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Summary
Initial work has been undertaken by Dr James Lee (representing NCAS-DIAC), Dr Jim Hopkins (as NCAS-UFAM deputy manager) and Dr Ally Lewis (University of York) to determine the projected current costs and time dependencies in implementing the SOLAS Observatory on Cape Verde. This work indicates that the current projected implementation costs for equipment and infrastructure are in line and slightly within with the broader budget headings approved by the SOLAS committee. This has been arrived at by obtaining more detailed quotations for most major items, quotations for engineering and installation works and a detailed breakdown of running and consumable costs associated with each observatory instrument. 
The projected detailed infrastructure costs associated with the laboratory appear close to the projections used in the proposal. The staffing costs are projected to be in line with the proposal, although the figures for Cape Verde staff are not yet confirmed. The remaining uncertainties in the budget are associated with the installation of power supplies to the site and any necessary site remediation work. This will be better assessed once a site visit is completed in June, although indications are that funds set aside for these purposes are adequate. 
The major time dependencies in implementation have been identified as being associated with the i) construction and fitting out of the container laboratory, ii) the build up and testing of the GC-FID and iii) GC-MS instruments. These act as rate limiting steps to the integration of commercial instruments into the laboratory (i), and for the testing and calibration phases prior to deployment (for ii and iii). The long lead time for the NOxy instrumentation was identified in the proposal and it remains probable that this instrument would be fitted to the laboratory some time after initial laboratory commissioning on Cape Verde. A best estimate is that a container laboratory with most instrumentation would be ready for shipment with 5-6 months following availability of funds for first orders. Given funding availability in July, a ship date early in 2006 would seem feasible. Time for installation on site remains uncertain, but a reasonable projection is for the station to become operational for core measurements in March 2006 and for all instruments (including NOxy) by end summer 2006. 
A key point for clarification is the VAT status of all items in this project. At present we assume that VAT is payable on all items however there is precedent that a case can be made that this is health related research and / or that the items are for permanent export from the U.K. NERC would be best placed to investigate this further since would result in a very significant saving to the project / SOLAS.

1. The container laboratory

Two companies have been approached regarding the construction and fitting out of the container laboratory, Techsafe Systems and Stonehaven Engineering. The former have built mobile container labs for UEA, Leeds, York and Leicester Universities, whilst the latter built the British Antarctica Survey CASlab in Halley Antarctica. Both companies have very good reputations for this type of work. To minimise costs a design based on a single 40ft ISO container has been circulated rather than two independent 20ft containers. The basic quotation from both companies has been around £50K, although once UPS, compressed gas lines, sample lines and compressors etc are engineered in, the facility cost approaches the £70K figure identified in the proposal. Both companies give a delivery time of around 3 months. A proposed layout is attached as Appendix 1. This has a ‘full time’ laboratory housing long term instruments such as GC-FID and GC-MS instruments on standard lab benches, with 3 large 19 in rack units to house in 1) GC control PCs, central data system and management, 2) O3, CO and other rack instruments, and 3) the NOxy instrument. The container layout has an integral compressed air supply from which 99.9% dry nitrogen is delivered as a sub-supply. The entire full time lab is powered through a 20kVa three phase UPS supply projected to give a backup period of at least 2 hours with the option to externally start a backup generator for longer black out periods. The laboratory has built in gas distribution to points in both laboratories, for gases such as air, 99.9% N2, 6.0 high purity N2, 6.0 He and 5.0 H2. Pumps and compressors associated with analytical instruments are placed in a vestibule area between laboratories in a sound proof enclosure, which is cooled and ventilated using outside air. Gas cylinders are also stored in this area.  GC instruments are designed to vent hot oven air directly to the outside reducing the heat load in the container. The second laboratory is available for visiting experiments and is left as open space. This laboratory is designed however to have suitable windows for DOAS instruments ready built in using appropriate optical materials on two sides of the container. An air sample pipe is designed to run from the scaffolding sampling tower to inside the container via water proof glands and then through the length of both labs (with regular sample spurs) terminating in the pump enclosure. Pipe and pump design will need to be optimised to ensure laminar flow conditions. 

