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l. Project Information

Project Title | Tiksi Hydrometeorological Observatory and Adjacent Platforms

1. BACKGROUND

For the International Polar Year, the atmospheric measurement programs at a
number of intensive observing sites are being coordinated through the IPY Activity
“International Arctic Systems for Observing the Atmosphere”. EXxisting observatories
sites include Barrow/Alaska, Alert and Eureka/Canada, Summit/Greenland, and Ny-
Alesund/Norway. For atmospheric measurements, ‘intensive’ indicates that in
addition to routine meteorological measurements, additional measurements are
made of air chemistry/quality measurements made by the Global Atmosphere Watch
(GAW) program, the surface radiation measurements of the Baseline Surface
Radiation Network (BSRN) program, the precipitation and moisture observations of
the Climate Reference Network (CRN) and cloud property/atmospheric radiation
measurements pioneered by the DOE Atmospheric Radiation Measurement (ARM)
program.

A major physical gap in the circum-arctic system is the entire Siberian region of
Russia. Consequently, Tiksi, Russia has been selected as a location for
development of a new intensive Arctic Observatory site that will support
measurements that can contribute to the GAW/BSRN/CRN/ARM/GCOS programs
as well as serve as a staging site for future funded NSF scientific programs.

In addition to filling a geographical gap, Tiksi has been identified as a particularly
important region scientifically for the following reasons:

It is located at the confluence of Atlantic and Pacific influences on the Arctic
atmosphere resulting in a wide variety of air masses affecting the climate at
Tiksi. Consequently, a wide range of conditions are expected, ranging from
pristine to polluted, providing a natural laboratory to assess radiative effects
of aerosols and resulting cloud and surface properties.

Tiksi is located near the mouth of the Lena River which is the second largest
river drainage into the Arctic Ocean. The Lena is the only major Russian
River for which most of the drainage basin is underlain by permafrost, making
it hydrologically complex and particularly vulnerable to climatic warming.

The Laptev Sea is an area of significant ice production, and wide variability is
at least particularly attributed to synoptic perturbations. Having an
observatory central to this region will lead to a better understanding of
processes that lead to decreases in the perennial pack.

The official name for the new meteorological facilites at Tiksi is The
Hydrometeorological Observatory of Tiksi. The Hydrometeorological Observatory
of Tiksi includes a new weather station, a remote, clean air facility and several



towers and other research equipment. The existing weather station in Tiksi,
Polyarka, was rebuilt in the summer of 2006 with adequate resources and laboratory
space for additional instrumentation for climate studies and monitoring. Present
plans are to build a second facility in the summer of 2007 that will be located close to
the weather station, but with surrounding terrain that is horizontally homogenous and
with a significant validation target area. The second facility, the Tiksi Clean Air
Facility, will include towers, roof space and air sampling stacks that will be suitable
for GAW station measurements. Present measurement programs are being planned
by the U.S. National Oceanic and Atmospheric Administration (NOAA), the National
Science Foundation (NSF), the Finnish Meteorological Institute (FMI), the Arctic and
Antarctic Research Institute of Roshydromet (AARI) and the Norwegian Institute for
Air Research (NILU).

2. ROLES & RESPONSIBILITIES

Role Name Email Primary Phone
Polar Foundation Project | Yuri Sychev sychev@polarf.ru +7-495-692-7143
Manager

VPR Project Manager Mike McKibben | mike.mcKibben@veco.com | 303.885.4644
NOAA Representative Taniel Uttal taneil.uttal@noaa.gov 303.497.6409
NSF Representative Jason Weale jweale@nsf.gov 703.292.7425

3. GENERAL GUIDELINES AND BEST PRACTICES

The following is a summary of the general guidelines and best practices to use for
the planning, layout, detailed design, construction and operation of the Tiksi Clean
Air Facility:

A. Conserve energy where possible. The TCAF should be designed and
constructed as an energy-efficient building, utilizing the latest Russian
building codes and standards for energy efficient design and construction.
Balance energy conservation and capital costs.

B. The design of the interior of the TCAF should be open to maximize flexibility.
C. The design of the TCAF should be modular to minimize life cycle costs and
make it easier to fabricate, transport install, and provide flexibility for the

future.

D. Analyzers and associated equipment inside of the TCAF should be stacked in
instrument racks, when possible, to maximize available floor space.



. A maximum optical plane should be established and maintained for the TCAF
roof-top area.

. Instruments should be installed and operated as required to meet World
Meteorological Organization/Global Atmosphere Watch standards.

. Where possible, tower-mounted equipment should be combined on fewer
towers, thus minimizing the shading effects on measurements and minimizing
costs.

. Carefully plan and utilize construction methods which will result in a minimum
permanent impact of the Tiksi study area.

Share measurements and combine use of calibration gases and other
common consumables where possible.

Reserve the north side of the building for aerosol and chemistry
measurements and associated equipment.

. Cable trays, panduit, or similar types of raceways should be installed high in
the interior rooms of the TCAF to provide flexibility, organization and ease of
installation and movement of communications and electrical power cables.
Power conductors should be placed in a separate raceway from instrument
signal and communications lines.

Include a sound-insulated pump room for vacuum pumps and other pieces of
noisy equipment and exhaust to the outside instead of the TCAF interior.

. For sample lines:
- Minimize sample line length if possible
Enter the TCAF as high as possible
Avoids dead legs which lead to condensation
Utilize preplaced sample ports in the side walls to avoid having to drill or
cut the walls.

. Utilize outside deck space where possible to store gases and other items,
optimizing usable space in the TCAF.

. Provide sound mitigation inside the main (large) room, if possible.

. Provide antistatic flooring, where necessary.



Il. Tiksi Clean Air Facility (TCAF) Requirements

The requirements for this project were collected from information provided by
currently funded and potentially funded researchers at Tiksi. The
requirements were then refined at the March 7-9, 2007 Tiksi Pl meeting
hosted by NOAA in Boulder, CO.

The list of instruments being gifted to the Yakutsk Office of Roshydromet from
NOAA can be found in Appendix B.

Current TCAF requirements take into account both Phase 1 and Phase 2
projects as outlined below:

2007/8 — Phase I:
AARI’s Surface CO2 measurements
SPA Typhoon’s POPs sampling and Mercury measurements
NASA’'s AERONET (Cimel) Sunphotometer
NOAA'’s Chemistry, BSRN, and CRN measurements
NOAA'’s Aerosol measurements
NOAA'’s Surface Ozone measuements
NOAA'’s Flux measurements
FMI's GHG Flux measurements
FMI Aerosol measurements
FMI's GHG Concentration measurements
BSI's UV Spectral Irradiance Monitoring Network
U of W’s Snow Soot Sampling

2008/9 — Phase II:
CSU/CRREL ‘s Snow Studies (Snow-Net)
FMI's Mercury Measurements
NASA'’s Micro-Pulse Lidar

1. TCAF LOCATION

The Hydrometeorological Observatory of Tiksi will be located near Tiksi, Russia. Tiksi
is a small port city (pop. 4000) near the Lena River delta, terminus of the world’s 9th
largest water shed. It is about 2000 Km north of Yakutsk in the Republic of Sakha
(Yakutia). Roshydromet has an office in Tiksi with 10-20 employees producing
weather and hydrological forecasts among other routine duties.

The Hydrometeorological Observatory of Tiksi will be comprised of two distinct entities
within about 1.5 km of each other: the Tiksi Weather Station (Polyarka), which was
constructed in 2006, and the currently planned Tiksi Clean Air Facility (TCAF). The
site plan drawing below shows the relative locations of each. Experiments and
projects will be located at one of these two sites based on their requirements and
science goals.



Fig. 1. Site Plan overview for the Tiksi Hydrometeorological Observatory
showing locations of the Tiksi Clean Air Facility, towers, road, etc.
Blue and red vectors indicate winter and summer prevailing winds,
respectively.

2. TCAF GENERAL REQUIREMENTS

The following section outlines the detailed building requirements including interior,
exterior, and roof top guidelines and sketches. Additionally, outlined are the science-
driven requirements for environmental, power and communications specifications, as
well as, external instruments, towers and boardwalks for the adjacent validation target
area.

2.1 TCAF INTERIOR BUILDING REQUIREMENTS
For current interior building layout and spacing requirements, refer to Figure 2 -
Proposed TCAF interior space layout below.
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Fig. 2. Proposed TCAF interior space layout.

A. OPENINGS AND ACCESS/EGRESS

Doors: 2 doors

total

1 door 36-inch for entry into arctic entry (mud room)
1 oversized door, not cargo-sized, from deck/loading dock

Roof Top Hatches: Currently, there are 2 roof top hatches total

1 roof hatch 2-1/2 ft. x 3 ft. for the UV Spectroradiometer
1 roof hatch 15” in diameter with window installed for the Micro-pulse Lidar

Wall Penetrations: (Refer to Figure 4 on Page 13)

Electrical and communications ports are shown with red circles. Our current
approach is to install several groups of ports in walls of each the TCAF
modules, during fabrication, and then use them as needed. The ports should
be installed near the upper portion of the walls, just below the ceiling.
Currently estimate is for 7 sets of ports, added to modules during fabrication,
then used as needed for power or communications. THE TOTAL NO. AND
LOCATION OF PORTS MUST BE REVIEWED PRIOR TO FABRICATION



Notes:
Openings, access and egress points should be located on downwind side of
the building, where possible.
Most wall penetrations are located on upwind side of building.
The Tiksi CAF building should be oriented with the long axis along the
prevailing wind directions (see Figure 1 above).

B. HVAC REQUIREMENTS
Inside Design Temperature: 65 °F (18.5°C)
Design Temperature Range: 15°C-25°C
Minimum Inside Temperature: 15 °C
Minimum Storage Temperature: 10 °C
Design Relative Humidity: 50%
Design RH Range (most restrictive): 20% - 50% (will use local air
conditioning unit (ACU) in cabinet rather than humidify complete facility)
Ventilation: TBD, based on chemicals, gases and occupancy schedule

C. COMMUNICATIONS REQUIREMENTS
Bandwidth: TBD based on final communications system
Data Transfer Rates: 256 KB/sec satellite link is currently proposed (see
below)
Wireless Links: See below

Fig. 3. Proposed Communications Network for Tiksi.



D. INSTRUMENT POWER REQUIREMENTS
Estimated Continuous Instrument Power Demand Total = 32 kW
Estimated Peak Instrument Power = 36 kW peak power
Annual Estimated Total Consumption: ~200,000 — 250,000 kWh

Notes:
- Power requirements for year-round and known/proposed campaign
experiments (See Table 1 below for detalils).
Summer science campaigns expected to add 10 kW to tabulated total.

Clean power requirements should be closely reviewed and researchers bring
their own UPS as required

Estimated instrument power requirements does not include power
required for heating, lighting, etc.
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Table 1. Instrument Power Requirements by Individual Program

Continuous Peak Voltage &
Contact/Principle Investigator Instruments Demand | Frequency
Demand [W]
(W] (Hz)
Alexander Makshtas Surface CO, 200 230 VAC
maksh@aari.nw.ru Measurements 50 Hz
Alexei Konoplev 120 VAC
konoplev@typhoon.obninsk.ru POPS Sampler 3,000 60 Hz
Mikhail Sorokine . 120 VAC
msorokin@aeronet.gsfc.nasa.qov Aeronet Cimel 100 60 Hz
Thomas Conway Carbon Cycle Gas 120 VAC
Thomas.J.Conway@noaa.gov Sampler 5,000 + 1,000 60 Hz
Baseline Surface
Ellsworth Dutton . 120 VAC
Ellsworth.G.Dutton@noaa.gov Radlatlglr}igetwork 3,500 60 Hz
Mike Helfert Climate Reference 500 120 VAC
Mike.Helfert@noaa.gov Network 60 Hz
John Ogren Aerosol Suite 2 500 120 VAC
John.Ogren@noaa.gov (Basic System) ' 60 Hz
Sam Oltmans Surface Ozone 200 120 VAC
Samuel.J.Oltmans@noaa.gov Sampler 60 Hz
Ola Persson . 120 and 240
Ola.Persson@noaa.gov Flux Suite 8,000 VAC 60 Hz
Russ Schnell Black Carbon 50 120 VAC
Russell.C.Schnell@noaa.gov Sampler 60 Hz
. CO, & CH,fluxes
Llijorrr]naasslia_irlflra”%fmi fi (Includes Remote 1,000 +500 235% mc
: ' Cabin Heat Load)
Heikki Lihavainen Aerosol Size 230 VAC
Heikki.lihavainen@fmifi distributions 1,000 +300 50 Hz
Tuomas Laurila CO, and CH, 400 230 VAC
tuomas.laurila@fmi.fi concentrations 50 Hz
Jim Ehramjian . 120 VAC
iime@biospherical.com Spectroradiometer 1,500 +500 60 Hz
Tom Grenfell . 120 VAC
tcg@atmos.washington.edu Snow Soot Sampling 0 +600 60 Hz
Glen Liston Snow Eence 0 120 VAC
Liston@cira.colostate.edu 60 Hz
Jussi Paatero 230 VAC
jussi.paatero@fmi.fi Mercury Analyzer 1,700 50 Hz
Judd Welton . ) 120 VAC
Judd.Welton@nasa.gov Micro-pulse Lidar 700 60 Hz
Future 2,500 +1,000 Both
Total Instrument Power 31,850 W [+ 3,900 W
Requirements (31 - 32 kW) |35,750 W
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E. AUXILIARY SPACE REQUIREMENTS

Table 2. Auxiliary Requirements

Requirement Space (ft)
Workbenches (6) + Desks (2) 3’ x 6’ x 3’ (workbenches)
Flammables Box 3 X2 X6’
Gas Cylinder Storage (9 cyls @ 10" ea) 3 x3 x8
Airlock Entry Vestibule (2) 4’ x 4’ x 8 (Increase if possible)
Pump Closet (sound insulated — vented TBD
outside)
Airlock Cargo Area 8 x6'x8
Sampling Flasks Storage 4'x4 x8
Emergency Bunk (1) Over Sofa Standard
Mechanical Space 4'x4 x8
Toilet Space (not plumbed, privacy partition) | Combined with mechanical space.

