funding for the near future (as opposed to ramping up from a $2 million minimum), the AOOS board likely would re-consider how we approach the issue of expanding observation capacity in the three AOOS regions.  The board may consider focusing more of its financial resources on the data and modeling components of AOOS and using those to integrate existing observation efforts and develop stakeholder products, although these would have less utility with fewer observations.  In all cases, we will continue our existing efforts to leverage the AOOS data system with other agency programs that might have future funding for observation components.
B.  Future of HF Radar

The major issue regarding the use of HF radar as a tool in Alaska’s ocean observing program relates to the lack of electricity at remote sites and the need for a robust, cost-effective remote power source.  Major funding is required to develop and maintain a team to work on HF radar year round. Apparently this is an issue of concern to other Regional Associations, and thus, might be appropriately addressed at the national level. We are exploring how to tap into existing power infrastructure in Prince William Sound because the HF radar there (as elsewhere) is critical for data assimilation into models. This continues to be a critical issue for AOOS.
C.  Integration with IPY

The International Polar Year is providing a pulse of activities in Alaska’s Arctic and Bering Sea regions, many of which the National Science Foundation is collecting into an umbrella Arctic Observing Network (AON), as well as an international effort called the Sustained Arctic Observing Network (SAON).  AOOS will participate with other research entities to assess which of these activities might be sustained over the long-term and incorporated into the overall AOOS program. We are already the archival and display portal for SIZONet, an Arctic program that generates sea ice data sets.

D.  Integration with OOI

AOOS is collaborating with NSF’s planned Barrow Cabled Observatory (BC), part of its Ocean Observatories Initiative (OOI).  There have been no recent activities.

E.  DMAC and MAG development without national standards

A key challenge has been to develop the AOOS DMAC and MAG programs without clear national standards.  The current DMAC planning documents are fairly generic.  These teams are closely tapped into the national DMAC Steering Team.   In the absence of clear guidance, AOOS is moving forward on its own by making its own connections with DMAC teams from other regional OOSs.  The AOOS DMAC plan was adopted by the AOOS board at its March 20, 2007 board meeting.

Since March 2006, the following issues of concern have been identified and continue to be of concern:
F.  Modeling needs

The ocean circulation models being developed for Alaska waters depend on the boundary conditions identified through large-scale North Pacific models.  The other Pacific ocean observing systems will rely on these large-scale North Pacific models, as will international efforts such as the Global Ocean Observing System (GOOS).  IOOS needs to address the issue of what are national responsibilities for modeling, and what are regional responsibilities.

Alaska’s largest challenge is with ecosystem based management and models to support these efforts.  There is still significant uncertainty regarding this. A strategy should be developed to build a modeling component that will build on and share expertise at the local level and nationally.

G.  Interaction with global efforts

An Arctic GOOS is reportedly under development, as is SAON – a Sustained Arctic Observing Network.  Since Alaska is the U.S. Arctic, the question arises regarding the role of AOOS in these efforts.  This is still to be defined.  PICES, an international scientific organization, also has interest in developing a North Pacific GOOS alliance.  How should AOOS play in this arena?

H.  Expectation management

Given the uncertainty of future funding, AOOS staff has had a difficult time “selling” the IOOS program, particularly to commercial fishermen and other industry sectors – potentially our largest customers and stakeholders.  We need to develop a national strategy for this that can be used at the regional level.

I.  Transition from research to operations

We are going to find it challenging in Alaska to transfer many of our observing system components into an operational system.  Given our remote coastline, vast distances to ship and human support, and extreme weather conditions, our systems will need substantial time and funding to become truly operational. 

PAGE  
1