Both laboratories have air conditioning rated currently at 6kW per lab. Both laboratories are wired to a common computer network. The breakdown of projected costs for the infrastructure are shown as part of Appendix 2.
The estimated power demand for long term instruments, lab supplies and air conditioning are projected to be around 20kW. This could be supplied via a single 3 phase 64A supply with sufficient headroom to allow for a significant voltage drop across km lengths of armoured cable. Since all instrument voltages are conditioned back to 230v via the UPS, and if power of this type is available from the nearest town, (e.g Calhau on Soa Vicente) then provision of a high voltage supply to the site may not be necessary (although still desirable).  Under this scenario capacity would exist for the addition of perhaps 10kW of additional instrumentation within the guest laboratory, although large scale field experiments with additional containers would clearly require additional supplies providing. This could most easily be achieved using 50-200kVa generators which are available via Aggreko Ltd African division.  

2. Instruments.

The instrumentation in this initial study closely follows that in the proposal although expands on the individual component parts in order to gain a better projection of the likely costs. The GC-FID and GC-MS systems are likely to be based around Agilent 6980 GCs, the industry standard and used on the AGAGE network, with 5973 MS detector for the MS. Both instruments have a basic delivery period of around 8 weeks, although the cost of the GC-MS is such as to require formal tender, and this may add a further month to the delivery. Some savings can be made to the cost of the GC-FID by using spares and components from the GC system recently decommissioned from the CASlab at Halley. The addition of thermal desorption / air sampling apparatus to the front ends of these instruments can proceed in parallel whist they are under order, although at least 2 months should be set aside for production of an operational instrument following equipment delivery. Current costs of commercial O3, CO, CPC and met instrumentation are roughly in line with the proposal. Consumables for individual instruments have been broken down based on past experience of their operation. These are shown in the projected budget in Appendix 2. 
3. Other items.
The proposal estimates for other infrastructure costs such as sampling tower (likely to be either 15 or 20 m high), security fencing, shipping etc all appear reasonable on the basis of quotations obtained in the last 6 weeks. The travel budget also appears to be appropriate based on actual travel and subsistence costs supplied by a specialised travel agent Cape Verde Travel, in Hornsea. 

Following site inspection and selection it would seem essential to undertake a modelling exercise of air flow over the site using appropriate small scale dynamics tools. This will allow for sampling heights and aspects such as local internal boundary formation to be determined. This may require contracting out to an expert research group in this area. 

4. Division of work.

The proposal identifies two 2 year PDRA posts based in the U.K. for the project, both full-time initially and then one transferring to part-time once the installation is complete. A proposed division of responsibilities would be for post one to be responsible for the infrastructure development (laboratory, sampling systems, gases, UPS), core instrumentation (CO, O3, met instrumentation) and GC-FID apparatus development. The second post would be associated with data systems and data management, quality assurance and control across all instruments and the development of the halocarbon GC-MS instrument. 
The commissioning, testing and installation of the NOxy instrument following laboratory establishment would be undertaken by a DIAC scientist in collaboration with the local site manager and technician. This seems most appropriate since DIAC have recently required an identical instrument and will have expertise in set up and operation and also in standards and calibration. Data management on a day to day basis would be the responsibility of the local station manager, with top level scrutiny provided by the U.K. based PDRA on a week to week basis and via an external review on a longer term basis. Data archiving would be actively undertaken using BADC  as a repository. 

5. Data Quality and Calibration. 

The quality control, calibration and standards aspect of the measurements in the laboratory must be maintained as a high priority throughout the project and an outline chain of calibration references has been devised in Appendix 3 for observations made on GC-FID and GC-MS instruments and in Appendix 4 for the NOxy, CO and O3 instruments. The philosophy in all cases is that a local standard is available online to each instrument, with transferable standards between GC-MS and GC-FID using at least two different sources. For example the measurement of common species such as benzene on both GC-FID and GC-MS instruments, calibrated using independent methods such as compressed gas and permeation device. These working standards are then compared at a national and international level through both formal and informal comparison and referencing programmes. This will require close collaboration between both PDRAs and the local staff. External validation of standards internationally would be an ongoing part of station operation. For species such as CO, O3 and NOx the integration of local calibration sources and procedures with international programmes such as WMO-GAW will be central to ensuring high data quality.  A high quality zero air supply is also proposed within the laboratory, although it is likely that this gas would require further conditioning as required by each specific instrument (e.g. humidified, dehumidified, getter catalyst etc). The methodologies for calibration, quality assurance and data management should be put out to external expert scrutiny prior to implementation. 
