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SECTION I:  OVERVIEW
1.
INTRODUCTION

This manual describes the installation procedure for the UNAVCO Polar GPS System. This manual is intended as a supplement to, not a substitute for, formal training. Whenever possible, training from UNAVCO is highly recommended prior to field deployments. 

This GPS system is available in two basic designs, one for a rock/soil surface and another for snow surface, suitable for operation throughout the Arctic and Antarctic. An exception is the Antarctic Polar Plateau where a separate system has been designed to withstand the extreme cold found there.

Prior to deployment the entire system should be assembled and tested in the staging area, as realistically as possible. This is critical to check that all hardware and tools are present, verify the system operates properly and was not damaged in shipping, and provide practice for field team members. With practice, this system can be installed by a three-person field team in less than five hours.
If possible, contact UNAVCO Polar Services just before you leave for your field installation, so that we are standing by for assistance during the installation.

2. 
SYSTEM COMPONENTS
Installation checklists, lists of system components, and a list of required tools for both the Rock System and Snow System are available online at www.unavco.org/polartechnology.

A. 
Rock System Components

The basic system components for a rock/soil surface are:

• Structural frame, which anchors directly to the ground.
• Two 80-watt solar panels, mounted to the frame. 

• Enclosure containing the GPS receiver and other electronics, plus six or ten 100 amp-hour rechargeable gel cell batteries, mounted to the frame.
• Two small vertical-axis wind turbines, mounted to the frame.

• Communications antenna. Either one or two Iridium antennas for remote installations or a Yagi antenna for point-to-point radio links in the vicinity of research stations.

• Geodetic GPS antenna with 1-meter antenna mast, custom designed for polar installations.
B. 
Snow System Components

The basic system components for a snow surface are similar to a rock system, with the following differences:

• Each solar panel is mounted on two poles, which are driven into the snow surface.

• The solar panel frames are anchored to the snow surface with snow anchors and guy wires.

• The GPS antenna is typically mounted on a pole, driven into the snow. Exact antenna mast design is project-specific.

• Each enclosure rests on the snow surface at the base of the frame, on a plywood footer.
C. 
Optional Components

The following additional options are also available:

• Auxiliary battery enclosures with 6 additional batteries each. 

• Weather station, mounted directly to frame.

• A larger frame which accepts four 80W solar panels (see Appendix 1).

• A “tripod” snow surface frame is also available, which holds three solar panels in an omni-directional arrangement (see Appendix 2).

• Non-rechargeable lithium batteries, for backup wintertime power (see Appendix 3).

• A 2-meter GPS antenna mast is also available, for use near populated areas or in high accumulation zones. This antenna mast is not described in this manual.

D. 
Polar Plateau System

The polar plateau system is structurally similar to the standard snow surface system, but incorporates a highly insulated enclosure, active heating, and a more powerful wind turbine. Contact UNAVCO for details on this system.

SECTION II: PREPARATION FOR DEPLOYMENT
1. 
INSTALLATION CHECKLIST
The UNAVCO Polar Remote Site Installation Checklist is available online at www.unavco.org/polartechnology. Print a copy of this form and take it to the field site with you.

Part 1 of this form contains necessary details about the equipment to be installed. Part 1 should be completed in the staging area. 

Part 2 of this form contains a checklist of important information about the station “as built”, as well as a list of critical system checks. Use Part 2 as a guide when installing the station.

2. 
BATTERY PREPARATION
The lead-acid gel-cell batteries are usually shipped directly from the manufacturer to the field. Therefore they must be inspected for damage, wired, and tested in the field staging area. Also it is ideal, but not necessary, to charge them.
A.
Battery Wiring

Attach a pair of battery jumpers, one male and one female, to each battery as in Figure 1. On the 2-pin “weatherpack” connector, positive is pin A (red wire) and negative is pin B (black wire). The red leads on both jumpers are secured to the positive terminal, and black leads to the negative terminal, with a 3/8” nut.
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Figure 1. Battery with jumpers attached

B. 
Battery Charging

These gel cell batteries are roughly 65% charged when delivered from the manufacturer. It is ideal to charge the batteries in the staging area prior to deployment, so that battery capacity can be accurately tested and recorded. However, charging is not strictly necessary unless a system is being installed in late summer. If less than 1 month of full sun is left before winter, the batteries should be pre-charged to ensure the system can run through the winter.

UNAVCO has battery chargers at McMurdo Station, however it may be necessary to ship battery chargers to other locations. UNAVCO uses the Deltran Battery Tender series, however almost any 12V lead-acid battery charger is adequate for this initial charging.

C. 
Battery Testing

Although defective batteries are very rare, it is important to check each battery before deployment. UNAVCO recommends the Midtronics SCP6/12 battery tester. This device measures the “conductance” of each battery, which can be thought of as the inverse of resistance, with a higher value indicating a healthier battery. Units of conductance are Siemens (mhos).
Press the leads firmly against the lead at the base of the terminals. The meter will power on. Record the voltage, conductance measurement, and date directly on the battery with a permanent marker.

With a new Deka 8G31 gel cell, at room temperature and fully charged (~13.0V quiescent voltage) the SCP 6/12 should measure ~1300 siemens. However the conductance measurement will decrease with the battery’s state of charge. Since Deka batteries are shipped from the manufacturer in a partially charged state, a brand new uncharged battery should read ~12.6V and ~1200 siemens. 
Also note that the conductance measurement will decrease with temperature. At a temperature of 10C, the conductance of a new, healthy battery will be ~10% lower than the room temperature value. At 0C, the measurement will be ~20% lower.

If any battery is found with a significantly lower conductance measurement (~25%) than the others, do not use this battery. If a conductance meter is not available, use a voltmeter. Although voltage is not always a reliable indicator of battery health, if one battery among a group of new, uncharged batteries has a voltage below 12.0V, it should not be used.
3. 
HARDWARE CHECKS AND SYSTEM ASSEMBLY 
Prior to deployment, the entire system should be assembled and tested in the staging area if possible. Follow the instructions in Sections III (or IV) and V to make this pre-assembly as realistic as possible. Additional notes are listed here.
A.
Check tools and hardware

Check that all system components, hardware, and tools are present. Installation checklists, lists of system components, and a list of required tools are available online at www.unavco.org/polartechnology. 
B.
Structural Frame
Structural frames are often shipped to the staging area completely disassembled. Even if a complete system assembly and test cannot be performed in the staging area, it is important to at least build the frame, following the instructions in sections III or IV. Then break it down into the smallest number of pieces that will fit inside the vehicle used for transportation to the field site. This will save significant time during field installation.

C.
Wind Turbines

If Forgen 500 wind turbines are used, pre-assemble the pipe mounts as in Figure 9B. This assembly can then be removed from the frame by undoing the lower bolt through the coupler fitting and the lower saddle clamp, then reinstalled at the field site in reverser order.
D.
Rock Monument

If installing a rock station, at least one team member should be practiced in installation of a 1-meter geodetic GPS antenna mast. If training cannot be arranged prior to deployment, request extra sets of monument rock bolts to practice installation in the staging area. 
Even if the team is practiced, the monument and GPS antenna should still be checked in the staging area to make sure no hardware is missing. Also check the monument drill jig and rock drill kits for completeness. 
E.
Electronics Board

If a Trimble NetRS is used, make sure all power connectors are unplugged from the GPS receiver. The NetRS has two power connections, a push-in coaxial connector which attaches to power port A on the power/ethernet adapter (“dongle”), and a two-pin twist-lock connector which attaches to power port B.

If a Trimble NetR9 is used, keep the power connector attached to the receiver. In the cold, the female jack on Port 2 of the receiver can contract a bit more than the male plug, making it impossible to engage this connection without warming the body of the NetR9. Therefore, connect this plug to the receiver under warm conditions. The NetR9 power port 2 is reverse polarity protected, therefore a mishap while connecting the board to the battery bank will not destroy the receiver. 

Note that the 7-pin LEMO connector is keyed, to align with a mating keyway in the NetR9. This keyway may also be marked with a red dot. Take care to align the key and keyway before pushing the connector into the NetR9. It is surprisingly easy to insert this plug the wrong way, and you will break the pins if you do this! 
Note that LEMO is a locking connector which, when fully engaged, cannot be removed by pulling on the cable. You must pull on the connector’s collar, which releases two small ears on the connector body and allows the connector to be removed.
If a NetR9 is used, verify that a 4GB USB storage device is attached to the USB port on the rear panel, via a short USB cable. 

