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1.0 Abstract 

The work funded under this proposal will demonstrate the ability of combined continuous microgravity and continuous GPS to track magma migration within a  volcanic edifice, to estimate the volatile fraction of that magma, and to elucidate the physical processes at work in the sub-surface.

We propose to install two LaCoste & Romberg gravimeters to record continuously in conjunction with two continuous GPS stations at Long Valley CA. By differencing the gravity measurements from the two sites, we should be  able to significantly reduce the common mode local effects such as those from the water table. The combination of the gravity difference with the geometric deformation data from the GPS stations will allow the separation of the effects of height change and mass transfer and interpretation in terms of sub-surface processes such as volatile fraction of the magma, and addition or withdrawal of magma during inflation or deflation.

Combining deformation data with gravity changes will permit estimation of the density of the magma. From the density, the fraction of volatile components can be estimated. On andesitic volcanos with more viscous magma, larger fractions of volatiles often imply higher explosivity.

An increase in density in combination with deflation at a volcano, may indicate closure of voids and may be a precursor to magma chamber roof collapse leading to significant eruptive activity [Gottsmann & Rymer 2002].

This proposal uses continuous GPS data and continuously recording gravimeters for a proof of concept study. It is conceivable that in the future the task could be done using InSAR and a quantum gravity gradiometer in either a low earth orbiter or an airborne configuration.

Information such as provided by this study could lead to improvements in the ability to predict an impending eruption, facilitating disaster mitigation.
2.0 Technical Plan

The primary goal of this project is to measure mass and volume transfer within a volcano, to better understand the physical process of magma transfer and emplacement. We presume that understanding this process will enable better prediction of eruptive activity.

2.1 Research Objectives 

This project will use continuous GPS and gravity data from co-located GPS receivers and gravimeters to track mass transfer under Long Valley California. Two continuous GPS sites will be instrumented with continuously recording gravimeters. GPS data by itself can monitor three dimensional displacements of the monument. Gravity measurements  are sensitive to both changes in elevation and changes in mass distribution. The use of two gravimeters at sites separated by 10-30 km will allow  common mode noise sources to be reduced through differencing. Mass transfer at depths less than the station separation will have enhanced signatures in the difference. Methods proposed here should result in measurement of relative gravity changes at periods of minutes to years with a resolution of 10 gal or better. The combination of GPS and gravity will  allow separation of the effects of change of height and change in mass. This will allow improved understanding of the migration and composition  of magma within the Long Valley caldera.

The techniques developed here will be directly applicable to other volcanic regions and can aid in assessing the likelihood and character of an eruption. 

2.1.1 Previous Work

Gravity and deformation measurements have been used by several investigators to learn about magma migration in active volcanic regions. (eg Jachens & Eaton, 1980; Berrino et al 1992; Rymer 1989; Dzurisin et al. 1980; Johnson 1992; Rymer, 1994; Rymer, 1995, 1999; Fernandez et al. 2001; Gottsmann & Rymer 2002, Battaglia et al. 1999)

Rymer (1994) and Rymer & Williams-Jones (2000) summarize the state of the art, and provide a review of the theoretical foundation upon which microgravimetric monitoring of volcanos is based. Temporal changes in gravity at active volcanos typically are in the range of 100-300 gal per "event". As magma flows into the edifice of a volcano, either passively filling up existing voids, or forcing its way in under pressure, both the local gravity field, and the local surface deformation field are affected. As subsurface mass is increased by the addition of magma, assuming the height of the station does not change, the local acceleration of gravity is increased. As the edifice swells, and the station moves up, gravity is decreased according to the free air gradient (typical FAG = -308.0 gal/m). The extent to which gravity and station elevation are affected is dependent upon the quantity of magma flowing in (or out), the degree to which it is filling pre-existing voids, the relative densities of the country rock and magma, the location, size, and shape of the magma system, the geometry of the structure of the edifice, and the mechanical properties of the volcanic edifice.

Battaglia et al. 1999 used a combination of gravity and geodetic data at Long Valley to deduce that the specific gravity of material intruding under the resurgent dome must be between 2.7-4.1, thus ruling out the possibility that the uplift is due to either just thermal expansion or pressurization of the hydrothermal system. Fernandez et al (2001) demonstrated that interpretation of either deformation data or gravity data separately can yield incorrect interpretations concerning the volume change, the depth of the change, and the density change whereas using both together produces a more reliable result.

Most of the work to date on measuring microgravity variations around  volcanos has been done with portable instruments visiting multiple sites multiple times in episodic surveys. This mode of operation yields good spatial coverage, but very limited temporal coverage. Jachens & Eaton (1980) noticed that gravity changed during the first part of a survey following the onset of eruption at Kilauea in 1975. Rymer (1984) also reported variations of gravity during a survey of Poas Volcano in Costa Rica. This study would be complementary in that it examines the temporal changes much more closely at two sites in an active volcanic region. The gravity signatures of deformation events lasting hours to days have never been investigated at Long Valley, and very little has been done in this frequency band at other volcanos.

J. M. Goodkind operated a continuously recording superconducting gravimeter for a time at HVO on top of Kilauea (Goodkind & Young, 1990). Their main conclusion was that environmental effects must be identified and measured, particularly ground water. This study hopes to address this issue by 1) running two instruments and looking at the differential gravity, and 2) measuring precipitation and ground water.

Jachens and Roberts (1985) and Roberts (1988) describe the results of annual microgravity surveys undertaken by the USGS at Long Valley in the early 1980s.  Battaglia et al (2001a, 2001b) used these data, gravity data collected in 1998 and 1999, and geodetic data to model the sub-surface volume and density changes.

2.1.2 Why this work should be done at Long Valley

We propose to carry out this work at Long Valley because it is geophysically interesting, it is a place which already has a significant infrastructure built up for measuring deformation, and it is logistically accessible to us. The presence of an existing network of GPS receivers, at least one of which (HOTC) has a nearby water monitoring well is an invaluable asset. Our continuous gravity measurements will be set in the context of 20 years of prior geodetic and infrequent gravity measurements. We can drive to the field area, keeping field costs to a minimum.

2.1.3 Why two gravimeters are required

Two gravimeters are required for this experiment because we will look at the spatial gradient of gravity. This requires two instruments. We will look at gradients because we anticipate that the signals of interest will be larger in the gradient than in the individual point measurements from one gravimeter.

Another reason to require two gravimeters is that we are interested in tracking the migration of magma. With one gravimeter, we could tell that magma came into or went out of a given reservoir under the station, but could say nothing about where it came from or where it went. With two gravimeters in the right locations, we can demonstrate that as one area is losing mass, another is gaining a similar mass. While our understanding of magma migration routes at Long Valley may not be detailed enough to permit us to site our instruments advantageously for this, none the less the concept is still valid and could be of use on future volcanos after the technique is demonstrated. 

2.2 Relevance of proposed work

This proposal addresses the NASA research announcement in several ways. Under the Volcanic Hazards section (B.1.c of Appendix A of the announcement) we are “using geodetic techniques to understand the geologic controls on eruption processes, [and] …. The nature of magmatic plumbing systems”.  Under the applications of SRTM and GPS networks section (B.2.b) we are expanding the utility of continuous GPS networks  such as SCIGN. Finally, we are developing, characterizing, and demonstrating a tool which will help answer the question “What are the dynamics of the Earth and the Earth’s interior, and what information can be inferred about Earth’s internal processes?” 

The experience and capabilities developed in this project can be applied to other volcanos around the world. Volcanos with larger contrasts between country rock and magma (such as andesitic volcanos around the Pacific Rim) would be expected to have larger gravity signatures. Since we anticipate being able to estimate the volatile fraction of the magma, we should be able to estimate the explosivity of a potential eruption for an andesitic volcano.

