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Summary

Dr. Ross Wagenseil traveled to the Leeward Islands from December 3 to 13, 2000.  He visited the islands of Antigua, Barbuda, St. Christopher (St. Kitts), and Nevis for the purpose of verifying local conditions.  His observations are to be used to modify a digital raster map of elevations which will be input to a computer model of susceptibility to storm effects.

Dr. Wagenseil traveled the ground with local authorities, visiting sites that they or he considered important.  In eight days of fieldwork, he established nearly 200 waypoints fixed by Global Positioning System (GPS), with a variety of meteorologic and topographic measurements.  There were, in addition, many other observations of local conditions which did not need to be fixed by GPS.  

The field observations will now be used to modify the digital maps to reflect:

1. The true configuration of the ground, above and below water level

2. The surface roughness, derived from the land cover

3. The importance of inhabited or developed areas

The results of the computer model are to be assembled into a digital Atlas of Probable Storm Effects in the Leeward Islands, to be available in early 2001.

Introduction

Hurricane Georges, a category 3 storm, struck the Eastern Caribbean islands of Antigua, Barbuda, St. Kitts, and Nevis in September 1998. The hurricane caused severe damage to economic and social infrastructure and dealt a serious blow to local economies. 

In response to the damages from Hurricane Georges, the US Agency for International Development-Jamaica/Caribbean Regional Program (USAID-J/CAR), has established a project entitled Post-Georges Disaster Mitigation (PGDM), to be implemented by the Organization of American States (OAS) Unit for Sustainable Development and Environment (USDE).  Further information is available at http://www.oas.org/pgdm/

One of the major goals of the Project is to reduce the vulnerability of Antigua/Barbuda and St. Kitts/Nevis to the effects of hurricanes and tropical cyclonic storms.  A prerequisite for developing appropriate hazard mitigation strategies is a solid understanding of the existing hazards and their effects.  Dr. Ross Wagenseil has contracted with the Project to produce an atlas of probable storm effects by running the computer model TAOS over digital raster maps custom-built for the project.  TAOS is the property of Charles C. Watson, Jr. of Savannah, Georgia.

The model will calculate the probable (Maximum Likelihood) wind, waves and storm surge at each raster cell on the map for specific durations of time.  The raster cells will represent a circular trapezoidal unit 6 seconds or arc on a side.  In the Leeward Islands, this is nearly square: 182.5 meters from north to south and approximately 175 meters from east to west. The model is capable of calculating rainfall as well, but rainfall runoff would require a map with much more detail.

The maps needed to run the model are:

1. A digital raster map of elevations. This must combine both topography (above sea level) and bathymetry (below sea level).  The shape of the solid earth will guide the fluid flow of wind and water in the model TAOS.

2. A digital raster map of land cover.  This will provide the surface roughness factors to modify the fluid flow or air or water over the surface.

Neither topography nor bathymetry put special effort into slight differences in elevation right at the water’s edge.  Topographic maps may have point values for prominent hilltops, but they give no extra detail for the first contour interval above sea level.  On Antigua, for instance, there are numerous mangrove swamps and low beach areas that are indistinguishable on the map from low bluffs which fail to penetrate the 25-foot contour level.  Bathymetry, in turn, usually avoids the details of shallows near reefs or shorelines.  It is safer to mark an entire area as “rocky” or “numerous coral heads” than it is to have boats running aground in areas with complicated features.

Unfortunately, the low areas near shore are exactly the areas where hurricanes and tropical storms do some of their worst damage. Wind affects the whole landscape, but waves and storm surge work on the shore.  They work in combination: storm surge may provide sufficient water depth for destructive waves to penetrate into areas that are usually sheltered.  

Even more unfortunately, human habitation and investment are heavily concentrated along the coast.  This includes fishing villages, commercial harbours, and modern beach resorts.

For these reasons, the coastlines got priority in the fieldwork.  It was not possible to visit all of the areas below 5 meters elevation, but it is hoped that sufficient observations were made to draw a realistic map.  Inland points were of secondary concern, but enough of them were sampled to help validate the wind field calculations, if time permits.

Field technique consisted of conferring with local experts, visiting sites that they suggested, and making a variety of observations.  The observations include anecdotes of specific hurricanes and floods, general visual observations, photographs, wind, temperature, humidity, elevations, and latitude and longitude, among others.  Latitude and longitude of selected sites were recorded as waypoints in a 12-channel Global Positioning System (GPS).  The constellation of observations varied from place to place, depending on the circumstances.

