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11.PROFESSIONAL EXPERIENCE

My multiple assignments for Department of Energy (DOE) at the Nevada National
Security Site (NNSS) have provided many opportunities to advance my research topic,
field scale estimation of hydraulic properties through aquifer testing. Many conceptual
and analytical models have been developed to characterize in situ alteration by
cementation, faulting, karstification, and nuclear detonations. Techniques have been
developed and applied to test the hydrologic utility of geologic framework models. Tools
that have been developed analyzing these tests have been integrated into
comprehensive suites of water-level modeling, aquifer-test analysis, and groundwater-
flow model calibration software.

a. Present Assignment

DATES: 07/14/2014 — Present

PROJECT TITLE: Regional Interpretation of Groundwater-Flow in the Death-Valley Region, DV3
DATES OF PROJECT: 07/14/2014 — 9/30/2017

SOURCE OF FUNDING: Department of Energy (DOE)

PROJECT CHIEF: Keith J. Halford

DESCRIPTION OF ASSIGNMENT: Estimate groundwater flow rates where radionuclides occur and
potential effects of groundwater development on water levels and spring discharges in the Death
Valley Regional Flow System (DVRFS) with scientifically defensible groundwater-flow models. This
project, DV3, supplants previous regional flow models (Belcher, 2004; Belcher and Sweetkind, 2010)
that emphasized detailed, geologic frameworks, but incorrectly simulated the groundwater-flow
system (USGS, 2014"). Alternatively, hydraulic constraints are emphasized in the DV3 project,
where boundary conditions differ between calibration and predictive models (Halford and Plume,
2011). Hydraulic-property and recharge distributions are estimated by simultaneously calibrating
models of predevelopment conditions and water-level changes in response to groundwater
development and regional aquifer tests. Transmissivity estimates are calibrated directly to field
estimates at more than 270 wells with T-COMP (Halford, 2016).

DATES: 11/01/2015 — Present

PROJECT TITLE:  Hydraulic Characterization of Carbonate Rocks and Basin-Fill near
Long Canyon, Goshute Valley, Northwestern Nevada

DATES OF PROJECT: 11/01/2015 — 9/30/2018
SOURCE OF FUNDING: Nevada Department of Water Resources (NDWR)
PROJECT CHIEFS: Amanda Garcia and Keith J. Halford

DESCRIPTION OF ASSIGNMENT: Large-scale hydraulic properties of carbonate rock and basin fill will
be estimated in the vicinity of the Long Canyon Mine Project and surrounding Goshute Valley, NV.
Hydraulic properties will be estimated primarily from multiple-well aquifer tests, where pumping rates
of 7,000 gpm are sustained during 30-d periods. Observation wells will be monitored as far as 10
miles from the pumping well. Drawdown in observation wells and spring capture from aquifer testing
will be estimated using water-level models (Halford and others, 2012), so that drawdown detection is
reduced to 0.03 ft. Small detection limits are needed to identify expected hydraulic barriers in the
carbonate rock.

1'USGS, 2014, FINAL INDEPENDENT REVIEW PANEL REPORT ON THE DVRFS PROJECT- Report title: “An
Update of the Death Valley Regional Groundwater Flow System Transient Model, Nevada and California for Use with a
Local-Grid Refinement Model of the Southern Part of the Amargosa Desert, Nevada and California” by Belcher and others,
U.S. Geological Survey Memorandum, July 10, 2014, 21 p.


http://pubs.usgs.gov/sir/2004/5205/
http://pubs.usgs.gov/pp/1711/
http://pubs.usgs.gov/sir/2011/5032/
http://pubs.usgs.gov/sir/2011/5032/
https://pubs.er.usgs.gov/publication/tm6A54
http://pubs.usgs.gov/tm/tm4-F4/

DATES: 10/01/2015 — Present

PROJECT TITLE: Quantitative Conceptualization of Flow and Transport in the Pahute Mesa-Oasis
Valley Groundwater Basin

DATES OF PROJECT: 10/01/2015 — 9/30/2017
SOURCE OF FUNDING: Department of Energy (DOE)
PROJECT CHIEFS: Joe Fenelon and Keith J. Halford

DESCRIPTION OF ASSIGNMENT: Hydraulic testing data, hydrostratigraphic framework, and
geochemical data are interpreted so that potential transport of radionuclides in the Pahute Mesa—
QOasis Valley (PMOV) groundwater basin can be simulated with conceptually consistent models.
Vertical distributions of hydraulic conductivity have been estimated consistently in about 20
boreholes by integrating results from 280 packer and pumping aquifer tests. Potential extrapolation
of hydraulic properties with the hydrostratigraphic framework is tested against existing distributions
of hydraulic conductivity from 340 aquifer tests. This is an expansion of previous approaches for
testing the hydrologic utility of hydrostratigraphic frameworks (Mirus and others, 2016). Geochemical
concentrations are compared directly to simulated mixing results in addition to calibrating flow
models to measured water levels, groundwater discharges, and transmissivities. This work expands
on a previous USGS effort that delineated the lateral extent of the Pahute Mesa—Oasis Valley
(PMOQV) groundwater basin (Fenelon and others, 2016).

DATES: 10/01/2016 — Present

PROJECT TITLE: Potential Flow and Transport from Rainier Mesa
DATES OF PROJECT: 10/01/2016 — 9/30/2017

SOURCE OF FUNDING: Department of Energy (DOE)

PROJECT CHIEFS: Joe Fenelon and Keith J. Halford

DESCRIPTION OF ASSIGNMENT: Present a conceptualization of groundwater flow in the local flow
systems on Rainier Mesa that investigates mechanisms and magnitudes of groundwater flow
between infiltration areas and regional flow systems. This work was prompted by inadequacies of a
recent groundwater flow and transport document for Rainier Mesa that lacked a conceptual model to
support numerous numerical models in the report. Estimation of hydraulic properties from aquifer
tests and tunnel drainage will be emphasized because site specific estimates of hydraulic properties
greatly constrain possible flow paths.

DATES: 10/01/2006 — Present

PROJECT TITLE: Member of DOE, National Nuclear Security Administration / Nevada Site Office
(NNSA/NSO), technical working group, modeling subcommittee

DATES OF PROJECT: 10/01/2006 — Present
SOURCE OF FUNDING: Department of Energy (DOE)
PROJECT CHIEF: Keith J. Halford

DESCRIPTION OF ASSIGNMENT: Advise DOE about simulating groundwater flow and transport from
underground test areas (UGTA) at the Nevada Nuclear Security Site (NNSS). Review UGTA flow
and transport models for conceptual soundness with particular attention to boundary conditions and
hydraulic property distributions. Present alternative analyses in review where original concepts are
physically implausible. Alternative analyses have included regional mass balances, flowing fracture
interpretations, and calibrated groundwater-flow models. Numerical adequacy of flow, transport, and
particle-tracking codes also is reviewed by the modeling subcommittee.


http://rd.springer.com/article/10.1007/s10040-016-1375-1
https://pubs.er.usgs.gov/publication/sir20155175

b. Previous Professional Positions

2007-2011, Groundwater Specialist, Nevada Water Science Center (WSC), Guided groundwater
science program in the Nevada WSC. Conducted individual studies and published results in
scientific journals.

2005-2007, Ground-Water Specialist, California Water Science Center, USGS, Guided groundwater
science program in the California WSC. Conducted individual studies and published results in
scientific journals.

1999-2005, Ground-Water Specialist, Nevada District, USGS, Guided groundwater science program in
the Nevada District. Conducted individual studies and published results in scientific journals.
Developed expertise as a leading aquifer-test analyst.

2003-2005, Graduate Program of Hydrologic Sciences Faculty, University of Nevada, Reno. Advised
students and lectured.

1997-1999, Ground-Water Modeling Specialist, USGS, Southeastern Region. Assisted groundwater
investigators with FORTRAN and spreadsheet utilities, complex aquifer tests, parameter estimation,
and optimization.

1993-1999, Hydrologist, USGS, Altamonte Springs, FL. Investigated transport and fate of contaminants
in surficial aquifers.

1993-1994, Adjunct Associate Professor, Florida University Civil Engineering Department, Gainesville,
FL. Taught graduate, groundwater flow and solute transport courses.

1987-1993, Hydrologist, USGS, Baton Rouge, LA.



12.Significant Research Accomplishments (underlined references are hyperlinked)
a. Recent Accomplishments

My research topic is field-scale estimation of hydraulic properties through aquifer
testing and flow-log analysis, which | have advanced during the last decade. Improving
drawdown detection, expanding the scope of aquifer tests, and directly applying aquifer-
test results to groundwater-model calibration has been the focus of recent work.

Improving Drawdown Detection

| developed a method for estimating drawdown and quantifying error with water-level
models, where pumping signals much smaller than environmental fluctuations can be
detected (Halford and others, 2012). Pumping signals are simulated by transforming
step-wise pumping records into water-level changes using superimposed Theis
functions. Environmental fluctuations are simulated by summing multiple time-series of
barometric-pressure change, tidal potential, and background water levels. Water-levels
are modeled robustly with the Theis-transform approach because environmental
fluctuations and pumping signals are simulated simultaneously. This permits reliable
estimation of drawdowns regardless of background water-level trends and relatively
limited antecedent data. The Theis-transform approach is a significant improvement on
the original projection approach (Halford, 2006a).

Water-level modeling with Theis transforms opens significant new avenues of
research and is readily available to all hydrologic practitioners. This is because these
advanced methods are accessible in the program SeriesSEE, an Excel Add-In, that can
be downloaded freely with the report (Halford and others, 2012). The water-level
modeling approach for estimating drawdowns also has been communicated to the
hydrologic community with a companion article (Garcia and others, 2013). The article
demonstrates that simple Theis solutions reliably replicate observed water-level
responses in faulted, complex hydrogeologic systems.