Notes:
Individual Pls are responsible for their own gas regulators and all tubing.
Recommend purchasing and installing several (6) 2 m long work benches
above (IKEA provides good benches)

F. PROHIBITED CONSTRUCTION MATERIALS

Prohibited construction materials which may impact scientific measurements include:

NO “blueboard” insulation — many contain HCFCs

NO blown foam insulation containing prohibited chemicals as ingredients or
propellants

NO solvents using prohibited chemicals

NO sealants using prohibited chemicals

NO adhesives using prohibited chemicals

Examples: glues, caulks, paints, paint thinner, liquid nail, etc...

Refer to Appendix C for a more detailed, comprehensive list of prohibited building
construction materials.
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2.2 ROOF TOP REQUIREMENTS
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Fig. 4.

Proposed facility roof top configuration.

A. ROOF TOP GRATING and RAILINGS
- Roof top grating area: Approximately half of total roof area plus access to

aerosol stack, elevated above roof.
Railing height: 36 inches or per Russian code requirements (must be below
top of instrument table grating)
Roof and grating should be designed for snow load, weight of instruments
and tables and weight of at least 4 people
Equipment Weights:

o

© OO

© O 0O

Solar Tracker — 100 Ibs

All-Sky Camera — 30 Ibs

Up-facing Radiometers — 5-7 Ibs each

Aeronet Robot, Control Box and Sensor Head and Cabling — 10 kg (22
Ibs)

BSI Roof Hatch and Associated Apparatus — 200 lbs

BSI GUV, PSP, GPS, Temperature Instruments — approx. 15 Ibs

POP Sampler - xx kg ( xx Ibs)

FMI Filter Samplers (2) Phase 2 xx kg

13



Fig. 5. Grated roof and railings on Eureka Observatory.

. ROOF TOP ELECTRICAL REQUIREMENTS

Number of cable runs and ports can be minimized by installing conduit with
multiple duplex receptacles with continuous use outdoor covers, suitable for
rugged outdoor conditions, around roof area with grating (refer to Figure 4)
Current plans are to use ports, prefabricated at several locations in the upper
part of the walls, just below the ceiling, for additional power port requirements
Refer to Section 3.14 for specific duplex receptacle requirements for the
UVSIMN equipment

. ROOF TOP HATCHES (see also Section 2.1 A Interior Requirements)

UV Radiation Instrument hatch: 2-1/2 ft x 3 ft (see Section 3.15 for details)
Lidar hatch: 15 in. diameter (future)

. ROOF TOP PORTS for COMMUNICATIONS

Current plans are to use ports, prefabricated at several locations in the upper
part of the walls, just below the ceiling, for communications ports

. ROOF TOP INSTRUMENT TABLES

Height: To be determined by detector plane which has not been defined yet
(refer to G. below).

14



Area: L-shaped 1 m x 5 m and 1 m x 3 m or as needed (refer to Figures 4
above and 6 below)

All-Sky Camera (Boulder, Colorado) Instrument Rack (Mauna Loa, Hawaii

Up-facing radiometers

Fig. 6. Typical roof top instruments on roof-top instrument table.

F. ACCESS/STAIRS
One set of outdoor grated stairs for roof top access on the south side of
building

G. ROOF TOP RESTRICTIONS/POLICY (SKY VIEW RESTRICTIONS, HORIZON

LIMITS, ETC.)

- During the Tiksi Meetings of 3/7/07 — 3/9/07, several researchers
expressed the requirement to have a maximum optical plane
established on the roof, above which nothing could be installed
Use of multiple inlet sampling stacks should be kept to a minimum to
minimize impact of shading and optical views of roof top instruments

15



H. ROOF TOP INSTRUMENT REQUIREMENTS
Refer to Sections 3.1 through 3.14 and Section 4.2 for specific roof
penetration requirements.

For a summary of roof top instruments refer to Table 3 below::

Table 3. Roof Top Instruments

Instrument Roof Space / Power Req / Cabling
NOAA Solar Tracker Install on roof grating. Need 360 deg. access
NOAA All-Sky Camera Install on instrument table
Up-facing Radiometers Install on instrument table

Aeronet Cimel Sunphotometer | Install on instrument table

BSI Spectroradiometer (SUV) | Roof hatch required (see Section 3.14)

BSI GUV, PSP, GPS, Temp Install on instrument table (see Section 3.14)

SPA Typhoon POPS Sampler | Install on instrument table 1m x 1m x 1m

FMI Filter Samplers (Phase 2) | Install on instrument table

Micro-pulse Lidar (future) Roof hatch with window required (future)

Future

Mounts on tripod secured to floor-grating

Shade disks

Diffuse
solar longwave Diffuse solar

Direct beam
Sun photometers

Solar Tracker (Alert, Canada)

Fig. 7. Photo of solar tracker, similar to instrument proposed for Tiksi.
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2.3 EXTERIOR BUILDING REQUIREMENTS

A. AIR SAMPLING STACK
- North side of TCAF, centered or toward NE (upwind) corner
Would prefer to install in roof if possible, but, can go in north wall
1 penetration of 20 cm diameter is required through roof or on the north side
of the TCAF near the roof for the inlet stack
10 m above surface (requires 10 m tower for support)
Multiple users of 10 m tower to minimize number of sampling stacks and
impacts on other roof top instrumentation. Tower users include NOAA
Aerosols and Chemistry, FMI, AARI and NOAA Ozone Sampling
For more detall, refer to detailed drawings of typical inlet stack and supporting
tower in Appendix E
Keep one side of tower clear so it can be climbed, if necessary

B. PARKING/ACCESS REQUIREMENTS
Internal combustion vehicle use should be very limited near the TCAF.
Parking for 2-3 vehicles should be available ~300 m away in a turnout along
the main road to Tiksi with boardwalk (or possible gravel track) access from
the turnout to the TCAF

C. BOARDWALK REQUIREMENTS
Approximately 300 m of permanent, wide, elevated boardwalk from parking
area to TCAF structure. Wheeled carts or electric vehicles can be used to
move gas cylinders and/or other heavy loads to/from the TCAF
Approximately 125 - 200 m of permanent boardwalk will be installed from the
TCAF structure to the 20 m flux tower.
Approximately 50 — 100 m of temporary boardwalk can be used from the flux
tower to the Albedo Rack and from the Albedo Rack to the CRN site to
minimize impact to the study area
Permanent boardwalks will be used to support conduit for power and
communications lines coming from the study area
Refer to Figure F-6 in Appendix F for roll-out boardwalk for summer season

2.4 TCAF BUILDING DESIGN AND CONSTRUCTION REQUIREMENTS

Balancing energy efficiency, constructability, maintainability, and cost are important
requirements for the design and construction of the Tiksi Clean Air Facility. The
TCAF building and its foundation must comply with the proper Russian federal and
regional building codes and standards. Recent advances in these Russian federal
and regional energy and building codes and standards have resulted in a 35% to
45% reduction in energy consumption required for heating. These applicable codes
and standards include:

17



A. FOUNDATION/STRUCTURAL REQUIREMENTS
The foundation/structure must be designed for the permafrost soils found in
the Tiksi region as determined by Building Regulation 2.02.04-88 Bases and
Foundations on the Permafrost Soils, and/or other applicable Russian federal
or Yakutia regional building codes and standards.

B. BUILDING REQUIREMENTS
The building must be designed for the proper polar climatic area according to
Building Regulation 2.01.01-82 Construction Climatology and Geophysics,
AARI's Recommendations on Arrangement of Utility and Residential
Premises on Hard-to-Reach Polar Stations and/or other applicable Russian
federal or Yakutia regional building codes and standards.
The building walls, floor, and roof must be designed for energy efficiency
according to Moscow Building Regulation 2.01-99 Energy Saving in
Buildings, Building Regulation 2.08.02-89 Public Buildings and Structures
and/or other applicable Russian federal or Yakutia regional building codes
and standards. Refer to Section 2.1F above for list of prohibited materials for
walls, floors, ceilings and insulation.
The building will be modular in design, based on standard modules according
to GOST 22853-86 Provisions (Mobile Homes. General Specifications), and
fabricated and installed according to Building Regulation 111-18-75 Metal
Structures — Rules of Fabrication, Mounting and Acceptance and/or other
applicable Russian federal or Yakutia regional codes and standards.
The building heating, ventilation and air conditioning must be designed to
Building Regulation 2.04.05-91 Heating, Ventilation and Air-conditioning,
GOST 12.1.005-99 Hygiene Requirements for Working Area Air and/or other
applicable Russian federal or Yakutia regional building codes and standards.

Impacts to the environment will be minimized through careful design, construction,
operation and maintenance of the Tiksi Clean Air Facility.

2.5 TARGET AREA REQUIREMENTS
The exterior Target Area will be located to the southeast of the TCAF structure and
will be accessed by boardwalks. The target area will be the location for the 20 m

flux tower as well as the BSRN albedo rack. Activity should always be minimized in
this area.

18



Fig.8. Site plan drawing showing the Validation Target Area within the dashed
lines..

A. TARGET AREA BOARDWALK REQUIREMENTS
Approximately 125 - 200 m of permanent boardwalk from the TCAF structure
to the 20 m flux tower. The FMI cabin is located approximately 4 m northwest
of the flux tower along the permanent boardwalk
Approximately 50 — 100 m of temporary boardwalk from flux tower to the
Albedo Rack (refer to Figure F-6 in Appendix F for roll out boardwalk for
summer season)
Approximately 50 — 100 m of temporary boardwalk from the Albedo Rack to
the CRN site
Permanent boardwalks will be used to support conduit for power and
communications lines from the coming from the study area

B. TOWER and PAD REQUIREMENTS
- Number of towers: 6
Location of towers: (refer to Site Plan - Figure 1)
Einal location of the CAF and towers will be determined during field trip
to Tiksi in summer 2007
For Concrete footings, pads, wooden posts or other tower support or
anchoring requirements: Refer to each section and the appendices
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Table 4. Tower Requirements Table

Occupant

Tower Height (m)

NOAA Flux Tower

20 m walkup tower

FMI Remote Flux Measurements

4 m remote mast — (See Appendix D) Will use
20 m flux tower above in same location when
installed in 2008

NOAA Aerosol Stack Support
Tower

10 m above ground, installed on north side of
TCAF to support inlet stack (refer to Appendix
E for details)

BSRN Albedo Rack Tower

4.5 m (refer to Appendix F

CRN Site

One 3 m tower and another tower up to 10 m
(2 towers total)

2.6 TCAF PROJECT SCHEDULE REQUIREMENTS

A. KEY PROJECT MILESTONES

Key project milestones that have been previously identified for the TCAF design,
fabrication and installation project include:

Conceptual design review, revision and approval — April 2007
Subcontract approval and award — April 2007

Detailed design phase — April and May 2007

Module fabrication — April thru June 2007

Building equipment procurements — May and June 2007
Cargo Shipment to Tiksi by Air — June 2007

Initial installation phase — June thru August 2007

Additional shipment by boat — August 2007

Installation of additional equipment — September 2007
Installation of Flux Tower and other equipment - 2008

During the Tiksi meetings held March 7 — 9, 2007, several researchers expressed a
considerable amount of concern about the possibility of disturbing and permanently
damaging the tundra in and around the designated study area during the
construction and installation of the Tiksi Clean Air Facility. The approach used to
construct and install the facility needs to address mitigation of any damage to the
study area. Different approaches and corresponding variations in schedule need to
be reviewed and a final approach agreed upon by the Tiksi team. Different
scenarios might incorporate the use of a snow or ice road to transport and install the
Tiksi CAF modules while minimizing the impact to the study area.
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3. INDIVIDUAL PROJECTS REQUIREMENTS - PHASE 1

Projects in this following section are classified as Phase 1 and at least a part of the
research is planned for deployment during 2007/2008.