Also, note that for stations with NetR9 and Iridium communications, an RF filter is used on the NetR9 antenna line to reduce its susceptibility to Iridium interference. Doublecheck that the TNC connectors on this filter, and the GPS receiver, are secure.
Check tightness of screws on all breakers. Tug test every wire connected to the breakers. Tug test on every cable or wire attached to the terminal block strip. If any are found loose, re-secure them.

Check that all wires and push-on connectors on the timer switch are secure. If any are loose, re-secure them. The push-on connectors can be re-crimped in a vise, or with vise-grips.
Make sure all breakers are turned off.
4. 
PACK SYSTEM FOR DEPLOYMENT
After building and testing the system in the staging area, it should be disassembled and packed for deployment as follows.
A. 
Structural Frame and Solar Panels

Break down the structural frame into as few pieces as possible. For example, the standard rock-surface frame may be broken into two pieces as shown in Figure 2. Here, the vertical section remains intact with solar panels attached, while the horizontal section remains intact with enclosure cradle and diagonal arms attached.
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Figure 2. Partial disassembly of rock frame

Likewise, if a snow-surface tripod frame is used, the top section can be broken into two pieces with solar panels still attached. One solar panel and its two horizontal members can be removed, and the remaining “V” section can be folded relatively flat.

B.
Electronics
Pack the electronics board and GPS antenna inside the enclosure, along with the Iridium antenna assembly and optional weather station assembly. Use plenty of packing materials to protect these components during transport to the field site.

C.
Batteries

On each battery, connect its jumpers together. Secure all batteries as required for shipping In some cases tape over the terminals may suffice, but more likely individual cases will be required, especially for air transport. 
UNAVCO can supply battery transport cases as needed. Also, on request UNAVCO can supply frame backpacks with modified sections for carrying batteries long distances.
SECTION III:  ROCK SYSTEM INSTALLATION
1. 
SITE SELECTION AND EQUIPMENT TRANSPORT
A. 
Equipment Transport 








Bring equipment to the installation site area in a prioritized order. This order becomes more important the greater distance the equipment must be carried to reach the site. The first priority equipment is:

GPS monument 

Monument drill jig and rock bolts

Rock drill

Hand tool kit 

Cordless drill kit

Structural frame, with leveling feet, bolts, and nuts

B. 
GPS Monument Location






Site selection for the GPS monument should begin immediately upon arrival. The geologic knowledge for proper GPS site selection is outside the scope of this manual, however it is assumed that at least one field team member is trained to identify bedrock suitable for a GPS monument.
C.
Frame Location







Once the monument site is chosen, a location for the structural frame must be found nearby. The monument should be at least 10m from the frame to maintain proper separation between GPS and Iridium antennas, however the GPS antenna cable is (usually) 30m long. Therefore, the frame should be located within an annular area between 10m and 25m from the GPS antenna. 
To capture maximum solar input, the solar panel side must face directly north (Antarctic) or directly south (Arctic). The frame should rest on flat ground that is level to within ~10º. The frame can accept one leveling foot (short piece of pipe) on each corner and two in the center for finer leveling and support.
The footprint of the small frame is a 6’ x 4’ rectangle, and the large frame is a triangle with 7’ sides. Ideally, the frame corners will rest on or near solid rock for anchor bolts, however unless the rock characteristics of the site are known in advance it is essential to also bring rock anchor stakes for unconsolidated “soil” surfaces (see Anchoring section below).

2. 
GPS MONUMENT

A. 
Locate North








True north must be located in order to orient the GPS antenna accurately. Find true north using a map, a compass and magnetic declination, and/or a hand-held GPS unit. 
With a hand-held GPS, the easiest method is to mark a waypoint at the GPS antenna and then tell the GPS unit to “go to” this waypoint. Walk northward (or southward) away from the antenna at least 30 meters, the farther the better, following a bearing of true north or south (i.e. 0 or 180 degrees). Then turn around and walk back to the GPS antenna along the opposite bearing. Repeat these steps until you have identified a distant point which is either directly north or south from the GPS antenna. Once north is found, note this bearing with a distant landmark or build a cairn of rocks as a visual marker for later use in orienting the GPS antenna and weather station.

Note that a GPS receiver will only display an accurate bearing when you are moving; when you stop the bearing will become inaccurate.
B. 
Drill Holes and Install Monument / GPS Antenna



Install monument and GPS antenna per instructions in a separate document, online at

www.unavco.org/polartechnology. Note that with a choke ring antenna, the cable connector should point toward true north.
These instructions are not a substitute for practice. At least one complete monument, including drilling and rock bolting, should be installed before field deployment. If training cannot be arranged, request at least one extra set of monument rock bolts to practice installation in the staging area.

C. 
Install GPS Antenna Cable






Attach the 90º connector to antenna. Start threading the connector onto the antenna by hand. These connectors have fine threads, and if the plug is not kept completely coaxial with the jack, it tends to bind up and can feel tight even when it is not fully engaged. Therefore, tighten the connector as far as you can by hand (making sure to avoid cross-threading), then use pliers to give a final tightening. Wrap the connector in self-vulcanizing or mastic tape. Stretch the tape before applying, so that it adheres to itself in tight wraps around the connector.
Secure the cable to the monument with at least three metal cable tie-downs. 18” long tie-downs are needed to wrap around the monument; if these are not available use two 12” tie-downs together.
Roll out the antenna cable. Do not simply pull it out, as individual coils can cause kinks which destroy coaxial cable. Secure the antenna cable to the ground by placing rocks along its length, leaving no more than a few feet of exposed length at a time. 
If rocks are unavailable, use 1/4” rock anchors and loom clamps. First drill a ¼” hole with the Hilti rock drill. Then wrap a loom clamp around the cable, position the ¼” split-drive rock anchor above the hole in the loom clamp, and use a hammer to pound the anchor through the loom clamp into the rock hole.
Wrap any excess cable in a neat coil near the enclosure and secure with rocks, or secure to the frame with cable ties. Connect the cable to the Type N bulkhead connector on the enclosure, again making sure it is fully engaged and tightened, then sealed with self-vulcanizing tape.

3. 
STRUCTURAL FRAME AND BATTERIES
This section describes assembly of the standard “small” rock frame. See Appendix 1 for the assembly of the large rock frame.
A. 
Frame Assembly 
Each frame is pre-assembled at UNAVCO, and every joint is uniquely labeled before disassembly. The completed frame is shown in Figure 3.

This section describes construction of the frame from a completely disassembled state. If the frame is transported to the field in more complete sections, such as in Figure 2, many of these steps can be skipped. However in either case, it is critical that ALL pipe joints are secured with set screws, bolts and locknuts. When the frame is finished, one team member should inspect the entire frame to make sure all set screws are tight and no bolts are missing.

Every pipe fitting is secured with either two or three set screws and bolts with locknuts. The set screws are tightened first, then bolts are inserted through the set screws and pipes and secured with locknuts. When tightening the set screws, it may help to push the 5/16” allen wrench all the way through so it sticks out the other end of the pipe fitting, as shown in Figure 4. This will help keep the holes aligned during set screw tightening, so when the wrench is removed the bolt will easily pass through.
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Figure 3. Completed rock frame assembly.
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Figure 4. Tightening a fitting set screw on the rock frame.
First assemble the bottom plane of the frame. Four transverse members are inserted into tee fittings on the two bottom horizontal members, and secured. Note the inside transverse members are distinguished from the outside members by tee fittings in the middle of their length. These tee fittings point downward. The front bottom horizontal is distinguished from the rear by its two cross fittings. Follow the unique markings on each member to guide insertion of each pipe into the correct fitting, with correct orientation.
Insert the left and right upright members into the bottom cross fittings and secure. Slide the middle horizontal member onto the two uprights and secure. Attach the left and right diagonal members to the middle horizontal and rear bottom horizontal members and secure. Slide the top horizontal member onto the two uprights and secure.

Finally, doublecheck every bolt and nut on the frame. It is imperative that none are loose.