Both report and article already have affected important management and policy
decisions of other Federal agencies. For example, U.S. Fish and Wildlife Service,
Bureau of Land Management, and National Park Service personnel isolated drawdowns
during a 2-year aquifer test with SeriesSEE. The aquifer-test was ordered by the
Nevada State Engineer, Order 1169, to assess the effects of groundwater development
on discharge to Muddy River Springs and regional groundwater levels in the carbonate-
rock aquifer. Estimated drawdowns from the Order-1169, aquifer test greatly affected
analyses and conclusions that were presented by Department of Interior agencies to the
Nevada State Engineer.



http://pubs.usgs.gov/tm/tm4-F4/
http://pubs.usgs.gov/sir/2006/5024/
http://pubs.usgs.gov/tm/tm4-F4/
http://onlinelibrary.wiley.com/doi/10.1111/gwat.12042/full
http://water.nv.gov/mapping/order1169/
http://water.nv.gov/mapping/order1169/Order_1169_Final_Reports/DOI%20Bureaus/FWS-BLM-NPS%20Order%201169%20Report.pdf

Expanding Scope of Aquifer Tests

| developed a practical approach to joint inversion of multiple aquifer tests so that
hydraulic properties are interpreted consistently at regional scales. Pumping responses
are simulated with a groundwater-flow model for each aquifer test that allows local grid
and pumping-schedule refinement. Hydraulic properties in all flow models are distributed
consistently because assumed relations from a single geologic framework are specified
flexibly through Tikhonov regularization of pilot points. More than 60 square miles have
been characterized simultaneously with this approach beneath Pahute Mesa, Nevada
(Garcia and others, 2016). This practical approach to joint inversion of multiple aquifer
tests greatly reduces the uncertainty of predicted radionuclide transport from Pahute
Mesa, which markedly influences society.

The hydrologic utility of geologic framework models also can be tested at regional
scales with joint inversion of multiple aquifer tests (Mirus and others, 2016). Assumed
relations between geologic and hydrologic distributions are specified with Tikhonov
regularization equations. Hydrologic utility was measured by departures between
assumed and estimated hydraulic-properties, where comparison was limited to rocks
affected by the aquifer tests. Hydraulically redundant units have been identified and
simplified with this approach.

Joint inversion of multiple aquifer tests is a continuation of estimating useful and
consistent hydraulic properties from any defined stress. Transmissivity and specific yield
were estimated reliably at the basin scale by analyzing water-level changes in multiple
observation wells that were affected by irrigation pumpage (Halford and Plume, 2011;
Baker Site). Hydraulic conductivity and specific storage of low permeability tuffs have
been estimated by analyzing water-level changes and INSAR measurements of
subsidence from nuclear detonations (Halford and others, 2005b).

My approaches to aquifer-test and flow-log analyses have been made accessible
through published software. Spreadsheet solutions for aquifer-pumping tests and slug-
tests (Halford and Kuniansky, 2002) have become widely used since their introduction in
2002. Error checking and concise documentation have improved aquifer-test reporting
as noted by many users such as Tim Axley of AMEC Environment & Infrastructure, "... /
find myself drawn back to the simplicity of your spread sheets for checking some work."
Flow logs from complex well completions where vertical flow must be simulated likewise
can be interpreted readily. This is because the necessary simulation approach and
parameter estimation tools have been incorporated in AnalyzeHOLE, an integrated
wellbore flow analysis tool (Halford, 2009).



http://nevada.usgs.gov/water/AquiferTests/Pahute_Mesa_16.cfm?studyname=Pahute_Mesa_16
http://rd.springer.com/article/10.1007/s10040-016-1375-1
http://pubs.usgs.gov/sir/2011/5032/
http://nevada.usgs.gov/water/aquifertests/snake_valley_n.cfm?studyname=snake_valley_n
http://pubs.usgs.gov/sir/2005/5211/
http://pubs.usgs.gov/of/2002/ofr02197/
http://pubs.usgs.gov/tm/tm4f2/

Directly Applying Aquifer-Test Results to Model Calibration

| have developed methods to sample simulated transmissivities from groundwater-
flow models so that models can be calibrated directly to aquifer-test results.
Transmissivity is the most robust and prevalent result from pumping aquifer tests
(Halford and others, 2006). Direct comparison between simulated and measured
transmissivities preserves site-specific, hydraulic-property estimates. The direct-
comparison approach is far superior to the hydraulic-conductivity limit approach, where
aquifer-test results are reduced to hydraulic-conductivity estimates and define likely
ranges for hydrogeologic units (Halford, 2016). The hydraulic-conductivity limit approach
is deficient because most probable estimates of transmissivities average 2 orders of
magnitude greater than aquifer-test results.

Simulated transmissivities can be computed and sampled quickly from MODFLOW
models with T-COMP, a suite of FORTRAN programs (Halford, 2016). Investigated
volumes of aquifer tests are estimated with radial, flow models that honor site-specific
hydrogeologic units. Simulated transmissivity from a groundwater-flow model is sampled
within the volume affected by an aquifer test. Transmissivity observations improved the
transmissivity distribution in a field application where the Pahute Mesa- Oasis Valley
aquifer system was simulated (Fenelon and others, 2016). Excluding transmissivity
observations biased simulated transmissivities, underestimated known variability of
transmissivities, and underestimated transport rates fivefold.

Improving groundwater-model calibration is governed strongly by the breadth of
observational data which affects societal decisions. My comments about the need for
additional data has affected the hydrologic community and been reiterated during the
2016 Darcy lecture (Halford, 2004). Direct comparison between aquifer-test results and
simulated transmissivities correctly expands objective functions and greatly reduces the
predictive uncertainty of calibrated groundwater-flow models (Halford, 2016). Model
results affect societal decisions as regional aquifers are developed. Groundwater-flow
models cannot be avoided, as noted by John Bredehoeft, "... if you want to make
predictions about how these systems are going to behave, this is the only tool you've got.

This is it. You don't have anything else." This unavoidable need is recognized beyond
the scientific community as evidenced by being invited by the American Bar Association
to address attendees of the 315t Annual Water Law Conference on Using and Reporting
Groundwater Models.



http://www.blackwell-synergy.com/doi/abs/10.1111/j.1745-6584.2005.00151.x
https://pubs.er.usgs.gov/publication/tm6A54
https://pubs.er.usgs.gov/publication/tm6A54
https://pubs.er.usgs.gov/publication/sir20155175
https://darcylecture2016.wordpress.com/
https://darcylecture2016.files.wordpress.com/2015/08/halford-2004-groundwater.pdf
https://pubs.er.usgs.gov/publication/tm6A54
http://ndwr.state.nv.us/hearings/past/springetal/browseabledocs/Exhibits%5CSNWA%20Exhibits/SNWA_Exh_465_Bredehoeft%20Cross%20Demo.pdf
http://ndwr.state.nv.us/hearings/past/springetal/browseabledocs/Exhibits%5CSNWA%20Exhibits/SNWA_Exh_465_Bredehoeft%20Cross%20Demo.pdf
http://ndwr.state.nv.us/hearings/past/springetal/browseabledocs/Exhibits%5CSNWA%20Exhibits/SNWA_Exh_465_Bredehoeft%20Cross%20Demo.pdf
http://www.americanbar.org/calendar/2013/06/31st_annual_waterlawconference/cle.html
http://www.americanbar.org/calendar/2013/06/31st_annual_waterlawconference/cle.html

b. Other Career Accomplishments

Applying Numerical Methods to Aquifer-Testing and Flow-Log Analysis

| have repeatedly demonstrated the benefit and utility of interpreting aquifer-test
results from geohydrologically complex sites with numerical models. Vertical anisotropy
and depth-dependent changes in horizontal hydraulic conductivity can be estimated
reliably (Halford, 1998a; Berger and others, 2004, Yobbi and Halford, 2006, Hoffmann
and others, 2006; Halford and others, 2010). Hydraulic properties can be estimated
regardless of asymmetric boundaries such as streams and lakes by simulating aquifer-
test results with a three-dimensional model (Halford, 1998c).

| developed a method for estimating lateral anisotropy and orientation with a finite-
difference model such as MODFLOW (Halford and Campbell, 2004). Orientation of the
lateral anisotropy is analyzed by rotating observation wells about the production well
relative to the fixed lateral anisotropy orientation (Halford, 2006b). Earlier work simulated
turbulent flow through aquifer, annular space, borehole, and flowmeter with an equivalent
hydraulic conductivity in a turbulent flow package for MODFLOW (Halford, 2000).

MODFLOW: Multi-Node Wells

| advanced simulation of wells and wellbore logging with MODFLOW. The Multi-
Node Well (MNW) Package allows MODFLOW users to simulate wells that extend
beyond a single model node (Halford and Hanson, 2002; Konikow and others, 2009).
Multi-aquifer wells dynamically distribute flow between nodes under pumping,
recharging, or unpumped conditions. Simulated discharge from single-node and multi-
node wells also can be drawdown limited. Simulation of regional flow systems has been
revolutionized by the Multi-Node Well and other recent packages, which have
transformed MODFLOW to a true hydrologic model.