Orbital gravity missions which are in the preliminary instrument development stage may have the sensitivity to be able to resolve the necessary gravity signals from low earth orbit. The quantum gravity gradiometer under development at JPL is projected to have a sensitivity of 10-9 E or better. (Clauser, 2001) It uses a Bose-Einstein Condensate of atoms cooled to near absolute zero in a magnetic trap. The shape of the condensate can be related to the diagonal components of the gravity tensor. Clauser (2001) calculates that such an instrument in a 200 km orbit should be able to detect mass changes of 3x108 kg though localizing the mass change will be limited to scales similar to the orbital height. For comparison, Battaglia et al (2001b, 1999) estimate that the mass change under Long Valley from 1982-1999 was 2.3x1011 kg.

The combination of GPS and gravity data will allow an estimate of the density of the magma, and hence the volatile content.

Williams-Jones and Rymer (2001) modeled g/h over a volcanic edifice and predicted that it should evolve as a volcano progresses from inactivity through persistent activity to explosive eruption. Gottsmann and Rymer (2001) showed that deflation can lead to collapse of the roof of a magma chamber, followed by explosion, and that g/h goes through a characteristic evolution leading up to the collapse.

2.3 Anticipated Results

This proposal seeks to first demonstrate that it is possible to measure differential microgravity variations in time to within 10 gal using continuously recording LaCoste & Romberg gravimeters. 

We will obtain two years of continuous microgravity for combination with continuous GPS deformation at Long Valley. We believe that two years is desirable because we anticipate that there will be annual signals in the data that we wish to accurately characterize.

This data will be interpreted in terms of mass and volume change and used to refine models of the "plumbing" of Long Valley, and to estimate the density and hence volatile fraction of magma under the stations.

2.4 Detailed Work Plan

The overall task of measuring gravity and deformation changes can be broken down into several sub-tasks. In broad view, the tasks to be accomplished are to 

1. refurbish two suitable gravimeters

2. characterize the relative drift rates 

3. design a measurement schedule 

4. design and build a gravity station next to a GPS station

5. install the gravity meters and atmospheric pressure gauges

6. have the FG5 absolute gravimeter based at NOAA in Boulder Colorado visit both sites twice per year.

7. interpret measured gravity changes and deformation from GPS in terms of tectonics of the volcano and magma composition.

2.4.1 Obtain two suitable gravimeters 

We have been fortunate in identifying 3 gravimeters which can  be used for this project. One of the co-investigators (Roswitha Grannell) has control of 2 meters: a LaCoste & Romberg model D and model G. A third gravimeter, a model G meter which can be used for the three year duration of the project, belongs to Harvey Mudd College and is under the control of another co-investigaor (Greg Lyzenga).  These gravimeters must be returned to the factory for servicing. In addition, the two model G meters need to be fitted with an electronic feedback unit, a double oven, electronic levels, and variable  damping  to make them suitable for this project. Given that the cost of a new unit is about $45K, and the cost of servicing and retrofitting the existing one is about $15K, this represents a significant cost savings.  In addition, older instruments typically have lower drift rates than new instruments, so they would be better suited to our needs. We anticipate using the two model G meters as the stationary instruments, and to use the model D meter to carry out the periodic gravity ties.

Characterize the relative drift rates 

In order to make relative gravity measurements between the two continuously recording gravimeters, it is necessary to remove the relative instrumental drift. An individual meter may have a drift rate of several tens of gal per day (Mark Holiday, LaCoste & Romberg pers. comm.).  The drift will be removed by periodic comparison between the two locations using a third gravimeter. In addition, the two stations will be visited twice per year by the FG5 absolute gravity machine based at NOAA in Boulder Colorado. These two visits will remove long-term, common-mode apparent gravity changes at the two sites.

Another way the drift might be dealt with would be to periodically swap the meters. This would allow us to do the experiment with only 2  gravimeters,but would have a drawback in that the meters would need to be disturbed at each move. Since a third gravimeter is available, we prefer to use it to tie between the two stationary gravimeters.

A major issue which must be settled is to determine the required frequency of the periodic tie between the two stations using the third  gravimeter.  If it is not done frequently enough it will not be possible to meet the goal of 10 gal accuracy. The required frequency will be determined by the linearity of the relative drift of the two meters, and is impossible to predict accurately beforehand.

To determine the required frequency of the tie, the gravimeters will be run side by side for a period of 4 to 6 months prior to being deployed to their respective stations. The resulting time series will be subtracted, and the required tie interval will be determined from inspection of the spectra of the differenced series.We anticipate that this task will take 4 to 6 months after we have both gravimeters in hand. We expect to use the two model G meters as the stationary receivers, but will evaluate all three receivers together, and will use the two with the most linear drift rates for the stationary receivers.

2.4.2 Design a tie measurement schedule

Armed with a knowledge of the spectra of the differenced series, a frequency of repetition of the tie will be chosen such that  the relative instrumental drift can be characterized by a linear polynomial in time. The interval must be short enough that the second and higher order terms contribute less than 1-3 gal between tie  measurements.

Another issue is the possibility of a change in the calibration (gain) of the gravimeters while they are recording at their separate locations in Long Valley. Sudden calibration changes of up to 0.1% have been observed in a LaCoste & Romberg model G meter (Carbone, 1999). If the calibration of one of the instruments changes, then a given change in gravity will be measured differently at the two stations. Given the size of the expected changes in gravity (150-300 gal) and our anticipated resolution (10 gal), a 0.1% change in calibration should not produce a noticeable effect (0.1% of 300 gal = 0.3 gal; 30 times less than the resolution we plan to achieve.) If a calibration  change large enough to be noticed in our data were to occur, we should be able to detect it as a change in the amplitude of the gravity tide. In addition, the program of tie measurements using a third gravimeter left to run for a few days at each site, and also the twice yearly visit from the absolute G machine should help detect and minimize the effect of calibration changes in our time series. The third meter will be periodically calibrated against the stations visited by the absolute G machine.

2.4.3 Design and build a gravity station next to a GPS station

This project will use existing or planned continuous GPS stations to provide the deformation data. This will avoid the costs of installing the GPS stations and minimize the logistics of getting landowner permission. A pier, shelter, and source of power will have to be installed for the stations. Power will come from solar cells and batteries. Communication will be via freewave modem which will be shared with the GPS station. The stations must be built such that the absolute gravity machine can visit them. This task can happen in parallel with the previous tasks, such that the stations are ready to receive the gravimeters as soon as the drift rate comparison is finished.

An important noise source for microgravity measurement is often the local water table (eg Goodkind 1990). We will locate the instruments near  wells that can be used to monitor ground water levels or alternatively will drill our own well. At least one GPS station (HOTC) is in fact located near a well that may be suitable. The primary difficulty with drilling a new well is the cost. In addition, local rainfall and runoff measurements will be made to infer the water table level. The fact that there will be two gravimeters may ameliorate the rainfall problem. To the extent that the water table fluctuation is the same at both instruments, the rainfall signal will be diminished in the gravity difference between the two stations.  

It also may be possible to do something a little more clever than straight differencing of the gravity series. If for example the water table variation at one site maintains a constant amplitude and phase relation to the water table at the other site, it will be possible to perform a filtering operation on the first series before subtracting in order to remove the water table signal more completely.

Another approach we will investigate will be to calculate the admittance function between the water table as measured in a monitoring well near the gravity station and the gravity signal. The admittance function should be interpretable in terms of the porosity of the subsurface material. This approach is made possible only because we plan to record gravity and water level continuously.

We anticipate placing the two gravimeters inside sealed, insulated boxes with as low humidity as possible. There is some indication that humidity may be an important contributor to instrumental drifts (Michael van Ruymbeke, Obs. Royal de Belgique, pers comm. 1996). The humidity will be controlled by housing the instrument inside a sealed, heated container with a large supply of desiccant.

