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National Aeronautics and Space Administration


2011 Hot Dog Hill Field Exercise
ACTIVITY OVERVIEW

In this activity, students will use the mapping and site planning skills they have developed doing the other Desert RATS activities.  They will make an exploration site plan for the current Desert RATS field exercise in northern Arizona – a simulation of astronauts exploring an asteroid.
OBJECTIVES

Students will:

· Apply new mapping skills.
· Create a unit map and geologic map of Hot Dog Hill.
· Develop an exploration plan to interpret the geologic history of the area.  

MATERIALS
· Image for base information of Hot Dog Hill
· 2011 Hot Dog Hill image and map PPT
· Science Mission Objectives and Flight Rules Fact Sheet for 2011 Hot Dog Hill
· Tracing paper

· Colored pencils

· Tape or paper clips
· Optional – plastic sleeves or laminating film allows for multiple class use

NATIONAL STANDARDS

National Science Education Standards (NSTA)
Science as Inquiry

· Skills necessary to become independent inquirers about the natural world
· Understanding of scientific concepts

· An appreciation of ‘how we know’ what we know in science

· Understanding of the nature of science

· The dispositions to use the skills, abilities, and attitudes associated with science

Earth and Space Science Standards

· Structure of the earth system

· Earth’s history

· Earth in the solar system

Science and Technology Standards

· Understanding about science and technology
· Abilities to distinguish between natural objects and objects made by humans

Science in Personal and Social Perspectives

· Natural hazards

History and Nature of Science Standards

· Science as a human endeavor

· Nature of science

· History of science

National Mathematics Standards
Ratios and Proportional Relationships

· Analyze proportional relationships and use them to solve real-world and mathematical problems

National Geography Standards

The World in Spatial Terms

· How to use maps and other geographic representations, tools, and technologies to acquire, process, and report information from a spatial perspective

· How to analyze the spatial organization of people, places, and environments on the Earth’s surface

The information below provides background information and a suggested set of procedures to use for the two activities.

BACKGROUND   (See additional background materials in Desert RATS activities on this web site.  http://ares.jsc.nasa.gov/ares/drats/index.cfm )
Exploration Mission Site

'Hot Dog Hill', San Francisco Volcanic Field, Arizona

Mission Science Objectives

"Hot Dog Hill' is an interesting location within the lava flows of the San Francisco volcanic field, in that scientists are not sure how it formed.  Three hypotheses for the formation of Hot Dog Hill are: (1) this hill exists because it is some kind of volcanic vent, or 'mini-volcano', that erupted lava at this location, (2) this hill exists because it was separated from the rest of the lava flow by weathering and erosion, or (3) this hill exists because a local fault, or 'graben', separated the hill from the rest of the flow.  It may be possible that all three hypotheses played a part in the formation of Hot Dog Hill.  

Igneous rocks, like those on Hot Dog Hill, are a high priority in trying to understand the geology of a planetary surface.  They provide information on the age of the planet as well as the composition.  The igneous rocks also allow direct insight into the planet's molten interior and thus the evolution and possible origin of the planet.  Additional data obtained from the sedimentary and metamorphic rocks, and surface deposits (e.g., soils, or regolith), relate to chemical/mechanical weathering of the igneous rocks, erosion, and deposition, via the rock cycle.  These rocks and regolith thus relate to a planet's surface and crustal processes, either past or present, including potential past or present interaction with an atmosphere or any water present on or near the surface.

 (See the full Science and Mission Objectives and Flight Rules Fact Sheet for 2011 Hot Dog Hill.)
Key Terms:
· Graben – is an area of crustal material that is bound by two or more faults, that is lower than the adjacent crustal material on the other side of the faults.
· Image for use as Base Information – an image used as the basis for additional map layers of information, such as unit maps, topographic maps, or geologic maps.
· Unit Map – shows where things are - buildings, vegetation, different colored  or textured items, land features 
· Geologic Features Unit Map – shows where types of rock, textures, shapes or other types of land features are located.  Key colors or symbols allow for comparisons of different features. 
· Geologic Map – Geologic maps use color and symbols to identify distinct geologic units, faults, and other geologic features.
· Map Scale –The scale of a map is the ratio of a distance on the map to the corresponding distance on the ground.  Example:  a scale of 1:100 means 1 centimeter measured on the map would equal 100 cm on the ground. 
MANAGEMENT  
This activity is a culminating activity that follows the other three in the 2011 Desert RATS activity package.  The other activities are Lava Layering, Satellite Imagery and Mapping Activity, Mission Planning and Site Selection for Scientific Investigation  
This activity can be conducted in a classroom with tables and chairs or individual student desks. Students should work independently or in pairs to produce their geologic maps and then work in collaborative groups to compare and contrast their maps with the maps produces by their peers. The provided images work well if printed in color or in black and white.  Laminate the images or place them in plastic sleeves for use in multiples classes.  The Satellite Imagery and Mapping Slide Show includes the images for base information and sample unit maps for you to use with your students as you see fit.  
ACTIVITY PROCEDURES             There are two parts of this activity.  
Part One – Create a Unit Map and Geologic Map of Hot Dog Hill
 Part Two – Develop an Exploration Timeline for astronauts at Hot Dog Hill
Science Mission Objectives and Flight Rules Fact Sheet
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'2011 Hot Dog Hill'
Exploration Mission Site