Move the frame to its final location, with front side pointing due north (Antarctic) or due south (Arctic). It is ideal to position the frame with all four corners on solid rock. If this is not possible, scrape the surface as necessary to ensure all four corners and the two interior tee fittings are on solid footing, not loose soil that would allow the frame to settle or be undercut by winds. Level the frame to within 5º in both directions using level feet. Be sure that the interior tee fittings are well supported, as they will bear most of the battery weight. If flat rocks are available, these can also be used underneath the frame for leveling and additional support.
Stand on the frame and rock back and forth. Replace level feet or add more rocks underneath the frame until the frame is stable in all directions. Once the frame is completely stable and well supported, secure all level feet with set screws, bolts, and locknuts.
B. 
Enclosures and Batteries



Attach the enclosure cradle to the interior transverse members of the frame with four U-bolts, washer plates, and locknuts. Center the cradle on the pipes as in Figure 2.
Note: the enclosure and batteries are installed before the solar panels. Since the weight of the batteries can cause the frame to deform slightly, this can create undue stress on the solar panel glass if they are already rigidly attached to the frame.

Place the main enclosure on the cradle. Place batteries in enclosure and connect in a ring circuit as shown in Figure 5.  Note orientation of batteries in Figure 5. Here, positive and negative terminals of neighboring batteries are next to each other. This is the ideal arrangements, and will minimize the risk of sparks if a tool is dropped on the batteries.
Note: although these connectors are keyed it is possible to force the contacts backward, momentarily shorting a battery. If this happens replace both battery jumpers as the contacts will be damaged. Also, do not force battery connectors together. The connectors may not engage smoothly because the pins or sockets inside the connector are misaligned. Here, just wiggle the connectors until they engage, or use a small screwdriver to bend the offending contact back straight. 
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Figure 5. Battery ring circuit wiring

A). 10 batteries inside large enclosure. B) 6 batteries inside small enclosure
Note battery orientation: terminals on neighboring batteries are of same type.
If auxiliary battery enclosures are used, they should be positioned and filled with batteries at this time. Place each auxiliary enclosure nearby the main enclosure, keeping in mind that the cable connecting each auxiliary bank to the main box is 13 ft long. Take care to position each enclosure on as flat ground as possible. If the enclosure is not well supported across its base, the enclosure will deform under the weight of the batteries and the lid will be difficult to close. Add rocks around each auxiliary enclosure or tie down to the main enclosure to keep them from sliding in high winds.
Connect auxiliary batteries in a ring circuit as in Figure 5. Use an internal battery cable to connect the battery bulkhead connector to two battery terminals. Connect the auxiliary enclosures to the main enclosure with external battery cables, and secure these cables with cable ties to the frame or with rocks.
If lithium batteries are used, they take the place of some lead-acid batteries in the main enclosure, and connect to the electronics board separately. See Appendix 3 for instructions.

C. 
Anchoring








At this point, anchors for the frame should be installed. The specific anchoring scheme is site dependent.
If solid rock exists near the corners of the structural frame, use chains and anchor bolts as in Figure 6. Chains of 2 ft. and 5 ft. length are provided. Wrap the chain around the frame corner and connect both chain ends to the carabiner / rock bolt assembly. Lock the carabiner and extend chain to determine placement of the rock bolt. Drill a ½” hole at least 4” deep at the designated spot. 

Screw the bottom (non-locking) nut to the bottom of the bolt threads as a stop. Remove the center pin from the bolt, then tap the bolt into the hole until it bottoms out on this nut. Replace the center pin. Now set the expansion mechanism with straight hammer blows to the pin. The pin is set when the hammer starts to bounce off the pin. Finally, tighten the top locknut. 
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Figure 6. Anchor bolt assembly
If solid rock does not exist for anchor bolts, anchor stakes can be used as in Figure 7. These stakes can either be driven into the ground using the drive cap and sledgehammer, or used as deadman anchors under a large pile of rocks. In either case, the same chains and carabiners are used as with the anchor bolts, however the carabiner is secured to the stake with one or two shaft collars fender washers, depending on whether they are stakes or deadmen.
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Figure 7. Anchor stake assembly.
Note stake is shown as a pound-in anchor. If used in a “deadman” configuration, 

add another washer and shaft collar on the opposite side of the carabiner.

Finally, if no other anchoring scheme can be installed, pile rocks onto the frame. Stack as many rocks as you can fit on the frame, in particular on the frame corners as shown in Figure 8. Even if secure rock bolt or stake anchors have been installed, it is still good practice to add rocks to the frame as supplemental anchoring 
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Figure 8. Stacking rocks on frame as supplemental anchors.

4. 
SYSTEM COMPONENTS
A. 
Solar Panels





Attach the solar panels to the frame as in Figure 9 (see Figure 2 for more detail). The solar panel attaches to the frame with four saddle clamp assemblies. Each saddle clamp assembly consists of a saddle clamp, V-bolt, two washers, and two locknuts, plus a rubber gasket to provide some compliance for the panel against frame deflection. Be sure that the cable side of the solar panel is on the same side as the enclosure connectors! 
Note: the solar panels are installed after the enclosure and batteries. Since the weight of the batteries can cause the frame to deform slightly, this can create undue stress on the solar panel glass if they are already rigidly attached to the frame.
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Figure 9. Rock Frame with Solar Panels Attached.
B. 
Wind Turbines







If conditions are extremely windy, connect a shorting plug to the wind turbine cable. This will short its output and brake the turbine, preventing it from overspinning. Leave shorting plugs attached until ready to test the wind turbines, as in Section V.

Attach the 18” pipe extension to the corner post of the frame using a pipe coupler fitting and two bolts and locknuts. Position the turbine as shown and attach with two saddle clamp assemblies, one below and one above the pipe coupler. Take care to keep the wind turbine cable plug free of dirt and snow.
Use a metal cable tie to secure the cable to the bottom bracket immediately after it exits the turbine stator. If a 3-phase model is used, also make sure the cable is securely attached immediately after it exits the rectifier box.
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(B)
Figure 10. Wind Turbine Pipe Mount Components and Installation. 

A) Wind turbine with mounting hardware. Shows 3-phase model with 

rectifier box, connectorized cable, and shorting plug.
B) Turbine installed on pipe post. Shows single-phase model without rectifier box.

C. 
Comms Antenna







Place the Iridium antenna assembly into a center tee fitting on the top pipe, then secure to the frame with a set screw, bolt, and locknut as in Figure 11A. Take care to keep the cable plug free from dirt and snow. With a metal cable tie, secure the cable to the pipe soon after it exits the antenna.
For sites with point-to-point comms, place the Yagi antenna assembly into a center tee fitting on the top pipe and secure with a set screw, bolt, and locknut. Make sure the Yagi points directly at the receiving station, and is oriented with the same polarity as the receiving station antenna. Take care to keep the cable plug free from dirt and snow. With a metal cable tie, secure the cable to the pipe soon after it exits the antenna.
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Figure 11. A) Iridium antenna mount. B) Weather station mount.
D. 
Weather Station







Place weather station assembly into a center fitting on the top pipe, then secure with a set screw, bolt, and locknut as in Figure 11B. With a metal cable tie, secure the cable to the pipe soon after it exits the weather station. 
Loosen the set screw on weather station base and rotate the station so the North arrow on the bottom points directly north. Retighten set screw. Keep the met cable plug free from dirt and snow. 

E. 
Cable Tie-Down







All cables are routed along the tube frame to the main enclosure. Begin cable tie-down at the component and work toward the enclosure. Place one tie-down immediately at the point where the cable exits the component, and continue placing tie-downs every ~18” along the entire route. Where cables follow the same path they can be tied down together; there is no need to secure each cable separately.

To install a cable tie-down, wrap the free end around the pipe and cables, then through the buckle as in Figure 12. Fold the cable tie over itself and pound flat to create a hard kink. This kink is sufficient to prevent the cable tie from loosening back through the buckle.


[image: image16]
Figure 12. Cable Tie-down Straps.