2.4.4 Install gravimeters,  atmospheric pressure gauges, and water level gauges

When the gravimeters are installed in their respective stations, an atmospheric pressure gauge and both instrument and outside air temperature gauges will be installed. The data from these gauges will be used to reduce the environmental effects on the data. The atmospheric gauge could also be used in conjunction with the GPS data for estimating the precipitable water from the GPS estimates for tropospheric delay. Water level gauges will be installed in wells near each station. This task should require a few days of dedicated work as soon as the relative drift rates are known, and the sites prepared.

2.4.5 Arrange visits by absolute gravimeter

The FG5 absolute gravimeter based at NOAA in Boulder Colorado is available (Sasagawa & Bilham, 1994) and will be brought to Long Valley twice per year to allow removal of long period instrument calibration variations. This gravimeter is available for scientific research for the cost of the air freight to bring it to Long Valley. The PI (Hurst) will be trained in its use during the second trip to Boulder to retrieve the gravimeters from TMGO.

Due to the active geology of Long Valley, a stable gravity reference is difficult to attain. The absolute gravimeter will allow the relative measurements made with the LaCoste and Romberg instruments to be tied to an absolute reference and will thus permit the removal of long period instrumental drifts. It is anticipated that 4 to 5 sites will be visited by the absolute gravimeter: the two stations in this proposal, plus two or three others for purposes of calibration of the third (and other) gravimeters.The absolute G machine will be scheduled to arrive in Long Valley after the sites have been prepared. 

2.4.6 Interpret gravity and deformation measurements

The continuous GPS measurements and gravity measurements will be modeled with volumetric and mass changes within the volcano. Previous studies interpreting microgravity changes at volcanos have calculated volumetric change of the volcano using only elevation change data (e.g. Gottsmann & Rymer 2002, Rymer, 1989, Jachens & Eaton 1980) assuming that station displacements were straight up. This assumption was necessitated by the fact that these studies used leveling data that was not sensitive to horizontal station displacements. GPS will provide all 3 components for each station.

Three dimensional finite element, as well as more conventional elastic half space inversion methods under development at JPL will be used to model the data. These models will be compared to Mogi type sources using just deformation, just gravity, and a combination of both gravity and deformation measurements.

The three dimensional finite element modeling capability represents a significant leveraging of this project from the GEM project. This advanced capability represents several years of development work by multiple people.

2.5 Method for the Distribution of Results

We will distribute our results via per-reviewed literature, and also make our data available on the web.
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4.0 Management Plan

4.1 Roles and Responsibilities of Investigators and Collaborators
Kenneth Hurst will serve as principal investigator for the proposal. He will have overall responsibility for the direction of the work. He has lead the development and distribution of the GIPSY-OASIS II GPS analysis software.

Hazel Rymer of the Open University in the United Kingdom, is a co-investigator on the project. She has had considerable experience applying microgravity and deformation measurements to understanding volcanos. In 1989 she reported the first unambiguous microgravity precursor to a volcanic eruption at Poas volcano in Costa Rica. She will collaborate in the data interpretation and will also assist with the design of the the experiment.

Roswitha Grannell of California State University Long Beach will be a co-investigator on the project. She has extensive experience with repetitive precision gravity surveys. She will help with the initial experiment design and lead the task to do the gravity ties between the stationary instruments.

Greg Lyzenga of Harvey Mudd College in Claremont California and the Jet Propulsion Laboratory in Pasadena California, will be a co-investigator on the project. He has worked on viscoelastic deformation modeling and using finite element methods to model tectonic deformation. He will assist with interpretation of the data.

John Langbein of the USGS in Menlo Park will be a collaborator on the project. He is intimately familiar with the deformation measurements being carried out at Long Valley. He will assist with the experiment design, permitting issues, and the selection of GPS sites that will be suitable for our experiment. He will assist with the interpretation of the data.

An undergraduate student from CSULB will be involved in the gravity tie measurements and reduction under the direction of Roswitha Grannell. Another undergraduate student from Harvey Mudd College will be involved in the modeling of the gravity and deformation measurements under the direction of Greg Lyzenga. Funds from this project will support both students while in the field and will provide a stipend. 

4.2 Anticipated Support
Dr. Greg Lyzenga, of Harvey Mudd College is contributing the loan of a LaCoste and Romberg model G gravimeter. Dr. Roswitha Grannell of the California State University, Long Beach is contributing the loan of a LaCoste and Romberg model G and a model D gravimeter. The two model G meters will require servicing and installation of an electronic feedback unit and other options to make them capable of carrying out the measurements we need to make. The model D meter will only require the normal long term maintenance. The contribution of these meters is a huge cost savings to the project. A single new meter would cost in the vicinity $45K each. The necessary upgrades and service fees for all 3 meters are expected to total $43K

We have discussed the use of a piece of a gravity pier at Table Mountain Gravity Observatory with Doug Robertson from TMGO. He has indicated a willingness to allow us to use the facilities at TMGO for the purposes of running the two gravimeters side by side for 2-6 months. TMGO is  a good place for this because it is known to be a quiet site,  and there are other gravimeters there including at least one superconducting gravimeter which records continuously.

Adequate computer resources for this project exist at JPL, Harvey Mudd, CSULB, and Open University.

This proposal will require timely access to the precise GPS orbits and clocks which are produced at JPL and to GPS data from the continuous GPS networks in Long Valley. Access to the orbits will be straightforward since they are available routinely via anonymous FTP. Hurst is involved in the analysis of the SCIGN data and can easily extend that analysis to include more GPS stations around Long Valley as necessary.

4.3 Schedule for Reporting Results

We anticipate a GRL type publication about what we learn from the gravimeter stability tests that will be submitted at the end of the first year. A longer publication summarizing the entire project and detailing what we have learned will be submitted near the end of the project.

Reports will be made to NASA as required.

THIS PAGE INTENTIONALLY LEFT BLANK

5.0 Cost Plan
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6.
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a.  Anticipated amount : 

b.  Amount used to reduce budget

8.

Total Estimated Costs

$192.4

 XXXXXXX
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*Facilities and Administrative Costs



Year 1  Budget Summary
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The supplies and equipment list has, I believe, been justified within the body of the proposal and does not require further justification here.

The absolute G machine and ancillary equipment weigh 755 kg. The budget contains funds to send it air freight to Reno Nevada and back to Boulder.

Occupation of each mark by the absolute gravimeter requires 3 days, with one day to move between sites. If we occupy 4 sites (2 of our gravity stations, 1 at a near by lower elevation, and 1 near the top of the road above Lee Vining) we anticipate that it will take 16 days of measurements  plus 2 days at the start and 2 days at the end for unpacking and repacking the equipment for a total of 20 days.

The table below gives the breakdown on travel funds for each trip, who will be taking the trip, and the purpose of the trip.

