Guam Groundwater-Availability Study:

Preliminary Results Presented at
Technical Working Group Meeting on

January 31, 2013

“This information is preliminary and is subject to revision. It is being provided
to meet the need for timely best science. The information is provided on the
condition that neither the U.S. Geological Survey nor the U.S. Government
may be held liable for any damages resulting from the authorized or
unauthorized use of the information.”
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Outline of Meeting

Project goals, products, timeline

Review of aquifer properties, database, volcanic-
rock basement map, water-budget results

Numerical modeling — preliminary findings
— Calibration to baseline condition

— Drought condition (driest 5-year period)

— Future pumping scenarios

Expanded monitoring needs
Next steps



Study Objectives

* Obtain a better understanding of the regional
groundwater flow system in northern Guam

 Update estimates of groundwater recharge for the
entire island

e Estimate effects of selected withdrawal scenarios
within northern Guam, using a numerical
groundwater flow and transport model, on water
levels and the transition zone between freshwater
and saltwater
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Study Approach

Compile, review, and analyze existing data
Collect additional groundwater data in northern Guam

Develop daily water budget to estimate groundwater
recharge rates

4. Develop numerical groundwater flow and salinity
model for northern Guam
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Timelines
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Outline of Meeting

* Project goals, products, timeline

Review of aquifer properties, database, volcanic-
rock basement map, water-budget results

* Numerical modeling — preliminary findings
— Calibration to baseline condition
— Drought condition (driest 5-year period)
— Future pumping scenarios

 Expanded monitoring needs
* Next steps
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Aquifer Properties of Northern Guam

e Use tidal fluctuations in monitoring wells to
determine aquifer properties

e Compared results using numerical model
* Led to a refined conceptual model of the aquifer

* Published on-line in Hydrogeology Journal
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Well Database
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Well Database
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Wells commented_july 7 2010_0938.xlsx

Updated Volcanic-Rock Basement Map
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1982 Basement Contour Map
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Six-step comparative analysis process
(building on Hunter, 1992)

ac U S G S
" =3
science for a changing world



Sea level
contours of
basement

2010 (blue) update
1982 (red) original

ac U S G S
" =3
science for a changing world



\

\

a USGS

science for a changing world

14



Water-Budget Summary

* Recharge estimated for the northern aquifer
subbasins is 32% to 49% greater than recharge
estimated by the Northern Guam Lens Study (1982)

 Recharge is about 40%-60% of water input in
limestone areas and less than 30% in volcanic areas

e Potential land-cover changes incurred during the
proposed military buildup likely will not reduce
overall recharge to Guam

 Compared to long-term average, recharge is 34%
lower during drought conditions
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Outline of Meeting

* Project goals, products, timeline

 Review of aquifer properties, database, volcanic-
rock basement map, water-budget results

- * Numerical modeling — preliminary findings
— Calibration to baseline condition

— Drought condition (driest 5-year period)

— Future pumping scenarios

 Expanded monitoring needs
* Next steps
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Model Calibration-Baseline Condition

* Hydrologic conditions

— Long-term average recharge (1961-2005 rainfall;
2004 land cover)

— 2010 pumping rates
e Calibration targets

— Average 2010 water levels and tidal fluctuations
— December 2009 salinity profiles
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Observed and Modeled Water Levels
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Observed and Modeled Saiinity Profiles
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“This information is preliminary and is subject to revision. It is being provided
to meet the need for timely best science. The information is provided on the
condition that neither the U.S. Geological Survey nor the U.S. Government
may be held liable for any damages resulting from the authorized or
unauthorized use of the information.”



Drought Condition

* Hydrologic conditions

— Driest 5-yr period (34% reduction in recharge)
* 1969-73 rainfall
* 2004 land cover

— 2010 pumping rates

* Results after 5 years of pumping at steady
rates
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Current pumping



SALINITY, IN PERCENT SEAWATER
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Scenario 1
Additional GWA and AF pumpage

* Hydrologic conditions
— Average long-term recharge
— 2010-11 pumping rates (GWA, DoD, private wells)
— GWA 3 new wells (AG10, Site 08, Site 12)
» Additional 1 Mgal/d
— Air Force 5 existing wells (AFO1-AF05)
» Additional 0.7 Mgal/d

s
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Additional GWA & Air Force

pumpage = 1.7 Mgal/d

pumping
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Scenario 2
Scenario 1 plus additional DoD pumpage

