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Outline of Meeting

• Project goals, products, timeline – Steve Gingerich

• Informational fact sheet, chloride and pumpage 
history – Steve Gingerich

• Groundwater recharge study – Adam Johnson

• Water-level monitoring – Steve Gingerich

• Well database – Vivianna Bendixson

• Hydrology/Modeling workshops – John Jenson

• Requests for stakeholder input and wrap-up – Steve 
Gingerich



Guam Groundwater-Availability Study

• $1.2M from the USMC over 3.5 years 
(collaborative effort with WERI)

• Stakeholder involvement critical to long-term 
success of numerical modeling effort for aquifer 
management 



Guam Groundwater-Availability Study 
Objectives

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

• Update estimates of groundwater recharge for the 
entire island

• 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



Guam Groundwater-Availability Study 
Approach

1. Compile, review, and analyze existing data

2. Collect additional groundwater data in northern 
Guam

3. Develop daily water budget to estimate 
groundwater recharge rates

4. Develop numerical groundwater flow and transport 
model for northern Guam
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Informational Fact Sheet

Need agency 
logos in 
vector 
format:
WERI
NavFacMar
GWA
GEPA



GWA and Navy production wells
chloride history 1990-2009



GWA and Navy production wells
pumpage history 2005-09
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Groundwater Recharge

Objective: Estimate the spatial distribution of long-term 
average groundwater recharge for the entire island

Methods:

1. Water-budget model

2. Chloride mass balance



Water-Budget Method

Irritation,
Water main &
Cesspool leaks
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Derived from PRISM (2006) http://www.prism.oregonstate.edu/products/pacisl.phtml

Feb Mar Apr

May June July Aug
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RAINFALL

• 1971 – 2000 average 
monthly rainfall 
distribution

• Island-wide rainfall 
rate: 390 – 1,750 mgd



RAIN GAGES

• 21 gages with daily rainfall 
records

• Used to generate daily 
rainfall patterns for the 
model

• Data Sources:
– USGS
– National Climatic Data Center
– WERI (Lander 2003)



IRRIGATION

• Applied to:
– Agriculture Fields
– Golf Courses

• Irrigation rates: 
– Agriculture: 1.2 mgd 
– Golf Courses: 0.05 mgd 
– Irrigation (unknown sites):        

0.13 mgd
– Based on GWA Annual Reports
– Varied monthly according to 

season

Sources: (NOAA, 2009) 
(USDA, 2006) 



Sources: (FEIS, 2010) 
(GWA, 2010) 

Navy Leak Area

WATER MAIN 
LEAKS

• GWA:
– 4 mgd

– Distributed evenly across its 
system

– 1.7 gal/d per foot of pipe

• Navy: 
– Barrigada: 0.36 mgd 

– NCS Barrigada: 0.07 mgd 

– Others?

• Air Force: ?



CESSPOOLS & SEPTIC 
TANK LEAKS

Houses on septic tank or 
cesspool:  10,848

Average Household water use: 
339 gal/day  (GWA 2007)

Maximum water input from 
cesspools & septic tanks: 3.7 mgd

Status of “unknown” buildings to 
be determined based on 
proximity to sewer lines.

Guam Septic Tank Survey
conducted by WERI



Sources: (NOAA, 2009)
(Earth Tech 1999) 

AFB Storm Drains

Impervious Areas
IMPERVIOUS 

SURFACES

• Roads, buildings, parking lots

• 9% of total land surface (2006)

• Incident rainwater will either:
– Evaporate

– Runoff to adjacent pervious areas 
and sinkholes

– Flow into storm drains

– Locations unknown



RUNOFF

• 20 historic USGS Stream gages 

• 8 currently active

• Runoff estimates will be 
adjusted to 1971 – 2000

• Monthly runoff-to-rainfall 
ratios will be computed for 
each gage’s drainage basin

• Estimate runoff from ungaged 
areas using records from 
nearby gages with similar 
geologic conditions



EVAPOTRANSPIRATION

• Pan Evaporation: WSMO 
(1958 – 1998)

• Estimate Pan Evaporation at 
the airport and AFB using 
solar-radiation data

Sources: (NCDC, 2010) 
(NSRDB, 2006) 



LAND COVER

• Source: USDA  2006

• Details vegetation type

• Pan Coefficient
– relates Pan Evaporation to 

Potential Evapotranspiration

• Forested Areas: 
– Canopy interception of rainfall

• Root Depths



Source: (USDA NRCS, 2009)

SOILS

Available Water Capacity

• varies by soil type

Moisture-Storage Capacity = 
Available Water Capacity * 
Root Depth



LAND-COVER

CHANGES

• Proposed impervious surfaces 
(FEIS 2010)

• New road surfaces outlined in 
the Guam Road Network; 
coverage needed

• Land-Cover Changes not 
documented in FEIS?



Compute Recharge
Rainfall + Irrigation + 
Leakage

Evapotranspiration

Runoff

Land Cover

Soils

Units of Common 
Hydrologic Properties 



• Run the model using daily 
time step for 1971 – 2000

• Average daily recharge will 
be computed and mapped 
for the entire island

• Scenarios:
– New impervious surfaces 

(FEIS)

– Drought conditions

– Climate change 
predictions if available

Groundwater recharge 
1926-1979     (in/yr)

0     10      20     30       50   100   350

Irrigation enhancement

(Engott and Vana, 2007)

MAUI

Example



Chloride Mass Balance (CMB)

Cave drippings

Bulk-Deposition Collector

• Four bulk-deposition 
sites

• Five groundwater sites

• Sampled in June, August

• Sample in October, 
December

Groundwater site
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• Measure water levels in selected areas for 
several months

• Characterize distribution of aquifer properties 
(tidal analysis)

• Define spatial distribution of water levels 
(calibration target)

• Estimate recharge from storms/typhoons

• Identify long-term monitoring needs

Water-Level Monitoring



Distribution of wells monitored by USGS



Distribution of wells monitored by USGS



Distribution of wells monitored by USGS



Distribution of wells monitored by USGS



http://groundwaterwatch.usgs.gov/

http://groundwaterwatch.usgs.gov/countymaps/GU_010.html�


Water-Level Data Consistency

• Accurate water-level data is needed to determine 
spatial changes

• Errors can be large fraction of water-level difference 
between wells in Guam’s freshwater lens

• Water-level tape accuracy

• Water-level measuring point with updated elevation 
surveyed to a common datum

• Important for data sharing among all agencies



Water-Level Tape Calibration
• Use master calibration tape

• Calibrate new tapes to establish baseline

• Re-calibrate on a regular schedule

• Calibrate over a range of depths

• Account for environmental factors

• Retire tapes out of calibration (> 0.05% error usually due to kinking)

• Involve all agencies collecting water-level data
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Well Database
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Workshops/field trips

Separate presentation by Dr. John Jenson, WERI



Stakeholder input
• Logos for fact sheet – vector format
• Data needs

• Status of Air Force pumpage
• Storm drain distribution system
• New road locations
• Non-DOD developments
• Updated non-sewered house distribution
• Contact person at NavFacMar and access to historic 

documents and well information
• Interest in workshops/field trips
• Interest in water-level tape calibration

• What agencies? What equipment?
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