	Number of trips
	Number of days
	Person
	Destination and Purpose
	$K each
	$K

	
	
	
	1st Year
	
	

	1
	4
	Hurst
	Long Valley Select two sites
	1
	1

	1
	4
	Rymer
	Long Valley, Select two sites
	2.5
	2.5

	1
	4
	Grannell
	Long Valley Select two sites
	1
	1

	1
	4
	Langbein
	Long Valley Select two sites
	0
	0

	1
	4
	Lyzenga
	Long Valley Select two sites
	1
	1

	1
	15
	Hurst
	Long Valley Prepare 2 sites
	2.2
	2.2

	1
	3
	Hurst
	Boulder Start meters running at TMGO
	0.6
	0.6

	1
	3
	Hurst
	Boulder Retrieve meters running at TMGO
	0.6
	0.6

	1
	7
	Hurst
	Long Valley Install meters, initiate Abs G measurements
	1.5
	1.5

	1
	7
	Rymer
	Long Valley Install meters, initiate Abs G measurements
	2.5
	2.5

	1
	20
	TBD
	Long Valley Absolute G measurements
	3.5
	3.5

	1
	4
	TBD
	San Francisco, Present results to AGU meeting
	1.5
	1.5

	3
	3
	TBD
	Long Valley Gravity tie measurements
	1
	3

	
	
	
	TOTAL 
	
	20.9

	
	
	
	2nd Year
	
	

	2
	20
	TBD
	Long Valley Absolute G measurements
	3.5
	7

	8
	3
	TBD
	Long Valley Gravity tie measurements
	1
	8

	1
	6
	Rymer
	Long Valley consultation
	2.5
	2.5

	
	
	
	TOTAL 
	
	17.5

	
	
	
	3rd Year
	
	

	2
	20
	TBD
	Long Valley Absolute G measurements
	3.5
	7

	8
	3
	TBD
	Long Valley Gravity tie measurements
	1
	8

	1
	4
	TBD
	San Francisco, Present results to AGU meeting
	1.5
	1.5

	
	
	
	TOTAL 
	
	16.5


The salary included in the budget is best justified by describing the work to be done and the anticipated level of effort for each task.

	Task
	Description
	Work Hours

	
	1st Year
	

	1
	Get gravimeters sent to L&R and ready for the field
	16

	2
	Characterize the relative drift rates
	40

	3
	Design a measurement schedule
	10

	4
	Design and build gravity stations next to GPS station
	

	
	    PI
	80

	
	    Assistant
	160

	5
	Install gravimeters
	40

	6
	Coordinate visits by absolute gravimeter
	32

	7
	Gravity ties
	48

	8
	Interpret gravity and deformation results
	120

	
	2nd Year
	

	7
	Gravity ties
	144

	8
	Interpret gravity and deformation resuts
	240

	9
	Maintenance
	80

	
	3rd Year
	

	7
	Gravity ties
	144

	8
	Interpret gravity and deformation resuts
	240

	9
	Maintenance
	80


Task 1, obtaining two suitable gravimeters and administering the proper configuration of them should require only a small amount of effort to carry out.  Sixteen hours time should be adequate to accomplish this task.

Task 2, characterizing the relative drifts, requires setting up the meters in a suitable environment, recording data for several months, and then calculating the spectrum of the differenced signal.  A site with a stable temperature, easy access, a suitable and stable pier to set the meters on, and data logging capability are required. We plan to use a gravity pier at Table Mountain Gravity Observatory (TMGO), near Boulder Colorado for this test. We have estimated 40 hours of work to complete this task.

Task 3, designing a measurement schedule should be fairly quick once the spectrum from task 2 is in hand. We estimate that this should be accomplished with 10 hours of work.

Task 4, Design and build a gravity station next to a GPS station is expected to require a major effort. Since we will be trying to push the envelope to see what is possible, we must pay careful attention to the details of construction which could affect the data quality. The station must be designed such that the meter is solidly supported on the pier, yet isolated from temperature, humidity, and possibly pressure variations. There must be room for a second gravimeter, and accommodation for the absolute G machine. We have estimated 80 hours of work by the PI, and 160 hours of work by an assistant.

Task 5, installing the meters, will involve both the physical installation of the meters, and checkout of the telemetry and data collection from the gravimeters and other gauges at each site. Typically these sorts of tasks require a small amount of trouble shooting at the beginning to get everything running smoothly together. We have estimated 20 hours effort for each of the two sites, or 40 hors total.

Task 6, is to coordinate the visit by the absolute G machine. The PI plans to meet the machine in Long Valley for the initial measurements. We have allocated 32 hours to accomplish this task.

Task 7, gravity ties, involves using the third meter to tie between the two continuous meters. We have not yet designed the schedule for doing this, because we have not collected the data to characterize the noise spectrum. None-the-less, for budgeting purposes, we plan one 3 day trip every 2 months. Since the instruments will not be there till the end of the first year, the first year has less resources allocated than does year 2 or 3.

Task 8, interpreting the gravity and deformation measurements, will be started in the first year and will be the main task for the second and third years. We will have to understand all the features in the data as best we can, and try to model the data with migrating magma in the volcano. We have estimated that we will spend 120 hours in the first year and 240 hours (6 weeks) in the second year. 

Task 9, maintenance will be carried out from time to time as necessary. We have allocated 2 trips from LA to Long Valley each year for maintenance. Some maintenance, particularly preventive maintenance, can also be done during the trips to do the gravity ties.

Cost Estimation Rates and Factors/JPL Cost Accumulation System 10/10/01

The NASA prime contract—NAS7-1407—is a Cost Reimbursable Award Fee type instrument. All costs incurred are billed to the Government on a 100% reimbursable basis. The costs to be charged for the proposed work must be consistent with con​tractual provisions and established procedures for costing under the current contract between NASA and Caltech. All charges developed at the Labora​tory, including JPL applied burdens, are billed to the Government as direct charges at the rates in effect at the time the work is accomplished. Gov​ernment audit is performed on a continuing basis by a Defense Contract Audit Agency team in resi​dence.

Distributive Cost Rates and Factors

JPL defines distributive costs as cost elements not directly identifiable with a specific sponsor funded task. Major classifications under this category include: (1) Allocated Direct Costs; (2) Multiple Program Support; (3) Employee Benefits; and (4) Service Centers.

1.
Labor Fringe Rates - Employee Benefits   

The accumulation process applies JPL employee benefits on a composite basis. Cost estimates will apply benefits as a percentage of total straight-time wages, salaries, and overtime. Functions and activities covered by this rate include paid leave, vacations, and other benefits including retirement plans, group insurance plans, and tuition reimbursements.

2.
Desktop and Network Service (DNS)/Telephone    

Desktop and Network Service (DNS) links each personal computer to an individual employee or accountable contractor. The DNS billing process occurs monthly. Time charges generated by an individual during the month are the basis of the cost allocation to specific projects or tasks. The billing process allocates charges to an account worked on a proportional basis unless otherwise requested.  This same process is used collect costs for telephone billing.

3.
Multiple Program Support (MPS) Factors   

The MPS Rate applies costs for program management and technical infrastructure. Cost estimates and application will apply the composite rate to all program direct hours charged to projects managed by JPL.

4.
Allocated Direct Cost Rates (ADC)   

ADC rates contain cost elements benefiting multiple work efforts, including Project Direct, MPS, and Support and Services activities. Rate applications for cost estimates are specific to the given category as stated below.

a. Engineering and Science (formally Labor ADC).  Applied as a rate per JPL and accountable contractor straight-time and overtime workhours on Project Direct, MPS, and Service Center activities.

 
 b.
Procurement

(1) Subcontract.  Applied as a percentage of contracted invoice costs related to subcontract  defined articles or activities.

(2) Purchase Order.  Applied as a percentage of direct procurement invoice costs related to purchase order defined articles or activities.

c.         General.  Applied as a percentage of all costs except General pool costs  

              on direct projects.

5.
R&D Program Charge.  JPL applies the R&D Program Charge to cost estimates for reimbursable research and development funding (appropriations) to the extent the task utilizes such funds. JPL defines all non-government funding as R&D funds. Cost estimates will include this charge to

all appropriate new activities, and when revisions to the scope of work change the baseline estimated total cost. 

Cost estimates will include the R&D Program Charge by applying the rate (percentage which is annually determined) to the sum of  total direct and allocated direct costs for the cost estimates that are $250,000 or more.

This is a charge taken by JPL. It is the responsibility of the Contract Management Office to determine the appropriate R&D Program Charge for each new cost estimate including any revisions involving reimbursable R&D funding.