The Trip Report is a narrative summary of interviews and site visits Dr. Wagenseil performed while in-country.  It includes the most salient notes and impressions of the trip, as an aid to memory and as a reference for further work. The maps which follow the narrative below show waypoint stations as red dots, while locations mentioned in the text get numerals. The original field notes are on audiotape, photographs, and electronic spreadsheet. 

Trip Report

Antigua

December 3, 2000: Arrival.
I traveled from Clemson, SC, USA via Atlanta and Miami to Antigua, arriving near 11 PM local time.  Mr. Philmore Mullin, Deputy Director of National Office of Disaster Services (NODS) for Antigua and Barbuda, met me and took me to a hotel in St. John’s.  We discussed my needs and agreed to start early the next day.  

Dec. 4: Center and Southeast Coast.  
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In the morning, I was able to walk to the harbour of St. John’s(1) and take pictures of the reclaimed land and dockyards before Mr. Mullen picked me up at 8:00 AM and took me to the headquarters of NODS(2). He collected a number of construction workers and took us to a house site in Liberta(3). The house was destroyed by Hurricane Georges, and NODS is rebuilding it to a similar living standard, but with improvements in storm resistance such as hurricane straps for the roof and half-inch bolts for the foundations.  

The area is naturally scrub forest, historically cultivated, and now slowly developing into an extended residential area.  The houses are on lots from ½ to 2 acres.  There are numerous low trees including fruit trees, but no closed canopy except in areas of pure scrub forest.  Height of the scrub forest is only 3 to 4 meters.  I took wind, temperature and photographs at Liberta and atop a building at Swetes(4).  

We traveled along a watercourse through John Hughes(5) to a seaside village at Old Road.  This area is steep, with a perennial stream and hillside farms now overgrown.  Growth here is taller and lusher than on the eastern lowlands, but landslides are a problem, as is flooding during storms. 

We stopped to take weather and beach level measurements at Morris Bay(6).  This is a location with a hotel built on a sandy field about 1.5 meters above mean sea level. There is no protective dune, but there is a barrier reef which ordinarily quiets the surf.  Driving westward parallel to the shore we noted low (1-2 meter) barrier dunes with fields, salt flats, and lagoons inland from them(7).  There was house construction in progress on some of this low ground, as well as hotels both current and abandoned.  One hotel was noted for having used the fire brigade to pump out water after floods.  The flooding is a combination of freshwater runoff and storm surge. 

Continuing up the west coast, we passed Dark Wood(8), where sand mining from years past appears to have destabilized the barrier dune and lagoon.  At Jolly Harbour(9) there is a large marina development in a lagoon.  We took elevation readings for the dock level and causeway level, but the configuration of docks and causeways will be too fine to be mapped directly.  

At Creekside Bridge (10), we stopped so that I could take level-line sightings on a gently sloping plain that has proved hard to map.  We also stopped to speak with Mr. Philmore James at the government Fisheries Division(11) before returning to NODS headquarters to meet Ms. Patricia Julian, the Director.  We discussed the history of flooding and storm damage along the south coast, tracing back from Hurricane Lenny (1999) to the storms of 1950.   I raised the question that the sand level at Morris Bay could be a 50-year flood plain, and Ms. Julian called an old friend who had vivid memories of 1950.  Although this did not resolve the question of specific surge levels, it became clear that wave action, storm surge, landslides, freshwater floods and prolonged ponding along the south coast are recurring problems. 

Dec. 5: East and Southeast Coast.










Once again, Mr. Mullin picked me up at the hotel in St. John’s and we passed by the construction site in Liberta before driving through the densely-settled center of the island(1) and eastward through pasture lands (2) to a limestone promontory at Devil’s Bridge(3).  Points 1 and 2 were valuable for fixing the land-cover.  Point 3 was even more valuable, as it gave a good view of several areas which had been especially difficult to map.  The coastline in that area is level layers of limestone, eroded to steep cliffs about 8 meters high.  This is not enough relief to show well on the topographic maps with 25 or 50-foot contour intervals, and I had been supposing that these were low mangrove areas.  This was also an excellent area to get wind speed, temperature and humidity data that could be taken as equivalent to over-ocean conditions.