GW/SW INTERACTION: Hydrograph-Separation

| conclusively demonstrated that the recession-curve-displacement method and other
hydrograph-separation techniques are poor tools for estimating groundwater discharge
or recharge (Halford and Mayer, 2000). Recharge estimates from the recession-curve-
displacement method are often unreliable because the underlying analytical groundwater
flow model poorly describes the contributing aquifer. The recession index that
characterizes the hydraulic properties of the aquifer tends to be markedly
underestimated from stream-discharge records because baseflow frequently is not
equivalent to groundwater discharge. Drainage from bank storage, wetlands, surface-
water bodies, soils, and snowpacks can affect stream-discharge during recession
periods more than groundwater discharge.



http://fl.water.usgs.gov/Abstracts/wri97_4262_halford.html
http://pubs.usgs.gov/sir/2004/5155/
http://pubs.usgs.gov/sir/2005/5201/
http://pubs.usgs.gov/sir/2005/5280/
http://pubs.usgs.gov/sir/2005/5280/
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-6584.2009.00670.x/abstract
http://fl.water.usgs.gov/Abstracts/wri98_4110_halford.html
http://pubs.usgs.gov/sir/2006/5009/
http://web.archive.org/web/20041016231748/www.mgls.org/2000Sym/Schedule.html
http://pubs.usgs.gov/of/2002/ofr02293/text.html
http://pubs.usgs.gov/tm/tm6a30/
http://www.blackwell-synergy.com/doi/abs/10.1111/j.1745-6584.2000.tb00218.x

QUANTATATIVE TECHNIQUES: Interdisciplinary Collaboration

| transferred groundwater modeling techniques to virology, tritium mapping, and
storm-surge studies. A hyperbolic tangent model of viral inhibition was developed which
was physically consistent with a receptor-dependent process (Halford and others,
2005a). Simulating viral inhibition conclusively demonstrated that innate interferons
and y interact multiplicatively, not additively. Variogram analyses bounded the
extrapolation of tritium concentrations from soil gas and plant extraction (Andraski and
others, 2004; Andraski and others, 2005). Kriging was introduced as a consistent
method of interpreting dynamic water-level surfaces from hurricane storm surges
(Halford, 1995). Wetland researchers found that the estimated water-level surfaces were
consistent with the dominant physical processes of the storm, wind direction and speed.



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;list_uids=15784277&amp;dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;list_uids=15784277&amp;dopt=Abstract

13. Scientific Leadership

Advise Other Federal Agencies

| have advised scientists and managers in the Department of Defense, Department of
Energy, National Park Service, and Fish and Wildlife Service. Managers of several naval
installations in Florida have scientifically managed multi-million dollar, environmental
restoration efforts with my advice. For instance, | guided remediation away from flawed
technologies at Cecil Field NAS and Orlando NTC in Florida. | have shepherded
hydrologic characterization investigations at the Nevada National Security Site that affect
underground containment of radionuclide transport. For instance, transmissivity
estimates from single-wells tests for subsurface characterization projects are reported
directly because of my suggestions. | helped National Park Service and Fish and
Wildlife Service prioritize which water resources are most vulnerable to groundwater
development in Nevada. For instance, groundwater level and discharge measurements
occur regularly near the Great Basin National Park and Moapa National Wildlife Refuge
to document effects of groundwater development.

Teach and Mentor

| have assisted, mentored, and taught hundreds of investigators in dozens of districts
and water science centers. My assistance has primarily furthered estimation of hydraulic
properties and simulation of groundwater flow systems. Beyond groundwater, | have
taught general methods of data reduction and visualization to investigators in the
biological, geological, and water disciplines. | have served as the lead, groundwater
advisor in the Nevada and California Water Science Centers for more than 16 years.

Scientific Review

| have reviewed hundreds of articles and reports for the USGS and more than a half-
a-dozen scientific journals, including Water Resources Research, Hydrogeology Journal,
Ground Water Monitoring & Remediation, J. of Irrigation and Drainage Engineering, J. of
Hydrologic Engineering, and J. of Engineering Hydrology. | consistently provide
thorough reviews that improve scientific findings. My reviews always offer an alternative
path of investigation if reported findings are inadequate. | have advised Ground Water
editors, Warren Wood and Mary Anderson, about problematic articles as a former
Associate Editor.

Interdisciplinary Collaboration

My collaborative efforts with investigators in other USGS disciplines have expanded
the understanding of hydrologic controls on biological and geological processes. Don
Sweetkind, Geologic Discipline, and | investigated geologic and hydrologic controls on
water resources of Great Basin National Park in eastern Nevada and Death Valley
Regional Flow System in southern Nevada. These projects assessed potential and
existing effects of large-scale groundwater development on national resources such as
the Devils Hole pupfish. Geoff Phelps, Geologic Discipline, and | investigated the effects
of depositional environment and grain-size distributions on upscaling of hydraulic
conductivity in Yucca Flat, Nevada Nuclear Security Site. Erin Boydston, Biologic
Discipline, and | designed investigations of terrestrial, mammalian carnivores in southern
Nevada. | participated in a workshop for WRD and GD scientists to develop additional
interdisciplinary geophysical investigations.

10



14.Scientific and Public Service
a. Current Memberships in Professional Societies

American Geophysical Union:
Organized and co-chaired session H10, AGU Fall 2005 (with Ty Ferré, University of Arizona and
Nick Sepulveda, USGS) on “Field-Scale Characterization of Hydraulic Properties.”

Organized and co-chaired sessions H51P & H53B, AGU Fall 2015 (with Ty Ferré, University of
Arizona and Kolja Rotzoll, USGS) on “Field-Scale Characterization of Hydraulic Properties.” Friday,
December 19, 2014

Geological Society of America Organized and co-chaired sessions 195 and 224, GSA Fall 2007 (with
Vicki J. Kretsinger Grabert, John D. Bredehoeft, Donald Sweetkind, Mary C. Hill, and Wayne R.
Belcher) on “Models and Other Tools for Managing Surface and Groundwater Resources and
Informing Policy Makers.”

Groundwater Resources Association of California
National Ground Water Association

Nevada Water Resources Association
International Ground Water Modeling Center

b. Technical Presentations

Halford, K.J. 1995, Multi-aquifer testing in a surficial-aquifer system, northeast Florida, GSA abstracts
with programs, Vol. 27, No. 6, Oct. 1995, abstract 25172. PRESENTED

Halford, K.J. 1996, Effects of unsaturated zone on aquifer test analysis in a shallow-aquifer system,
USGS DODEC meeting, May 1996, Colorado Springs, Colorado

Halford, K.J. 1997, Limitations of the Rorabaugh/Daniel model for estimating recharge, Northeastern and
Southeastern Regions Ground-Water Specialist Meeting, 1-28-97, Altamonte Springs, Florida

Halford, K.J. 1997, Transient expansion of a fresh-water aquifer at NAVSTA Mayport and regulatory
implications, USGS DODEC meeting, May 1997, Charleston, South Carolina

Halford, K.J. 1997, Effects of steady-state assumption on hydraulic conductivity and recharge estimates
in a surficial aquifer system, EOS, Transactions, AGU 1997 Spring Meeting, Vol. 78, No. 17, April
29, 1997 supplement, abstract H51C-9. PRESENTED

Halford, K.J. 1998, Evaluating phytoremediation and recirculation wells at Orlando NTC, FL, USGS
DODEC meeting, May 1998, Tampa, Florida

Halford, K.J. and J.E. Mirecki 1998, Transient expansion of a fresh-water aquifer in a reclaimed salt
marsh near Mayport, Florida, EOS, Transactions, AGU 1998 Spring Meeting, abstract 0S42B-10.
PRESENTED

Halford, K.J. 2000, Problems Associated with Estimating the Connection Between Ground-Water
Discharge and Stream-Discharge, GSA Abstracts with Programs, v. 32, no. 7., abstract 51118.
PRESENTED

Halford, K.J. 2000, Ground-water recharge estimation in humid climates: Assessing the errors, USGS
Western Region Technical and Management Meeting, November 13-17, 2000, Reno, Nevada.
INVITED

Halford, K.J. 2000, Problems Associated with Estimating Ground-Water Discharge and Recharge from
Stream-Discharge Records, EOS, Transactions, AGU 2000 Fall Meeting, Vol. 81, No. 48, abstract
H61D-08 PRESENTED

Halford, K.J., and Hanson, R.T., 2003, Effects of simulating multi-node wells on model calibration,
interpretation, and prediction results”, MODFLOW and More 2003 — International Groundwater
Modeling Conference, September, 2003 INVITED
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http://www.arizona.edu/
http://gsa.confex.com/gsa/2007AM/finalprogram/session_19519.htm
http://gsa.confex.com/gsa/2007AM/finalprogram/session_19519.htm

Halford, K. J., and Yobbi, D. K., 2003, Characterization of geohydrologic columns for aquifer storage and
recovery: NGWA Press, AGWSE Annual Meeting and Conference Abstract Book, Orlando, FL,
December 9-12, 2003, p. 25. PRESENTED

Halford, K.J., and Hanson, R.T., 2004, “Effects of simulating multi-node wells on model calibration,
interpretation, and prediction results”, U.S. Geological Survey — National Ground-water Conference,
June, 2004, INVITED

Halford, K.J., Laczniak, R J, and Galloway, D, 2004, Hydraulic Characterization using INSAR and
Nuclear Devices, EOS, Transactions, AGU 2004 Fall Meeting, Vol. 85, No. 47, abstract H11C-0311
PRESENTED

Halford, W.P., Halford, K.J., A.T. Pierce, J. DeSalvo, T.P. Foster, A. Kosinski, S.K. Weller, and B.M.
Gebhardt. 2005. Interferon-p and IFN-y synergize to disrupt the productive cycle of herpes simplex
virus type 1 replication. Experimental Biology, April 2 — 6, San Diego, CA. INVITED

Halford, W.P., Halford, K.J., A.T. Pierce, J. DeSalvo, T.P. Foster, A. Kosinski, S.K. Weller. 2005.
Interferon-p and IFN-y synergize to disrupt the productive cycle of herpes simplex virus type 1
replication. 31st International Herpesvirus Workshop, July 29 — August 4, Turku, Finland. INVITED

Halford, K.J., 2005, Drawdown Estimation and Quantification of Error, EOS Trans. AGU, 86(52), Fall
Meet. Suppl., Abstract H231-05 PRESENTED

Halford, K.J., 2006, Interpreting hydrogeologic columns with multiple aquifer tests and a moving-model
approach, MODFLOW and More 2006 — International Groundwater Modeling Conference, May,
2006 PRESENTED

Halford, K.J., 2006, Vertical leakance estimates using multiple aquifer tests and a moving-model
approach, Abstract 2-12, Geological Society of America Abstracts with Programs, Vol. 38, No. 7, p.
18 PRESENTED

Halford, K.J., 2007, Aquifer test analysis utilizing numerical models and inverse methods, Abstract 40-4,
Geological Society of America Abstracts with Programs, Vol. 39, No. 6, p. 110 PRESENTED