Take care that the solar panel cables do not pass directly over a sharp edge on the side of the panel. Route the cable from the exit point of the panel to its first tie down point in a bend, such that the cable does not pass directly over the edge of a panel. Then tighten the gland fitting nut where the cable exits the panel. This will prevent a chafe point near the panel edge.
F. 
Cable Connections to Enclosure
All cables can now be connected to their mating connectors on the enclosure wall, except for possibly the wind turbine cables. If it is extremely windy, leave the shorting plugs attached to the wind turbine cables until later, when the wind turbines are tested as in Section V. 
For coaxial connectors, start threading the connector onto the antenna by hand. These connectors have fine threads, and if the plug is not kept completely coaxial with the jack, it tends to bind up and can feel tight even when it is not fully engaged. Therefore, tighten the connector as far as you can by hand (making sure to avoid cross-threading), then use pliers to give a final tightening. Wrap the connector in self-vulcanizing or mastic tape. Stretch the tape before applying, so that it adheres to itself in tight wraps around the connector.

The military power connectors have a ¼-turn action and will snap into place with a positive locking feel. It is sometimes necessary to use pliers to completely engage these connectors, especially in the cold. On rare occasion, the seal ring inside the plug connector can fall out and the connector will not engage firmly. If this happens, slide a new seal ring from the toolkit into the bottom of the plug.

When finished, arrange any excess cables in a neat loops and secure them to the frame with cable ties. See Figure 13 for a completed station.
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Figure 13. Complete rock-surface GPS station.

Shows a small rock frame, two solar panels, two wind turbines, weather station, 

two Iridium antennas, and two auxiliary battery enclosures.

SECTION IV: SNOW SYSTEM INSTALLATION
1. 
GPS MONUMENT

The GPS monument design for a snow surface is project-specific, depending on the measurement goals and the expected annual accumulation (or ablation). The length can vary, a plywood footer can be used at the base, and guy wires can be used. However this manual assumes the simplest monument for a snow surface: an aluminum pipe driven directly into the snow, without guy wires. This simple monument can be a single length of pipe, or two lengths joined by a pipe coupler for higher accumulation zones (see section 2 below for how to install a pipe coupler). 

Attach the GPS antenna to the antenna pipe mount adapter with a 5/8” socket-head bolt and a ½” allen wrench. Make sure the antenna is very tight on this adapter. Insert the adapter into top of the pipe and secure to the pipe with a bolt and locknut. 
Attach the 90º connector to antenna. Start threading the connector onto the antenna by hand. These connectors have fine threads, and if the plug is not kept completely coaxial with the jack, it tends to bind up and can feel tight even when it is not fully engaged. Therefore, tighten the connector as far as you can by hand (making sure to avoid cross-threading), then use pliers to give a final tightening. Wrap the connector in self-vulcanizing or mastic tape. Stretch the tape before applying, so that it adheres to itself in tight wraps around the connector.
Secure the antenna cable to the pipe with one metal cable tie every 18-24”. Continue down the pole that once it is driven into the snow, you can still reach high enough to continue anchoring the cable every 18-24”.
Drive the pipe in the snow to an appropriate depth. Or dig a shallow pit, drive the pole into the bottom of the pit, then fill and compact the pit. A 2” diameter Kovacs drill may be needed if ice layers are present. Give room for at least one year of accumulation, but do not make the monument so tall that it is unstable. Depending on snow conditions it may be useful to compact snow around the monument to help stability. Finish securing the antenna cable to the pipe. 
Roll out the antenna cable toward the location where the enclosure will be placed. Do not simply pull it out, as individual coils can cause kinks which destroy coaxial cable. 
2. 
STRUCTURAL FRAME AND COMPONENTS
A. 
Frame Assembly
This section describes assembly of the standard two-pipe solar panel frame. See Appendix 2 for the assembly of the “tripod” snow surface frame.

Each solar panel is mounted on two pipes, then driven into the snow surface and secured with guy wires. These pipes can be single lengths of pipe, or two lengths of pipe joined together with a coupler. If a coupler is used, slide it into one pipe and then secure it to that pipe with two locking set screws, which are inside the coupler. Insert a ¼” allen wrench into one hole and turn the set screw clockwise. A cylindrical point on the end of the set screw will push into the hole on the opposite side of the pipe, locking the coupler in place. Repeat for the second set screw. Slide the other end of the coupler into the second pipe, and lock the coupler to this pipe with the remaining two set screws.

Attach two pipes to each solar panel using four saddle clamp assemblies, as shown in Figure 14. Each saddle clamp assembly includes one saddle clamp, one V-bolt, two washers, and two locknuts. Locate the top edge of the solar panel just below the bolt hangers, which are pre-attached near the top of each pipe.
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Figure 14. Two-pole solar panel mount. 

Note two central snow anchors are used by guy lines from both panels.
Shows older style bottom-mount wind turbines.

The two bolt hangers are attached to the top of each pipe. Attach two guy wires to the bolt hangers with carabiners, and lock the carabiner gates. Do not drive the panel assemblies into the snow yet.
B.
System Components
If wind turbines, Iridium antenna, or weather station are used, they are attached to the solar panel frames now. When attaching these components, keep the overall system layout in mind, as in Figure 15. 
Wind turbines attach to the pipes in the same way as for a rock system, as described in Section III. Note that the wind turbines are located on the far ends of the solar panels when installed, as in Figure 15, since they have longer cables than the Iridium antenna and weather station. If conditions are extremely windy, be sure to leave shorting plugs on the wind turbine cables until they are ready to be tested as in Section V.
The Iridium antenna attaches to either of the center pipes, in the same way as for a rock system, as described in Section III.

The weather station also attaches to a center pipe in the same way as for a rock system, as described in Section III. However, the weather station must be oriented on its mount now, such that when the solar panel frames are installed, its North arrow will point toward true north.

Once all components are attached, begin anchoring the cables with metal cable ties in the same was as described in Section III. Tie each cable down immediately after it exits the component and every 18-24” thereafter, continuing down the pipe far enough that once it is inserted into the snow, you can reach the cable to continue anchoring at the same intervals. Where cables follow the same path they can be tied down together; there is no need to secure each cable separately.

Take care that the solar panel cables do not pass directly over a sharp edge on the side of the panel. Route the cable from the exit point of the panel to its first tie down point in a bend, such that the cable does not pass directly over the edge of a panel. Then tighten the gland fitting nut where the cable exits the panel. This will prevent a chafe point near the panel edge.
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Figure 15. Overall layout (plan view) of snow surface installation.

C.
Frame Installation and Anchoring
When the solar panel, other components, and guy wires have been attached to the frame pipes, with cables secured along the upper part of the pipes, raise each assembly and drive the pipes into the snow surface. Refer to Figure 15 for relative orientation of each panel assembly relative to the main enclosure.

Also note that the frame should be at least 10m from the monument to maintain proper separation between GPS and Iridium antennas, however the GPS antenna cable is only 30m long. Therefore, the frame should be located within an annular area between 10m and 25m from the GPS antenna.

Depending on snow conditions it may be necessary to pre-drill holes with a 2” Kovacs drill. Or, dig shallow snow pits for each leg and drive the pipes into the bottom of the pit. Also, it may be necessary to add and compact snow around the pipes to stabilize the assembly.
Each solar panel is anchored using four guy wires and snow stakes. If positioned as in Figure 15, you can use the central snow anchors for both solar panels. Attach new guy wires to snow stakes using carabiners, and lock the carabiners. Set the stakes in the snow, each one about 10 ft off the pole. Locate these anchors such that the guy wires are angled slightly off 90 degrees from the solar panel faces, as in Figure 15. The snow stakes can be set in one of two ways. 

Snow stake option 1. The stakes can be driven into the snow from above. In this case, the stakes should be driven in at a 45 degree angle, so that the guy wires will form a 90 degree angle with the stake. In this way the guy wires will pull directly on the stake and not tend to slide it out from the snow. The stakes should be driven in deep enough so the entire stake is set in solid snow. Once the stake is set, pull on the guy wire, in the direction of the frame, so it digs its own slot in the snow. If the guy wire is not in a straight line toward the panel, it will eventually work its way through the snow and become loose. Hard pulling will also serve to better set the snow stake. 

Snow stake option 2. The stakes can be set as deadman anchors, positioned horizontally 

in a dugout trench. Again, pull on the guy wire to set the stake and make sure the wire is pulling straight out from the stake toward the panel. 
In either case, if the snow is soft it should be compacted around the snow stake. Once the stakes are set, bring each pair of guy wires together, one from the stake and one from the frame pipe. Before connecting the guy wires, slide one swage ferrule onto the frame side guy wire (these ferrules can be used later to permanently lock down the guy wires). Also, make sure the free ends of both wires are not frayed. If necessary use wire rope cutters to create a clean end.