Table 5. Phase 1 Experiments

Contact Instrument Requirements | Organization
Alexander Makshtas Surface CO, Bench space,

: P AARI
maksh@aari.nw.ru Measurements sampling line

Alexei Konoplev

konoplev@typhoon.obninsk.ru POPS Sampler Roof space SPA “Typhoon
Mikhail _Soroklne Aeronet Cimel Roof space NASA
msorokin@aeronet.gsfc.nasa.gov
Thomas Conway Carbon Cycle Gas| .
Thomas.J.Conway@noaa.gov Sampler Fill sample flasks NOAA
Baseline Surface Roof space,
Ellsworth Dutton L albedo rack, and
Radiation Network NOAA
Ellsworth.G.Dutton@noaa.gov Suite laboratory space
for computer
: , Tower, instrument
M!ke Helfert Climate Reference fences, lab space NOAA
Mike.Helfert@noaa.qgov Network
for computer
John Ogren : :
John.Ogren@noaa.gov Aerosol Suite Sampling stack NOAA
Sam Oltmans Surface Ozone
Samuel.J.Oltmans@noaa.gov Sampler None NOAA
Ola Persson Flux Suite Tower and space NOAA
Ola.Persson@noaa.gov for computer
Russ Schnell Black Carbon
Russell.C.Schnell@noaa.gov Sampler None NOAA
Tuomas Laurila CO; and CH,4 TOV.Ve“ remote
: - cabinet, pump, FMI
tuomas.laurila@fmi.fi fluxes
space for computer
Heikki Lihavainen Aerosol Size I?(I)ertrztcakc k,;geasce EMI
Heikki.lihavainen@fmi.fi distributions » 9 ’
pumps
Tuomas Laurila CO;, and CH,4 Inlet, rack space,
: - . FMI
tuomas.laurila@fmi.fi concentrations pumps
__J|m Ehrampan_ Spectroradiometer Roof hatch, Biospherical
ime@biospherical.com Instruments Inc.
Tom Grenfell Snow Soot Sample jars, bench| .
, : : Univ. of Wash.
tcg@atmos.washington.edu Sampling space, microwave
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3.1. SURFACE CO,MEASUREMENTS

Occupant Contact

Arctic and Antarctic Research Institute (AARI) Alexander Makshtas

maksh@aari.nw.ru

Location
Instrument located on bench in TCAF with sample line 2 — 3 m above roof

Power
Total power requirements = 200 W continuous demand
230 VAC @ 50 Hz
0% of power shall be balanced on UPS

Environmental
Acceptable temp. range = 15-25°C
Minimum operating temp. = 10°C
Optimal humidity range = NA

Interior Space & Miscellaneous Issues
Needs bench space for instrument

Exterior Space & Miscellaneous Issues
Need sampling line to extend 2-3 m above building
Maximum sampling line length is 10 m total

Building Penetrations

Needs a single 1 inch or larger port for sampling line from above building
inside

Data & Communications
Will download data to disk

Chemicals/Hazards/Gasses
Will use CO;, cal gas (approx. 1 cylinder/year)

Other & Special Requirements
Tech Support - Instrument requires 1 cal every 2 days (approx. 10 minutes
per cal)

Notes
Concerned about ability to get higher grade calibration gas within Russia.
AARI and Roshydromet will install a many of their instruments as possible in
the new Tiksi Weather Station to minimize the size requirements of the Clean
Air Facility. For more information on Russian instruments planned for the
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new Weather Station, and Weather Station improvements, refer to Appendix
H.
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3.2. PERSISTANT ORGANIC POLLUTANTS (POPS) SAMPLING

Occupant Contact

SPA “Typhoon” Alexei Konoplev

konoplev@typhoon.obninsk.ru

A. POPS Sampler

Location
POPS sampler on roof (anywhere as long as area is clean)

Power
Total power requirements = 3 kW continuous demand
120 VAC @ 60 Hz
Could be 230 VAC, depends on pumps

Environmental
Made for arctic environment

Interior Space & Miscellaneous Issues
Storage space = needs approx. 2 m* inside to store materials and spares
Table space — need occasional space to change sorbent plugs and filters

Exterior Space & Miscellaneous Issues
Roof space = POPS Sampleris approx. 1 mx1mx1lm

Building Penetrations
Need penetration in roof for power cable if power isn’t provided on the roof

Other & Special Requirements
Tech Support - Instrument requires 1 per week cal and inspection

Notes
- Weekly samples are collected by means of a high volume sampler with a
size-selective inlet for particles and a collection cartridge consisting of a glass
fiber filter followed by two polyurethane foam (PUF) sorbent plugs (organic

vapors).

Samples are shipped to the laboratory and extracted with hexane (PUFs) or
dichloromethane (filters). Approximately one-half of the extract is used for
clean-up and analysis by GC-MS.

B. Mercury Analyzer (Will Share FMI Mercury Analyzer)

Notes

For more information on the FMI Mercury Analyzer and specific requirements,
refer to Section 4.2.

Will collaborate with FMI and use FMI’'s mercury analyzer
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3.3. AERONET CIMEL SUNPHOTOMETER

Occupant Contact

NASA AERONET Mikhail Sorokine

msorokin@aeronet.gsfc.nasa.gov

Location
Instrument includes:
0 Robotic Sunphotometer (located on roof on instrument table) 5 kg
o Control Box (can be on roof or inside, would prefer inside) 2 kg
0 Sensor Head (located on roof) 1 kg
o Computer (inside)
Refer to roof top height restrictions identified in Section 2.2 G

Power
Total power requirements = 100 W (primarily heater load)
120 VAC @ 60 Hz (could be 240 VAC, 60 Hz )

Environmental
Tiksi unit is constructed for arctic conditions, cold weather modifications
include:
o0 New electronics in sensor head
o Thermostat inside of control box to keep LCD display alive
0 Uses a power supply instead of a battery and solar panels
0 Has automatic PC data download and upload to AERONET web site
where internet is available

Interior Space & Miscellaneous Issues
Rack space = if possible would like to mount control box inside
Table space = need space for computer

Exterior Space & Miscellaneous Issues
Mounted on instrument table using 3 bolts

Building Penetrations
Will need a 2-inch opening in/near roof for 3 cables (or less if control box and
power is on roof)

Data & Communications
Automatic data download to PC

Other & Special Requirements
Needs a clear horizon 360°
Tech Support — once per week need to adjust internal clock (takes 1 minute),
once per week need to visually inspect connections
Notes
Refer to standard AERONET setup in Figure 9 below
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Fig.9 Photo of standard AERONET setup which includes Cimel robotic
sunphotometer, sensor head and control box.
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3.4. NOAA CHEMISTRY MEASUREMENTS

Occupant Contact

NOAA — Chemistry Station Tom Conway

Thomas.J.Conway@noaa.qov;

This section primarily addresses Tom Conway’s carbon cycle gas sampling effort in
2007. Sam Oltman’s surface ozone analyzer is addressed in 3. 8 and Russ
Schnell’s black carbon analyzer (aethalometer) is addressed in Section 3.10. Those
analyzers will be installed at the Tiksi Weather Station in summer 2007, then moved
to the Tiksi Clean Air Facility when complete.

Future measurements include CO,, CO, CHy,, using a mass spectrometer, GC, etc..

Location
Analyzers will be installed inside near north wall of TCAF with samples
obtained via inlet stack

Power
Total power requirements =5 kW continuous demand with 6 kW for
peak/calibration (Note: in near term, estimated load is 500 W primarily
for the carbon cycle gas sampler)
120 VAC @ 60 Hz
70% of power shall be balanced on UPS (researchers will provide UPS)

Environmental
Optimal temp. range = 50 °F (10°C) — 60°F (15°C) and stable
Minimum operating temp. = 10 °C with a minimum storage temp. = 10 °C
(Note: its critical that sample stay above freezing)
Optimal humidity range = 50%
Instruments and measurements are sensitive to exhaust, vibrations, aerosols,
outgassing of foams, industrial solvents and large variations in room
temperature.

Interior Space & Miscellaneous Issues
All instruments require a total of approximately 100 ft* of floor space if
instruments are stacked (exclusive of additional common area workspace)
Instruments require 3 ft clear on all sides
8 ft ceiling is adequate

Exterior Space & Miscellaneous Issues
Will use inlet stack

Data & Communications
Ideally:
Data transfer rate of approximately 20 mb/day via ftp or secure ftp
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Wireless or RJ45 internet connection

4 static IP addresses

DHCP sufficient for additional PCs

Occasional access via SSH for updates/changes/troubleshooting
Researchers are flexible depending on communications available

Chemicals & Hazards

In the near term, no chemicals or gases will be required

Later, will require the following:

o0 Local storage of Butanols = 20L per yr, spare Ethanol storage = 5L

(spare)
1L of Magnesium Perchlorate for years of use
UHP Helium =5 per yr
UHP Nitrogen = 18 per yr
UHP Argon/Methane = 8 per yr
CO; =1 peryr
Compressed calibration air = 12 cylinders in-use/storage
Low grade helium balloons = 40 per yr
Sealed Ni63 for Electron Capture detectors =4

O O0OO0OO0OO0OO0O0O0

Other & Special Requirements
Retrograde waste = used cylinders
Clean/ultra pure water = 6L/yr
Occasional use of fume hood (no wet lab access required)
Be sure only to use CO, and no other gases in fire extinguishers

Notes
Requires installation of instruments close as possible to north wall
Tech Support — Techs will need to perform period air sampling, filling flasks
with the carbon cycle gas sampler. The gas sampling equipment will need to
be inspected periodically to see if the sample pumps are working and techs
may need to go onto the roof and knock the inlets clear of ice as needed.
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3.5. NOAA BSRN INSTRUMENTS

Occupant Contact

NOAA BSRN Bob Stone

Ellsworth.G.Dutton@noaa.gov ; Robert.Stone@noaa.gov

Location
- Albedo Rack is located in Tundra Clean Sector (refer to Figure 1)
Final location of Albedo Rack will be determined during field trip to Tiksi in
summer 2007
Albedo Rack must be located at least 50 m from the Flux Tower and over 125
m from the TCAF to minimize shadowing effects

Up-facing Radiometers, Solar Tracker and All-sky Camera will be installed on
the roof (refer to Figures 6 and 7 above)

Refer to roof top height restrictions identified in Section 2.2 G

Power
Total power requirements = 3.5 kW
0 Roof top and interior — 1.5 kW
0 Albedo Rack - 1.8 kW
Solar Tracker — 3 — 4 amps (primarily for heaters), 120 VAC (could change to
240 VAC), 60 Hz
All Sky Camera — 3 to 4 amps (primarily for heaters) 120 VAC, 60 Hz
Albedo Rack — One 15 amp service 120 VAC (could take 240 VAC), loads
include 4 fans, 2 radiometers, snow depth gauge, temperature gauge and
data acquisition box with signal out, and heaters

Environmental

All BSRN outside instruments are designed for arctic conditions and include
heaters if necessary.

Interior Space & Miscellaneous Issues

Interior BSRN equipment will require very little space and should be located
near the south wall

Rack space = One 19-inch data acquisition rack

Table space = Occasional bench space required, including space for 2
notebook computer(s)

Need cable trays (panduit or similar), installed in interior space near ceiling,
thru some walls and along south wall, for flexible, clean routing of cables

Exterior Space & Miscellaneous Issues
- As noted above - during the Tiksi Meetings of 3/7/07 — 3/9/07, several
researchers expressed the desire to have a maximum optical plane
established on the roof, above which nothing could be installed.

Instrument table will be installed on roof for radiometers, all-sky camera and
other equipment
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Need a very stable platform with less than 0.1° deflection for mounting of the
solar tracker

Refer to Appendix F for information on Albedo Rack and 5 anchor points
required to attach and secure the rack. The anchor points can be treated
wood posts.

Need 12 ft. fruit-picking type ladder, on-site for servicing

Building Penetrations
Need three 2-inch wall penetrations on the south and west walls for roof top
BSRN instruments

Data & Communications
Reliability of data transmission most important therefore NOAA needs direct
access to BSRN data from outside several times per day
Would settle with even 1 phone line, then would install switch
100 m conduit run from structure / coax cable
Data transfer rate can vary depending on what is available
Could use a wireless or RJ45 internet connection, if possible
Would need 5 static IP addresses if possible, 2 for all-sky camera, 1 for solar
tracker and 2 for the datalogger
Would like occasional access via SSH for updates/changes/troubleshooting, if
possible

Notes
Refer to Appendix F for details on the Albedo Rack component of the BSRN
See example of generic BSRN station in Figure 10 below
Tech Support — requires inspection of Albedo Rack 3 —4 times per week,
check aspirators, will provide techs with inspection checklist. Will calibrate
every other year. Roof top instruments need to be inspected and cleaned
daily
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Fig. 10. Generic BSRN Station

Note that all detectors, including the all-sky camera (cloud cover), must be mounted
so detectors are at the same height.
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3.6. NOAA Climate Reference Network (CRN)

Occupant Contact

NOAA — CRN Station Mike Helfert

Mike.Helfert@noaa.gov http://www.ncdc.noaa.gov/crn/instrdoc#SITE
Location

3.3 m and another 3, 6 or 10 m tower, precipitation gauges and precipitation

gauge with double alter installed at a location south of the Albedo Rack, Flux
Tower and TCAF (refer to Site Plan, Figure 1 above)

Final location of the CRN station will be determined during field trip to Tiksi in
summer 2007

CRN station must be at least 100 m from the nearest building.

