THE UNIVERSITY OF TEXAS AT AUSTIN

McDonald Geodetic Observatory (MGO) ]ACKS()N

Srinivas Bettadpur (1), Peter Shelus (1), John Ries (1), Randall Ricklefs (1),

David Munton (2), Clark Hughes (2), Clark Wilson (3), and Daniella Rempe (3) SCHOOL OF GEOSCIENCES

(1) The University of Texas at Austin, Center for Space Research, Austin, United States,
(2) The University of Texas at Austin, Applied Research Laboratories,
(3) The University of Texas at Austin, Jackson School of Geosciences

Contact Information

CSR website: http://www.csr.utexas.edu McDonald Observatory
We Welcome CO"a bOratorS! Primary Author: Srinivas@csr.utexas.edu e T e seeeE TR

Presenting Author: Ricklefs@csr.utexas.edu

UT Co-experiments
Abstract

Continuing upon the four-decade long heritage of space geodesy at UT’s McDonald Observatory, NASA Space .
Geodesy Project and UT-Austin are collaborating on establishing the McDonald Geodetic Observatory (MGO). 1 . Mmim- M Et rOIOgy at M G O 2 . Su e rco n d u cti n G ravi m ete r
The MGO is intended to be a core geodetic site, to help realize the next generation 0.1 mm/year stable e ° p g
reference frame in accordance with the recommendations within the NRC Precise Geodetic Infrastructure *Principal Investigator: Bettadpur
(2010) report. The NASA SGP shall furnish the laser ranging (SGSLR), VLBI (VGOS), and the GNSS systems. UT- (UTCSR) *Principal Investigator:
Austin furnishes the infrastructure, and contributes research instrumentation and experiments to integrate *Purpose: mm-Level ties between sites Clark Wilson. UT Jackson
diverse metrological systems into a unified geodetic observatory. UT contributions include superconducting separated by =1-km horizontal and School of Ge’osciences
gravimeter for vertical control and gravity reference, mm-Metre receiver experiments for signal-level 120-m vertical separation, using both -Purpose: Vertical Control &
integration of techniques, environmental measurement and modeling experiments, and related metrological laser metrology and GPS :
_ _ _ - . Gravity Reference
and modeling research efforts. This paper will present the status of the MGO, present the preliminary results *Funding: NASA/ROSES-SGR «Funding: UT Austin
from these experiments, and highlight the early lessons learned in establishing a fully integrated core *Status @ June 21, 20138 . —
: Status @ June 21, 2018 T
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*Installation awaiting end
of SGSLR pad

with two Leica TS-30 and GPS.
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. o | s ot |95 3: Quantifying dynamic water storage in soil and bedrock
Continuous positioning for 30+ years | [ wee i ; e '5’5":’“: ) . Two monitoring boreholes drilled by UNAVCO
(MLRS late ‘80s, GPS early ‘90s) L oo et 3 Yoo o B— s PROBLEM STATEMENT: *Purpose: Quantify subsurface water storage dynamics
ot imat from NASA CbDIS water storage measurement in fractured bedrock *Funding: UT ESI Billy Carr Fellowship

*Status - BNMR
*Two holes drilled in vegetated area at Mt. Fowlkes

OBJECTIVE: *Monitored using borehole nuclear magnetic resonance
(BNMR) to evaluate water storage (storm & dry conditions)
*Preliminary assessment indicates high water storage
capacity in upper 2 m, with little to no water stored in
fractures.

Status — Soil Moisture
*Two locations at Mt. Fowlkes, each at 1 foot and 2-feet

*MGO is a multi-technique geodetic observatory, designed to remains exceptionally challenging.

fulfill Next-Generation Reference Frame Requirements
=principally driven by sea-level science

* Improve understanding of deep, bedrock water
storage (“rock moisture”) by using experimental and
conventional tools to intensively monitor dynamic
subsurface water storage.

* Help predict loading and gravity variations due to

*For the foreseeable future (next decades), MGO will continue to
be a core component of the Global Geodetic Observation System
(GGOS).

water cycle.
depth.
. : METHODS: *Upper probes shows diurnal soil-moisture variations.
The Pa rtn ers in M G O mm-Observatory e Shallow (<30 cm) soil moisture monitoring via Time- *Instruments will be calibrated to specific soil type onsite.