We drove south past Potworks Dam(4) and Willoughby Bay(5), and up to Shirley Heights(5), taking weather data and photographs.  English Harbour(7) is a world-famous historic site and yachting basin.  I was able to purchase some useful charts and coastal guides there. The quayside in English Harbour is 2 feet above the water line, give or take a few inches for tide. I found the same standard in neighboring Falmouth Harbour(8), where there was reclaimed land which had not been noted on my source maps.

  Dec. 6: Northwest and North Coast.








First thing in the morning, I went down to the Lands and Surveys office and purchased a set of maps of Barbuda.  I found out that Mr. Mullin had to contend with a break-in and theft at the construction site, so I engaged a taxi driver to take me on a tour or the north coast.  We went first to Ft. James(1), which is on a peninsula guarding the entrance to the harbour. The driver affirmed that the harbour dredging of the 1960s coincided with an increase in erosion along the beach to the north of the fort.  He showed me an old road alignment which was broken by Hurricane Lewis.  There was also a large spoil area of dredged material from the harbour, leveled at about 4 meters high, north of the fort and back from the sea. 

Runaway Bay(2) is on the coast north of Ft. James.  It has a number of hotels on low sandy ground backed by a salt lagoon.  The beach has eroded to the point that some properties have water breaking on sea walls at the edge of their lawns, other properties have only ten meters or so of beach, and Tropical Storm Lenny broke through to the lagoon in at least two places.  Next to the north is Dickinson Bay(3), where Sandals Hotel and Halcyon Cove were damaged by Hurricane Lewis, Hurricane Georges and Tropical Storm Lenny.

Boon Point and Crosbies(4) is an area of hotels and residences on high ground with a steep coast about 30 feet (10 meters) high.  The area is exposed to storm winds. Jabberwock Beach is a low area of beach backed by lagoon(5).  The beach has heavy deposits of turtle grass and a steep front.  This appears to indicate substantial chop in this area, despite a complex of barrier reefs about 1 kilometer to the north and east.

South and west of Parham Bay is an area of very level low ground with numerous temporary pools and dry storm channels.  This area shades from red mangrove at the Bay to black mangrove a little further in, to scrub forest dominated by thorny Acacia (6), to pasture and savanna (8).  The main road passes well inland, through the savanna area.

Crabs Peninsula(7) is low and rocky. There is an important desalinization plant on the north shore of the peninsula, as well as a cement plant. There are extensive signs of storm damage in this area, including eroded ground, broken and abandoned piers, boats sunk, and boats run up into the mangroves. 

The next morning, I bought some more material at a local shop called “The Map Store” which is well known for its’ selection of nautical charts.   

St. Kitts
Dec. 7: Southeast Peninsula.










Mr. David Keith, local coordinator for the Project, met me when I reached St. Kitts.  He took me into Basseterre and introduced me to Eduardo Mattenet, GIS consultant for the project.  They quickly arranged a truck and driver and we set out before 3 PM to visit the southeast peninsula.  

There is a new road along the peninsula, paralleled by a water line. This may be expected to make a big difference to an area that has been largely neglected until now. Land is for sale, but development is just getting started.  We drove directly to the end of the road at Major’s Bay (1).  This beach is a mixture of sand and cobbles, with a lagoon behind.  A barge used for mining sand was up against the beach.  We drove inland and around to Cockleshell Bay where there were two derelict hotels: one abandoned, the other never finished (2).  There was one small area of broken sea wall and erosion.  We drove inland again and around to Mosquito Bay, where there was a small wooden seaside facility operating and several expensive new homes built on the steep hill above the beach.  The low ground between Cockleshell and Mosquito Bays has scrub forest and lagoons.    Turning north along the main road, we passed east of Great Salt Pond along ground that was only about 4 meters high (4), possibly a sand dune with scrub forest cover.  From a lookout point along the road (5) we could look back and see that great Salt Pond had low barren bars separating it from the sea to the southwest (The area that appears as an opening on the map above).  Is appears that water breaks though this area (6) from time to time.    

Further north, we stopped for weather data at Friar’s Bay, on a sand dune about 10 meters high (7).  This section of the peninsula appears to be all sand: a large dune to windward, a shallow lagoon, and a low bar on the leeward, Caribbean side.  