6.
Award Fee

 Sponsors placing funds on contract contribute a percentage of task order dollars to the award fee. The local NASA Management Office determines the rate (percentage) annually. NASA applies the rate (percentage) to the funding available net of the CAAS charge.

7.
NASA G&A.  NASA applies this charge to reimbursable work. The basis for this rate is total reimbursable cost (including DRDF and Award Fee) less CAAS charges.

8.
NASA Contract Administration and Audit Services (CAAS) Charge   

NASA applies this charge. NASA sets the actual charge through application of the published schedule to the total reimbursable dollar value shown on the Resource Authority Warrant (#506A or #822). This is a non-refundable amount based upon the total agreement value (task plan cost estimate) and will be charged on each order. If the total reimbursable estimate value is increased, the CAAS charge will be recalculated and the customer charged accordingly. 

All reimbursable efforts whose total estimated costs exceed $250,000 will be subject to Award Fee and R&D charges as described above.
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6.0 Summary of current and pending support

	Current and Pending Support

	(See GPG Section II.D.8 for guidance on information to include on this form.)

	The following information should be provided for each investigator and other senior personnel.  Failure to provide this information may delay consideration of this proposal.

	
	Other agencies (including NSF) to which this proposal has been/will be submitted.

	Investigator: Kenneth Hurst
	None

	

	Support:
	 FORMCHECKBOX 
 Current 
	 FORMCHECKBOX 
 Pending 
	 FORMCHECKBOX 
 Submission Planned in Near Future 
	 FORMCHECKBOX 
 *Transfer of Support 

	
	
	
	
	
	
	
	

	Project/Proposal Title: Detection and analysis of time-dependent Earthquake and Volcanic processes using space geodesy


	

	In collaboration with Paul Segall at Stanford (lead) and Jeff McGuire at WHOI

	

	

	Source of Support:  NASA



	

	Total Award Amount:  $81.1K (JPL portion)


	Total Award Period Covered: 02-05

	

	Location of Project:  JPL



	

	Person-Months Per Year Committed to the Project.
	1.3


	Cal: 
	Acad: 
	Sumr:  

	

	Support:
	 FORMCHECKBOX 
 Current 
	 FORMCHECKBOX 
 Pending 
	 FORMCHECKBOX 
 Submission Planned in Near Future 
	 FORMCHECKBOX 
 *Transfer of Support 

	
	
	
	
	
	
	
	

	Project/Proposal Title:Understanding sub-surface volcanic processes using continuous differential microgravity and continuous GPS


	

	

	

	

	Source of Support:  NASA



	

	Total Award Amount:  $362k


	Total Award Period Covered: 02-05

	

	Location of Project:  JPL, UCLB, Open University



	

	

	Person-Months Per Year Committed to the Project.
	2.3


	Cal: 
	Acad: 
	Sumr:  

	Support:
	 FORMCHECKBOX 
 Current 
	 FORMCHECKBOX 
 Pending 
	 FORMCHECKBOX 
 Submission Planned in Near Future 
	 FORMCHECKBOX 
 *Transfer of Support 

	
	
	
	
	
	
	
	

	Project/Proposal Title:Time series pattern recognition for classifying seismicity records and geodetic sensor trajectories


	

	

	

	

	Source of Support:  NASA



	

	Total Award Amount:  $307K


	Total Award Period Covered: 02-04

	

	Location of Project:  JPL



	

	Person-Months Per Year Committed to the Project.
	1


	Cal: 
	Acad: 
	Sumr:  

	*If this project has previously been funded by another agency, please list and furnish information for immediately preceding funding period.

	NSF Form 1239 (10/99)
	
	
	
	
	USE ADDITIONAL SHEETS AS NECESSARY


[image: image7.wmf]Description/Detail --Services/Supplies/Equipment

1st Year

Quantity

Services, Supplies and Equipment

$K each

$K

2

Retrofit of existing L&R G meters SN 407 & 803

20

40

2

   Aliod 100 feedback system

15

30

2

     Liquid electronic levels

3

6

2

     G-meter long term servce

2

4

1

D-Meter long term service

3

3

2

Laptop computers and software for data logging

3

6

2

Paroscientific absolute pressure ATM + T gauge

1

2

2

Water level gauge

1

2

2

Temperature gauges

0.3

0.6

2

Freewave radio modem

1

2

2

Solar cell / battery system

3

6

1

Assistance with experiment and gravity ties

10

10

2

Materials for gravity piers & buildings

4

8

1

Labour for building piers & buildings

3

3

1

Computer System Administration, phone etc

5

5

Travel

9.3

17.4

6

3-4 day Round trip LA to Long Valley (car+perdiem)

1

6

1

7 day Round trip LA to Long Valley 

1.5

1.5

1

15 day Round trip LA to Long Valley

2.2

2.2

2

LA to TMGO in Boulder

0.6

1.2

2

Round trip UK to Long Valley

2.5

5

1

Attend AGU in San Francisco

1.5

1.5

Freight

1

1663 lbs airfreight for Absolute G machine

1

1

TOTAL 1st Year

2nd Year

Services, Supplies and Equipment

1

misc repair parts

2

2

1

Computer System Administration, phone etc

5

5

1

Assistance with experiment and gravity ties

10

10

Freight

2

1663 lbs airfreight for Absolute G machine

1

2

Travel

3.5

10.5

8

Round trip LA to Long Valley (car+perdiem)

1

8

1

Round trip UK to Long Valley

2.5

2.5

3rd Year

Services, Supplies and Equipment

1

misc repair parts

2

2

1

Computer System Administration, phone etc

5

5

1

Assistance with experiment and gravity ties

10

10

Travel

2.5

9.5

8

Round trip LA to Long Valley (car+perdiem)

1

8

1

Attend AGU in San Francisco

1.5

1.5

Freight

2

1663 lbs airfreight for Absolute G machine

1

2


	Current and Pending Support

	(See GPG Section II.D.8 for guidance on information to include on this form.)

	The following information should be provided for each investigator and other senior personnel.  Failure to provide this information may delay consideration of this proposal.

	
	Other agencies (including NSF) to which this proposal has been/will be submitted.

	Investigator: Roswitha Grannell
	None

	

	

	Support:
	 FORMCHECKBOX 
 Current 
	 FORMCHECKBOX 
 Pending 
	 FORMCHECKBOX 
 Submission Planned in Near Future 
	 FORMCHECKBOX 
 *Transfer of Support 

	
	
	
	
	
	
	
	

	Project/Proposal Title:Understanding sub-surface volcanic processes using continuous differential microgravity and continuous GPS


	

	

	

	

	Source of Support:  NASA



	

	Total Award Amount:  $292k


	Total Award Period Covered: 02-05

	

	Location of Project:  JPL, UCLB, Open University



	

	Person-Months Per Year Committed to the Project.
	1


	Cal: 
	Acad: 
	Sumr:  

	*If this project has previously been funded by another agency, please list and furnish information for immediately preceding funding period.

	NSF Form 1239 (10/99)
	
	
	
	
	USE ADDITIONAL SHEETS AS NECESSARY


	Current and Pending Support

	(See GPG Section II.D.8 for guidance on information to include on this form.)

	The following information should be provided for each investigator and other senior personnel.  Failure to provide this information may delay consideration of this proposal.

	
	Other agencies (including NSF) to which this proposal has been/will be submitted.

	Investigator: Greg Lyzenga
	None

	

	

	Support:
	 FORMCHECKBOX 
 Current 
	 FORMCHECKBOX 
 Pending 
	 FORMCHECKBOX 
 Submission Planned in Near Future 
	 FORMCHECKBOX 
 *Transfer of Support 

	
	
	
	
	
	
	
	

	Project/Proposal Title:Understanding sub-surface volcanic processes using continuous differential microgravity and continuous GPS


	

	

	

	

	Source of Support:  NASA



	

	Total Award Amount:  $292k


	Total Award Period Covered: 02-05

	

	Location of Project:  JPL, UCLB, Open University



	

	Person-Months Per Year Committed to the Project.
	1


	Cal: 
	Acad: 
	Sumr:  


	*If this project has previously been funded by another agency, please list and furnish information for immediately preceding funding period.