Trees rooted directly into rock Domain Reflectometry (TDR)

*The University of Texas at Austin: SN':‘SA . UI-I; 2l thg MGO suggest hydrologic Deep borehole logging (neutron, gamma, nuclear
=Funds site preparation and infrastructure ystems aciities Ioa!dm.g co:ld extend beyond magnetic resonance)
=Contributed instrument systems and research experiments soils, into fractured bedrock. * Surface electrical resistivity tomography and ground

mSponsored research to support the full realization of the penetrating radar to quantify subsurface storage.
MGO

*NASA Space Geodesy Project (NASA/SGP):

=Furnishes the space geodetic systems to be hosted at MCD;
»Funds the staff to install/operate the VLBI & SLR.

*McDonald Observatory: Hosts new systems
A facility of UT-Astronomy/College of Natural Sciences

' Graduate student
1 Logan Schmidt

4 : Regional Water Cycle Characterization 5: Deflection of the Vertical

| | DESCRIPTION OF GHODBTIC STATION
orllie e .Rangmg a'F HIED s'farted W':Ch HLR Il 121 Candidate well locations in Davis Mountains Total water storage estimation *Principal Investigator: STATION NAME | Woss4 positon
="Has been DFEVIOUSW enwsaged ( 70s and 805) daS a e - e o o S ST ‘ - Clark Hugh UT Aoolied R h :l;cs:ﬁ;;cms Lat: 30°40’50.576"N Long: 104“00'55.;2;;;\;;};2(\){00.31m
fundamental site... . : * Ground Water: Well level ark-Rugnes, PPIIEa Researc McDonald Observatory, Texas Shain
‘SChedUIe tlme_senes Laboratory . . Eirse\?léiggrl\)b:{Maryiand 23:2017
i | +  Soil Moisture: Network of Puspese: Dievelejplmen: 2l L5l o izt sl et ot b
Infrastructure IN place by Iate 2018 CS655 probes preC|s|on Deflectlon Of the Vertlcal cameras. of Fort Davis, TX along TX State Highway 118.

=\/LBI operational in 2019
=SGSLR operation in 2020

*Could support improved realization of
the horizontal at the MF and VC sites.
*Funding: NGA (ARL Texas Astro Project)

* Surface Water: Precipitation
and Stream gauges

Deformation due to a 1-m thick water e Status @ June 21, 2018

v . .
HEL B 14 i FECTLE * DoV camera prototype developed
. ‘ 0 and tested in previous programs at
B = £ UT:ARL facilities.
i \ Todd Caldwell (UT-JSG) NSF-funded study on §'1 * A35M Astrolabe survey completed at
' ephemeral recharge in trans-Pecos spring 8 Mt. Fowlkes in April 2017.
ﬂ" complex; part of larger project on regional Average annual & * * Requested re-survey of Mt. Fowlkes
4 groundwater flow system precip: 45 cm E and Visitor Center sites with the DoV

0 10 20 30 40 camera.
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McDonald Laser Ranging Station (MLRS)

Complex Ambiguity Function Correlation Surface (origin shifted to Cyg A)

The Region (Arid, Mountainous, Sparsely Populated) 6: Celestial Sources through GNSS signal chain

High Rate Tracking Receiver Experiment (NASA/ROSES-STMD):

—Variety of scientific/engineering uses *16 km baseline established " | | 10.05 Tt over 1.0 1227.36 Mz

—Direct-to-Digital Receiver *Spectral data being collected daily ! i il ‘ |

—Characteristics *Currently collecting observations, o A 3 S
*3 band configurations testing processing algorithms e i | e fotar s PR, ,,o ‘ -
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20 Feb 2018 Target: Cyg A, 10s Integration test — 3-m dish and GNSS choke ring
Marginal integration time for this target
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Infrastructure Lay0ut VLBI *Environmental Noise Outcomes by 2020:
_ _ . Time-variable Polygon: *Analysis Noise
Status: Detailed design completed for infrastructure at Mt. Fowlkes and -Measurement Demonstrate that MGO is a mm-Observatory
Visitor Center sites. Under construction «Characterization *Establish the framework for using MGO and similar observatories for TRF
S B *Application Define & monitor a dynamic polygon framework <Develop skilled cadre of staff and scientists

Construction
Progress

As of 8 October, 2018

MGO SGSLR with MLRS in background MGO VLBI Pad and Assembly Area with McDonald Visitors Center
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