The hilly parts of the peninsula show outcrops of vertically-fractured bedrock.  By contrast, the low areas are mostly sand and finer sediments.  It is possible to see the entire formation as a series of small rocky islands joined by causeways of sand.  Development is sure to come to this area; care will be needed to avoid destabilizing the formations. 

The peninsula joins the main island at Frigate Bay.  There is a large condominium development under construction on the windward side.  The development has built to within ten meters of the sea on a sand spit behind a barrier reef (8).  The development has a wall around it, about 2 meters high, with gateways through it that are 1 meter above the beach sand.  The beach is about a 1.5 meters high. A breakwater of large stones (stones 1 to 2 meters across) is being built nearby, but it is hard to imagine what measures might be taken to protect such an exposed site.

Dec. 8: Main Island by the Coast Road


The next morning I started from the hotel at first light and walked the waterfront in Basseterre, the main town and port (1).  The port is exposed to the south and received heavy groundswells from Tropical Storm Lenny.   

The west end of the waterfront is mostly older construction, with a steep beach just in front of the bay street.  Street level is about two meters. The land inland rises sharply. Some of the streets at right angle to the beach are designed as v-shaped channels, with pedestrian bridges arching over them.  I found out later that flash floods, out of hurricane season, have swept cars and trucks down these streets, crushing them together. 

There are repairs and alterations underway to the central dock area.  It is heavy construction: reinforced concrete with a deck level around two meters high.  An extension, built on concrete-filled steel tubular pilings, was damaged and has been pulled up to be rebuilt.  East of the central dock, the water line returns to parallel the alignment of the bay street.  The quay along this stretch has a substantial sea defense of concrete and riprap, with stones up to 1 meter across, built up to about two meters high. This area is industrial, with a petroleum tank farm, warehouses, and light industry.  The land behind the bay street starts at about two meters elevation and rises slowly, inland.  The east end of the harbour has higher ground, with another tank farm, more warehouses, and a pier where cruise ships tie up.

Before 9:00 AM, I joined with Eduardo Mattinet at the Physical Planning Division, in downtown Basseterre.  We got the truck and driver and returned to Frigate Bay for photographs.  Then we drove up to Muddy Point (2), overlooking Half Moon Bay.  This is a windy area with barrier reef, a beach, and low dunes covered with beach vegetation.  There are few buildings near the beachfront along here.  A small golf course approaches the bay on the southwest edge.  The area appears as offshore on the map above, and that will have to be corrected.  The hillside behind the low ground has a number of expensive new houses, and further development of this kind is to be expected.

We drove north past the airport and drove counter-clockwise along the main road that loops around the main part of the island.  Settlements in this area have little involvement with the sea.  The land is mostly planted in sugar cane, with the villages near dry watercourses called “guts.”  The cane lands are smooth, sloping toward the sea, and mostly belong to the government.  The guts, by contrast, are deeply incised into the hillsides.  In the event of a hurricane, these two elements of the landscape have very different hazards.  The high, level fields will be fully exposed to storm winds, but with good drainage and gentle slopes.  The guts may be somewhat sheltered, but with flash floods and rolling boulders.  Recent new construction in the guts includes some expensive houses, but the land tenure is unsure: they may be squatters.

The government has been quite active in providing hardened cores for houses to people who lost their shelter in recent storms.  These cores are concrete, with standard measures to resist storm winds, and with basic utilities installed.  The cores can serve as houses alone, but it is expected that the families will build additions around them.  In the event of a hurricane, the family can shelter in the concrete core.  In some places, the government has relocated entire neighborhoods in new settlements of core houses on the uplands(3). 

Most of the settlement on the northeast coast is well above risk from surge or waves until Sandy Bay and Dieppe Bay, at the north end of the island.  Dieppe Bay Town (4) is low, with a hotel down on the sandy beach and sea walls subject to direct wave action even in mild weather. 

On the north, northwest, and west coast the pattern of inland settlement continues.  Where the road does go near the shore there are signs of storm action.  There is a broken boat ramp at Sandy Point (5), a section of road which gets crossed by spray at Half Way Tree (6), and a deposit of very large (up to 1 meter long) rounded beach stones at Godwin Estate (7).  Godwin Estate is of special interest because the nautical charts indicate deep water near to shore in this area.  The coast road has been realigned inland at least twice along this stretch. 