To connect the guy wires, feed both guy wires into a Gripple device, following the arrows stamped on the Gripple. Leave this guy line loose for now, and get the remaining guy wires started in their Gripples. Be sure to slide on a swage ferrule first, and clean the wire rope ends. 
See Figure 16 for a completed guy wire / snow stake assembly (does not show swage ferrules locking the wires). Keep all guy wires loose for now! 
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Figure 16. Snow stake and guy wire assembly.

Note: does not show locking swage ferrules.

Start tightening the guy lines sequentially, each one bit by bit. Do not let the Gripple get too high or low on the line. After tightening the lines as far as they will go by hand, you can get the lines a bit tighter by leaning on the frame to push it closer to a given guy wire, which will give you a few more clicks from the Gripple. Continue in this way until all wires are tight and the frame is vertical. 
Screw the two locking screws on each Gripple until they bottom out. Additionally, you can make further secure the guy wires by swaging the ferrules onto the guy wires using the hand-swage tool. Set the ferrule at least 2ft from the Gripple, to allow further tightening if necessary. Use the largest opening on the swage tool die. Don’t do this until you’re sure the frame is vertical, the snow stakes are firmly set, and all guy wires are as tight as you can get them.
Cut off excess lengths of wire rope and secure the free ends to the guy line.
If a Gripple gets stuck or must be removed, it may be possible to remove the guy wires from it. However this is tedious at room temperature and extreme cold does not make it easier. Completely loosen the locking screws and insert the stiff L-shaped wire tool into the small square unlocking port on the problem side. You will have to wiggle and push this wire to get it to unlock the Gripple, but once the tool is pushed all the way in, the wire rope can be pulled back out of the Gripple. 
If this does not work, cut one side of the line so the wire can be pulled out normally from the Gripple and install another rigging wire and/or Gripple. In some cases it may be necessary to cut a guy wire and start over; spare guy wires are provided for this purpose.

3. 
ENCLOSURES AND BATTERIES

A. 
Position and Load Enclosures
Dig a shallow (1 ft) snow pit for the main enclosure, located as shown in Figure 15. Scrape the base so it is reasonably level. Place a plywood footer in the pit, and place the enclosure on this footer. If a plywood footer is not used, the enclosure may deform under the weight of the batteries and the lid will be difficult to close.

Place batteries in enclosure and connect in a ring circuit as shown in Figure 5.  Note orientation of batteries in Figure 5. Here, positive and negative terminals of neighboring batteries are next to each other. This is the ideal arrangements, and will minimize the risk of sparks if a tool is dropped on the batteries.

Note: although these connectors are keyed it is possible to force the contacts backward, momentarily shorting a battery. If this happens replace both battery jumpers as the contacts will be damaged. Also, do not force battery connectors together. The connectors may not engage smoothly because the pins or sockets inside the connector are misaligned. Here, just wiggle the connectors until they engage, or use a small screwdriver to bend the offending contact back straight.  
If auxiliary battery enclosures are used, locate them as shown in Figure 15. Dig shallow pits and use plywood footers for these as well. Fill each enclosure with batteries and connect in a ring circuit as in Figure 5. Use an internal battery cable to connect the battery bulkhead connector to two battery terminals. 

If lithium batteries are used, they take the place of some lead-acid batteries in the main enclosure, and connect to the electronics board separately. See Appendix 3 for instructions.

B. 
Cable Connections to Enclosure
All power cables (solar, wind, weather station, and auxiliary battery banks) can be connected to their mating connectors on the main enclosure wall now, except for possibly the wind turbine cables. If it is extremely windy, leave the shorting plugs attached to the wind turbine cables until later, when the wind turbines are tested as in Section V. Neatly coil excess cable length near the enclosure and photograph this, so that the location cables are known when the enclosure is dug out later. 

The military power connectors have a ¼-turn action and will snap into place with a positive locking feel. It is sometimes necessary to use pliers to completely engage these connectors, especially in the cold. On rare occasion, the seal ring inside the plug connector can fall out and the connector will not engage firmly. If this happens, slide a new seal ring from the toolkit into the bottom of the plug.

Connect the coaxial cables to the mating bulkhead connectors on the enclosure, again making sure they are fully engaged and tightened, then sealed with self-vulcanizing tape.

When finished, arrange any excess cables in a neat loops and secure them to the frame with cable ties. Photograph the cable arrangement so that you know where cables are located when the system must be dug out later.
SECTION V: POWER SYSTEM AND ELECTRONICS
1. 
ELECTRICAL CONNECTIONS
A. 
Wiring
If wind turbines are used, place heat pads on top of the batteries. With a large enclosure two 4ft long heat pads are used. With a small enclosure four 2ft long heat pads are used.  If wind power is not used, place a sheet of plastic over the batteries. 
Place the board on top of the batteries as in Figure 17 (shows heat pads, not a plastic sheet). On the electronics board, check that all breakers are in the OFF position (green showing). Now make the following electrical connections (leaving the two black wires with alligator clips tucked behind the foam).
	CONNECTION
	FROM
	TO



	Grounding wires

(two black leads with ring terminals) 
	Ground plate on enclosure wall
	Any battery negative terminals

	Main battery leads 

(red and black with ring terminals)
	Red and black terminal blocks
	Any battery positive and negative terminals

	Solar panel cables
(2-pin connector)
	Orange and black terminal blocks
	Solar bulkhead connectors on enclosure wall

	GPS antenna cable


	GPS receiver
	Type N bulkhead (surge suppressor) on enclosure wall

	Iridium antenna cable(s)


	Iridium modem(s)
	Type TNC bulkhead (surge suppressor) on enclosure wall

	Wind turbine cables

(4-pin connector 

with rotated pin layout)
	Blue and black terminal blocks
	Wind bulkhead connectors on enclosure wall

	Heat pad wires

(weatherpack connector)
	Heat pads
	Purple and black terminal blocks on board

	Auxiliary battery cables

(4-pin connectors with straight pin layout)
	Auxiliary battery breakers
	Battery bulkhead connectors on enclosure wall

	Weather station cable

(5-pin connector)
	Yellow and black terminal blocks  and receiver serial port
	Weather bulkhead connector on enclosure wall

	Radio antenna cable
	Radio modem
	Type TNC bulkhead (straight pass-thru) on enclosure wall

	Regulator temperature sensors
	Solar (and wind) regulators
	Place down inside the battery bank, away from heat pads


Connect the coaxial cables to the mating bulkhead connectors on the enclosure, again making sure they are fully engaged and tightened. There is no need to seal these internal connectors with self-vulcanizing tape.

Make sure all the power connectors are fully engaged, keeping in mind the positive ¼-turn locking action.
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Figure 17. Typical placement and wiring of electronics board, using solar and 

wind power, NetRS receiver, and single dial-up Iridium modem. 

Note: shows an older-style board and power connections.

See Figure 18 for a close-up of another GPS electronics board. This board shows a Trimble NetR9 receiver with an Iridium filter, a Xeos XI-100 modem, and solar and wind regulators.
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Figure 18. Example GPS electronics board. Shows Trimble NetR9 with Iridium filter, 

Xeos XI-100 modem, and solar and wind regulators.

B. 
Voltage Checks

Measure system voltages and heat pad resistance as follows. Record these values on Part 2 of the UNAVCO Polar Remote Site Installation Checklist.
Make sure all breakers are still turned off. Set voltmeter to DC Volts (NOT DC amps), and make sure leads are connected to voltage and ground input ports. Also note polarity when checking voltages. The red/yellow/orange/blue/purple terminal blocks are positive, black is negative common.

i. 
Battery banks
Measure voltage of main battery bank, from port 2 on main battery breaker to black terminal blocks. If fully charged batteries are being installed, voltage will be steady around +13.0V. If new, uncharged batteries are being installed, voltage will be steady around +12.6V.

Measure voltage of each auxiliary battery bank, from port 2 on each auxiliary battery breaker to black terminal blocks. Voltage should be as above.

Turn on all battery breakers. This will connect all battery banks together in parallel, and the solar and wind regulators will turn on.


ii. 
Solar panels
Disconnect all solar panel cables from the enclosure wall except one. Now measure the open-circuit voltage of that panel from port 2 on the solar breaker (orange wires) to black terminal blocks. Voltage will vary depending on temperature and cloud cover, but should be above +20V, even on a warm cloudy day. 