Stamos, C.L., Nishikawa, T., Martin, P., Everett, R.R., and Halford, K.J., 2008, Identification of Sources
and Management of Arsenic from Wells in Antelope Valley, CA, Western Region Water Science
Symposium, Portland, OR, March 18-20, 2008, INVITED

Halford, K.J., 2008, AnalyzeHOLE, Interpreting Flow Logs with an Integrated Wellbore Analysis Tool,
Western Region Water Science Symposium, Portland, OR, March 18-20, 2008, INVITED

Halford, K.J. and Stamos, C.L., 2008, AnalyzeHOLE, Interpreting Flow Logs with an Integrated Wellbore
Analysis Tool, MODFLOW and More: Ground Water and Public Policy — International Groundwater
Modeling Conference, May, 2008 PRESENTED

Halford, K.J., Garcia, C.A., and Laczniak, R J, 2008, Interpreting Flow Logs with an Integrated Wellbore
Analysis Tool, AnalyzeHOLE, EOS Trans. AGU, 89(53), Fall Meet. Suppl., Abstract H32A-03
PRESENTED

Garcia, C.A., Halford, K.J., and Laczniak, R J, 2008, Determining Heterogeneity of Lithologic Units from
Flow Logs and Aquifer Tests, EOS Trans. AGU, 89(53), Fall Meet. Suppl., Abstract H32A-04
PRESENTED

Halford, K.J., 2009, Directly Assessing Hydrologic Effects with Drawdown Models, NGWA Press, The
2009 Ground Water Summit—The Science and Engineering Conference: Adapting to Increasing
Demands in a Changing Climate, April 19-23, 2009, Tucson, AZ, p. XX. PRESENTED.

Phelps, G., Boucher, A. and Halford, K., 2009, Using Nearest Neighbor, Sequential Indicator Simulation,
and Single Normal Equation Simulation Interpolators to Calculate Bulk Hydraulic Conductivity within
an Alluvial Fan: International Association for Mathematical Geosciences Annual Conference,
Stanford University, California, 23-28 August.

Halford, Keith, 2009. Regularized Interpretation of Flow Logs with AnalyzeHOLE, 2009 PEST
Conference, Potomac, Maryland, November 2-4 PRESENTED

Halford, Keith, 2010, Directly Assessing Hydrologic Effects with Drawdown Models, Nevada Water
Resources Association Annual Conference, Las Vegas, Nevada, March 2—4 PRESENTED
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Johnson, Carole D., Day-Lewis, Frederick D., Paillet, Frederick L., Halford, Keith J., and Williams, John
H., 2010, FLASH — A Program for Flow-Log Analysis of Single Holes, Abstract 273-7, Geological
Society of America Abstracts with Programs, Vol. 42, No. 5, p. 639 PRESENTED

Garcia, C, Fenelon, J M, Halford, K J, and Sweetkind, D S, 2010, Assessing Hydraulic Connections
Across Structural Blocks, Pahute Mesa, Nevada—Detecting Distant Drawdowns, Abstract H13D-
0989 presented at 2010 Fall Meeting, AGU, San Francisco, Calif., 13-17 Dec. PRESENTED

Halford, K J, Fenelon, J M, Garcia, C, and Sweetkind, D S, 2010, Assessing Hydraulic Connections
Across Structural Blocks, Pahute Mesa, Nevada—Interpreting Hydraulic Properties, Abstract H13D-
0988 presented at 2010 Fall Meeting, AGU, San Francisco, Calif., 13-17 Dec. PRESENTED

Halford, Keith, 2011, Effects of Groundwater Development—Not that Uncertain, Nevada Water
Resources Association Annual Conference, Reno, Nevada, February 1-3 PRESENTED

Fienen, M. N., K. Halford, and D. Hart. 2011, Integrated Interpretation of Borehole Flow, Aquifer-Test
Results, and Spring Discharge—Culver Springs, Wisconsin. AWRA — Wisconsin Section Annual
Meeting March 3-4. Appleton, WI.

Halford, Keith, 2011, Effects of Groundwater Development—Not that Uncertain, Ground Water Summit
and 2011 Ground Water Protection Council Spring Meeting, Baltimore, MD, May 1-5 PRESENTED

Halford, K J, Fenelon, J M, Garcia, C, and Sweetkind, D S, 2011, Assessing Hydraulic Connections
across Fault Structures, Pahute Mesa, Nevada, MODFLOW and More: Integrated Hydrologic
Modeling — International Groundwater Modeling Conference, June 5-8 PRESENTED

Sweetkind, D S, Halford, K J, and Belcher, W B, 2011, Development and Use of Hydrostratigraphic
Nomenclature in the Southwestern Nevada Volcanic Field, Nevada, Geological Society of America
Abstracts with Programs, Vol. 43, No. 5, p. 28 PRESENTED

Garcia, C, Halford, K J, and Fenelon, J M, 2011, Detecting Distant Drawdowns with Theis Transforms,
Abstract H13A-1175 at 2011 Fall Meeting, AGU, San Francisco, Calif., 5-9 Dec. PRESENTED

Huntington, J, Halford, K J, and Garcia, C, 2011, Development of Saline Flow Systems in Closed Basins,
Abstract H11E-1091 presented at 2011 Fall Meeting, AGU, San Francisco, Calif., 5-9 Dec.
PRESENTED

Halford, K J, Sweetkind, D S, Fenelon, J M, and Garcia, C, 2011, Geologic Frameworks and Faulty
Hydrology, Abstract H13A-1165 at 2011 Fall Meeting, AGU, San Francisco, Calif., 5-9 Dec.
PRESENTED

Halford, K J and Fenelon, J M, 2012, Detecting Effects of Distant Groundwater Development, presented
at 2012 Devils Hole workshop, Furnace Creek, Calif., 2-3 May PRESENTED

Fenelon, J M and Halford, K J, 2012, Detecting Distant Drawdown in Amargosa Desert From Pumping at
Yucca Flat, Nevada National Security Site, presented at 2012 Devils Hole workshop, Furnace
Creek, Calif., 2-3 May PRESENTED

Halford, K.J., 2012, Multiple, Simple Groundwater Models Maximize Results, U.S. Geological Survey —
National Ground-Water Meeting, Lakewood, Colorado, August 6-10, 2012, PRESENTED

Halford, K J, Fenelon, J M, Garcia, C, and Sweetkind, D S, 2012, Testing Hydrologic Utility of Geologic
Frameworks, U.S. Geological Survey — National Ground-Water Meeting, Lakewood, Colorado,
August 6-10, 2012, PRESENTED

Halford, K.J., 2012, Testing Hydrologic Utility of Geologic Frameworks, Abstract 265-4, Geological
Society of America Abstracts with Programs, Vol. 44, No. 7, p. 617 PRESENTED

Halford, Keith, 2013, Reporting Flow Model Results for Groundwater Development, Nevada Water
Resources Association Annual Conference, Reno, Nevada, January 28-31 PRESENTED

ord Keith 0 Deatactina Di nt D wdowns-with-\A\ o aval Modeling 0 ound-\W

Halford, K J, 2013, Essential Reporting for Comprehending Groundwater Models, presented at 2013
Devils Hole workshop, Furnace Creek, Calif., 1-3 May PRESENTED
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Mirus, B B, K J Halford, D S Sweetkind, and J M Fenelon, 2013, Testing the Hydrologic Utility of
Geologic Frameworks at Pahute Mesa, presented at 2013 Devils Hole workshop, Furnace Creek,
Calif., 1-3 May PRESENTED

Halford, K J, 2013, Increase Certainty with Transmissivity Observations, MODFLOW and More 2013:
Translating Science into Practice — International Groundwater Modeling Conference, June 2 - 5
SEQUESTERED despite reimbursable funds

Halford, K J, 2013, Using and Reporting Groundwater Models, American Bar Association Meeting 31st
Annual Water Law Conference, June 6, Las Vegas, NV INVITED

Halford, K J, 2013, Aquifer Characterization and Simulation of Well Modification with AnalyzeHOLE, The
7th Symposium in GRA’s Series on Tools and Technologies “High Resolution Tools and Techniques
for Optimizing Groundwater Extraction for Water Supply” Symposium, June 19, Garden Grove, CA
INVITED

Halford, K J and Fenelon, J M, 2013, Detecting Effects of Distant Groundwater Development, Abstract
265-4, Geological Society of America Abstracts with Programs, Vol. 45, No. 7, p. 490 PRESENTED

Halford, K J, 2013, Improving Regional Groundwater Models with Transmissivity Observations, Abstract
H11H-1246 at 2013 Fall Meeting, AGU, San Francisco, Calif., 9-13 Dec. PRESENTED

Halford, Keith, 2014, Improving Groundwater Models with Transmissivity Observations, Nevada Water
Resources Association Annual Conference, Las Vegas, Nevada, February 4-6 PRESENTED

Halford, Keith, 2014, Improving Groundwater Models with Transmissivity Observations, presented at
2014 Devils Hole workshop, Furnace Creek, Calif., Thursday, May 1 PRESENTED

Halford, K.J. and Joe Fenelon, 2014, Detecting Distant Drawdowns with Water-Level Modeling, NGWA
Groundwater Summit, Denver, CO, May 7 PRESENTED

Jackson, T.R., C.A. Garcia, K.J. Halford, Nancy Damar, J.M. Fenelon, 2014, Integrated Analysis of 10
Large-Scale Multi-Well Aquifer Tests at Pahute Mesa, presented at DOE Technical Information
Exchange, Las Vegas, Nevada, July 16 PRESENTED

Jackson, T.R., C.A. Garcia, K.J. Halford, Donald Sweetkind, J.M. Fenelon, 2014, Improving Regional
Groundwater Models with Transmissivity Observations, presented at DOE Technical Information
Exchange, Las Vegas, Nevada, July 16 PRESENTED

Jackson, T.R., K.J. Halford, and C.A. Garcia, 2014, Quantifying Hydraulic Properties and Connections
between Structural Blocks at Pahute Mesa, Nevada National Security Site, Abstract H53B-0858 at
2014 Fall Meeting, AGU, San Francisco, Calif., 19 Dec. PRESENTED