Power
Total power requirements = 500 W
o Primary loads are two dataloggers at 200 W each
120 VAC @ 60Hz (could use other voltage/frequency combos — requires 12
VDC at CRN station)
Power and data will be in installed in separate conduits from the CRN site to
the Albedo Rack and then on into the TCAF
A ground rod needs to be installed near the 3.3 m tower

Environmental
The CRN system is designed for the arctic environment with a design
operating temperature range of —60°C to +60°C, however, the precipitation
gauges are expected to operate normally only over the range of —25°C to
+60°C.

Interior Space & Miscellaneous Issues
Table space = will need table space for 1 computer

Exterior Space & Miscellaneous Issues

Tower Description: (Manuf/Model: Climatronics Corporation / C-33HD
bottom section with a B-18 Base). An 18-inch (45.7 cm) tapered triangular
section 10 feet (3 m) tall bolted to a square wooden post originally extending
approximately 2 m above the permafrost and cut to extend approximately 1
— 1.5 m above the permafrost. May also install an additional tower up to 10
meters

Material: Welded aluminum, with all stainless steel above ground base and
stainless steel fasteners.

Wind Loading: 110 mph for a 33-foot (10 m) tower with five square feet of
equipment.

Installation: The CRN station design at Tiksi is being designed to reduce
some of the precipitation measurement inaccuracies which are induced by
ground effect blizzards, which are common in the lower Lena River Valley.
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The large wooden square posts are to be placed in the ground in a square
pattern with 8 meters between each of the four posts. The four wooden
posts will be placed in the permafrost, extending down below the active
layer with 3 of the posts extending approximately 2 m above grade and a
fourth post, in the northeastern edge of the CRN site, a minimum of 3 m
above grade. The posts can be chain-sawed to the optimum height — but
no lower.

The posts can be anywhere from 8 %2 to 12 inches square, preferably
larger, with at least 5 m below grade, in the permanently frozen
permafrost, to minimize tilting. That means that the posts must be at least
7 —8 mlong. lItis critical that the posts are true vertical.

Two of the posts will support precipitation gauges along with the double
alter and 2 of the posts will support 2 towers, one at 3.3 m (10 ft) and
another tower which will be up to 10 m tall. Refer to Figures 11 and 12
below and Appendix G for proposed precipitation gauge and tower
mounting details

Fig.11 Photo of Geonor (precip. gauge) installed on a wooden post at Barrow.
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Fig.12 Photo of CRN tower installed on a wooden post at Barrow.

Dataloggers will be attached to two of the posts with conduit installed between
the precipitation gauges and the posts supporting the towers. Conduit will then
connect the dataloggers and the TCAF. Contact Mike Helfert at
mike.helfert@noaa.gov. for final installation details.

Instruments Fences: (see Appendix G for details)

The CRN installation at Tiksi will require installation of an elevated SDFIR
(small double fence intercomparison reference) with a double alter around the
precipitation gauge (refer to example in Figure G-2 in Appendix G).

Building Penetrations
- Data and power cables from CRN dataloggers will be in same conduits as the
data and power coming from Albedo Rack and Flux Tower into TCAF. Data
and power in different conduits to protect from weather, rodents and other
animals.

Data & Communications
Can run CAT 5 or fiber optic between CRN station and TCAF
Need to be able to see data at NOAA
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Chemicals & Hazards
Will use and store two 15-gallon drums. One drum is for waste and the other
drum will include a 5 — 15 year supply of a mixture of 60% methanol and 40%

ethylene glycol used with precipitation gauges

Notes
Refer to Appendix G for more detailed information on the CRN
instrumentation
Tech Support — Requires daily check of data to see if it falls within reasonable
limits. If part failure will need support to replace part (1-3 times per year).
Yearly maintenance of precipitation gauges is required.
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3.7. NOAA AEROSOL MEASUREMENTS

Occupant Contact

NOAA AEROSOL Network John Ogren

John.Ogren@noaa.gov

NOAA Aerosol Suite

Basic System (Phase 1)
o TSI model 3563 integrating nephelometer
0 Radiance Research model PSAP absorption photometer
o TSI model 3010 or 3760 condensation nucleus counter
o NOAA/PMDL impactor/filter sampler

Enhanced System (additional measurements later in Phase 2)
o Optical

Chemical

Microphysical

Hygroscopic growth

CCN measurements

© O 0O

Location
A heated inlet stack with flow splitter on the north side of the TCAF will bring
samples into the building for analysis (refer to Appendix E for details of
typical inlet stack and associated support tower)
Analyzers are rack-mounted and located in the north-east side of the building
as close to the inlet stack as possible (refer to floor plan in Figure 2)
A interior pump room will be located close to the analyzers and inlet stack

Power
Total power requirement approximately 2 — 2.5 kW (for Basic System)
Instruments require a continuous demand of 3-4 amps at 120 VAC with
spikes up to 10 amps with heaters turn on. Average is approximately 5 amps.
120V AC @ 60 Hz (note: pumps could run on 240 VAC and instruments are
not sensitive to frequency - Hz)
Instrument power only requires a UPS (researchers will provide)
Need 3 circuits:

0 20 A for pumps (to accommodate surge at startup)
o 15A

0 13A continuous, total of continuous loads of pumps and instruments
o0 5.8 kW total

Environmental
Optimal temperature range = 15 — 25 °C, would like to have it constant at
one temperature within this range
Minimum storage temp. = 10 - 15 °C
Optimal humidity range = 20 - 50%. Avoid high humidity
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Interior Space & Miscellaneous Issues
Rack space = Basic System — 1-1/2 std .19-inch racks, Enhanced System —
2-1/2 to 3 std. 19-inch racks
Table space = need common space for occasional maintenance activities
Computer space = will put computers in instrument racks

Exterior Space & Miscellaneous Issues
An omni-directional inlet stack brings particles from 10 meters above ground
level into the TCAF. The inlet stack is supported by a 10 m tower, which will
also be used by FMI and others to minimize number of towers and associated
shading on roof-top instruments (refer to Appendix E)
The 10 m inlet tower will need to have 3 adequate guy wires installed

Building Penetrations
1 penetration of 20 cm diameter is required through roof or on the north side
of the TCAF near the roof for the inlet stack
Enter the building as high as possible
Make sure there are no deadlegs in inlet lines to prevent condensation
Inlet lines should be as short as possible

Data & Communications
Data transfer rate of approximately 150 kb/day (basic package) or not more
than 250 kb/day (enhanced package) via ftp or secure ftp. Measured data
are normally transmitted over the internet once per day to a restricted ftp
server at CMDL that allows anonymous, write only connections. Dial-up
access over telephone lines is used where direct internet access is not
available
Wireless or RJ45 internet connection
Static IP addresses are nice but not really required
Occasional access via SSH for updates/changes/troubleshooting

Chemicals/Hazards/Gasses
1 cylinder of Butanol (n-butyl alcohol) (note that a 20 | drum lasts more than 1
year), may coordinate with FMI
1 cylinder of compressed CO2 (usually use % to 1 cylinder per year)

Other & Special Requirements
Sampling systems are to be consistent with the GAW Scientific Advisory
Group for Aerosols (WMO #153, WMO/GAW Aerosol Measurements and
Procedures: Guidelines and Recommendations).

Notes
The sampling system uses a variety of pumps and blowers to pull air through
different components. A high-capacity blower is used for the main stack flow,
and diaphragm and/or carbon-vane pumps provide the vacuum for the
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instruments and filter samplers. In order to maintain acceptable noise levels
inside the laboratory, the pumps and blowers are installed in a wooden box
outside of the laboratory (see Appendix E).

It is preferable to bring the sample into the laboratory through the roof, to
minimize bends in the flow. In some cases, however, it is necessary to bring
the sample through the wall of the laboratory.

Tech support — less than 10 minutes per day to go through checklist. Some
small filters need to be changed when necessary. It could be hours or days
between filter changes. Each week there are up to an hour of tasks that need
to be performed

Fig. 13. NOAA/ESRL Basic Aerosol System.
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Fig.14. Inlet Stack and Tower at Gosan, South Korea.

Fig.15. Pumps similar to those to be installed in pump room at TCAF

39



3.8. SURFACE OZONE SAMPLER

Occupant Contact

NOAA Sam Oltmans

Samuel.J.Oltmans@noaa.qgov

Location
Ozone analyzer and pump inside TCAF with sample line extending above the
roof

Power
Total power requirements = 200 W (analyzer load) or xx W (during
calibration)

120 VAC @ 60 Hz (could operate on 50 Hz)

Environmental
Optimal temp. range = 15 - 25°C Minimum operating temp. = 10 °C
Optimal humidity range = N/A

Interior Space & Miscellaneous Issues
- Rack space = Thermo Electron Model 491 analyzer could be rack mounted if
close to inlet
Table space = Thermo Electron Model 491 analyzer could be mounted on
table if close to inlet. Need table space for pump and ozone analyzer for cals
Computer space = only needed for occasional downloads

Exterior Space & Miscellaneous Issues
Will need to extend line above roof, researcher will provide 13 m sample line

Building Penetrations
Need % or 1 inch port for Teflon sample line

Data & Communications
Laptop computer used only to download data — once per week if possible
Instrument can store up to 2 months of data

Chemicals/Hazards/Gasses
Uses ozone generator for calibrations

Other & Special Requirements
- Tech Support — best if checked every 2 -3 days, but could go up to a week
between checks. Checks take approx. 15 minutes.

Requires weekly cal check using pump and ozone source. Weekly cals take
approx. 1 — 11/2 hours each.

40




Notes
Initially analyzer can be installed in Weather Station in 2007, but needs to be
in CAF to correlate with other NOAA data

Fig.16. Photo of Ozone Analyzer and associated equipment for Installation at
TCAF.
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3.9. NOAA MET & SFC FLUX MEASUREMENTS

Occupant Contact

NOAA - BSRN Ola Persson

Ola.Persson@noaa.gov

Location
20 m walkup tower (see the Site Plan, Figure 1 above, for approximate
location)
Final location will be determined during field trip to Tiksi in summer 2007

Power
Total power requirements = 8 kW
2 — 20 amp breakers at 120 VAC and 60 Hz
1 — 20 amp breaker at 240 VAC and 60 Hz

Interior Space & Miscellaneous Issues
Table space = space for 2 data acquisition and processing computers

Exterior Space & Miscellaneous Issues
Tower will include 3 levels, one of which will be used by FMI
Instruments include:
3 sonic anemometers with heaters
1 Licor fast hygrometer/CO,
temperature and relative humidity probes and aspirated shields

Building Penetrations
1 power and 1 fiber optic cable will come into TCAF from flux tower in conduit
to protect from rodents, weather, etc.