	NSF Form 1239 (10/99)
	
	
	
	
	USE ADDITIONAL SHEETS AS NECESSARY
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7.0 Resumes

Kenneth J. Hurst

ADDRESS:

Home: PO Box 869, Lebec CA 93243,  Cell Phone: [661] 993-2921; email hurst@frazmtn.com
Work: Mail Stop 238-600; Jet Propulsion Laboratory; 4800 Oak Grove Dr.; Pasadena, CA 91109; Phone: [818] 354-6637; fax: [818] 393-4965; email: kenneth.j.hurst@jpl.nasa.gov

EDUCATION:

Columbia University, New York, New York

PhD Geology, October, 1987

    Title of thesis: "The Measurement of Vertical Crustal Deformation"

Columbia University, New York, New York

MPh Geology, 1987








MA Geology, 1982

Earlham College, Richmond Indiana


BA Geology, 1980








BA Physics, 1980

EMPLOYMENT EXPERIENCES:

March 2001-present: Group Supervisor, Data Understanding Systems Group, Exploration Systems Autonomy Section, Jet Propulsion Laboratory

1/2000-12/2001: Part-time Faculty, California State University, Northridge.

1997-2001: Senior Member of the Technical Staff, Satellite Geodesy and Geodynamics Group, Tracking Systems and Applications Section, Jet Propulsion Laboratory.

1990-1997: Member of the Technical Staff, Jet Propulsion Laboratory

1988 - 1989: Post-doctoral Research Scientist - LDGO, Columbia University

1988: Research Assistant - LDGO, Columbia University

1987 -1988: Research Associate - University of Colorado

1987: Professional Research Assistant - University of Colorado

1983 - 1987: Graduate Research Assistant (Seismology) - Columbia University

PROFESSIONAL AFFILIATIONS:

Geological Society of America

American Geophysical Union

Seismological Society of America

National Association of Geoscience Teachers

AWARDS:

Co-recipient of NASA Group Achievement award for

NASA Award for Excellence, April 1996.

Co-recipient of runner-up award in NASA software of the year competition 1995.

Co-recipient of NASA Group Achievement award for Global Positioning System Geodesy Development, Jet Propulsion Laboratory, 1994.

Co-recipient of NASA Group Achievement award for development of the GIPSY-OASIS GPS analysis software Jet Propulsion Laboratory 1992.

Departmental honors in Geology, Earlham College 1980. deformation in the Shumagin Seismic Gap, Alaska, Geophys. Res. Let., 14, 1234-1237, 1987. 

All college honors, Earlham College 1980.

Anna Hubbard Grave, Thomas Clarkson Grave honorary scholarship for graduate work in science, Earlham College 1980.

SELECTED PEER REVIEWED PUBLICATIONS
Hurst, K., D. Argus, A. Donnellan, M. Heflin, D. Jefferson, G. Lyzenga, The co- and immediate post-seismic geodetic signature of the Oct 16 1999 Hector Mine earthquake. Geophys Res. Let 2733-2736, 2000
Argus, Donald, M. Heflin, A. Donnellan, F. Webb, D. Dong, K. Hurst, D. Jefferson, G. Lyzenga, M. Watkins, J. Zumberge, Shortening and thickening of metropolitan Los Angeles measured and inferred by using geodesy, Geology, 703-706, 1999.

Fox, G., K. Hurst, A. Donnellan, and J. Parker,Introducing a New Paradigm for Computational Earth Science - A web-object-based approach to Earthquake Simulations, Physics of Earthquakes edited by John Rundle, DonaldTurcotte and William Klein, published by AGU pp 219-245, 2000. 

MClusky, S., S. Balassanian, A. Barka, C. Demir, S. Ergintav, I. Georgiev, O. Gurkan, M. Hamburger, K. Hurst, H. Kahle, K. Kastens, G. Kekelidze, R. King, V. Kotzev, O. Lenk, S. Mahmoud, A. Mishkin, M. Nadariya, A. Ouzounis, D. Paradissis, Y. Peter, M. Prilepin, R. Reilinger, I. Sanli, H. Seeger, A. Tealeb, M. N. Toksoz, and G. Veis. GPS constraints on plate kinematics and dynamics in the Eastern Mediterranean and Caucasus,J. Geophys. Res., 105,5695-5720, 2000

Heflin, Michael, D. Dong, A. Donnellan, K. Hurst, D. Jefferson, M. Watkins, F. Webb, J Zumberge, D. Dauger, G. Lyzenga, Rate change observed at JPLM after the Northridge earthquake, Geophysical Res. Let. 93-96, 1998.

Kahle, Hans, C. Straub, R. Reilinger, S. McClusky, R. King, K. Hurst, G. Veis, K. Kastens, P. Cross, The strain rate field in the eastern Mediterranean region, estimated by repeated  GPS measurements, Tectonophysics, 1997.

Geoffrey Blewitt, Michael B. Heflin, Kenneth J. Hurst, David C. Jefferson, Frank H. Webb, and James F. Zumberge, Absolute far-field displacements from the June 28, 1992, Landers earthquake sequence,Nature, 361, 340-342, Jan 28, 1993.

Lundgren, Paul, Susan Kornreich Wolf, Marino Protti, and Kenneth J. Hurst, GPS measurements of crustal deformation following the 22 April 1991, Valle de la Estrella, Costa Rica Earthquake,Geophys. Res. Let. 20,407-410, 1993.

Heflin, M., G. Blewitt, W. Bertiger, A. Freedman, K. Hurst, S. Lichten, U. Lindqwister, R. Malla, Y. Vigue, F. Webb, T. Yunck, and J. Zumberge, Global geodesy using GPS without fiducial sites Geoph. Res. Let., 19, 131-134, 1992.

Beavan, J., R. Bilham, K. Hudnut, and K. Hurst, Techniques and results of crustal deformation measurement using sea-level gauges, leveling and extensometers,in Crustal Deformation and Earthquakes, ed. Wu Bing, Seismological Press, 302-319, 1988.

Bilham, R. G., and K. Hurst, Relationships between fault zone deformation and segment obliquity on the San Andreas Fault, California, in Crustal Deformation and Earthquakes, ed. Wu Bing, Seismological Press, 510-524, 1988.

Hurst, K. J., and J. Beavan, Improved sea level monitors for measuring vertical crustal

Ware, R. H., C. Rocken, and K, Hurst, A global positioning system baseline determination including bias fixing and Water Vapor Radiometer corrections, J. Geophys. Res., 91, 9183-9192, 1986.

Hurst, K. J. and R. Bilham, Hydrostatic levels in precision geodesy and crustal deformation measurement,  J. Geophys. Res., 91, 9202-9216, 1986.

Beavan, J., K. Hurst, R. Bilham, and L. Shengold, A densely spaced array of sea level monitors for the detection of vertical crustal deformation in the Shumagin seismic gap, Alaska, J. Geophys. Res., 91, 9067-9080, 1986.

Bilham, R., J. Beavan, K. Evans, and K. Hurst, Crustal deformation metrology at Lamont-Doherty Geological Observatory, Earthq. Predict. Res., 3,391-411, 1985.

Beavan, J., R. Bilham, and K. Hurst, Coherent tilt signals observed in the Shumagin seismic gap: Detection of time-dependent subduction at depth?, J. Geophys. Res., 89, 4478-4492, 1984.