Halford, Keith, Peter Godfrey, and Noel Ludwig, 2015, Quick Answers with Groundwater Models,
Nevada Water Resources Association Annual Conference, Reno, Nevada, January 28-31
PRESENTED

Garcia, C.A., Jena Huntington, K.J. Halford, and M.T. Moreo, 2015, Estimating Groundwater Discharge
from Two Great Basin Playas: A Minor Groundwater Resource, Nevada Water Resources
Association Annual Conference, Reno, Nevada, January 28-31 PRESENTED

Jackson, T.R., K.J. Halford, and C.A. Garcia, 2015, Estimating Groundwater Discharge from Playas with
Variable-Density Simulations, Nevada Water Resources Association Annual Conference, Reno,
Nevada, January 28-31 PRESENTED

Halford, K J, 2015, Increase Model Certainty with Transmissivity Observations, NGWA Groundwater
Summit, San Antonio, TX, March 16 PRESENTED
https://ngwa.confex.com/ngwa/2015gws/webprogram/Paper10275.html

Garcia, C.A., Jena Huntington, and K.J. Halford, 2015, Estimating Groundwater Discharge from Two
Great Basin Playas: A Minor Groundwater Resource, NGWA Groundwater Summit, San Antonio,
TX, March 18 PRESENTED https://ngwa.confex.com/ngwa/2015gws/webprogram/Paper10301.html
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Jackson, T.R., C.A. Garcia, K.J. Halford, and Jena Huntington, 2015, Estimating Groundwater Discharge
from Playas with Variable-Density Simulations, NGWA Groundwater Summit, San Antonio, TX,
March 16 PRESENTED https://ngwa.confex.com/ngwa/2015gws/webprogram/Paper10240.htm!

Halford, K.J. and Joe Fenelon, 2015, Delineating Groundwater Basins in the Great Basin, the Pahute
Mesa—Oasis Valley example, presented at 2015 Devils Hole workshop, Ash Meadows National
Wildlife Refuge Visitors Center, Amargosa Valley, Nevada, 6-8 May PRESENTED

Jackson, T.R., K.J. Halford, and C.A. Garcia, 2015, Estimating Groundwater Discharge from Playas with
Variable-Density Simulations, presented at 2015 Devils Hole workshop, Ash Meadows National
Wildlife Refuge Visitors Center, Amargosa Valley, Nevada, 6-8 May PRESENTED

Halford, K J, 2015, Increase Model Certainty with Transmissivity Observations, MODFLOW and More
2015: Modeling a Complex World — International Groundwater Modeling Conference,
May 31-June 3

Halford, K.J., 2016, Estimating Hydraulic Properties with Stress-Specific Groundwater Models, Nevada
Water Resources Association Annual Conference, Las Vegas, Nevada, March 1-3 PRESENTED

Jackson, T.R. and K.J. Halford, 2016, Effects of Amargosa Desert Groundwater Withdrawals on
Discharge at Furnace Creek Springs, Southern Nevada, Nevada Water Resources Association
Annual Conference, Las Vegas, Nevada, March 1-3 PRESENTED

Halford, K J, 2016, Increase Model Certainty with Transmissivity Observations, NGWA Groundwater
Summit, Denver, CO, April 27 PRESENTED https://ngwa.confex.com/ngwa/2016gws/webprogram/Paper10888.html

Halford, K.J. and Joe Fenelon, 2016, Detecting Distant Drawdowns with Water-Level Modeling, U.S.
Geological Survey — National Ground-Water Meeting, Reno, Nevada, August 31, 2016,
PRESENTED

Halford, K.J., 2016, Estimating Hydraulic Properties with Stress-Specific Groundwater Models, U.S.
Geological Survey — National Ground-Water Meeting, Reno, Nevada, August 29 — September 2,
2016, PRESENTED
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c. Rendering Scientific Judgement

Former Associate Editor for the journal Ground Water.

Peer reviewer for the journals, Water Resources Research, Hydrogeology Journal, Ground Water
Monitoring & Remediation, Journal of Hydrology, J. of Irrigation and Drainage Engineering, J. of
Hydrologic Engineering, and J. of Engineering Hydrology.

Expert witness for other Federal agencies. Testified on methods of estimating recharge in Nevada at
Nevada State Engineering Hearing on Kane Springs Valley, April 4-6, 2006. Testimony was
requested by Peter Fahmy, Water Rights Attorney, Office of the Solicitor, Dept. of the Interior.

Expert witness for other Federal agencies. Testified on effects of groundwater development in eastern
Snake Valley, NV on Needlepoint spring in UT at Nevada State Engineering Hearing on Granite
Peak change application, February 2-6, 2015. Testimony was requested by Stephen Palmer, Water
Rights Attorney, Office of the Solicitor, Dept. of the Interior.

d. Lectureships and Other Academic Service
Courses: “Analytical and numerical solutions to groundwater flow and solute transport” CE5125 and
CE6125, Florida University Civil Engineering Department, Gainesville, FL, 1993-1994.

Seminar: “Why bother with ground-water flow models?” College of Charleston, Charleston, SC, 1996,
INVITED

Seminar: “Problems associated with estimating ground-water discharge and recharge from stream-
discharge records”, University of Illinois, Champaign, IL, 2000, INVITED
Courses: “Numerical Modeling of Ground-Water Flow” GEOL 651, San Diego State University, San
Diego, CA, Spring 2008, INVITED
e. Technical Training Provided

“Principles of radial flow to a well” and “Aquifer testing” sections of the LEVEL |, GROUND-WATER
PRINCIPLES course, Southeastern Region, 1993

“Unconfined aquifer testing” section of the AQUIFER TEST ANALYSIS course, Southeastern Region,
1997

“Characterization and simulation of surficial-aquifer systems with an emphasis on contaminant
hydrology” section of the CONDUCTING AND REPORTING OF GROUND-WATER MODELING
INVESTIGATIONS course, Southeastern Region, 1999

“Conducting and analyzing slug tests” workshop at the NATIONAL GROUND-WATER SPECIALISTS
MEETING Denver, November 1-5, 1999

“Overview of ground-water flow, aquifer testing, and numerical simulation” workshop at Carson City,
Nevada, May 30- June 1, 2000. INVITED

“Numerical Analysis of Aquifer Tests” workshop at Tampa, Florida, May 24, 2001. INVITED

“Ground-Water Field Techniques, USGS course GW1227” at Sacramento, California, October 27-31,
2003.

“Ground-water models and geologists workshop” at 2004 National Ground-Water Meeting in Lakewood,
Colorado, INVITED

“Excel for Hydrology” workshop at 2004 National Ground-Water Meeting in Lakewood, Colorado

“USGS Ground-water Modeling Workshop-2004” at 2004 National Ground-Water Meeting in Lakewood,
Colorado — Member of lecture team in half-day workshop entitled “Recent developments in
MODFLOW and related programs” coordinated by Arlen Harbaugh and Stan Leake (Instructors:

Keith Halford, Randy Hanson, Stan Leake, John Wilson, Dave Prudic, Rich Niswonger, Evan
Anderman).

“Western Region Evapotranspiration (ET)” workshop at Henderson, Nevada, October 20-21, 2004.

“Drawdown Estimation” workshop at Southwest Florida Water Management District, March 23, 2005 in
Brooksville, Florida, INVITED

16



“Drawdown Estimation” workshop at Georgia Water Science Center, March 24, 2005 in Doraville,
Georgia, INVITED

“Excel for Hydrology” workshop at 5t Washington Hydrogeology Symposium, April 12-14, 2005 in
Tacoma, Washington, INVITED http://www.ecy.wa.gov/events/hg/Program/workshops.htm

“Aquifer-Test Workshop, USGS course GW2164” at Sacramento, California, May 17-19, 2005

“Aquifer-Test Workshop, AEG short course” at Las Vegas, Nevada, September 20, 2005, INVITED
http://www.aegweb.org/i4a/pages/index.cfm?pageid=3881

“Slug Test Analysis,” USGS Western Region Data Conference, Sacramento, CA, April 12, 2006,
INVITED

“Simulating Multi-Node Wells in MODFLOW”, USGS Advanced Modeling of Ground-Water Flow, Course
GW3099, San Diego, California, October 30—November 3, 2006, INVITED

“Model Utilities and Spreadsheet Data Processing ”, USGS Advanced Modeling of Ground-Water Flow,
Course GW3099, San Diego, California, October 30—November 3, 2006, INVITED

“Parameter Estimation for Aquifer Testing,” guest lecturer CSUS hydrogeology class 127, Sacramento,
California, November 20, 2006, INVITED

“Ground-Water Management Workshop,” USGS Western Region, San Diego, California, March 20-21,
2007, INVITED

“2007 Nevada Evapotranspiration (ET) Workshop” at Carson City, Nevada, June 20-22, 2007.