Nevis

Dec. 9: West, North and East Coast

 







Mr. Llewellyn Newton, Disaster Preparedness Coordinator for Nevis, met me as I stepped off the morning ferry from Basseterre.  He arranged that I ride with Lester 

Blackette, a civil engineer who is familiar with the shore protection of the island.  

The port in Charlestown (1) is modern construction, with a concrete pier, a seawall fronted with large riprap, and attractive shelters for passengers waiting for the ferry.  Design height of the pier and wall appears to be about 1.5 meters.  The groundswell from Tropical Storm Lenny overtopped this wall and caused damage to the front row of shops. Directly south of the pier is a low sandy beach backed by a lagoon, and south of that is a rocky peninsula with a ruined fort.  The beach includes the outlet for Bath Gut, which is free-flowing in its’ lowest reach.  Reportedly, this beach is much narrower than it was before.

Directly north of Charlestown is a short stretch of rocky coast with two hotels, heavily damaged by storms.  One hotel is abandoned; the other seems to be only partially operating.  Waves here dropped stones onto a tennis court at about 2.5 meters above normal sea level

Pinney’s Beach starts just north of these hotels and extends for about three kilometers. The beach has narrowed considerably in recent years.  Foundations of buildings that used to have beach in front of them are now in the water and are used for fishing.  Semi-consolidated sandstone is exposed.  The beachfront is steep with erosional fronts a few centimeters high visible in areas.  Offshore appears to be sandy bottom for about 100 meters out.  Apparently sand from this beach is eroded and swept northward around the coast.

The center section of this beach is occupied by the Four Seasons Hotel (2), which offers first-class accommodations, an 18-hole golf course by Trent Jones, and other resort facilities.  Four Seasons was heavily damaged by Tropical Storm Lenny and has reopened this year after an expensive refurbishment, reputedly in the tens of millions of dollars.  Part of the refurbishment was a set of four breakwaters, parallel to the beach and about 200 meters offshore.  Sand was brought in and formed into a new beach level about 1.5 meters high across the front of the property. The ground floor of the main building behind the sand is lower, about 0.5 meters elevation.  A gut along the north edge of the property has been paved as a trapezoidal channel.  Four Seasons is a major employer, and the hotel tax is a major source of government revenue for Nevis.

Sand is accreting on the beach to the north, near Fort Ashby (3).  This is approximately the west entry to the channel between St. Kitts and Nevis.  There are complicated shallows and reefs north and east of this point, with some sign of coastal erosion.

The airport at Newcastle (4) is at the water’s edge, only about 3 or 4 meters elevation, at the eastern entry to the channel.  A large area east of this (5) appeared as zero elevation on the DEM, although it appeared to be inside the coastline.  In fact, this area is high ground, easily 6 meters high near to the sea.  The coast road and settlements are nearly a kilometer back from the shore along here, and only a few houses have been built near the shore. 

The east and southeast slopes of Nevis (6) are sparsely settled and open, with large grassy fields.  There does not appear to be any sugar cultivation.  Farther south, there is a windswept coastal plain used for pasture (7) by a Government cattle-raising operation.  This area slopes from 50 meters to the shore, so flooding is not likely.

Dec. 10: Saddle Mountain and Southwest Coast





The major effort this day was taking wind measurements in the area of Pond Hill(1).  This is a settled area between two major hills: Nevis Peak to the north and Saddle Mountain to the south.  The notch between the hills faces almost perfectly into the trade winds, and the weather was clear, with steady winds.  All this made it a perfect place and time to gather observations of wind in the field which could be compared to the wind values calculated by the computer model, given similar inputs.  We collected values at a number of stations broadside to the air flow and four stations following a streamline.

We also revisited Charlestown (2) and visited a new deep-water harbour at Long Point (3).  This new harbour does not appear on the maps, and will have to be added.  It consists of a large L-shaped dock of cast, reinforced concrete.  The outer arm of the L was destroyed by Tropical Storm Lenny, and has been rebuilt. 

Closeup of Saddle



Dec. 11: Travel from Nevis to Barbuda.  I took the ferry back to Basseterre and the next day I met with Eduardo Mattinet at the Physical Planning Division.  We discussed problems with the digital map files we have.  I concluded that out map projections were slightly in error.  The map files we have were derived from the separates for the paper maps of the region, with projections dating back to the 1950s and 60s.  That is before the modern standards of WGS-72 and WGS-84 were established.  The metadata given with the sheets is slightly less than adequate for georeferencing in a GIS, and slight displacements had appeared.  I had been looking at two sets of Molodensky constants to correct the problems, and concluded that I would have to use them.  This means that the DEMs for the computer model will have to be rebuilt.  The editing resulting from the field trip will have to be applied to the data sets after they are rebuilt.  