Hurst, K, K. VanZant, and C. Hurst, A new driving mechanism for hand coring, Palynology, 5, 81-84, 1981.

GREGORY A. LYZENGA

Education

Ph.D., Applied Physics, California Institute of Technology (1980)

M.S., Applied Physics, California Institute of Technology (1977)

B.S., Physics, Harvey Mudd College with honors and distinction in physics (1975)

Professional Experience

Professor of Physics, Harvey Mudd College (1990-)

Technical/Scientific Staff, Jet Propulsion Laboratory (1980-)

Graduate Research Assistant, California Institute of Technology (1979-1980)

Honors and Awards

NASA New Technology Award

(1990)

NASA Group Achievement Award
(1989)

NASA New Technology Award

(1986)

Fannie and John Hertz Fellowship 
(1975-79)

National Science Foundation Honorable Mention 
(1975)

Selected References

Fox, G. C., M. A. Johnson, G. A. Lyzenga, S. W. Otto,  J. K. Salmon, and D. W. Walker, Solving Problems on Concurrent Processors, Volume I: General Techniques and Regular Problems, Prentice-Hall, Englewood Cliffs, NJ, 1988.

Donnellan, A. and G. A. Lyzenga, GPS Observations of Fault Afterslip and Upper Crustal Deformation Following the Northridge Earthquake, J. Geophys. Res., 103, 21,285-21,297 (1998).

Argus, D. F., M. B. Heflin, A. Donnellan, F. H. Webb, D. Dong, K. J. Hurst, D. C. Jefferson, G. A. Lyzenga, M. M. Watkins, J. F. Zumberge, Shortening and Thickening of Metropolitan Los Angeles Measured and Inferred Using Geodesy, Geology., 27, 703-706 (1999).

Hager, B. H., G. A. Lyzenga, A. Donnellan, D. Dong, Reconciling Rapid Strain Accumulation with Deep Seismogenic Fault Planes in the Ventura Basin, California, J. Geophys. Res., 104, 25,207-25,219 (1999).

Lyzenga, G. A., W. R. Panero and A. Donnellan, The Influence of Anelastic Surface Layers on Postseismic Thrust Fault Deformation, J. Geophys. Res., 105, 3151-3157 (2000).

Hurst, K. J., D. Argus, A. Donnellan, M. B. Heflin, D. Jefferson, G. A. Lyzenga, J. W. Parker, F. H. Webb, J. F. Zumberge, The Co- and Immediate Post-seismic geodetic signature of the 1999 Hector Mine Earthquake, Geophys. Res. Lett., in press (2000).

CURRICULUM VITAE FOR ROSWITHA B. GRANNELL

EDUCATION

A.B., Geology, Pomona College, Claremont, California, with honors, 1962

Ph.D., Geological Sciences, University of California, Riverside, 1969

EMPLOYMENT

1967- present, faculty position, California State University at Long Beach

      Promoted to Professor, effective Fall, 1977

CONSULTING

1972-83, Lawrence Berkeley Laboratories, for gravity work in three valleys in Nevada, for characterization of geothermal resources at Kyle, Leach, and Buffalo Hot Springs, and 

also for precise repeated gravity surveys to track subsidence at Cerro Prieto geothermal field, Baja California, Mexico and Heber geothermal field, Imperial Valley, California. 

1983-1986, Phillips Petroleum Company, precise repetitive gravity surveys at Roosevelt Hot Springs; precise gravimetric characterization of mass removal due to a well blowout.

1986-88, The Jet Propulsion Laboratory at the California Institute of Technology, gravity and magnetic work on the Thermopolis Anticline, Wyoming 

1988, Chevron, repetitive gravity at Heber geothermal field, Imperial Valley 

1988-89, IT Corporation, gravimetric characterization of Concord fault at the Baker hazardous waste site, north of Concord, California

PERTINENT REFEREED PAPERS

Grannell, R.B., and Showalter, P. S., 1991, A detailed gravity study of the Thermopolis anticline, north-central Wyoming:  The Mountain Geologist, v. 28, (2-3), p. 105-119 (invited).

Grannell, R.B.,  1988, A detailed gravity survey of the Concord fault in the vicinity of the Baker hazardous waste site:  Juried technical report to the State Department of Public Health, 33 page component of geological report.. 

Zhou, H. and Grannell, R.B., 1988, Formulas for the gravitational potential of prisms, and their utility in repetitive gravity and leveling surveys, Int. Association of Geodesy bulletin (I have no reprint, about 10 pages).

Grannell, R.B., 1982, Repetitive precision gravity studies of the Cerro Prieto and Heber geothermal fields:  Lawrence Berkeley Laboratory Technical Publication, LBL-15073, Cerro Prieto-29, UC66b, 95 p. (invited) 

Grannell, R.B., Whitcomb, J.H., Aronstam, P.S., and Clover, R.D., 1981, An assessment of precise gravity measurements for monitoring the response of a geothermal reservoir to exploitation:  Lawrence Berkeley Laboratory Technical Publication, LBL-12910, ESRMP-11, VC66e, 105 p.  (Refereed by Geophysics branch personnel, USGS)(invited).

Four other publications put out by the Lawrence Berkeley Laboratories include papers written by myself as senior author. 

Oliver and others, 1975, Repetitive gravity measurements following the San Fernando earthquake of 1971, California Division of Mines and Geology, special paper on the San Fernando earthquake of 1971  This paper examined coseismic deformation as determined by repeated gravity measurements.

Burch, S., Grannell, R., and Hanna, W., 1971, California State Gravity Map, San Luis Obispo Sheet, 1:250,000 scale, with additional text.

PUBLISHED ABSTRACTS

Grannell, R.B., Stoppelmann, P., Amin, I., and Francis, R.D., 1998, Improving groundwater modeling by augmenting limited hydrogeologic data with geophysical data:  geophysical constraints using gravity and seismic refraction. Abstracts with Programs, Geological Society of America, Cordilleran section meeting, p. 16.   

McBee, L., Grannell, R. B., and Shifflett, H., 1996, The influence of a rotating mini- plate on the behavior of the southern San Andreas fault:: EOS, Transactions, American Geophysical Union, v.77, no. 11, p. F743 (outgrowth of M.S. thesis I chaired).

Grannell, R.B., Eliades, P.G., Mah, W.S., and Martin, A.J., 1991, Evaluation of precise gravity methods for defining complex Anasazi sites near Kanab, Utah:  Geological Society of America Abstracts with Programs, Rocky Mountain Section, v.23 (4), p. 26.

Martin, A.J., Ambos, E.L., and Grannell, R.B., 1991, Ground penetrating radar and electromagnetic induction surveys of Anasazi sites in southern Utah:  Geological Society of America Abstracts with Programs, Rocky Mountain Section, v. 23 (4), p. 46.

Grannell, R.B., and Showalter, P.S., 1988, A detailed gravity survey of the Thermopolis anticline, north-central Wyoming, Geological Society of America Abstracts with Programs, National Centennial Meeting, v. 20 (7), p. A400. 

ONGING RESEARCH AND CREATIVE ACTIVITY

I was a principal contributor of data to the Los Angeles and San Bernardino sheets, California State Gravity Maps, 1:250,000 scale, S. Biehler, editor. I also participated in a two-week calibration study of LaCoste and Romberg D-level gravity meters, from Hannover to the Harz, Germany, 1984, which resulted in a published paper (in German).  

Ongoing research: Geophysical study of the area northwest of Barstow, Harper Lake and subsidiary faults. This is part of the same system of faults that produced the Landers earthquake of 1992. Also, gravimetric study of the Poverty Hills area, Owens Valley, California, for possible confirmation of the presence of a long runout landslide.