“Interpreting Flow Logs with an Integrated Wellbore Analysis Tool — AnalyzeHOLE” at 2008 U.S.
Geological Survey — National Ground-Water Meeting in Lakewood, Colorado, INVITED

“Advanced Aquifer-Test Analysis” at 2008 U.S. Geological Survey — National Ground-Water Meeting in
Lakewood, Colorado, INVITED

“Slug Test Analysis,” USGS Western Region Data Conference, Salt Lake City, UT, April 8, 2009,
INVITED

“‘Aquifer-Test Workshop,” USGS Western Region, San Diego, CA, June 1—4, 2009, INVITED
“Aquifer-Test Workshop,” USGS Western Region, Boise, ID, August 10-12, 2009, INVITED
“PEST Workshop,” California WSC, Sacramento, CA, September 30-October 1, 2009, INVITED

“Meeting of the Eastern Region Water Science Center Groundwater Specialists,” USGS Eastern
Region, Atlanta, GA, May 10-14, 2010, INVITED

“Groundwater Field Techniques/Groundwater Data for Users/Aquifer Test Analysis Workshop,” USGS
Western Region, Boise, ID, August 23-27, 2010, INVITED

"USGS Water-level modeling workshop," Henderson, NV, November 17-18, 2011
"Water-Level Modeling with SeriesSEE," OGW WebEx Seminar, February 8, 2012

"Water Level Modeling and Time Series Analysis," Course ID1725, Ft Lauderdale, FL, April 3-4, 2012,
INVITED

“Time Series Analysis and Water-Level Modeling with SeriesSEE: An Excel Add-In” at 2012 U.S.
Geological Survey — National Ground-Water Meeting in Lakewood, Colorado, INVITED

“Change models” at 2012 U.S. Geological Survey — National Ground-Water Meeting in Lakewood,
Colorado, INVITED

"Water Level Modeling and Time Series Analysis," for Barrick Gold of North America, Inc. in Elko, NV,
May 28-29, 2014, INVITED

“Obtaining Useful Answers from Groundwater Models” for Nevada Water Resources Association Annual
Conference, Reno, Nevada, January 27, 2015 INVITED

"AQUIFER PUMPING TEST TECHNIQUES:PART 3: Constant Rate Pumping Tests," for Midwest
GeoSciences Group & In-Situ, Inc., Webinar, March 5, 2015, INVITED
http://midwestgeo.com/webinars/aquiferpumping-03052015.php
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“Use Transmissivity and Improve Model Calibration” at 2016 U.S. Geological Survey — National Ground-
Water Meeting in Reno, Nevada, INVITED

“Time Series Analysis and Water-Level Modeling with SeriesSEE: An Excel Add-In” at 2016 U.S.
Geological Survey — National Ground-Water Meeting in Reno, Nevada, INVITED

f. Special Assignments

2013-Present Technical advisor and reviewer of Environmental Impact Statement (EIS) for
Bureau of Land Management (BLM). Review competing groundwater models for estimating effects
of groundwater development in eastern and southern Nevada. Identify which model is the least
flawed and poses less hazards to a Record of Decision.

2007-2012 Technical advisor and reviewer of Environmental Impact Statement (EIS) for
Southern Nevada Water Authority’s (SNWA) Groundwater Development and Pipeline Projects in
eastern Nevada that is being prepared by the Bureau of Land Management (BLM). Developing
consistent water-budget and recharge models to illustrate the limitations of Maxey-Eakin and similar
approaches is a significant technical component.

2006-2009 Member of Consultative Workgroup (CWG) for remediation of hexavalent
chromium contamination near PG&E Topock compressor station, Needles, California. CWG is
responsible for groundwater plume characterization, groundwater modeling, aquifer hydraulics,
isotopes, bedrock investigations, groundwater remedy assessment, geochemical evaluation of soils
and groundwater, seismic interpretations, and unsaturated-zone simulation.

g. Other Technical Activities

Spreadsheet Usage and Applications — Frequently teach classes for solving hydrologic problems with
spreadsheets. A few examples with limited descriptions can be retrieved from,
http:/nevada.usgs.gov/tech/excelforhydrology/ Questions and kudos frequently are received about the
Piper and Ternary plotting routines, because they are used by businesses and government agencies
across the globe. For example, Daniel Ray of Aquatic Science in Tasmania contacted me
November 2013 about adapting these routines for government agencies in Australia.

Idaho Groundwater Training Facility, [dIGWTF, — Member of group developing and promoting a training
facility at the ldaho WSC where field exercises can occur easily with classroom instruction. The site
is an 11 acre yard adjacent to ldaho WSC office in Boise with a production well and multiple
observation wells. The IdGWTF likely will be initiated with groundwater field methods, borehole
geophysics, aquifer testing, and flow-log analysis classes. | am developing advanced aquifer testing
classes where aquifer-test results are interpreted with numerical methods.
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15.Outreach and Information Transfer

2004-05 Advised U.S. Bureau of Land Management on potential effects of groundwater development in
Honey Lake and adjacent basins.

2000-05 Provided technical oversight for U.S. Department of Energy at the Nevada Test Site (NTS).
Reviewed and analyzed multiple-well aquifer tests. Lead team that reviewed methods for analyzing
single-well aquifer tests for environmental restoration at NTS.

2000-04 Advised National Park Service and Fish and Wildlife Service on potential effects of groundwater
development near Great Basin National Park and Lake Mead National Recreation Area.

1997-98 Provided technical guidance for assessing phytoremediation and recirculation wells to the
Technical Oversight committee at Orlando Naval Training Center.

1996-97 Provided technical guidance for general groundwater movement and remediation efforts to the
Technical Oversight committee at Naval Station Mayport.

16.Inventions, Patents Held

17.Honors, Awards, Recognition, Elected Memberships

Performance Award for Superior Service, 2015

Performance Award for Superior Service, 2014

Quality Increase Award, 2013

Quality Increase Award, 2012

Performance Award for Superior Service, 2011

Performance Award for Superior Service, 2010

Quality Increase Award, 2008

Performance Award for Superior Service, 2008

Performance Award for Superior Service, 2007

Unsung Hero Award, 2005

Quality Increase Award, 2005

Quality Increase Award, 2004

Best Referee Award from ASCE Journal of Irrigation and Drainage Engineering 1999-2000
STAR Cash Award for Achieving Results, USGS, 1997

On-the-Spot Award for an Excel template for analyzing slug-tests, USGS, 1997
STAR Cash Award for Achieving Results, USGS, 1996
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Geotechnical Applications, Golden, Colorado, October 24—-26, 2000, Proceedings: Houston, Tex.,
The Minerals and Geotechnical Logging Society, A Chapter at Large of the Society of Professional
Well Log Analysts,157-168

Spechler, R.M. and Halford, K.J., 2001, Hydrogeology, water quality, and simulated effects of
groundwater withdrawals from the Floridan Aquifer System, Seminole County and vicinity,
Florida, U.S. Geological Survey Water-Resources Investigations Report 01-4182, 116p.

—Investigated previous interpretations of leaky aquifer responses in Upper Floridan aquifer, p. 25-
28. Simulated and documented all aspects of the ground-water flow model, p. 49-89.

Mills, P.C., Nazimek, J.E., Halford, K.J., and Yeskis, D.J., 2001, Hydrogeology and simulation of
ground-water flow in the aquifers underlying Belvidere, lllinois, U.S. Geological Survey Water-
Resources Investigations Report 01-4100, 110p.

—Mentored Pat Mills, provided numerical tools, and created the initial calibrated model of the
Belvidere area.

Mills, P.C., Halford, K.J., and Cobb, R.P., 2002, Delineation of the Troy Bedrock Valley and Particle-
Tracking Analysis of Ground-Water Flow Underlying Belvidere, lllinois, U.S. Geological Survey
Water-Resources Investigations Report 02-4062, 53p.

—Mentored Pat Mills, provided numerical tools, devised particle-track analyses, and created the
initial MODPATH results.

Halford, K.J. and Kuniansky, E.L., 2002, Documentation of spreadsheets for the analysis of aquifer
pumping and slug test data, U.S. Geological Survey Open-File Report 02-197, 54p.

Halford, K.J. and Hanson, R.T., 2002, Documentation for the Multi-Node Well Package, MNW, for the
U.S. Geological Survey's Modular Three-Dimensional Finite-Difference Ground-Water Flow
Model, U.S. Geological Survey Open-File Report 02-293, 39p.

Moreo, M.T., Keith J. Halford, Richard J. La Camera, and Randell J. Laczniak 2003, Estimated Ground-
Water Withdrawals from the Death Valley Regional Flow System, Nevada and California, 1913-
98, U.S. Geological Survey Water-Resources Investigations Report 03-4245, 34p.

Reichard, E.G., Land, M., Crawford, S.M., Johnson, T., Everett, R.R., Kulshan, T.V., Ponti, D.J.,
Halford, K.J., Johnson, T.A., Paybins, K.S., and Nishikawa, T., 2003, Geohydrology, geochemistry,
and ground-water simulation-optimization of the Central and West Coast Basins, Los Angeles
County, California, U.S. Geological Survey Water-Resources Investigations Report 03-4065, 196p.
—Defined objective function, conducted sensitivity analysis, and reported results, p. 108-115.

Halford, K.J. and Campbell, B.C., 2004, A unique approach to estimating lateral anisotropy in complex
geohydrologic environments, Journal of Hydraulic Research, v. 42, extra issue, 70-79.
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http://web.archive.org/web/20041016231748/www.mgls.org/2000Sym/Schedule.html
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http://pubs.usgs.gov/of/2002/ofr02197/
http://pubs.usgs.gov/of/2002/ofr02293/text.html
http://water.usgs.gov/pubs/wri/wrir034245/
http://water.usgs.gov/pubs/wri/wrir034065/wrir034065.html
http://water.usgs.gov/pubs/wri/wrir034065/wrir034065.html

Berger, D.L., Maurer, D.K., Lopes, T.J., and Halford, K.J., 2004, Estimates of natural ground-water
discharge and characterization of water quality in Dry Valley, Washoe County, West-Central
Nevada, 2002-2003, U.S. Geological Survey Scientific Investigation 2004-5155, 46p.

—Designed and analyzed aquifer tests in Dry Valley, NV. Reported results, p. 16-17.

Halford, K.J. 2004, Editorial—More Data Required: Ground Water, v. 42, no. 4, 477.

Andraski, B.J., Halford, K.J., and Michel, R.L., 2004, Plume-scale testing of a simplified method for
detecting tritium contamination in plants and soil: Proceedings, Workshop on long-term
performance monitoring of metals and radionuclides in the subsurface, Reston, Vir., April 20-22

—Mentored Brian on the application of Kriging and estimating variograms.

Halford, W.P., Halford, K.J., and Pierce, A.T., 2005a, Mathematical analysis demonstrates that
interferons-p and -y interact in a multiplicative manner to disrupt herpes simplex virus
replication, J. of Theoretical Biology, v. 234, no. 3, p.439-454.

—Introduced hyperbolic tangent function for simulating virus response to interferons

Andraski, B.J., Stonestrom, D. A., Michel, R. L., Halford, K. J., and Radyk, J. C., 2005, Plant-Based
Plume-Scale Mapping of Tritium Contamination in Desert Soils: Vadose Zone Journal v. 4, no. 4,
p.819-827.