I caught the midday plane and worked my way to Barbuda.  There I met Mr. MacKenzie Frank, Secretary to the Council for Barbuda.  We arranged for a driver and truck the next day.
Barbuda

Dec 12: North, Center, & South. 








Codrington (1) is the only settlement on Barbuda.  It is on the east edge of a large lagoon on a large plain.  The highlands of Barbuda rise in a distinct break in slope(2), some distance east of the settlement.  The settlement gets flooded during storms, both by storm surge and by surface runoff from rain.

I started from the guesthouse at 6:45 AM and got waypoints and observations around the communications tower, the police station, and other public buildings.  Standing on the dock, I took bearings on the sand bar which borders the west edge of the lagoon.  I spotted two sections which appeared to have been broken and filled in recently.  These sections appear as water on the map above.  It is unclear at present how to model them.

Around 8:00 AM, I met with Mr. Frank and we went to his office, where his assistant Eleanor was able to confirm the breaks in the sand bar.   I also met Vincent Cooper, of the University of the West Indies, St. Augustine, who had just arrived to survey for runoff and flooding under contract to the same Project as I.  

Mr. Cooper and I worked together for the rest of the day.  He interviewed the School Principal, who reported that storm surge had risen to about 1 meter above ground level at his house as the eye of Hurricane Lewis passed overhead.  The surge died down within 15 to 20 minutes.  We then drove north to Goat Island Flush(3) where there is a flat limestone sill right at water level which allows seawater to pass whenever there is a storm surge.  We visited a neighborhood in the settlement which floods from rainwater.  We saw no water channels, either wet or dry.

We drove down to the southwest corner of the island to a hotel at Palmetto Point(4).  The hotel is on a windswept sandspit.  This hotel recently lost two guest rooms to the sea, and the assistant manager noted that the currents offshore seemed to have shifted in the last year.  They are rebuilding the rooms, but the future of this facility is uncertain. 

We proceeded to Martello Tower, a historic fort, and to a rough jetty near there.  The jetty is constructed of boulders with earth fill.  It was built.to load sand for export, and it has also come to serve as the major landing spot for supplies coming to the island.  Although this jetty would probably loose its’ fill to wave action in a storm, it would be fairly easy to repair.

We drove southeast along the coast, past major resorts at KClub and Cocoa Point, until we could see(6) the surf pattern off Spanish Point.

We returned to Codrington Airport in time for the afternoon flights to Antigua.

Dec. 13: Return to USA.   I left Antigua at 9:25 AM and reached Clemson ,SC around 7:00 PM, local time.

Conclusions
The digital elevation map will have to be redone; to incorporate the projection modified by the Molodensky constants.  In addition, most coastal areas will have to be examined systematically and hand-edited as needed.  The editing will not just be a matter of entering correct elevations, but of choosing elevations that will be most likely to drive the storm model correctly.  For example, the harbour of St. John’s, on Antigua, has a dredged channel 100 meters wide.  This is little more than half of a cell width.  Ordinarily, a feature only one-half a cell width would only appear in cells where it represented a majority value, but the map will have to include the channel, and include it continuously along its’ entire length, in order to calculate the dynamics of storm surge properly. 

Many details will not be included, such as sea walls and breakwaters that are far too narrow for a full map cell.  In such areas, informed judgement will be needed to interpret the model results.

Appendix

Field Equipment

1. Garmin Etrex Summit Global Positioning System.  12-channels, capable of 500 waypoints.  Effective RMS values were usually between 5 and 10 meters.  The built-in pressure altimeter proved quite sensitive to gusts of wind, so elevation records near the shore were usually made by direct measurement or visual estimate.

2.  Kestrel 3000 wind and temperature sensor.  When used, I recorded maximum wind, 3-second maximum average, temperature, percent humidity, and dewpoint temperature.

3. Silva combination sighting compass and clinometer.

4. Kodak MAX waterproof disposable cameras, 27 exposures each, 800 film.

5. Sony TCM-S64V tape recorder

6. Bushnell 8X21 binoculars

7. Locking measuring tape, marked in meters and decimeters for leveling.
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