'Hot Dog Hill', San Francisco Volcanic Field, Arizona

Exploration Mission Science Objectives

"Hot Dog Hill' is an interesting location within the lava flows of the San Francisco volcanic field, in that scientists are not sure how it formed.  Three hypotheses for the formation of Hot Dog Hill are: (1) this hill exists because it is some kind of volcanic vent, or 'mini-volcano', that erupted lava at this location, (2) this hill exists because it was separated from the rest of the lava flow by weathering and erosion, or (3) this hill exists because a local fault, or 'graben', separated the hill from the rest of the flow.  It may be possible that all three hypotheses played a part in the formation of Hot Dog Hill.  

Igneous rocks, like those on Hot Dog Hill, are a high priority in trying to understand the geology of a planetary surface.  They provide information on the age of the planet as well as the composition.  The igneous rocks also allow direct insight into the planet's molten interior and thus the evolution and possible origin of the planet.  Additional data obtained from the sedimentary and metamorphic rocks, and surface deposits (e.g., soils, or regolith), relate to chemical/mechanical weathering of the igneous rocks, erosion, and deposition, via the rock cycle.  These rocks and regolith thus relate to a planet's surface and crustal processes, either past or present, including potential past or present interaction with an atmosphere or any water present on or near the surface.

Science Objective 1:  Characterize the geology of Hot Dog Hill's volcanic units.


1a - Investigation: Determine if there are any signs of the volcanic rocks being created in a local eruption (e.g., bomb-like shapes, spatter-like textures – both are indications of aerodynamic shaping of lava as it falls through the air after it was blown out of a vent)
1b - Investigation: Determine if there is any variability of the Hot Dog Hill rocks as compared to other volcanic rocks on other nearby hills or lava flows.
Note: Key for site selection and time line. This objective will be met by collecting rock and regolith or soil samples in volcanic areas during EVA’s and with some photography.
Science Objective 2:  Characterize the region's other geologic units that existed prior to the beginning of volcanism and the creation of Hot Dog Hill.


2a - Investigation: Determine the composition of these 'basement' units that lie underneath the volcanic cones and flows.
2b - Investigation: Determine the variability of any 'basement' units (e.g., rock color and surface texture, geologic process that created the different units).

Note: Key for site selection and time line. This objective will be met by collecting rock and regolith or soil samples in non-volcanic areas during EVA’s and with some photography.
Science Objective 3:  Characterize the region's surface deposits (e.g., soil) and associated weathering and erosion processes that have created the soils around Hot Dog Hill.


3a - Investigation: Determine the transport mechanisms (e.g., water and/or wind) currently weathering the surface.


3b - Investigation: Determine the formation and modification processes of the surface regolith (e.g. soil).

Note: Key for site selection and time line.  This objective will be met by collecting rock and regolith or soil samples, plus photography in areas that show evidence of water or wind activity.

Science Objective 4:  Determine if there are any indications of local tectonic (e.g. faulting) activity that may have contributed to the creation of Hot Dog Hill.
Mission Flight Rules
In 2011, NASA’s Desert RATS will focus on mission operations that are similar to the operations that may be used in the exploration of a near-Earth asteroid.  Since asteroids are so small, their gravitational fields are very small and mostly not even noticeable by human senses.  Thus, astronauts will not 'land' on an asteroid as they would on the moon or Mars, rather they will 'dock' with an asteroid, just like visiting spacecraft dock with the International Space Station (ISS).  In a similar way, astronauts will not walk or drive on the surface of an asteroid, they will hover, or 'float', just above the asteroid's surface and use their SEV, or a jet-pack device (if the are outside of the SEV) to move alongside the asteroid.  What makes this even more difficult is the fact that most asteroids are tumbling through space, or rotating around several different axes at the same time.  So, the astronauts and their SEV will have to move in conjunction with this tumbling asteroid.