—Mentored Brian on the application of Kriging and estimating variograms.

Halford, K.J., Laczniak, R.J., and Galloway, D. L., 2005b, Hydraulic Characterization of Overpressured
Tuff in Central Yucca Flat, Nevada Test Site, Nevada, U.S. Geological Survey Scientific
Investigation 2005-5211, 55p.

Yobbi, D.K. and Halford, K.J., 2006, Numerical Simulation of Aquifer Tests, West-central Florida, U.S.
Geological Survey Scientific Investigation 2005-5201, 93p.
—Developed moving model approach and analyzed the 13 sites with multiple aquifer tests.

Hoffmann, J.P., Bills, D.J., Phillips, J.V., and Halford, K.J., 2006, Geologic, Hydrologic, and Chemical
Data from the C Aquifer near Leupp, Arizona, U.S. Geological Survey Scientific Investigation
2005-5280, 49p.

—Mentored John Hoffmann, provided numerical tools for estimating drawdown and analyzing
aquifer tests, and designed template for documenting aquifer-test results in internal packages and
final report.

Halford, K.J. 2006a, Documentation of a Spreadsheet for Time-Series Analysis and Drawdown
Estimation, U.S. Geological Survey Scientific Investigation 2006-5024, 38 p.

Halford, K.J., 2006b, MODOPTIM: a general optimization program for ground-water flow model
calibration and groundwater management with MODFLOW, U.S. Geological Survey Scientific
Investigation 2006-5009, 62 p.

Halford, K.J. and D.K. Yobbi 2006, Estimating Hydraulic Properties Using a Moving-Model Approach
and Multiple Aquifer Tests: Ground Water, v. 44, no. 2, 284-291

Halford, K.J., Weight, W. D., and Schreiber, R. P., 20086, Interpretation of Transmissivity Estimates from
Single-Well, Pumping Aquifer Tests: Ground Water, v. 44, no. 3, 467-471

Green, J.M., and Halford, K.J., 2006, Simulation of ground-water flow, chap of Green, J.M., ed., 2006,
The effectiveness of Cattlemans Detention Basin, South Lake Tahoe, California: U.S. Geological
Survey Scientific Investigations Report 2006-5259, p. 17-26.
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https://darcylecture2016.files.wordpress.com/2015/08/halford-2004-groundwater.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15784277&dopt=Abstract
http://pubs.usgs.gov/sir/2005/5211/
http://pubs.usgs.gov/sir/2005/5201/
http://pubs.usgs.gov/sir/2005/5280/
http://pubs.usgs.gov/sir/2006/5024/
http://pubs.usgs.gov/sir/2006/5009/
http://www.blackwell-synergy.com/doi/abs/10.1111/j.1745-6584.2005.00109.x
http://www.blackwell-synergy.com/doi/abs/10.1111/j.1745-6584.2005.00151.x
http://pubs.usgs.gov/sir/2006/5259/

Halford, K.J. 2008, Discussion of “Update on the Use of the RORA Program for Recharge Estimation”™:
Ground Water, v. 46, no. 1, 10-11.

Halford, K.J. and Stamos-Pfeiffer, C., 2008, Interpreting Flow Logs with an Integrated Wellbore Analysis
Tool, AnalyzeHOLE, MODFLOW and More: Ground Water and Public Policy, May 18-21, 2008,
IP-003718

Fenelon, J.M., Laczniak, R.J., and Halford, K.J., 2008, Water-level contours for aquifers in the Rainier
Mesa and Shoshone Mountain area of the Nevada Test Site, Nye County, Nevada: U.S.
Geological Survey Scientific Investigation, 2008-5044, IP-004547

—Created spreadsheet utility for viewing hydrostratigraphic units, hydrologic units, water levels,
and well construction for wells in the Rainier Mesa and Shoshone Mountain area. Simulated
effects of low-permeability structures on flow fields with another utility that calls MODFLOW.

Garcia, C.A., Johnson, M.J., Andraski, B.J., Halford, K.J., and Mayers, C.J., 2008, Portable Chamber
Measurements of Evapotranspiration at the Amargosa Desert Research Site near Beatty, Nye
County, Nevada, 2003-06: U.S. Geological Survey Scientific Investigation, 2008-5135,
IP-004606

—Created spreadsheet utility for estimating slope of vapor density with regression or graphical
techniques so evapotranspiration can be estimated from chamber measurements.

Kuniansky, E.L., Halford, K.J., and Shoemaker, W.B., 2008, Permeameter Data Verify New Turbulence
Process for MODFLOW, Ground Water, v. 46 no. 5
—Developed and applied relative hydraulic conductivity approach to simulate turbulent flow. Fitted
the turbulence process to the permeameter data.

Izbicki, J.A., Stamos, C.L., Metzger, L.F., Halford, K.J., Kulp, T.R., and Bennett, G.L., 2008, Source,
Distribution, and Management of Arsenic in Water from Wells, Eastern San Joaquin Ground-
Water Subbasin, California: U.S. Geological Open-File Report, 2008-1272., IP-005636

—Developed integrated wellbore analysis tool for simulating flow and transport in wells and aquifer
systems. Flow is solved with MODFLOW, water-quality changes are simulated with a particle-
based mixing model, and particle movement is solved with MODPATH. This program was the
predecessor of AnalyzeHOLE.

Berger, D.L.; Halford, K.J.; Belcher, W.R.; Lico, M.S., 2008, Technical Review of Water-Resources
Investigations of the Tule Desert, Lincoln County, Southern Nevada: U.S. Geological Open-File
Report, 2008-1354, IP-007770

—Demonstrated that Maxey-Eakin and other transfer methods had been misapplied in Tule Desert.
Constrained recharge estimates in Tule Desert to less than 8,000 ac-ft with an independent
analysis of groundwater discharge.

Konikow, L.F., Hornberger, G.Z., Halford, K.J., and Hanson, R.T., 2009, Revised multi-node well
(MNW?2) package for MODFLOW ground-water flow model: U.S. Geological Survey Techniques
and Methods 6-A30, 67 p., IP-012791
—Lenny paid homage to original authors.

Halford, K.J. 2009, AnalyzeHOLE: an Integrated Wellbore Flow Analysis Tool, U.S. Geological Survey
Techniques and Methods 4-F2, 46 p., IP-014425

Halford, K.J., C.L. Stamos, T. Nishikawa, and P.M. Martin, 2010, Arsenic Management through Well
Modification and Simulation in Antelope Valley, California, Ground Water, v. 48 no. 4, 526-537,
IP-002247
—All quantitative work and pushed the article through the mill.
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http://www.blackwell-synergy.com/doi/abs/10.1111/j.1745-6584.2007.00392_1.x
http://pubs.usgs.gov/sir/2008/5044/
http://pubs.usgs.gov/sir/2008/5135/
http://www3.interscience.wiley.com/journal/120120427/abstract
http://pubs.usgs.gov/of/2008/1272/
http://pubs.usgs.gov/of/2008/1354/
http://pubs.usgs.gov/tm/tm6a30/
http://pubs.usgs.gov/tm/tm4f2/
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-6584.2009.00670.x/abstract

Garcia, C.A., Halford, K.J., and Laczniak, R.J., 2010, Interpretation of flow logs from Nevada Test Site
boreholes to estimate hydraulic conductivity using numerical simulations constrained by single-well
aquifer tests: U.S. Geological Survey Scientific Investigations Report 2010-5004, 28 p., IP-014182
—Designed approach, aided interpretation, and reported methods.

Day-Lewis, F. D., Johnson, C. D., Paillet, F. L. and Halford, K. J., 2011, A Computer Program for Flow-
Log Analysis of Single Holes (FLASH). Ground Water, 49: 926-931. doi: 10.1111/j.1745-
6584.2011.00798.x, IP-021243
—Recoded call to Solver so that workbook would be independent of Excel versions. Modified
structure of FLASH for usability.

Phelps, G.A., Boucher, A., and Halford, K.J., 2011, A refined characterization of the alluvial geology of
yucca flat and its effect on bulk hydraulic conductivity, U.S. Geological Survey Open-File Report
2010-1307, 33 p.

—Aided and abetted silliness with an easy to use numerical permeameter.

Halford, K.J., and Plume, R.W., 2011, Potential effects of groundwater pumping on water levels,
phreatophytes, and spring discharges in Spring and Snake Valleys, White Pine County, Nevada,
and adjacent areas in Nevada and Utah: U.S. Geological Survey Scientific Investigations Report
2011-5032, 52 p., IP-012521
—Everything except describe the geologic setting.

Martin, Peter, ed., with contributions by Brandt, Justin, Catchings, R.D., Christensen, A.H., Flint, A.L.,
Gandhok, Gini, Goldman, M.R., Halford, K.J., Langenheim, V.E., Martin, Peter, Rymer, M.J.,
Schroeder, R.A., Smith, G.A., and Sneed, Michelle, 2011, The source, discharge, and chemical
characteristics of water from Agua Caliente Spring, Palm Springs, California: U.S. Geological
Survey Scientific Investigations Report 2011-5156, 106 p., IP-002271
—Another bit player who was surprised to be included as an author. Analyzed filling patterns of
bath pool to estimate discharge from Agua Caliente Spring.

Halford, K.J., J.M. Fenelon, C.A. Garcia, D.S. Sweetkind, and G. Phelps, 2011, Geologic Heterogeneity
of Structural Blocks and Hydraulic Significance, Pahute Mesa, Nevada, MODFLOW and More
2011: Integrated Hydrologic Modeling — Conference Proceedings, 493-502

Garcia, C.A., Fenelon, J.M., Halford, K.J., Reiner, S.R., and Laczniak, R.J., 2011, Assessing hydraulic
connections across a complex sequence of volcanic rocks—Analysis of U-20 WW multiple-well
aquifer test, Pahute Mesa, Nevada National Security Site, Nevada: U.S. Geological Survey
Scientific Investigations Report 2011-5173, 24 p., IP-027960

Halford, K.J., Garcia, C.A., Fenelon, J.M., and Mirus, B.B., 2012, Advanced methods for modeling
water-levels and estimating drawdowns with SeriesSEE, an Excel add-in, U.S. Geological Survey
Techniques and Methods 4-F4, 29 p., IP-033310
—Everything. Co-authors identified necessary features and flaws in implementation.