* Hydrologic conditions
— Average long-term recharge
— 2010-11 pumping rates (GWA, DoD, private wells)
— GWA 3 new wells (AG10, Site 08, Site 12)
» Additional 1 Mgal/d
— Air Force 5 existing wells (AFO1-AF05)
» Additional 0.7 Mgal/d
— Tumon: Additional 0.8 Mgal/d
— Marbo: Additional 0.5 Mgal/d
— USMC: Additional 2.72 Mgal/d

s
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Additional DoD pumpage

= 4.02 Mgal/d

pumping
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Scenario 3
Additional DoD pumpage (redistributed)

* Hydrologic conditions
— Average long-term recharge
— 2010-11 pumping rates (GWA, DoD, private wells)
— GWA 3 new wells (AG10, Site 08, Site 12)
» Additional 1 Mgal/d
— Air Force 5 existing wells (AFO1-AF05)
* Additional 0.7 Mgal/d
— Tumon: Additional 0.8 Mgal/d
— Marbo: Additional 0.5 Mgal/d
— USMC: Additional 2.72 Mgal/d (redistributed)
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Additional DoD pumpage

= 4.02 Mgal/d (redistributed)

pumping
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Scenario 4
Redistributed Pumpage to Minimize Salinity

* Hydrologic conditions
— Average long-term recharge
— 2010-11 pumping rates (GWA, DoD, private wells)
— GWA 3 new wells (AG10, Site 08, Site 12)
» Additional 1 Mgal/d
— Air Force 5 existing wells (AFO1-AF05)
* Additional 0.7 Mgal/d
— Tumon: Additional 0.8 Mgal/d
— Marbo: Additional 0.5 Mgal/d
— USMC: Additional 2.72 Mgal/d

science for a changing world
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Redistributed pumpage to

minimize salinity

pumping
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Modeling Implications

e Sub-basins cannot be managed independently; for example,
withdrawal from Agafa Gumas causes salinity increase in
Finegayan

e Distribution and rates of proposed DoD wells need further
refinement to minimize salinity increases in existing wells

* |Impact to GWA and DoD groundwater sources, in Mgal/d:

Condition Total Cautionary

Baseline

Drought

Scenario 1
Scenario 2

Scenario 3

Scenario 4
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Remaining Tasks

* Finalize future pumping scenarios
* NavFacPac
« GWA
* Present updated findings — ?
e Publish final report — September 2013

ac U S G s
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Outline of Meeting

* Project goals, products, timeline

e Review of aquifer properties, database, volcanic-
rock basement map, water-budget results

* Numerical modeling — preliminary findings
— Calibration to baseline condition
— Drought condition (driest 5-year period)
— Future pumping scenarios

mm) - Expanded monitoring needs
* Next steps
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Reasons for Expanded iVionitoring

1. Sustainable groundwater development requires accurate and
detailed data on aquifer hydrology and geology

e Water levels, salinity

2. Existing network inadequate to support proposed
groundwater development

e Track responses to development & natural changes

3. Evaluate model predictions & improve future models

e Models are only as good as the data that go into them
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Expansion of Hydrologic Data Coliection Network

ZUSGS
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Groundwater Monitoring Wells

« Existing network of 7 deep wells is limited to
2 of the 6 sub-basins

* 8 new deep wells are needed in areas with
little/no coverage (4 of 6 sub-basins)
o Agafa-Gumas/Andersen (DM1, DM2)
o Finegayan (DM4, DM5)
o Yigo-Tumon (DM6, DM7, DM8)
o Mangilao (DM3)

Groundwater Monitoring Strateqy

« Water levels, continuous
o 15 long-term index sites
o 8 additional sites (7 days every 5 years)
 Salinity
o Continuous monitoring at 2 fixed depths
* Above and below mid-point of transition zone

* Long-term: 2 index sites
» Short-term: 2 deep wells, rotated for 1-yr
periods
o Semi-annual monitoring of vertical profile of
salinity in the water column (all deep wells)



Average Chloride Concentration for
Selected Wells in Finegayan Sub-Basin
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Pre-Instrumental
record
(Stumpy the Stalagmite)

Instrumental
record

Partin, Jenson & Banner et al., 2012

“This information is preliminary and is subject to revision. It is being provided
to meet the need for timely best science. The information is provided on the
condition that neither the U.S. Geological Survey nor the U.S. Government
may be held liable for any damages resulting from the authorized or
unauthorized use of the information.”

Decadal Oscillations

1. Wet since the 1970s

— But current conditions are not
the long-term norm—if there is
one...