Disconnect the first panel from the enclosure wall, and connect the next panel to a different connector on the enclosure wall. Repeat voltage measurement. Continue in this way until all panels have been tested individually. When finished, reconnect all solar cables to the enclosure wall. 

Turn on the solar breaker. This will deliver solar power to the solar regulator and the batteries will begin to charge.

iii.
Heat pads

Turn the voltmeter to DC Resistance (Ohms). 

Measure the resistance of the heat pads from purple to black terminal blocks. The total resistance should be roughly 7 ohms, but this varies with temperature. Warmer heat pads have higher resistance. 


iv.
Wind turbines

Turn the voltmeter back to DC Volts.

Connect one wind turbine to the enclosure wall. If it is extremely windy, have another team member stop the turbine by hand before removing its shorting plug.

Now let the turbine spin freely, or spin the turbine by hand if there is no wind. Measure that turbine’s open-circuit voltage from port 2 on the wind breaker (blue wires) to black terminal blocks. Voltage will vary depending on wind speed, however if a turbine is spun by hand it will deliver roughly +15V.

Disconnect the wind cable from the enclosure, replace the shorting plug if windy, and repeat this test with the second turbine. When finished, reconnect all wind cables to the enclosure wall. 

Turn on the wind breaker. This will deliver wind power to the wind regulator.

v.
Load (LVD) circuit

Turn on the load breaker (yellow wires). This will deliver power from the solar regulator’s LVD circuit to the yellow terminal blocks. This will power any Iridium modems and the weather station, if used. 

Note: if a Xeos Iridium modem is used, you will see the Power LED turn green (solid or flashing). Next, the MDM OK LED will flash yellow, indicating the modem is performing internal checks. This LED will then become solid yellow, indicating the internal checks passed.
Measure load voltage from yellow to black terminal blocks. It should equal battery voltage. Note that since the solar and wind charging circuits are active, the battery voltage may be fluctuating. Regardless, the load voltage should exactly follow the battery voltage.
2. 
ELECTRONICS OPERATION
Record the results of the following checks on Part 2 of the UNAVCO Polar Remote Site Installation Checklist.

A. 
Operation of Flexcharge Regulators
The Flexcharge NC30L12 solar regulator is a voltage-controlled switch. Upon startup, the regulator delivers full solar power to charge the batteries. When the battery voltage rises above an upper limit, the regulator disconnects solar power from the batteries. When the battery voltage then falls below a lower limit, the regulator reconnects solar power to the batteries. 
The solar regulator also has a low-voltage disconnect (LVD) circuit. This is another voltage controlled switch, which disconnects battery power from the “load” circuit (yellow terminal blocks) when battery voltage drops below 11.0V, then reconnects when battery voltage rises above 12.9V. This circuit is used to control power to devices such as the Iridium modem and weather station, which would otherwise draw the batteries down too far below 11.0V.

The Flexcharge NC25A-12 wind regulator is also a voltage-controlled switch. It functions in the same way as the solar regulator except for two key differences. First, its upper and lower voltage limits are slightly different. Second, when the upper battery voltage limit is exceeded the regulator switches wind turbine power to the heat pads (instead of simply disconnecting the power source).

Charging of lead-acid batteries is temperature dependent; colder batteries must be charged to a higher voltage. Therefore both regulators are “temperature compensated”, with the upper and lower voltage limits adjusted according to an external temperature sensor. Place this sensor near the batteries. 


i.
Solar regulator checks

The upper LED shows the battery charging state. Green means batteries are charging, triggered when battery voltage falls below the lower limit. Red means batteries are full, triggered when battery voltage rises above the upper limit. If batteries were not fully charged prior installation, this LED will most likely be solid green. If batteries were fully charged, it maybe red with brief flashes of green.
The lower LED shows the state of the regulator’s LVD. It should be green, meaning the regulator is delivering battery power to the load circuit (yellow/black terminal blocks). If the solar regulator LVD is red, touch a magnet near the LED to reset it.
Record the state of both LED’s on the Installation Checklist.

ii. 
Wind regulator checks
The LED on the wind regulator indicates the charging status, just like the solar regulator. Most likely it will be solid red, however its voltage limits are different than the solar regulator so it might be solid green, or solid red with flashes of green.

Record the state of the wind regulator LED on the Installation Checklist.
Note: Both solar and wind regulators can be damaged if wind or solar power is connected while the battery bank is disconnected. In this case, the regulator can burn out as it rapidly switches between charging ON/OFF. Here, you will see the charge LED on the regulator quickly flash red and green. The wind regulator will make a clicking sound, however the solar regulator is silent. If this happens IMMEDIATELY turn off all breakers and make sure the battery bank is connected before reapplying solar or wind power.

Note: A general rule is that if anything unexpected occurs, turn all breakers off.

B. 
Trimble NetRS GPS Receiver
If using a Trimble NetRS, connect both power connectors to the receiver. Power port A is a push-in coaxial power plug which connects to the power/ethernet adapter. Power port B is a two-pin twist-lock connector, which has a positive locking action. With lead-acid batteries only, both power plugs are wired straight to the battery bank, therefore the NetRS will turn on when you plug it in. If lithium batteries are used (Appendix 3), power port A is lead-acid battery power through the LVD circuit, and power port B is direct lithium battery power. In either case, the NetRS will turn on when you plug it in.
The NetRS will take approximately 4 minutes to boot. During this time the front panel LED’s will alternate solid and flashing. After bootup, record the state of the LED’s. They should read as follows, left to right:

External Frequency:
OFF

Ethernet:

OFF

Satellite:

Flashing RED once per second. Indicates 5+ satellites tracked.
Data Logging:

Flashing YELLOW once per second. Indicates data logging.
Power A:
Solid GREEN. Indicates power is drawn through port A, and voltage level is good (will flash if voltage nears 11V).
Power B:
Solid YELLOW. Indicates power is not drawn through port B, but that voltage level is good (will flash if voltage nears 11V).
Record the state of the NetRS LED’s on the Installation Checklist. Note that the NetRS LED’s are prone to burning out. Therefore, if you see an LED that is turned off when it should be on, this does not necessarily mean the receiver is malfunctioning. However, it is important to doublecheck receiver operation through the web interface either by plugging in a computer directly, or during the Iridium communications check.
C. 
Trimble NetR9 GPS Receiver
If using a Trimble NetR9, the power plug should have already been inserted into Port 2 on the rear panel prior to deployment. If not, this plug should be inserted now. If it cannot be inserted, this may be due to differential thermal contraction between the plug and jack. The only solution is to warm the receiver body.
Note that the 7-pin LEMO connector is keyed, to align with a mating keyway in the NetR9. This keyway may also be marked with a red dot. Take care to align the key and keyway before pushing the connector into the NetR9. It is surprisingly easy to insert this plug the wrong way, and you will break the pins if you do this! 
Note that LEMO is a locking connector which, when fully engaged, cannot be removed by pulling on the cable. You must pull on the connector’s collar, which releases two small ears on the connector body and allows the connector to be removed.
Since the NetR9 is wired directly to the battery bank, it should have turned on when you connected the board to the batteries. If the NetR9 does not turn on, check the power cable and connectors, and also verify that battery voltage is above 12.5V. If battery voltage is below (roughly) 12.5V it will not turn on when plugged in, therefore you will need to push the power button.

The NetR9 takes about 20 second to boot up. When finished, you should see the following on the front panel. If the front panel is turned off, you can press any button to re-illuminate it. If you accidentally press too many buttons, press the Esc button until you return to the main screen. 
Top left:

SV X  (where X is the # of satellites observed, usually > 7)

Bottom left:

Alternating between Logging and USB




(if no external USB: alternating Logging and Ref Stn)
Top right:

Battery icon indicates status of NetR9 internal lithium battery.




Icon “full” 
internal battery fully charged




Icon “filling” 
internal battery charging up

Icon “X”
internal battery charging disabled, either because temperature is too cold (< -15C), or lead-acid battery voltage is not steady > 13.0V.

D. 
Xeos Iridium Modem

If a Xeos XI-100 Iridium modem is used, check basic operation of the modem now. Record the results of these checks on Part 2 of the UNAVCO Polar Remote Site Installation Checklist.