Garcia, C.A., Halford, K.J. and Fenelon, J.M. 2013, Detecting Drawdowns Masked by Environmental
Stresses with Water-Level Models. Ground Water, 51: 322-332. doi: 10.1111/gwat.12042
—Designed investigation, advised junior colleague, co-wrote paper, and delegated hassles to junior
colleague.

Prudic, D.E, Sweetkind, D.S., Jackson, T.L., Dotson, K.E., Plume, R.W., Hatch, C.E., and Halford, K.J.
2015, Evaluating connection of aquifers to springs and streams, Great Basin National Park and
vicinity, Nevada: U.S. Geological Survey Professional Paper 1819, 188 p.,
http://dx.doi.org/10.3133/pp 1819, IP-034324
—Another bit player who was surprised to be included as an author. Interpreted several multi-well
aquifer tests in Spring and Snake Valleys.
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http://onlinelibrary.wiley.com/doi/10.1111/j.1745-6584.2011.00798.x/abstract
http://pubs.usgs.gov/of/2010/1307/
http://pubs.usgs.gov/sir/2011/5032/
http://pubs.usgs.gov/sir/2011/5156/
http://pubs.usgs.gov/sir/2011/5156/
http://pubs.usgs.gov/sir/2011/5156/
http://pubs.usgs.gov/sir/2011/5173/
http://pubs.usgs.gov/tm/tm4-F4/
http://onlinelibrary.wiley.com/doi/10.1111/gwat.12042/abstract
http://dx.doi.org/10.3133/pp1819
http://dx.doi.org/10.3133/pp1819
http://dx.doi.org/10.3133/pp1819

Fenelon, J.M., Halford, K.J., and Moreo, M.T., 2016, Delineation of the Pahute Mesa—Oasis Valley
groundwater basin, Nevada: U.S. Geological Survey Scientific Investigations Report 2015-5175,
40 p., http://dx.doi.org/10.3133/sir20155175, IP-033349
—All quantitative work such as the regional water balance, groundwater flow model of Pahute

Mesa—Oasis Valley groundwater basin, and estimation of travel time through the unsaturated zone
below Pahute Mesa.

Halford, K.J., 2016, Model Archive of Pahute Mesa-Oasis Valley Groundwater Flow Model: U.S.
Geological Survey Data Release, http://dx.doi.org/10.5066/F7N58JFQ, IP-033349

Halford, K.J., 2016, T-COMP—A suite of programs for extracting transmissivity from MODFLOW
models: U.S. Geological Survey Techniques and Methods, book 6, chap. A54, 17 p.,
http://dx.doi.org/10.3133/tm6A54, IP-071244

Mirus, B.B., Halford, K.J., Sweetkind, D.S., and Fenelon, J.M., 2016, Testing the suitability of geologic
frameworks for extrapolating hydraulic properties across regional scales, Hydrogeology Journal,
http://rd.springer.com/article/10.1007/s10040-016-1375-1 , IP-033309

—Designed investigation, advised junior colleague, co-wrote paper, and delegated hassles to junior
colleague.

b. Reports Accepted for Publication

Garcia, C.A., Jackson, T.R., Halford, K.J., Sweetkind, D.S., Damar, N.A., Fenelon, J.M., and Reiner,
S.R., 2016, Hydraulic Characterization of Volcanic Rocks in Pahute Mesa Using a Consolidated
Analysis of 16 Multiple-Well Aquifer Tests, Nevada National Security Site, 2009-2014: U.S.
Geological Survey Scientific Investigations Report 2016-XXXX, xx p.,
http://dx.doi.org/10.3133/sir2016XXXX.

—Designed investigation, advised junior colleague, co-wrote paper, and delegated hassles to junior
colleague.
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PUBLICATIONS

Halford (2016), Halford and others (2012), and Halford and Plume (2011) are three
significant publications that are of great importance to the hydrologic community and
society at large. These publications demonstrably advance integrating aquifer-test
results in groundwater-flow model calibration, expanding aquifer testing, and quantifying
effects of groundwater-development.

Halford, K.J., 2016, T-COMP—A suite of programs for extracting transmissivity from MODFLOW

models: U.S. Geological Survey Techniques and Methods, book 6, chap. A54, 17 p.,
http://dx.doi.org/10.3133/tm6A54

Groundwater-flow models are calibrated better, where aquifer-test results directly
constrain simulated transmissivities as head and flow observations typically do.
Estimates from aquifer tests are relatively unambiguous because transmissivities are
inversely proportional to an integrated response from heterogeneous aquifers (Halford,
2016). Transmissivity estimates are the most prevalent result from aquifer tests because
most are limited to a single well, which realistically precludes estimating any other
hydraulic properties (Halford and others, 2006). Methodology and software for directly
comparing simulated transmissivities to aquifer-test results are available readily to all
hydrologists with T-COMP (Halford, 2016). More than 90 percent of simulated
transmissivities and aquifer-test results agree within the uncertainty of field estimates,
which is about a factor of two.

Directly comparing simulated transmissivities to aquifer-test results with T-COMP is
vastly superior to assigning possible ranges hydraulic conductivities to hydrostratigraphic
units (HSUs), which conventionally occurs. Reducing aquifer-test results to hydraulic
conductivities adds uncertainty. This is because contributing thicknesses differ between
field estimates and numerical models, real heterogeneity is suppressed, and HSUs
poorly predict hydraulic conductivity (Halford, 2016). Hydraulic conductivity estimates
typically are more variable within HSUs than between HSUs even in controlled analyses
where variability within HSUs is minimized (Mirus and others, 2016). Constraining
hydraulic-conductivity estimates in groundwater-flow models with wide permissible
ranges for many HSUs also systematically biases simulated transmissivities greater than
aquifer-test results (Halford, 2016). Direct comparison between simulated
transmissivities and aquifer-test results circumvents the poor correlation between
hydraulic-conductivity estimates and HSUs (Fenelon and others, 2016).
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Halford, K.J., Garcia, C.A., Fenelon, J.M., and Mirus, B.B., 2012, Advanced methods for
modeling water-levels and estimating drawdowns with SeriesSEE, an Excel add-in, U.S. Geological
Survey Techniques and Methods 4-F4, 29 p.

Aquifer testing has been expanded greatly with water-level modeling, because
pumping responses can be differentiated reliably from natural water-level changes in
wells. Water-levels are modeled robustly with the Theis-transform approach because
environmental fluctuations and pumping signals are simulated simultaneously.
Drawdowns of 0.05 ft have been clearly detected more than 3 miles from pumping wells
beneath Pahute Mesa. Distant detection makes it possible to estimate hydraulic
properties of fault structures in addition to hydrogeologic units (Garcia and others, 2011).
Accuracy of drawdown estimates is limited primarily by noise in the data sets, not the
Theis-transform approach. Water-level modeling with Theis transforms significantly
improves the original projection approach (Halford, 2006a), which has been applied
frequently by consultants, national labs, and other federal agencies. Uncertainty of
drawdown estimates also is quantifiable because prediction errors are 2-3 times fitting
errors (Garcia and others, 2013).

Water-level modeling is readily accessible to the entire hydrologic community
because this new methodology is implemented in the program SeriesSEE. Water-level
models are created and calibrated quickly because parameter regularization stabilizes
results without burdening users. SeriesSEE has been utilized by many individuals in the
USGS and other organizations such as AMEC; Argonne National Lab; Barrick Gold;
CH2M HILL; Golder Associates; Navarro-Intera LLC; Newmont Mining; NORWEST
Corporation; Tetra Tech GEO; US Fish and Wildlife Service; and US National Park
Service. Indisputable impacts of the methods and SeriesSEE were noted by a reviewer,
Ed Kwicklis of Los Alamos National Laboratory, “This is a potential game-changer in the
way that transient pumping data are used in groundwater model calibration.”
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Halford, K.J., and Plume, R.W., 2011, Potential effects of groundwater pumping on water levels,
phreatophytes, and spring discharges in Spring and Snake Valleys, White Pine County, Nevada,
and adjacent areas in Nevada and Utah: U.S. Geological Survey Scientific Investigations Report
2011-5032, 52 p.

Regional effects of groundwater development can be quantified and uncertainty
minimized with the direct-drawdown approach. The hydraulic conductivity distribution
was estimated with a steady-state, groundwater-flow model. Reasonable hydraulic
property estimates and rapid calibration were assured by expanding the types of
information in the objective function and simulating head-dependent discharge, springs
and phreatophytes, as specified discharges. Heads associated with springs and
phreatophytes were incorporated in the objective function. Hydraulic property estimates
were constrained with transmissivity estimates from conventional and irrigation aquifer
tests.

Effects of groundwater development from proposed pumping in Snake Valley by
Southern Nevada Water Authority (SNWA) were predicted with a different model than
the calibration model that directly simulated drawdown and groundwater capture.
Reductions in discharge to streams, springs, wetlands, and phreatophyte stands where
water availability is limited were simulated accurately with wells and drains in
MODFLOW. Differences between injected and drained water, simulated the capture of
ground-water discharge, which limited simulated groundwater capture to measured
discharges. Direct simulation of drawdown reduced model complexity and uncertainty
because fewer hydrologic features were simulated.

Halford and Plume (2011) was cited frequently during the Nevada State Engineer’s
six-week hearing requested water rights to SNWA from Spring, Cave, Dry Lake, and
Delamar Valleys. The report was introduced as an exhibit by the principal protestant
Great Basin Water Network, because the research informed important management and
policy decisions. Halford and Plume (2011) also demonstrates the superiority of USGS
reports for delivering complete scientific products by serving models and detailed model
results in the Appendixes.
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