Data & Communications
Data is transferred 4 times a day from the tower to the TCAF via fiber optic
cable
External data transfer rate of approximately 90 mb/day via ftp or secure ftp is
desirable, logs and stats transmission requires only .5 mb/day
Could use a wireless or RJ45 internet connection
Could use 2 static IP addresses
Occasional access via SSH for updates/changes/troubleshooting

Notes
Flux tower to utilize fold in arms for maintenance
FMI will provide own temporary tower for 2007 until 20 m flux tower is
installed
Tech support — inspect sonic anemometers 3 — 4 times per week for rime ice,
perform snow density measurements 2 — 3 times per month (seasonal)
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Fig. 17. Photo of the 10 m Eureka Flux Tower (Tiksi Flux Tower
will be 20 m).
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Fig. 18. Eureka Flux Tower pad and guy-wire anchor layout.
Note that the Eureka Flux Tower is 10 m and the
Tiksi Flux Tower is 20 m.
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3.10. NOAA BLACK CARBON SAMPLER

Occupant Contact

NOAA - Black Carbon Sampler Russ Schnell

Russell.C.Schnell@noaa.gov

Location
Magee Scientific Aethalometer located in CAF

Power
Total power requirements =35 -50 W
120 VAC @ 60 Hz (but can run on 85 - 250 VAC, 50 — 400 Hz per Magee)

Environmental
Optimal temp. range = 15 — 25 °C, try to keep constant if possible
Minimum operating temp. = 15 °C with a minimum storage temp. = 10 °C,
store in building
Optimal humidity range = 20 - 50%, avoid high humidity

Interior Space & Miscellaneous Issues
Rack space = 19-inch rack mounted, 11" high x 12" deep
Common space for occasional maintenance

Building Penetrations
Sampling line from inlet stack

Data & Communications

-

Sampling line5-10m

Small internal pump exhausts to room

Tech Support

o Once per day, look at analyzer, green light means okay

o Once per week, check to see how much diskette space is left
o Once per month, replace the diskette, check the tape roll
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3.11. FMI GREENHOUSE GASES (GHG) FLUX MEASUREMENTS

Occupant Contact

Finnish Meteorological Institute Tuomas Laurila

tuomas.laurila@fmi.fi

Location
CHg4, CO3, and water vapor flux measurements will be taken a minimum of
125 m southeast of the TCAF, near the center of the study area. A 4 m mast
will be installed in 2007 for use until it is replaced by the 20 m walkup flux
tower to be installed in 2008 (refer to Appendix D). Refer to the Site Plan,
Figure 1 above, for approximate location of the 4 m mast and 20 flux tower)
Final location of the 4 m mast and 20 m flux tower will be determined during
field trip to Tiksi in summer 2007
A remote measurement cabin, approximately 4 m north of the location of the
4 m mast and 20 m flux tower, will be used to house the flux analyzers and
associated equipment (refer to Figure D-1)
The tubing between the mast/tower and the analyzers in the remote
measurement cabin should not exceed 20 m

Power

Total power requirements = 1,500 W peak - 1,000 W continuous
Power requirements:

0 Licor LI-7000 CO2/Water Vapor Analyzer — 20 W

0 Los Gatos RMT-200 Fast Methane Analyzer — 80 W

o Vacuum Pumps - 600 W

o Vaisala QL150 Datalogger and sensors — 20 W

o Electric Heater — 500 W
Power line of 230 VAC @ 50 Hz from TCAF to remote measurement cabin
Will provide 24 VDC power supplies for the QI150 and optical isolators
FMI will bring own UPS as required

Environmental
Optimal temp. range = 15 - 25 °C (remote measurement cabin has a heater)
Minimum operating temp. =15 °C with a minimum storage temp. =10 °C
Optimal humidity range = less than 100%

Interior Space & Miscellaneous Issues
- TCAF table space = need room for the data collection and processing PC in
the TCAF, all other equipment fits in the remote measurement cabin (refer to
Figure D-2)
Remote measurement cabin typically 1,650 mm long x 1,550 mm wide x
1,400 mm high
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Building Penetrations

- Signal lines come from the anemometer and datalogger into the remote
measurement cabin
Bevaline or Teflon CO./Water Vapor and CH4 sample lines come from the 4
or 20 m flux tower into the remote measurement cabin.
1 power and 1 fiber optic cable will come into TCAF from remote
measurement cabin in conduit to protect from rodents, weather, etc. There
will be 4 optical isolators between the signal cable and PC in the TCAF

Data & Communications
Remote access to data is not absolute but very desirable to check data
integrity, determine if problems exist, and solve remotely. Remote access to
data reduces the requirement for FMI personnel to go to the site by half
The flux measurement system produces raw data at 50 Mb per day. The 10
Hz wind component, temperature, and gas concentration data is not
transferred daily to FMI but is copied to CDs or DVDs during visits to the
facility
Data transfer rate to FMI for half-hourly calculated flux data and other
parameters is typically transmitted at approximately 50 kb/day to FMI
Occasional access via SSH for updates/changes/troubleshooting is desirable
Phone connection, either cellular or skype is desirable

Chemicals/Hazards/Gasses
Synthetic air reference gas = keep one 50 L cylinder outside of remote cabin
and bring new gas cylinder from TCAF to replace during calibrations, every 3
— 4 months. Since outside use good quality pressure regulators
For periodic instrument calibrations two 50 L cylinders of CO,/CH, calibration
gas is required

Other & Special Requirements
Retrograde used cylinders

Notes
Tech support — if instruments run well and FMI has remote, online access,
personnel will only be needed to change the reference gas cylinders every 3
— 6 months. If data transfer is manual, a tech needs to copy files from the
computer and send them daily.
A general inspection of the remote measurement cabin and flux
instrumentation daily or weekly would be valuable.
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3.12. FMI AEROSOL SIZE DISTRIBUTION

Occupant Contact

Finnish Meteorological Institute Heikki Lihavainen

heikki.lihavainen@fmi.fi

Location
FMI needs a heated, 1-inch inlet stainless steel inlet line, extending 2 m
above the roof, installed near the 10 m aerosol inlet stack tower to minimize
shading impacts (refer to Figure 17 below)
Inside of the TCAF, there will be two instrument racks, a PC, and 3 pumps,
along the north side of the building interior, directly below the inlet line, if
possible

Power
Total power requirements = 1 kW continuous, 1.3 kW peak
230 VAC @ 50 Hz
FMI will bring own UPS as required

Environmental
Optimal temp. range = 15 - 25°C
Minimum operating temp. = 15 °C with a minimum storage temp. = 10 °C
Optimal humidity range = anything less than 100%

Interior Space & Miscellaneous Issues
Rack space = need space for two instrument racks, near the north side of the
building as close as the inlet as possible. Would like to install analyzers
directly below the inlet if possible with no horizontal runs. The two instrument
racks will include a Differential Mobility Particle Sizer (DMPS), a TSI 3321
Aerodynamic Particle Sizer (APS) and a PC.
Table space = only need some common table space on a periodic basis
Computer space = will be installed in one of the 2 instrument racks
Pumps = need space in the pump room for 3 pumps, 2 for the DMPS sheath
flow and 1 for the CPC and side flows
Need storage space for the butanol

Exterior Space & Miscellaneous Issues
Heated 1-inch sample line will extend 2 m above roof with rain cap (refer to
Figure 17 below). Install close to 10 m inlet stack tower to minimize shading
of roof-top instruments

Building Penetrations
Need a 4-inch penetration in the roof for the inlet line (refer to Figures 17 and
18 below)
The roof penetration needs to be directly above the two instrument racks if at
all possible, with no horizontal runs.
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Data & Communications
No specific data or communications are required, its not necessary to contact
the system by computer
System collects data at 4 KB per day

Chemicals/Hazards/Gasses
Requires butanol, approximately 20 L per year. Instrument has 2.5 L of
butanol storage. Will need to check and fill on a periodic basis.
Should collaborate with NOAA on purchase and storage of butanol
Butanol need to be high purity (>99%), is that available in Russia?

Notes
- Tech Support — Need to have the FMI aerosol instruments inspected 3 or 4

times per week (takes approx. 1 minute to check), and the butanol containers

will need to be filled once every 2 weeks (takes approx. 5 minutes)

Figure 17 below shows an example of the heated, 1-inch inlet line which will

be attached to the same 10 m tower which supports the NOAA aerosol inlet

stack at Tiksi.

Fig. 19. Photo of FMI's aerosol inlet line in India. The 1-inch aerosol inlet line is the
one with the “Big Hat”
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The 1-inch sampling tube travels inside the bigger, plastic tube through the
roof. The 1-inch tube is heated. Figure 18 below shows what the inlet line
looks like once it gets into the TCAF.

Fig. 20. Photo of FMI's heated, 1-inch aerosol inlet line in India.
This is similar to the arrangement proposed for Tiksi.
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3.13. FMI GHG CONC MEASUREMENTS

Occupant Contact

Finnish Meteorological Institute Tuomas Laurila

tuomas.laurila@fmi.fi

Location
Requires a sampling line extending up to 20 m. Will use 10 m tower for
support of sampling line. Would be willing to share other 10 m inlet line,
however, would prefer measurement higher at 20 m.
Will have 2 instrument racks and pumps to install in the TCAF

Power

Total power requirements = 400 W continuous
o Licor LI-7000 Fast Response CO, and H,O Analyzer — 20 W
0 Los Gatos Fast Response CH4 Analyzer — 80 W
o0 2 or 3 Vacuum Pumps - 300 W
o PC for data collection

230 VAC @ 50 Hz

FMI will bring own UPS as required

Environmental
Optimal temp. range = 15 - 25°C
Minimum operating temp. = 15 °C with a minimum storage temp. = 10 °C
Optimal humidity range = anything less than 100%

Interior Space & Miscellaneous Issues

- Rack space = Two instrument racks, one for the Licor CO,/H,0O and Los
Gatos CH4 analyzers, gas valves and regulators and one for the computers
and a sample air dryer
Table space = only need some common table space on a periodic basis
Computer space = data collection computers are installed in the instrument
rack
Pumps = need space in the pump room for 3 pumps
Misc = need approximately 1.5 m? for the nonflammable standard gas
cylinders and Licor synthetic air reference gases

Exterior Space & Miscellaneous Issues
Would like sample to be taken at 20 m if possible. May be able to share 10 m
tower and extend a sample line another 10 m for the FMI GHG concentration
measurements

Building Penetrations

If not using a shared inlet, will need one roof penetration of 1 inch diameter
for the Teflon sample line
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Data & Communications
Remote access to data is not absolute but very desirable to check data
integrity, determine if problems exist, and solve remotely. Remote access to
data reduces the requirement for FMI personnel to go to the site by half
CH4/CO; concentration measurement system produces data at 150 KB per
day, which is normally transmitted to FMI.
Occasional access via SSH for updates/changes/troubleshooting is desirable
Phone connection, either cellular or skype is desirable

Chemicals/Hazards/Gasses
Need approximately 1.5 m? of space for all gases
Non-flammable standard gas cylinders (50 L cylinders)
Non-flammable synthetic air cylinders

Notes
Tech support — if instruments run well and FMI has remote, online access,
personnel will only be needed to change the reference gas cylinders every 3
— 6 months.
If data transfer is manual, a tech needs to copy files from the computer and
send them daily. A general inspection of the GHG concentration
instrumentation daily or weekly would be valuable.
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3.14. NSF Polar Programs UVSIMN

Occupant

Contact

UV Spectral Irradiance Monitoring
Network

James C. Ehramjian

jime@biospherical.com; booth@biospherical.com; bernhard@biospherical.com

Location

Tiksi Clean Air Facility. System to be located principally inside the building,
with the scanning spectroradiometer (SUV-150B) collector penetrating the
building’s roof. Ancillary instrument/sensors (GUV-2511, Eppley PSP, Garmin
GPS module, RM Young Temperature Sensor) to be mounted on the
“Instrument Table” on the building’s roof.

Power

Total power requirements = 1.5 KW continuous, 2 kW peak.

120 VAC, 60Hz. 240 VAC (single phase), 50Hz optional: contact J. Ehramjian
for this.

Two 20-Ampere 115VAC duplex outlets; each outlet on its own dedicated
circuit breaker, or both outlets on a single dedicated circuit.

Above outlets to be located on southeast wall of the southeast-most room of
the building.

One 15-Ampere duplex outlet needed outdoors at the “Instrument Table”,
dedicated to UVSIMN.

One 15- Ampere duplex outlet needed outdoors near the roof hatch,
dedicated to UVSIMN.

Quiet (“clean”) earth-ground. Ideally dedicated.

System includes integral UPS. UPS used is of a design that can be later
accessorized for extended duration capability should outages prove to be
frequent and lasting.

Conductive flooring desired in the room where the system is to be located.

Environmental

Optimal temp. range = 20 to 25°C

Minimum operating temp. = 15 °C with a minimum storage temp. = 10 °C
(non-condensing)

Optimal humidity range = non-condensing, 10% to 90% RH

Interior Space & Miscellaneous Issues

Rack space = Two Hardigg transportable enclosures/racks are integral to the
system (Hardigg DE2430-05/27/05 15U), for the system’s electronics. OR the
system’s control electronics can also be integrated into a single full-height 19
in. “relay” rack (e.g. Hammond C2RR197023CG1). NOTE: Based on newest
facility design (03/09/07), a standard 19 in. rack is the likely option to be
implemented. This rack will be placed in the southeast-most “room” of the
Tiksi Clean Air Facility (TCAF), placed against the southeast wall of the room.
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Fig. 21. Photo of the Hardigg implementation at Summit Greenland.

Wall mounting of the monochromator (NEMA) enclosure needed (32"W X
12"D x 32"H) It is fastened to two Unistrut rails that are lag-bolted to the wall.
The location of the enclosure to be directly underneath the roof hatch (on the
TCAF's southeast wall), due to optical fiber bundle length limitations. See
photo below.
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Fig. 22. Wall mounting of the monochromator.

Interior floor space required for system (footprint of racks and cabling) = 48” x
96” (122 cm x 244 cm). NOTE: does not include spares/apparatus storage.