First press and release the DAS TEST button. The DAS OK LED will flash yellow, indicating the modem is testing the ethernet connection to the GPS receiver. The LED should turn solid yellow after 10-15 seconds, indicating that the ethernet connection is OK. If this test fails, check the ethernet cable between the Xeos and GPS.
Next press and release the SAT TEST button. The SAT OK LED will flash yellow, indicating the modem is testing the connection to the Iridium satellite system. This test may take 60-90 seconds. The LED should then turn solid yellow, indicating that the satellite connection is OK. If this test fails the first time, try again. The SAT TEST can occasionally fail when the modem is turned on for the first time in a new geographic location. If the test fails 2 or 3 times, check the Iridium antenna and antenna cables.
If possible, call UNAVCO to remotely verify proper operation of the XI-100 and GPS receiver.

E. 
Finalize Enclosure

Continue filling out Part 2 of the UNAVCO Polar Remote Site Installation Checklist.

Verify all breakers are ON. Verify receiver is powered, tracking satellites, and logging data. Make sure all cables are routed cleanly on the board, and from the board to the enclosure wall.
Photograph the GPS board from several angles. Place the foam cap over the electronics, making sure all cables exit through the holes and are not pinched underneath the foam cap. Once the cap is placed, gently lift it up and verify that the GPS front panel display is still normal. Replace the cap.
Slide the electronics board into the anti-static bag, such that the cables exit the open end of the bag. Close the seal on the bag as much as possible, leaving a hole for the cables to pass through. Pull out the two black wires with alligator clips from behind the foam and attach to the anti-static bag. Crush the alligator clips onto the bag with pliers. See Figure 19.
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Figure 19. Electronics board inside anti-static bag, with alligator clip wires attached.

Doublecheck that all breakers are still on. It is easy to trip a spring-loaded breaker when you are placing the board into the anti-static bag. 

Photograph the GPS board again. Photograph the interior of the enclosure. Photograph the connectors on the enclosure wall. 

Doublecheck once more that all breakers are on!
Close the enclosure lid and secure all latches. 
If installing a rock system, note that the structural frame can often deflect under the weight of the batteries, causing the enclosure to deform and making it difficult to latch the lid. If you close the lid and one “front” corner of the lid sticks out beyond the mating corner of the enclosure body, then the “rear” corner of the enclosure body on this same side must be shimmed. First loosen the locknuts on the U-bolt holding this rear corner of the cradle to the frame. Jack up this corner of the cradle and slide shim material between the cradle and frame. Usually a ¼” thick shim is enough. Repeat until the enclosure lid closes and mates with the enclosure body. Secure all latches.

If installing a rock system, use a cargo strap to secure the enclosure to the cradle, attaching the cargo strap hooks to holes on the cradle. The cargo strap adds extra security and sealing to the enclosure lid. This is especially important if the enclosure is deformed and the lid is difficult to close, which will place stress on the hinges, which can break.

3. 
FINAL SYSTEM CHECKS
Continue filling out Part 2 of the UNAVCO Polar Remote Site Installation Checklist.

A. 
Photographs




Take the following photographs:

- Outside wall of each enclosure, with all connectors and cables

- Structural frame: front, rear, left and right sides

- Rock anchors (or snow guy lines)
- GPS monument

- Sky view of GPS antenna from N, E, S, W directions

- View of entire site from distant vantage point

- View of site with landing zone in view, if possible

B. 
Check Iridium Communications





If dial-up Iridium is used, verify the Iridium modem is operational by placing a test call to the system, per instructions online at www.unavco.org/polartechnology. If two modems are used, make test calls to both the primary and secondary modems. 

If an XI-100 is used and the MDM OK, DAS OK, and SAT OK LED’s are solid yellow, the modem is working. However with this device you cannot call into the modem and connect to the receiver. Therefore, for final checks of modem and receiver operation, call UNAVCO Polar Services. 
Note that an Iridium antenna must have a good sky view in all directions to operate properly. If you are too close to an obstruction when you lace a call, such as the solar panel frame or an aircraft, placing an Iridium test call will be problematic. Similarly, at the staging area you should stand far away from any building walls when placing an Iridium call.

C. 
Final Checks and Photographs




Take a look around the site and verify the following:

- GPS antenna and antenna cable are secure.

- All cables are cleanly routed and secured to the frame. 

- Wind turbine mounts are bolted to the structural frame. 

- Weather station is secure and oriented toward true north.

- All set screws and bolts on Iridium antenna and weather station mounts are tight.
- All anchors are secure on corners of frame.
- All enclosures are tied down with cargo straps (rock site).
- If time allows, stack more rocks on the frame.

- Take final photos of the site as you left it. 
Finally, complete Part 2 of the UNAVCO Polar Remote Site Installation Checklist to make sure all critical details are recorded.

SECTION VI:  APPENDICES
APPENDIX 1.

LARGE ROCK FRAME ASSEMBLY
A. 
Pre-Assembly in Staging Area

Figure 20 shows the large frame disassembled into seven sections, with the enclosure cradle attached to section A. This is the optimal breakdown for transport to the field site. 
However, these frames are usually shipped from UNAVCO with section A broken down further into four pipe sections, with the enclosure cradle removed. 
Therefore,  even if the entire frame cannot be built in the staging area, at a minimum section A should be pre-assembled prior to field deployment. Every frame joint is uniquely labeled at UNAVCO before disassembly. Secure all joints with two set screws, then two bolts with locknuts, making sure none are left loose. 
Attach the cradle to the two interior pipes of section A with four U-bolts, four washer plates, and eight nylon locknuts. Center the cradle length-wise on the pipes as shown.

For shipment to the field location, the sections should be secured in two bundles, with the first bundle containing section A and the second containing the rest. For section A, secure the two diagonal hinged members tightly to the enclosure cradle. It is important to keep these members secure during transport, since a large force on the free end of these members can stress the hinge fitting and break it.

[image: image24.jpg]



Figure 20. Large Frame Sections. 
B. 
Assembly at the Field Site

Once the monument site is chosen, a location for the structural frame must be found nearby. The monument should be at least 10m from the frame to maintain proper separation between GPS and Iridium antennas, however the GPS antenna cable is only 30m long. Therefore, the frame should be located within an annular area between 10m and 25m from the GPS antenna. Also, to capture maximum solar input, the solar panel side must face directly north (Antarctic) or directly south (Arctic).

The footprint of the large frame is a triangle with 7 ft. sides. Ideally, the frame corners will rest on or near solid rock for anchor bolts, however unless the rock characteristics of the site are known in advance it is essential to also bring rock anchor stakes for unconsolidated “soil” surfaces (see Anchoring in Section III).

Every pipe fitting is secured with two or three set screws and bolts with nylon locknuts. The set screws are tightened first, the bolts second. 

Tee fittings: 


2x set screws + 2x 5/16” bolts/locknuts

Hinge fittings: 

2x set screws + 2x 5/16” bolts/locknuts, 1x 3/8” bolt/locknut

Bottom Cross fittings:

3x set screws + 3x 5/16” bolts/locknuts

Top Cross fittings:

3x set screws + 2x 5/16” bolts/locknuts

First assemble the bottom plane by joining sections A and B as in Figure 21. 

NOTE: Use caution when assembling the hinged, diagonal members. There are two on the bottom plane, two on the vertical plane, and two connecting the bottom and vertical planes. When a long pipe is attached to a hinge fitting on one end, the pipe is a long lever and relatively little force on the free end of this pipe can break the hinge fitting.
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Figure 21. Bottom plane of large frame

The bottom plane should rest on relatively flat ground, then leveled the frame within 5º in both directions. The frame can accept one leveling foot on each front corner and two in the center for finer leveling and support. If necessary, scrape the surface to ensure all three corners and the two interior tee fittings are on solid footing, not loose soil that would allow the frame to settle or be undercut by winds. Add rocks underneath the frame and cradle area for added support. 
With the bottom plane now positioned and leveled, insert vertical sections C and D into the bottom section. Install sections E and F as diagonal braces. Insert bolts and locknuts into all joints on sections C, D, E, F, but do not tighten them yet. These joints are not fully secured yet in order to facilitate the remaining assembly.