2. 1950s & 1960s much drier

— 1969-1973 drought in the new
USGS groundwater model

than tl-le previous century

4. The Really Big Drought
RBD) spannéd end of 19th,
start of 20t" Centuries...
— 1st two decades: long, hard

dry seasons
- 2M two decades: drier wet
seasons

5. Middle of 19th Century was
relatively wet...

— But only a little more wet then the
1950s-1960s were dry...

6. Good news: overall trend for
past 160 years is wetter...but
only the past 160 years

7. Sort-of-bad news: ancient

wet-drx c¥cles may have



Proposed Funding Breakdown

DoD 14,000 57,000
GovGuam 127,000 196,000

USGS 70,000 70,000
Total 211,000 323,000

73,000
190,000
70,000
333,000

62,000
226,000
70,000
358,000

62,000
221,000
70,000
353,000

Eight new deep monitor wells are needed for areas that lack a
deep monitor well but are either already developed or planned

for groundwater development.

Cost of design and construction for each new deep monitor well is

estimated to be S100K.
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Next Steps

* Groundwater-Availability Study
— Finalize future pumping scenarios —
= NavFacPac/NavFacMar
= GWA
— Present updated findings — ?
— Publish final report — September 30, 2013

e Topics for consideration by DoD and GovGuam

— Cost-share agreements for new deep monitor wells and
expanded monitoring

— Groundwater modeling training

science for a changing world



Water Resources on Guaii:
Potential Impacts of Adaptive Response to
Climate Change for DoD Installations

* Requested by the DoD Strategic Environmental
Research and Development Program (SERDP)
e $2.3 M over 4 years beginning in fiscal year 2014

e 11 principal investigators: USGS, WERI, University of
Hawaii, University of Texas, East-West Center

;ﬁ USGS 42
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Study Objectives

* How will streamflow, sediment loads, and turbidity be
modified and how will this affect surface-water availability?

 How will groundwater recharge and salinity be modified?

 What are climate-change impacts to DoD infrastructure
supplying surface water and groundwater and what are the
adaptive strategies to maximize the water resources?

 How will information about potential climate-change impacts
be communicated to water managers evaluating and
implementing adaptive strategies?

= USGS
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1. Projection of Future Climate

International Pacific Research Center, University of Hawaii at Manoa

* Evaluate accuracy of global climate models for application in
Guam

* Generate downscaled climate projections

* Provide future estimates of rainfall, temperature, surface
solar flux, surface wind, and evapotranspiration

= USGS
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2. Update and Expansion of Watershed Muodle!

for Southern Guam
USGS PIWSC

* Expand USGS watershed model for the Fena Valley
watershed to all of southern Guam

e C(Calibrate using NEXRAD rainfall data aggregated to daily
totals

* Provide streamflow estimates for a range of projected
climate conditions

ac U S G s
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3. Impact of Modified Sediment Loads angd
Turbidity on Surface Water

USGS PIWSC

* Update bathymetric survey of Fena Valley Reservoir
 Update Fena Valley Reservoir water-balance model

e Estimate sedimentation rate from hand cores and
bathymetric changes

* Provide sedimentation and high turbidity event estimates
for a range of projected climate conditions

ac U S G s
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4. Computation and Geochemica!
Characterization of Past, Present, and Future
Groundwater Recharge

USGS PIWSC, UoG WERI, University of Texas

* Update water budget with climate and land-cover
projections

* Evaluate fast and slow recharge mechanisms using
geochemical tracers

* Analyze groundwater, soil water, cave water, rain water, and
limestone units for trace elements, Sr ratios, and 6180

e Use geochemical models to understand water origins and
flow paths

ac U S G s
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5. Application of Numerical Groundwatei Fiow
and Salinity Model

USGS PIWSC

* Apply future climate and sea-level projections

e Evaluate a range of climate change and pumping scenarios
to address future groundwater availability

s
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Task 6. Evaluation of Climate-Thange induced
Modifications and Adaptive Strategies for the
DoD Water-Resource Infrastructure

USGS PIWSC
* Evaluate storage conditions in the Fena Valley Reservoir for
a range of future climate conditions
* Evaluate adaptive strategies for the Fena Valley Reservoir

* Evaluate aquifer conditions for a range of future climate
conditions

* Evaluate strategies for conjunctive use of surface-water and
groundwater resources.
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Task 7. Communicating inforvinaticn ot
climate change impacts to water-resource
managers

East-West Center

* Establish rigorous stakeholder participation
* Interviews, workshops, and surveys of stakeholders

* Create decision support tools for stakeholders based on
findings
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Questions
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