Spares/Consumables/Calibration Apparatus storage space = 18"W x 18”L x
32"H (45cm x 45cm x 81 cm) + 36" W x 24”"D x 78"H (45cm x 9cm x 198cm)

Table space = Variable. 36 ft* (3.4 m?) required for system installation (two
3'x 6’ tables). 18 ft* (1.7 m?) for periodic site visits (one 3'x 6’ table). Table
space not required at all times. NOTE: NO “desk” is needed (or requested) for
southeast-most room of the TCAF.

Computer space = computer space is integral to rack space (above), no
additional space required.

A door is needed for TCAF interior access to the southeast-most room. This
door will need to be at 36” wide (91 cm), and entry is from the TCAF'’s interior
(NOT the “mud room”).

There are to be NO windows in the southeast-most room of the TCAF.

The spectroradiometer enclosure (NEMA type — in photo above) to be

mounted on the southeast wall of the TCAF, immediately below the roof
hatch.
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Exterior Space & Miscellaneous Issues

The ancillary instrument/sensors (GUV-2511, Eppley PSP, Garmin GPS
module, RM Young Temperature Sensor) will be mounted at/on the TCAF’s
“Instrument Table” on the building’s roof. A cable port (penetration), and
dedicated outdoor power are needed for the instrument/sensors.

Fig. 23. Photo of instruments which will be located on the roof-top
instrument table.

The system’s main collector penetrates a dedicated roof hatch. This hatch is
lightweight and designed for use in low temperature environments. For more
detail on the specific hatch required, and its installation, please see the
“Building Penetrations” section.
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Fig. 24. Photo of system’s main collector penetrating a
dedicated roof hatch. Roof hatch to be at same
height as (yet-to-be-determined) solar instrument

plane.

Roof access (ladder/stairs) will be needed for regular system operation and
maintenance. Ideally, this would be located at, or as near as possible to the

system’s exterior components.

Building Penetrations

Single, dedicated, electrical PVC access port. A 2 in. “trade” size, 90° Pulling
Elbow will be provided by BSI for this purpose. This port is to be located on
the southeast wall of the southeastern-most room of the TCAF. Not in the

orientation shown however.

57



Fig. 25. Photo of dedicated electrical PVC access port.

A dedicated roof hatch, lightweight, designed for use in low temperature
environments. To be located at the TCAF’s southeast corner. Specifically:

Bilco Roof Scuttle — contact J. Ehramjian for additional detail.

Model SS-50

3'x2'6” (92 cm x 76 cm), 11Ga. (2.3 mm) Aluminum Cover, 11Ga. (2.3 mm)
Aluminum Curb

12” (31 cm) high curb, w/cap flashing

Hinged on 2’6" end

2" Urethane Insulation in Cover and Curb w./Liner

Stainless Steel Hardware

Tnemec 161 Primer

Tnemec 1075 Endurashield in standard vendor color white.

Two hatches will need to be purchased (see “Special Requirements’).

Roof Load =200 Lbs. (90 Kg.) approximately. Inclusive of roof hatch and
apparatus that passes through hatch door. DOES NOT INCLUDE highly
insulated roof-opening walls that the hatch is mounted on.

The location of the roof hatch (penetration) must be immediately overhead the
location of the monochromator enclosure (wall mounted), tentatively planned
for placement in the southeast corner of the Tiksi Clean Air Facility (TCAF)
roof.

Assuming placement in the location described above, the orientation of the
roof hatch (penetration) to be such that the hatch’s door-hinge is at the
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southeast (entrance/ Loading Dock) end of the TCAF. The long dimension of
the hatch (3’ = 91 cm) is therefore both parallel and adjacent to the southeast
outside wall of the building (parallel the roof access stairs).

The “elevation” of the roof hatch door’s top surface (relative to the roofline
height) is TBD: this will need to be coordinated with Bob Stone. This surface
to be at the same height as the other TCAF radiation instruments’ collectors
(above the rail and shelf elevations).

To establish the desired roof hatch elevation, highly-insulated framing will
have to be built up around the roof penetration. Again, height TBD.

The leveling of the roof hatch’s door is critical: as measured at the center of
its top surface, this must be within +/- 0.2 degrees in all directions. BSI will
provide an electronic level for this (a standard carpenter’s level is
inadequate).

Data & Communications

Data transfer rate of approximately 10 mb/day via ftp or secure ftp. FTP
service would be resident on system’s control computer.

Wireless or RJ45 internet connection

4 static IP addresses

On-demand system (remote) access via SNMP, FTP, Terminal Server, VNC,
for operation management, troubleshooting, data retrieval, software updates,
System Control Computer management, on-line training, etc. Firewall ports
would need to be opened to facilitate this.

Direct-dial telephony. So that it may be possible to contact staff on-site, to
provide verbal instruction in performance of system operation, diagnostics,
and repair.

E-mail access for station staff for same purposes as direct-dial telephony.
With file attachment send and receive capability, for the purposes of
document and data transfers when needed.

Chemicals & Hazards
Reagent Grade Ethanol for collector and Standards of Spectral Irradiance
(Quartz Tungsten Halogen lamps) cleaning. BSI will procure specific
brand/type needed.

Daily rooftop access required for system maintenance: collector cleaning,
system calibrations, and service when required.

Other & Special Requirements

The system - ideally - would be located in as southerly a location as is
possible, with no objects in the Field-of-View (FOV) of the system’s collectors.
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Notes

The system'’s collectors’ (FOV) is horizon-to-horizon, about the full 360° of
azimuth. An optical plane should be established for the CAF such that no
other objects exceed that plane.

Two purpose-dedicated roof hatches will need to be purchased. One to be
installed on the building. The other to be shipped to BSI for its door to be
modified for the system’s collector.

Based on historical operation at other locations, approximately 4 hours/week
(average) is required for system operation, maintenance, calibration and
occasional troubleshooting/repair:

- 15 to 20 minutes daily for system checks, collector cleaning, and
completion of a weekly brief.

- 2 hours for bi-weekly for calibrations with Standards of Spectral
Irradiance.

- 1 hour/week (averaged) for additional system diagnosis and service.
This is non-scheduled work, usually requiring more one hour to
complete, but infrequently needed.

Training of personnel. Operational training on system is approximately 5 days
at BSI in San Diego, CA.

Roof access (ladder/stairs) will be needed for regular system operation and
maintenance. Specifically: collector cleaning, periodic calibrations, and
occasional service. ldeally, the roof access would be close to the hatch (and
system’s collectors).

The ancillary instrument/sensors are to be co-located at/on the “Instrument
Table” on the roof of the CAF. BSI will provide all necessary hardware for the
mounting of the instrument/sensors. The collector “plane” of the ancillary
instrument/sensor (GUV-2511, Eppley PSP) will need to be at the same
elevation as that of the SUV-150B scanning spectroradiometer, and the other
radiometric sensors on the “Instrument Table”. The same FOV considerations
(above, this section) also apply.

UVSIMN is the preferred acronym

60



3.15. SNOW SOOT SAMPLING

Occupant Contact

University of Washington Tom Grenfell

tcg@atmos.washington.edu

Location
Will be obtaining snow samples in the spring in the clean air sector and
increasing distances from Tiksi, possibly on the adjacent sea-ice

Power
Total power requirements = 600 W for computer and microwave when
processing snow samples 1 week per year
120 VAC @ 60 Hz for computer and microwave

Environmental

Optimal temp. range = 15 — 25 °C for comfort during snow sample
processing

Interior Space & Miscellaneous Issues

Table space = need table space for approx. 1 week per year (see Figure X
below) for snow sample processing

Other & Special Requirements
Could use sink if possible

Notes
Tech Support - Will make first spring visit to Tiksi then, may need someone to
take snow samples in following years

Fig. 26. Photo of filled sample jars used to keep snow clean and frozen.
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Fig. 27. Photo of snow sample field processing equipment.

Fig. 28. Possible snow sample traverse locations for 2007.
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4. INDIVIDUAL PROJECTS REQUIREMENTS - PHASE 2

Projects in this section are categorized as Phase 2 and are planned for deployment

during 2008/2009.

Table 6. Phase 2 Experiments

Contact Instrument Requirements Organization
Glen Liston Snow Fence Snow fence installation CSU and
|Liston@cira.colostate.edu CRREL
Jussi Paatero
oo . Rack and computer
jussi.paatero@fmi.fi Mercury Analyzer space gaS(fs FMI
Judd Welton Lab space for computer
Judd.Welton@nasa.gov Micro-pulse Lidar and lidar (1 m and NASA
skylight)
Integrating
ne_phelometer_ and Lab space for rack NOAA
light absorption
photometer
Permafrost Active Layer Deep Bore .CALM
University of
Measurements Hole
Alaska

Methane Analyzer

Halocarbons
Aerosol Drum University of
Sampler Alaska
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4.1. WINTER PRECIPITATION AND SNOW FLUXES

Occupant Contact

CSU and CRREL Glen Liston and Matthew Sturm

Liston@cira.colostate.edu ;: msturm@crrel.usace.army.mil

Location

Snow fence will be installed somewhere away from all existing facilities and
upwind (from winter, WSW winds) of any topographic (hills and ditches) and
man-made obstructions. The uninterrupted upwind fetch should be
approximately 2-3 km in length.

Power
Total power requirements = None

Notes
This project will require data from existing planned flux towers and
meteorological/precipitation instruments
This fence needs to be built in approximately summer 2008

Fence dimensions and constructions requirements are available from Glen
Liston

Measurements will include periodic snow surveys (see figure below)

Fig.29. Snow surveys will measure snow cover
depth, water equivalent, and other
properties.
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4.2. FMI MERCURY INSTRUMENTS

Occupant Contact

Finnish Meteorological Institute Jussi Paatero

jussi.paatero@fmi.fi

Location
Two filter samplers will be installed on the Tiksi CAF roof-top.

The Tekran Hg Analyzer will be installed in one of the existing FMI instrument
racks

A filter sampling pump will be required

Power:
Total power requirements = 1,700 W
Filter samplers — 1,100 W and 700 W (230 VAC)
Tekran Mercury Analyzer - 500 W (230 VAC)
Filter sampling pump — 400 W (230 VAC)
Future ozone analyzer — 80 W (230 VAC)

Environmental
Optimal temp. range = 15 - 25°C
Minimum operating temp. = 15 °C with a minimum storage temp. = 10 °C
Optimal humidity range = anything less than 100%

Interior Space & Miscellaneous Issues
Rack space = The Hg analyzer will be installed in one of the existing FMI
instrument racks near the north wall of the TCAF. In the future, an ozone
monitor may also be installed in the instrument rack
Table space = only need some common table space on a periodic basis
Computer space = will put computer in instrument rack
Misc = 2 m? for argon gas cylinders

Exterior Space & Miscellaneous Issues

Filter samplers to be installed on the roof-top instrument platform or on the
roof

Building Penetrations
2 ports for roof-top samplers, X cm in diameter, will be required
One 3 cm port for mercury sample line is required

Data & Communications
Remote access to data is not absolute but very desirable to check data
integrity, determine if problems exist, and solve remotely. Remote access to
data reduces the requirement for FMI personnel to go to the site by half
The mercury analyzer produces raw data at xx Mb per day.
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Data transfer rate to FMI for the mercury data and other parameters is
typically transmitted at approximately xx kb/day to FMI

Occasional access via SSH for updates/changes/troubleshooting is desirable
Phone connection, either cellular or skype is desirable

Chemicals & Hazards
Requires argon, 50 L cylinders, be changed every 6 weeks or approximately
500 L per year. Will need to check and fill on a periodic basis.

Other & Special Requirements

Notes
Tech support — if instruments run well and FMI has remote, online access,
personnel will only be needed to change the argon gas cylinders every 6
weeks.
Specialist will visit to perform mercury analyzer calibrations twice per year
If data transfer is manual, a tech needs to copy files from the computer and
send them daily. A general inspection of the mercury analyzer and filter
samplers daily or weekly would be valuable.
Will collaborate with Alexei Konoplev from SPA “ Typhoon” on mercury
measurements at Tiksi
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4.3. MICRO-PULSE LIDAR (FUTURE)

Occupant Contact

NASA GSFC Judd Welton

Judd.Welton@nasa.gov

Location
Southeast corner of TCAF with hatch/window in roof

Power
Total power requirements = currently estimated at 700 W
110 VAC @ 60 Hz

Environmental
Optimal temp. range = 22 °C, stable to +/- 2° C nominal room temperature
Minimum operating temp. = 15 °C with a minimum storage temp. =5 °C
Optimal humidity range = TBD%

Interior Space & Miscellaneous Issues
Rack space = 19” electronic rack ~ 3 feet height
Table space = 3 x 4 feet
Computer space =

Exterior Space & Miscellaneous Issues
Need roof —top access to hatch/window (refer to Figure 4)

Building Penetrations
1 roof top hatch with opening for 10 — 12 inch window and mount, 15 inch
diameter (or square) opening needed

Data & Communications
To be determined
Internet data transfer once a day: 15 Meg or less
Intermittent higher demand may be desired for remote “ real time” viewing of
computer display and communications with on-site personnel

Other & Special Requirements:
Roof opening for window and mount. Specific design details of mount and
window to be determined at a later date. Fifteen inch diameter opening on
roof should be sufficient for any final design interface.