Loosely attach two saddle clamps to the cable side of each solar panel with washers and locknuts. Slide the solar panels onto the center vertical posts as in Figure 22, so the cables are toward the center of the frame. Leave them resting on the ground as shown. The panels should not be positioned or tightened until the frame is complete, and has been loaded with batteries. Take care to keep the solar connectors free from dirt and snow.


Optional: If using four panels, slide the second set onto the center posts and let them 
rest on top of the first two panels.
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Figure 22. Pre-assembled solar panels slid onto frame center posts.

Slide section G gently onto the four vertical posts, keeping it level as you go. Do not force this section. If it starts to bind on one side, back off on this side. Now secure section G with set screws, bolts and locknuts. Tighten all set screws bolts on sections C, D, E, F, and G. 
Stand on the frame and rock back and forth to make sure it is stable. Take time to ensure the entire frame is well supported. Now, place the enclosure on the cradle and load with batteries as in Section III. 
Once the frame is loaded with all batteries, slide all solar panels up to the top of the frame. Add two more saddle clamps to each panel and tighten all locknuts on the saddle clamps. The completed large frame (without enclosure) is shown in Figure 23. 
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Figure 23. Completed large frame assembly.
Optional: If four solar panels are used, they are positioned directly below the top two panels, and secured in the same way.

Finally, doublecheck every bolt, nut, and set screw on the entire frame. It is imperative that none are loose!

APPENDIX 2.

SNOW TRIPOD FRAME ASSEMBLY
A. 
Pre-Assembly in Staging Area

The tripod frame consists of a 4 ft long top section, which sits vertically atop three 6 ft pipe legs, with legs attached to a plywood footer as Figure 24. The top section is shipped to the staging area without solar panels attached, with certain joints disconnected so it can be folded flat. 
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      (B)

Figure 24. Tripod snow surface frame. 

A) Detail of top section. B) Entire frame with plywood footer.

In the staging area, it is recommended to assemble the entire frame with solar panels and other components, as described below, to check that all parts are present and provide practice for team members.
The sections below describe construction of the frame from a completely disassembled state. However if the frame is built in the staging area, the top section can be shipped to the field site in a partially completed state, with solar panels still attached. To do this, remove one solar panel from the frame with its two horizontal pipes still attached. By removing bolts from fittings on the opposite vertex, the frame can now be partially flattened with the other two panels still attached, which will save time in the field.

B. 
Top Frame Section

Unfold the top section and insert the free pipe ends into the open tee fittings to make a triangular structure as shown in Figure 24B. Note that two tee fittings are used only as spacers, and do not join pipes together. 
All frame joints are made using aluminum “tee” pipe fittings. Each fitting is are secured with three set screws each, then bolted together with two bolts and locknuts. Once finished, doublecheck that all set screws and bolts on all fittings are secure. It is critical that all are fasteners are tightened! 
C.
 Attach Components to Frame 
Before attaching the frame legs, it is most convenient to attach all components to the top section.

Note the top end of the frame has three bolt hanger attachments for guy wires while the bottom end accepts three pipe couplers to attach the frame legs. Using carabiners, attach three wire rope guy lines to the bolt hangers. Lock the carabiner gates.
Attach the three solar panels to the top frame section as in Figure 25. The solar panels are oriented vertically, such that their cables exit facing “downward”. The solar panels attach to the frame using four saddle clamps, which are secured with one V-bolt with two washers and two locknuts each. In the field, it may help to use the enclosure as a stand during frame assembly. 
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Figure 25. Solar panels and Iridium antenna attached to top section.
Attach two wind turbines to top corners of the frame, in the same manner as described for a rock station in Section III. Secure the turbine cable with metal cable ties, starting at the turbine and moving down. Make sure you use one cable tie to attach the cable to the bottom member of the U-bracket, right after the cable exits the turbine. Tie the cable down all the way along the frame top section, with one cable tie every ~2 ft. 
Attach the Iridium antenna to the remaining corner as in Figure 25. The Iridium antenna attaches in the same way as described for a rock station in Section III. Tie the cable down all the way along the frame top section. Start at the point where the cable exits the antenna, and tie the cable down all the way along the frame top section, with one cable tie every ~2 ft. 
If a weather station is used, an extra tee fitting and short pipe section will be provided on one of the top bars. The weather station attaches attaches in the same way as described for a rock station in Section III. However, the weather station must be oriented on its mount now, such that when the solar panel frames are installed, its North arrow will point toward true north. Once attached and oriented, tie the cable down all the way along the frame top section. Start at the point where the cable exits the device, and tie the cable down all the way along the frame top section, with one cable tie every ~2 ft. 
D. 
Snow Pit, Frame Legs, and Plywood Footer 

You will now attach the frame legs, prepare a snow pit, attach the plywood footer, then raise the entire frame so its plywood footer sits in the snow pit. 
With the frame top section laying horizontally, attach the three frame legs. Note that the frame legs and top section are uniquely marked to show the position and orientation of each leg. If the legs are not attached in this way, the holes on the plywood footer will not line up with the feet of the frame legs. The legs are attached with aluminum pipe couplers. Slide the coupler into a bottom of the top section, then slide on a frame leg. 
The coupler secures to the pipes with locking set screws, which are inside the coupler. When the marks on the legs are lined up with those on the frame, the holes in the coupler will line up with holes on the pipes. Insert a ¼” allen wrench into one hole and turn the set screw clockwise. A cylindrical point on the end of the set screw will push into the hole on the opposite side of the pipe, locking the coupler in place. Repeat this for all four set screws on the coupler, two on each side. 

Attach the plywood footer to the pipe frame legs. Nine holes are drilled in the plywood footer, and are marked so they match the holes on the flange foot fittings. Bolt the flange feet to the plywood with nine bolts, washers, and locknuts. Also check that the set screws and bolts on the flange foot itself are secure.
Dig a pit in the snow, just off the end of the frame legs. This pit should be about 12” deep and wide enough for the plywood footer plus the Hardigg enclosure. Pay special attention to the surface where the frame footer will sit. This area should be uniformly compacted and then leveled. 
E. 
Frame Raising and Anchoring
The frame is now ready to be raised. Raise and position the frame into the snow pit using one or more people to push up the solar panel end, while one or more people pull on the guy wires from the opposite side.  Note that if winds are high, it may be necessary for people to hold the frame vertically while the guy wires are completed. In this case, the snow anchors should be set before raising the frame. Snow anchors are installed as described below. 
Attach guy wires to three snow stakes using carabiners, and lock the carabiners. Set three stakes in the snow, each one about 10 ft directly off the point of one tripod vertex. The resulting guy wires will be roughly 45 degrees from the snow surface. From here, the snow stakes are set and guy wires are completed in the same way as for a 2-pole solar panel mount, as in Section IV. The only difference is that three anchor stakes are used.

Do not load the main enclosure with batteries until it is positioned such that all cables will reach the enclosure.
A completed tripod frame system is shown in Figure 26.
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Figure 26. Completed tripod frame system. 

Note system has one weather station, Iridium antenna (partially hidden), 

and two auxiliary battery enclosures.
APPENDIX 3.

LITHIUM BACKUP BATTERIES
A.
Electronics Configuration

If lithium back-up batteries are used, the electronics configuration on the GPS board will vary depending on the type of receiver used. 
With a Trimble NetRS, the lithium batteries will connect directly to the secondary power port via the green/black terminal blocks. The primary NetRS power port will connect to the lead-acid battery bank through the Flexcharge regulator’s LVD circuit, via the yellow/black terminal blocks.

With a Trimble NetR9, a power switching module will most likely be present, to control the switching of lead-acid and lithium battery power to the NetR9’s single input power port. As of this writing this power switching device has not yet been developed.

B.
Battery Wiring and Testing
A set of 10 lithium battery packs take the place of three lead-acid batteries in the main enclosure. Stack lithium packs label-side-up. A lithium battery pack (without weatherpack connector) and a wiring harness are shown in Figure 27.
Each lithium battery pack has a weatherpack connector, which mates to a 1x10 battery harness. The last connector on this harness attaches to a mating connector, coming from the green/black terminal blocks. 
Measure lithium battery voltage between black terminal blocks and the “upstream” side of the lithium breaker, where the green wire connects from the green terminal blocks. Record this voltage on the Installation Checklist. It should be near 18V. Turn the lithium breaker ON.
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Figure 27. Lithium battery pack and wiring harness.
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