John Langbein

US Geological Survey

Earthquake Hazards

345 Middlefield RD

Menlo Park, CA 94025

650.329.4853

langbein@usgs.gov

Education

Georgia Inst. of Technology     Electrical Eng. 1968-1972       BEE     1972

University of Washington        Geophysics      1973-1979       Ph.D    1979

Present Research Interests:

1)  Conduct and interpret geodetic measurements from Long Valley Caldera.

Measurements are made with both two-color EDM and GPS.

2)  Scientist in charge, Parkfield Earthquake Experiment

3)  Noise and error analysis in geodetic data

4)  Fault creep measurements on San Andreas fault in central California

Publications:

Langbein, J.O., 1981, An interpretation of episodic slip on the Calaveras fault near Hollister, California:  J. Geophys. Res. 86(B6),4941-4948.

Langbein, J.O., Linker, M.F., McGarr, A., and Slater, L.E., 1982, Observations of strain accumulation across the San Andreas fault near Palmdale, California, with a two-color geodimeter:  Science, 218, 1217-1219.

Langbein, J.O., McGarr, A., and Johnston, M.J.S., 1982, Geodetic observations of postseismic deformation around the north end of surface rupture: in The Imperial Valley, California, Earthquake of October 15, 1979: U.S. Geological Survey Professional Paper 1254.

Langbein, J., McGarr, A., Johnston, M.J.S., and Harsh, P.W., 1983, Geodetic measurements of postseismic crustal deformation following the Imperial Valley earthquake, 1979:  Bulletin of the Seismological Society of America, 73(4), 1203.

Linker, M.F., Langbein, J.O., and McGarr, A., 1986, Decrease in deformation rate observed by two-color ranging in Long Valley caldera, eastern California, 1983-1984: Science 232, 213-216.

Langbein, J.O., Linker, M.F., McGarr, A., and Slater, L.E., 1987, Precision of two-color geodimeter measurements:  Results from 15 months of observations:  J. Geophys. Res.,  92,  11644-11656.

Langbein, J.O., Linker, M., and Tupper, D., 1987, Analysis of two-color geodimeter measurements within the Long Valley caldera: June 1983 to October 1985:  J. Geophys. Res., 92, 9423-9442.

Langbein, J., 1989, The deformation of the Long Valley caldera, eastern California, from mid-1983 to mid-1988, measurements using a two-color geodimeter:  J. Geophys. Res., 94, 3833-3849.

Langbein, J.O., Burford, R.O., and Slater, L.E., 1990, Variations in fault slip and strain accumulation at Parkfield, California: Initial results using two-color geodimeter measurements, 1984-1988:  J. Geophys. Res., 95, 2533-2552.

Hill, D.P., Ellsworth, W.L., Johnston, M.J.S., Langbein, J.O., Oppenheimer, D.H., Pitt, A.M., Reasenberg, P.A., Sorey, M.L., and McNutt, S.R., 1990, The 1989 earthquake swarm beneath Mammoth Mountain, California: An initial look at the 4 May through 30 September

activity:  Bulletin of the Seismological Society of America, 80, 325-339.

Langbein, J.O., 1990, Testing for long-term stability of two-color geodimeters: January 1986 to August 1989:  U.S. Geological Survey Open-File Report 90-91, 23p. 

Langbein, J.O., 1990, Post-seismic slip on the San Andreas fault at the northwestern end of the Loma Prieta earthquake rupture zone: Geophysical Research Letters, 17, 1223-1226.

Langbein, J.O., 1991, Scientific Correspondence to Nature, Earthquake Explanations (comment on Wyss, Slater and Burford),  349, 287.

Mueller, R.J., M.J.S. Johnston, J.O. Langbein, Possible tectonomagnetic effect observed from mid-1989 to mid-1990, in Long Valley Caldera, California, Geophysical Research Letters, 18(4), 601-604, 1991.

Langbein, J., Breckenridge, K., and Quilty, E., 1993, Sensitivity of crustal deformation instruments to changes in secular rate, Geophysical Research Letters, 20, 85-88.

Langbein, J., Hill, D.P., Parker, T.N., and Wilkinson, S.K., 1993, An episode of reinflation of the Long Valley caldera, eastern California: 1989-1991,  Journal of Geophysical Research, 98, 15,851-15,870.

Michael, A.J., and Langbein, J., 1993, Earthquake prediction lesson from Parkfield experiment, Transactions, American Geophysical Union (EOS), 74, 145-155.  Parkfield Working Group, 1993, Parkfield: First short-term earthquake warning, Transactions, American Geophysical Union (EOS), 74, 145-155.

Roeloffs, E., and Langbein, J., 1994, The earthquake prediction experiment in Parkfield, California, Reviews of Geophysics 32, 315-336.

Langbein, J., 1993, Shallow, post-seismic slip on the San Andreas fault at the northwestern end of the 1989 Loma Prieta earthquake rupture zone, in Postseismic Effects, U.S. Geol. Surv. Prof. Paper on Loma Prieta, 1997.

Hudnut, K.W., plus 16 others including Langbein, J., 1994, Co-seismic displacement of the 1992 Landers Earthquake sequence, Bulletin of the Seismological Society of Am., (84), 625-645.

Langbein, J., D. Dzurisin, G. Marshall, R. Stein, and J. Rundle, 1995, Shallow and peripheral volcanic sources of inflation revealed by modeling two-color geodimeter and leveling data from Long Valley Caldera, California, 1988-1992.  Journal of Geophysical Research 100, 12,487-12,495 1995.

Hill, D.P., M.J.S. Johnston, Langbein, J., and R. Bilham, Response of Long Valley Caldera to the M=7.3 Landers, California Earthquake, 1995 Journal of Geophysical Research 100, 12,985-13,005.

Johnston, M.J.S., D.P. Hill, A.T. Linde, Langbein, J., and R. Bilham, Transient deformation during triggered seismicity from the June 28, 1992, M=7.3 Landers earthquake at Long Valley Caldera, California. 1995, Bulletin of the Seismological Society of Am. 85, 787-795.

Langbein, J., F. Wyatt, H. Johnson, D. Hamann, and P. Zimmer, Improved stability of a deeply anchored geodetic monument for deformation monitoring, 1995, Geophys. Res. Let. 22, 3533-3536.

Langbein, J., H. Johnson, Correlated errors in geodetic time series: Implications for time-dependent deformation, 1997, Journal of Geophysical Research (102), 591-603.

Marshall, G.A., J. Langbein, R.S. Stein, M. Lisowski, and J. Svarc, Inflation of Long Valley caldera, California, Basin and Range strain, and possible Mono Craters dike opening from 1990-94 GPS surveys, Geophys. Res. Let. 22, 1003-1006, 1997.

Dixon, T.H., A. Mao, M. Bursik, M. Heflin, J. Langbein, R. Stein, and F. Webb, Continuous monitoring of surface deformation at Long Valley caldera, California, with GPS, Journal of Geophysical Research (102), 12017-12034, 1997.

Langbein, J., R. Gwyther, and M.T. Gladwin, Slip Increase at Parkfield in 1993 detected by high-precision EDM and borehole tensor strainmeters. Geophysical Research Letters (26), 2529-2532, 1999

Tiampo, Kristy F., J.B. Rundle, J. Fernandez, and J.O. Langbein, Spherical and ellipsoidal volcanic sources at Long Valley caldera, California, using a genetic algorithm inversion technique. Journal of Volcanology and Geothermal Research (102), 189-206, 2000.

8.0 Other Enclosures

page limit = as required

Any other material pertinent to the consideration of the proposal may be attached as an appendix.  This might include preprints or reprints of relevant publications, background on new measurement or analysis approaches, or letters of support and/or participation by scientists and/or institutions. However, reviewers will be under no obligation to read this material, so critical information should be included in the main body of the proposal.  Inclusion of general materials that will not aid in the evaluation of the proposal is specifically discouraged.
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