Notes
For typical micro-pulse lidar assembly, refer to Figure 30 below
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Fig. 30. Photo of typical Micro-pulse Lidar (MPL).

Fig. 31. Roof-mounted , micro-pulse lidar window and window mount.
Must be snow and ice-free.
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4.4. FUTURE PROJECTS

Occupant

Contact
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APPENDIX A: List of Acronyms

AARI
AeRoNet
AERI
AMAP
AMF
AOD
ARM
BSI
BSRN
CALM
CASN
CRREL
CRN
DoE

FMI
GAW
GCOS
GMD
GSFC
GTN-P
IARC
IPA

JPL
MPLNET
NILU
NOAA
NSF/OPP
OoCoO
POPs
PSD
TCAF
TWS
UVSIMN
VPR

Arctic and Antarctic Research Institute

Aerosol Robotic Network (NASA)

Atmospheric Emitted Radiance Interferometer
Arctic Monitoring, Assessment Program

ARM Mobile Facility

Aerosol Optical Depth

Atmospheric Radiation Measurement
Biospherical Instruments, Inc.

Baseline Surface Radiation Network

Circumpolar Active Layer Monitoring

Cooperative Air Sampling Network

Cold Regions Research and Engineering Laboratory
Climate Reference Network

Department of Energy

Finnish Meteorological Institute

Global Atmosphere Watch

Global Climate Observing Network

Global Monitoring Division (NOAA)

Goddard Space Flight Center

Global Terrestrial Network- Permafrost
International Arctic Research Center

International Permafrost Association

Jet Propulsion Laboratory

Micro-Pulse Lidar Network (NASA)

Norwegian Institute for Air Research (Norsk Institutt for Luftforskning)
National Oceanic and Atmospheric Administration
National Science Foundation/Office of Polar Programs
Orbiting Carbon Observatory

Persistent Organic Pollutants

Physical Sciences Division (NOAA)

Tiksi Clean Air Facility

Tiksi Weather Station

UV Spectral Irradiance Monitoring Network
VECO Polar Resources
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APPENDIX B: NOAA ‘Gifting’ Letters
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APPENDIX C: Detailed Prohibited Building Construction Materials List

Chlorofluorocarbons (CFCs): Used as refrigerants, solvents, foam blowing agents, aerosol
propellants, and heat exchange medium (no longer manufactured in the U.S.)

CCIl3F trichlorofluoromethane CFC-11
CCLLF, dichlorodifluoromethane CFC-12
CClL,FCCIF, trichlorotrifluoroethane CFC-113

Hydrochlorofluorocarbons (HCFCs): Used as refrigerants, solvents, foam blowing agents,
aerosol propellants, and heat exchange medium (HCFCs are commonly found in “blueboard”

insulation)
CHCILF dichlorofluormethane HCFC-21
CHCIF; chlorodifluoromethane HCFC-22
CF;CHCIF chlorotetrafluoroethane HCFC-124
CClL,FCH; dichlorofluoroethane HCFC-141b
CCIF,CH3 chlorodifluoroethane HCFC-142b
Hydrofluorocarbons (HFCs): Used as refrigerants, foam blowing agents, and aerosol
propellants
CF3CH,F tetrafluoroethane HFC-134a
CH3CHF, difluoroethane HFC-152a
Halons: Used in fire suppression and extinguishing systems (no longer manufactured in the
u.s.)
CBrCIF, bromochlorodifluoromethane halon-1211
CBrF; bromotrifluormethane halon-1301

Chlorocarbons: Used as solvents, cleaning agents, degreasing agents, and in other less
common applications

CH3Cl chloromethane, methyl chloride
CH.Cl, dichloromethane, methylene chloride
CHCl; trichloromethane, chloroform
CCly tetrachloromethane, carbon tetrachloride
CH3CCls trichloroethane, methyl chloroform
C.Cly tetrachloroethene, perchloroethene
Bromocarbons:
CH3Br bromomethane, methyl bromide
CHBr, dibromomethane, methylene bromide
CHBr3; triboromomethane, bromoform
lodocarbons:
CHasl iodomethane, methyl iodide
Others:
N,O nitrous oxide (commonly used as an oxidizer)
SFe sulfur hexafluoride (commonly used in electric transformers)
COoSs carbonyl sulfide
CeHs benzene
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APPENDIX D: Detailed Information and Background on FMI's Experiments

The Finnish Meteorological Institute instrumentation for greenhouse gas concentration
measurements at Tiksi Climate Observatory, Tiksi, Russia:

1. Fast response carbon dioxide and water vapour analyser: LI-7000. It is produced by
LiCor, Inc., LI-COR Environmental, 4421 Superior Street, P.O. Box 4425, Lincoln,
Nebraska USA 68504-0425 (www.licor.com/env)

2. Fast response methane analyser: Fast response methane analyzer. Los Gatos
Research, Inc., 67 East Evelyn Avenue, Suite 3 Mountain View, CA 94041-1529,
USA. (www.lgrinc.com)

3. Personal computer for data collection

The Finnish Meteorological Institute instrumentation for greenhouse gas flux
measurements at Tiksi Climate Observatory, Tiksi, Russia:

For the micrometeorological carbon dioxide, water vapour and methane flux
measurements we will use:

1. Sonic anemometer for turbulence measurements: METEK USA-1 “Scientific”
together with power supply. It is produced by METEK GmbH, Fritz Strassman Strasse
4, D-25337 Elmshorn, Germany (www.metek.de).

2. Fast response carbon dioxide and water vapour analyser: LI-7000. It is produced by
LiCor, Inc., LI-COR Environmental, 4421 Superior Street, P.O. Box 4425, Lincoln,
Nebraska USA 68504-0425 (www.licor.com/env)

3. Fast response methane analyser: Fast response methane analyzer. Los Gatos
Research, Inc., 67 East Evelyn Avenue, Suite 3 Mountain View, CA 94041-1529,
USA. (www.lgrinc.com)

4. For analogical data collection sensor collector board: QLI50. Vaisala Oyj, P.O.Box
26, FI-00421, Helsinki, Finland (www.vaisala.com)

5. Personal computer for data collection
Note: GHG Flux Measurements to be performed with a remote measurement cabin
and 4 meter tower, then migrate to the 20 m flux tower, when its installed in 2008.
CO, and CH, fluxes and concentrations
Here are some points concerning CO,/CH, flux measurements. It would be very nice to
have the flux measurement mast in the middle of satellite validation area. However, if we

aim at year round operation, it is necessary to have the instrumentation in the Remote
Clean Facility. Thus, we plan to follow concepts we have at Lompolojankka (the new
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wetland site) in Pallas. We hope that the RCF is at least 300 m, preferably 400-500 m,
from the Weather station road to reach the more flat area. The mast would be about 20 m
towards south from the RCF building. Air is sucked at fast flow from the sonic (Metek 60
W) which is at a height of 7 m, to instruments inside. These will be LiCor-7000 (20 W) for
CO; and H,0 fluxes and LosGatos (80 W) spectrometer for CH,. We would like to have
also a very limited set of meteorological measurements in the mast, such as net radiation,
air temp and humidity, soil temp. which will be added to the flux data.

We will need four cylinders (50 litres, 200 bar) of synthetic air per year for the LiCor
reference channel. Advantage of using LosGatos for methane is that no reference or
chromatographic gases are needed. For the calibration of flux measurements, we would
like to have four cylinders. Next step, which we are seriously considering, is to have the
absolute calibration as well. That would increase calibration cylinders by 10. We could
use the same Los Gatos instrument for absolute concentrations if a certain time interval
per day is measured using low flow rate and frequent calibration cycle. In fact, | think that
in Tiksi climate there is no sense to make CH, fluxes during the winter half year. Then the
instrument is totally devoted to concentration measurements. For the absolute CO,
concentrations we would need another CO, instrument, possibly LiCor. For the absolute
concentration measurements, air has to be dried.

For the GHG we will need space for two 19” racks and 2 square meters for the gas
cylinders. If the system is as described above this will be sufficient for both flux and
concentration measurements. There will be two or three pumps. (Totally 400 W)

The Hg monitor (200 W) which Jussi uses at the moment (Tekran) needs 6.0 Argon gas
continuously. New 50 liter cylinder has to be changed every six weeks (about 10 yearly).
For Tiksi we consider another type Hg monitor which need clean air (not argon) which can
be produced at site. Then an oil free compressor (1.2 kW) with air drier is needed. Hg
monitor will be placed in the 19” rack. There is also some plans to deploy an ozone
monitor (80 W) to the rack.

Jussi needs for the filter sampling a pump (400W)

For the aerosol measurements, Heikki Lihavainen intends to use a rack where all the
aerosol instrumentation will be placed. Aerosol size distribution will be measured
including nanoDMPS, 3-30 nm +CPC, DMPS, 20-800 nm +CPC, APS 0.5- 10 nm. The
power consumption of these instruments is 400 W + pumps 600 W.

Two PCs+flat screens 200 W each, are used for the data collection.

Altogether, we will need space for three 19” racks, and 2 square meters for gas cylinders.
For the aerosol sampling two steel tubes (one for the size distribution, one for the filter
sampling) extending 3-4 m above the roof are OK. For Hg and GHGs, a Teflon line is
needed (5 m above the roof), and a ‘bevaline’ or Teflon tube is needed from the micromet
mast located 15-20 m from the RCF. Some heating will be needed for the inlet lines.
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Plans for the instrumentation in Tiksi International Climate Observatory by the
Finnish Meteorological Institute by Tuomas Laurila

Micrometeorological CO, and CH, fluxes

Here are some modified plans for the micrometeorological methane, carbon dioxide and
water vapour flux measurements. The reason for the modification of the plans is that in
the present plans the TCAF building is big and beautiful. The flux measurements are
based on observation of unobscured turbulent flow and the measurement mast should be
further away from the building than is possible if we have the monitors in the TCAF
building.

We are proposing a small measurement cabin along either albedo or NOAA tower
boardwalks about 70 m from TCAF. We are presently using same kind of instrumentation
in a small cabin at a landfill for methane and carbon dioxide fluxes. The length of the
cabin is 1650 mm and the width is 1550 mm. Inside the height is 1400 mm. In addition to
two mobile ones, we have now one without wheels which would be the choice for the
Tiksi measurements.

Fig. D-1. Photo of Remote FMI Measurement Cabin
The cabin used for the micrometeorological methane flux instrumentation. The mast is 4

meters high. On the top there is METEK anemometer and an open path Licor7500
CO2/H20 analyzer (not to be used in Tiksi) and radiation and temperature sensors.
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Fig. D-2. Photo of Inside of FMI's Remote Flux Measurement Cabin

In the cabin there are (230 V) electricity, thermostatic electric heating (500W) and fan for
ventilation, a lamp and a table for instrumentation. On the table there are UPS power
source, PC, Licor7000 and Los Gatos methane laser. On the floor, power source for the
METEK anemometer, pump for the Licor and and BOC Edwards Scroll pump for the
methane analyzer. Attached to the wall are optical isolators between the PC and the
instruments and an analog input electric board for the meteorological sensors.

Instruments in the cabin will be:

- Carbon dioxide/water vapor analyzer (LICOR), Model LI-7000, Manufacturer LiCor Inc,
Nebraska, USA. (Power consumption 20 W)

- Fast Methane Analyzer (RMT-200), Model 907-1001-0001, Manufacturer Los Gatos,
Research Inc., California, USA (80 W)

- BOC Edwards XDS-35i, UK, scroll pump providing vacuum for LI-7000 and RMT-200
analyzers (600 W)

- Sonic anemometer (SONIC), Model METEK USA-1 “Scientific”, Manufacturer METEK
GmbH, Germany

- Datalogger, Model QLI50, Manufacturer Vaisala Oyj, Finland, Meteorological sensors
connected to the QLI5S0 Datalogger:

0 2 x Air temperature and humidity, Model HMP45, Manufacturer Vaisala Oyj,

Finland
o 3 x Soil temperature, Model DTS12G, Manufacturer Vaisala Oyj, Finland
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o0 2 x Soil water content, Model ThetaProbe type ML2x/w, Manufacturer Delta-
T Devices Ltd, UK

0 2 x Solar radiation in the photosynthetically active region, Model PAR-LITE,
Manufacturer Kipp & Zonen B.V., The Netherlands

0 Net solar and terrestrial radiation, Model NR-LITE, Manufacturer Kipp &
Zonen B.V., The Netherlands

o Soil heat flux, Model HFP-01, Manufacturer Hukseflux thermal sensors, The
Netherlands

- Two small 24 V DC power sources (Phoenix Contact MINI-PS-100-240AC/24DC/1), one
for the QLI50 and the other for Phoenix optical isolators.