Asteroid exploration will be very different than planetary surface exploration.  NASA is currently thinking about two different ways to explore an asteroid.  One approach is for the astronauts to 'anchor' the SEV to an asteroid, and then don spacesuits and explore the asteroids using tethers or jet-packs.  Another approach is for the astronauts to 'free-fly' the SEV alongside an asteroid, with one astronaut out in a space suit on the end of a robotic arm interacting with the asteroid while the other astronaut stays inside the SEV and 'flies' the spacecraft near the asteroid.  This is very similar to the way NASA built the ISS, or repaired the Hubble space telescope.  Either of these approaches requires much slower movement rates, as operations in the proximity of a tumbling asteroid require quite a bit of precision to minimize the use of SEV or jet-pack thruster propellant.
Though exploration in Arizona will be in the gravity field of Earth, NASA scientists and engineers can still use the San Francisco volcanic field in association with other NASA analog activities to get the 'feel' of asteroid exploration.  Here are the flight rules for the 'asteroid-like' exploration of Hot Dog Hill:
Flight Rule 1:  You have 8 hours to explore Hot Dog Hill and address the mission science objectives as best you can.

Flight Rule 2:  Your starting location must be at a site that has no restrictions to SEV travel (that is, sites that are not too rough or steep). See the Hot Dog Hill Traverse Hazard Map for further details.  You do not have to return to your starting location at the end of the 8-hour day.
Flight Rule 3:  Your 2-person astronaut crew must stay together and work as a team, and neither crew member can get farther than 25 meters away from the SEV.  The 8-hour day is divided into two 4-hour periods, separated by a rest/meal break that the crew takes inside the SEV.
Flight Rule 4 - 'Anchoring' Mode:  In the anchoring mode, it takes 10 minutes to 'anchor' to the asteroid.  It then takes 15 minutes for both astronauts to get out of their seats in the SEV, into their space suits, climb off of the SEV, and get their field exploration tools together before they can begin their scientific exploration.  Once the scientific exploration at the site is completed, it takes an additional 15 minutes, to stow tools and samples, get on the SEV, get out of the space suit and back into the SEV.  Finally, it takes an additional 10 minutes to detach from the anchor, and prepare to 'fly' to the next exploration site.  For example, if you want to scientifically explore an area for 1 hour, your total mission time in that area will be 1 hour and 50 minutes, including all anchoring and pre-and post-EVA activities.
Flight Rule 5 - 'Anchoring' Mode:  The SEV can move at a rate of 30 meters per minute between anchoring locations.
Flight Rule 6 - 'Free-flying' Mode: In the free-flying mode, it takes 15 minutes for one of the astronauts to get out of his/her seat in the SEV, into a space suit, climb off of the SEV, get their field exploration tools together, and attach themselves on the robotic arm before the crew can begin their scientific exploration.  However, once on the robotic arm, the astronaut can stay in his/her spacesuit, while the other astronaut 'flies' the SEV to another site of interest. Once the scientific exploration at the asteroid is completed, it takes an additional 15 minutes for the astronaut conducting EVA, to stow tools and samples, get on the SEV, get out of the space suit and back into the SEV.  For example, if you want to scientifically explore an area for 2 hours, your total mission time in that area will be 2 hours and 30 minutes, including all pre- and post-EVA activities.
Flight Rule 7 - 'Free-flying' Mode:  The SEV can move at a rate of 15 meters per minute in the 'free-flying' mode, while an astronaut is on the end of the robotic arm.

Flight Rule 8:  Because exploration simulations at Hot Dog Hill occur on Earth and the SEV has to drive across the ground, some terrain is too steep or rough for the SEV to travel across, while other less-rough terrain only requires the SEV to drive more slowly.  See the Hot Dog Hill Terrain Hazard Map for details of these areas.
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GRADE LEVELS


4th – 9th





CONNECTION TO CURRICULUM


Science, Geography, Mathematics





TEACHER PREPARATION TIME


Half an hour 





LESSON TIME NEEDED


1-2 hours	Complexity: Moderate
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