- 4 optical isolators (Phoenix Contact PSM-ME-RS232/RS485-P) for METEK, LICOR,
Methane analyzer and QLI50

The data collection and processing Personal Computer running using Linux will be at the
TCAF building.

We will need a signal cable 5*4 signal wires between the cabin and TCAF.

There will be 4 optical isolators (Phoenix Contact PSM-ME-RS232/RS485-P + mini power
source, Phoenix Contact MINI-PS-100-240AC/24DC/1) between the cable and the PC in
TCAF.

We will need a 230 V power line between the cabin and TCAF building.

For the LiCor7000 reference gas, we will need per year 3 synthetic air gas cylinder (50
litres).

For the calibration of the instruments we will use 2 CO,/CH, calibration gas cylinders (50
litres).

The 4 meter high mast will be 5 meters to the south from the cabin.

The anemometer will be on the top and radiation air temperature and humidity sensor at 2
m height. There will be two sample tubes between the METEK and the gas concentration
monitors.
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Micrometeorological CH4/CO; fluxes at the cabin

Flux measurement system produces raw data 50 Mb per day. These 10 Hz wind
component, temperature, and gas concentrations data is not transferred daily to the FMI,
but copied to CD or DVD during station visits.

Half-hourly calculated flux data and other parameters, 50 kb per day, is transferred to the
FMI. From these data we can easily follow the functioning of the instruments. Receiving
these data daily helps very much deciding if service is needed or not.

Presently, we have remote online access from the FMI to the measurement computers.
Most of the measurement problems are nowadays solved remotely because software
problems during special occasions such as mains power gaps are a common type of
failure. In addition, these programme and software problems are practically not possible
to be solved by local technical personnel in Tiksi.

In conclusion, remote access to the micromet PC is not absolute requirement, but most
desirable. Data gaps will be much less and it will reduce by halve the FMI technical
personnel visits to Tiksi.

At the cabin there will be one reference gas cylinder (synthetic air) in use all the time. The
height inside of the cabin which we are using in Finland is 1400 mm. This is not enough
for a 50 litre cylinder (length all together 1,700 mm). If this is the size of the cylinders
supplied in Russia, it will not fit inside the cabin and the we have to place it outside or use
smaller cylinders, which unfortunately increases the number of cylinders and more
frequent changes. We have had no problems in Finland during winter when cylinders are
outside, temperatures may be -30C. Thus we suggest to place at the cabin site cylinders
outside and use good quality pressure regulators. During calibration every 3-4 months,
calibration cylinders (2-4) will be taken from the TCAF.

CH4/CO; concentration measurements at the TCAF building

There are no special requirements for the inlet of the gas concentration measurements at
TCAF. Shared inlet is perfect. My wish to have a higher stack is due to the fact that in
summer the tundra surface and the wetland vegetation acts as a source of CH, and
source and sink of CO, creating concentration gradients close to the surface. We will get
more representative concentration measurements if sample inlet is at a higher elevation
e.g. 20 m, compared to 10 m height.

CH4/CO; concentration measurement system produces data 150 kb per day. These data
is transferred daily to the FMI. Concerning remote online access to the concentration
system PC, same is true than the micromet PC. Most of the technical problems could be
solved remotely ant the programme/software problems need a person engaged to this
application.
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In conclusion, remote access to the CH,/CO, concentration PC is not absolute
requirement, but most desirable. Data gaps will be much less and it will reduce by halve
the FMI technical personnel visits to Tiksi.

Inside the TCAF building we will need space for two racks and 1.5 m2 for the standard
gas cylinders and LiCor reference gases. The reference gases for the two Licors are
nonflammable synthetic air. Gas concentrations standards are nonflammable ambient air.
All gases at the TCAF inside except for spare reference gases not in use may be outside.
The other rack is for the LiCor CCO, /H20 and LosGatos methane analyzers and gas
valves and flow regulators, the other is for the computers and a sample air drier.

Personnel requirements

If instrumentation runs well and we have online access to the computers personnel is
needed to change the reference gas cylinders every 3-6 months.

If data transfer is manual, a person has to copy files from the computer and send them
daily.

If something goes wrong (which happens every now and then, more frequently if there are
mains power gaps) there has to be communication between technical personnel at Tiksi
and FMI and then some action. This will be much, much easier if there is online access,
because the problem will be identified by a person who is familiar with all the details.

Of course, a general check daily or weekly that everything looks normal is most valuable.

Do you think that a phone connection, either cellular or skype is possible ?

Fig. D-3. Photo of top of inlet .
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Fig. D-4. Photo of inlet stack inside of building.
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APPENDIX F: Information Pertaining to the Albedo Rack Component of the BSRN
Experiment.

Albedo Rack

The Albedo rack is a tipping tower that stands about 4 m tall with a boom extending about
3.5 m in each direction from a main mast. The boom supports a PIR and a CM22 at
respective ends, a pair of LICOR sensors, and the snow depth gauge. On the mast are
the boxed data acquisition system (CR23X) and a temperature probe. The base plate will
attach to a post set into the permafrost. The instruments are serviced from the ground
using a wand but access to the instruments is possible using a 12 foot fruit-picking ladder.
The Tiksi albedo rack will be fashioned after the one installed at Alert, Canada (Figure F-
1).

Figure F-1. The albedo rack installed at the Alert Global Atmosphere Watch facility in
winter.
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Figure F-2. The albedo rack installed at the Alert Global Atmosphere Watch facility in
summer. When necessary, instruments are serviced from a 12-foot fruit picking ladder.

The rack must be on level ground so that the down-facing instruments have a symmetric
field of view FOV to measure upwelling radiative fluxes representative of an area of the
tundra on the scale of a satellite pixel (> 500 m in diameter; refer to site plan). Correct
positioning of this system is one of the most critical aspects of the site plan and thus
requires careful survey beforehand. Also, during construction the area must be kept as
undisturbed as possible. Any drilling should be done with the least impact to the surface
and at a time of year when heavy equipment will not damage the tundra.

Its position needs to be at least 50 m from the Flux Tower and over 125 m from the Clean
Air Facility, to minimize shadowing of the surface that is within the FOV.
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Details:

The mast is held in place by a base stand and when raised or lowered is guided by a
channel that was welded to the plate. The plate bolts to the post and the mast, held by a
large pin, pivots from its base. Base plate bolt holes are 1/2 Gdiameter at a spacing of 7"
on sides of an equilateral triangle. A template will be included with shipment. Figure F-3
Is a composite showing some of these features.

Figure F-3. Composite showing some design features of the albedo rack to be deployed
to Tiksi, as described in the text.

The mast is secured and plumbed using a system of three main guy wires attached to the
mast near top and to eye or J-bolts at surface level. Carabiners are used to make
attachments. Guy length is adjusted by turnbuckles to plumb the mast; one that comes
off the backside of the base-channel must be due east, with two others at 120 degree
angular spacing. A fourth (west) anchor is used to attach two of the lateral guy wires that
come down from the underside of the boom. Lateral guys provide horizontal stability,
while overhead guys take up the load and are used to level the boom. The opposite pair
of laterals attach to the east, main anchor to form a diamond.
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Figure F-4 shows the spacing of these anchor points relative to the tipping tower and the
configuration as deployed.

Figure F-4. Plan view of the center post position and anchor points for the albedo rack
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Figure F-5. An annotated image of the rack at Barrow, Alaska illustrating how the main
and lateral guys are used to plumb the mast and stabilize the boom horizontally.

Main guys are spaced at angular distance of 120 degrees and laterals form a diamond
with long axis having an east-west orientation.

Equipment needs for construction:

5 anchor points in permafrost to attach and secure the Albedo Rack. These can
be treated wood and must be positioned according Fig. 3. The main mast post
should be at least 20X20 cm square or 20 cm in diameter and be set a minimum of
2 meters deep. The four anchors can be posts that are set a minimum of 1.5
meters deep and be about 10 cm in diameter.

Separate steel conduits for the power and signal cable runs will be run from the
Flux Tower (a minimum of 50 m distance), assuming that from the flux tower to the
CAF the cabling will be run in shared conduit used for those systems. Otherwise,
the conduit runs from the albedo rack will need to run the entire distance from the
CAF
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Access will be provided by a roll-out board walk seasonally or permanently. An
example of such a walkway is shown in Figure F-6

A 12 foot fruit-picking ladder gives access to the rack boom (Fig. F-1)

A system of guy-wires attach from eye bolts on members of the rack to either eye
of J-bolts at the anchor points; each is adjustable using a turnbuckle

Figure F-6. An example of the kind of roll-out boardwalk suggested for use from the flux
tower to the albedo rack at Tiksi, a minimum distance of 50 m.

Work required prior to installation

Set all pilings ONLY when the ground will not be impacted by equipment.

All posts are to be cut square and be no more than 5 cm above the surface

Attach eye or J-bolts securely to the four anchor points
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Albedo Rack kit

Figure F-7. A photo of the Albedo Rack Kit Showing Shipping Tube.

The Albedo Rack can be prefabricated and shipped in a 12-inch diameter tube, weighing
about 120 Ibs. Fabrication of the Albedo Rack in Russia may be an option if the design
specifications can be met.
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APPENDIX G: Detailed Information and Background on CRN Experiment

Fig. G-1. CRN Station Configuration Layout.

Fig. G-2. Elevated SDFIR at Barrow, Alaska
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Fig. G-3. CRN Station at Barrow, Alaska.

Fig. G-4. Maintenance of CRN Station at Barrow
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APPENDIX H: Requirements for the Modernization of the New Tiksi Weather
Station (From Roshydromet)

Fig. H-1. New Tiksi Weather Station Constructed in 2006.

Improvements to New Tiksi Weather Station Requested by Roshydromet

1. Complete diesel installation. A 4 m x 2.5 m platform (0.5 m thick) needs to be
constructed. A 40 m long copper cable needs to be installed.

2 Dig out a 3 m3 insulated sewage pit (at a 1 m underground level).

3 Install a 600 m cable from the transformer station to the weather station.

4, Install 40 metal columns (1.2 m height (for cable support).

5. Install a fire alarm system, a fire pump, and a firewater container.

6 Install a safety line from the building to the instrument site.

7 Activate the water supply system.

8 Install a protective wind shield near the entrance of the building.

9. Seal the seams between the walls and ceiling.

10. Install antistatic tiles in the offices.

11.  Ground the building.

12.  Add electric receptacles as needed
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Table H-1. List of Roshydromet's Improvements to Polarka in 2006

Parameter

Sensor

Temperature (T) and relative humidity
(RH)

QMH102 , range of O: -40...60°N, range

of RH: 0 - 100%, accuracy O: < 0,3°N,

accuracy RH: 2% for RH 0 - 90% and
3% for RH 90 - 100%

Distance of visibility, intensity of
precipitation

PWD21, range of visibility distance: 10 +
20000m; accuracy: 10% for distance of
visibility 10 £ 10000m; 15% for 10 +
20km; threshold for precipitation: 0,05
mm per hour, accuracy: 30%

Total precipitation

Tretiakov's gauge

Wind speed

WAA252, range: 0,4 £ 75m/s, threshold:
<0,5i/f, accuracy: 0.5 m/s

Wind direction

WAV252, range: 0 - 360°, resolution:
2,8°, threshold <0,4i/f, accuracy: <3°

Air pressure

PMT16A-M3, range: 600...1100 hPa,
accuracy: 0,3 hPa

Surface temperature

QMT103, range: -50 -+60°N, accuracy

~

0,1°N.

Height of snow (ultrasonic method)

DSU7210, range: 0,30 - 4,88m,
accuracy: 0,2% of range

Sea level

PAA36WI/i, range: 5i, accuracy: 0.01i
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Fig. H-2. Planned Tiksi Weather Station Improvements for 2007.
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Table H-2. Sensors for Radiation Measurement Planned for Installation at Tiksi.

Parameter

Sensor

Direct solar radiation (S)

1, spectral range: 200 = 4000 nm,
range of measurements: 0 + 4000 W/m?,
error: 2% or 3 W/m? (maximal among
two values)

Incoming scattered solar radiation

(D)

11, spectral range: 200 + 4000 nm,
range of measurements: 0 + 4000 W/m?,
error: 10 W/m?

Total solar radiation (Q)

NR1, spectral range 300 + 3000 nm,
range of measurements: 0 + 4000 W/m?,
error 20 W/m?

Reflected solar radiation (RK)

CNR1, spectral range 300 = 3000 nm,
range of measurements: 0 + 4000 W/m?,
error 20 W/m?

Incoming longwave radiation (Ea)

CNR1, spectral range 5 - 42 um, range
of measurements: 0 = 4000 W/mz, error
20 W/m?

Outgoing longwave radiation (EQ)

CNR1, spectral range 5 - 42 ym, range
of measurements: 0 + 4000 W/m?, error
20 W/m?

Traker 2AD-GD

Direction to Sun with accuracy 0.05°
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