Guam Groundwater-Availability Study:

Preliminary Results Presented at
Technical Working Group Meeting on

May 16, 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 project products

* Numerical modeling — final scenarios
— Calibration to baseline condition
— Coastal discharge
— Drought condition (driest 5-year period)
— Future pumping scenarios
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Study Objectives

e 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

Activities and Products

2010 201 2012
Jan-| Apr- | July- Apr-| July-] Oct-| | Jan-| Apr-| July-
Mar |June| Sept June| sept| Dec | | Mar |June| Sept

Data review

Recharge ana

Water-level su

Regional numeri odel

(h
i Water availability report
HEE 1 L | I'

Planned schedule for the various activities and products of the groundwater-availability study of northern Guam.
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Outline of Meeting

* Project goals, products, timeline
‘ * Review of products from study

* Numerical modeling — final scenarios
— Calibration to baseline condition
— Coastal discharge
— Drought condition (driest 5-year period)
— Future pumping scenarios
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Project Products

e Study overview — USGS Fact Sheet

 Water budget — USGS SIR

* Hydraulic characteristics — Hydrogeology Journal
 Well database — WERI Tech Report (in prep)

* Volcanic basement map — WERI Tech Report (in
prep)

* Groundwater Availability/Model — USGS SIR (in
prep)
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Introduction
e popl Abstract
Wate r b u d g et Tidal-signal attenuations are analyzed to compute hydraulic diffusivities and estimate
hydraulic conductivities of the Northem Guam Lens Aquifer, Territory of Guam (Pacific Ocean),
USA. The results indicate a significant tidal-damping effect at the coastal boundary. Hydraulic
U S G S S I R diffusivities computed using a simple analytical solution for well responses to tidal f

phery of the island are two orders of ywer than for wells in the
the island. R Based on assigned spe 0.01-0.4, estimated hydraulic conducs

: for peripheral wells, 4 X 00 for interior wells. The lower conductivity of
the peripheral rocks relative to the interior rocks may best be explained by the effects of karst
evolution: (1) dissolutional enhancement of horizontal hydraulic conductivity in the interior, (2)

dening and con nt reduction of local hydraulic condug ty in the cliffs and steeply

ed rocks of the periphery, and (3) the stronger influence of higher-conductivity regional-scale
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Reports in preparation

Well database Groundwater availability
WERI Tech Report USGS SIR
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Prepared in cooperation with Headguarters, United States Marine Corp

The Effects of Withdrawals and Recharge on

Groundwater in the Northern Guam Lens Aquifer,

Guam
Basement Topo

Seientlic nvestigations Roport 2013 XXXX

U.S. Dapatment of the Intarior
U.S. Geologicsl Survey

Volcanic basement
WERI Tech Report
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Outline of Meeting

* Project goals, products, timeline
* Review of project products

‘  Numerical modeling — final scenarios
— Calibration to baseline condition
— Coastal discharge
— Drought condition (driest 5-year period)
— Future pumping scenarios

"~
science for a changing world

10



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

;ﬁ USGS t
science for a changing world



Observed and Simulated Water Levels
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Observed and Simulated Water Levels
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EXPLANATION

o  Well, well name, and average water
level (in parentheses)—water level
is in feet above mean sea level
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Observed and Modeled Salinity Profiles
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2010 AVERAGE PUMPAGE
MODELED SALINITY

Agafo Gumas

EXPLANATION

Symbol size: 0.25 0.5 1.0 Mgal/d

O O

Symbol color: <200 mg/l  200t0 500 mg/l > 500 mg/|

Andersen

Well location indicating withdrawal rate and modeled
salinity—area proportional to rate in million gallons per
day (Mgal/d) and color indicating approximate chloride
concentration, pink is cautionary and red is threatened

5 DoD well @ Non-drinking water well

BASIN

Yigo-Tumon BOUNDARY
AND NAME

PUMPAGE, in Mgal/d

TOTAL GWA DOD OTHER

Agafo Gumas 2.1 0.7 1.4 08
Andersen 08 08 O 0.1
Finegayan 6.1 52 09 0

Hagétia 90 86 03 06
Mangilao 2.2 2.2 0 0.0
Yigo 20.1 183 1.8 04

TOTAL(excl.other) 40.3 35.8 4.4 1.9

Threatened 2.2 1.9 0.3
(5%) (5%) (7%)

ol T | Ppe—g— = A S .
Cautionary a.2 a2 ©

(19%) (12%) (0%)

U
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Simulated coastal freshwater discharge
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Drought Condition

* Hydrologic conditions

— Driest 5-yr period (31% reduction in recharge)
* 1969-73 rainfall
e 2004 land cover

— 2010 pumping rates

* Results after 5 years of pumping at steady
rates

"~
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5-YR DROUGHT (1969-73)
31% recharge reduction

EXPLANATION . 1gafoGumas

Symbol size:  0.25 05 1.0 Mgal/d Finegaya n®®

O O @ ®

Symbol color: <200mg/l  200to 500 mg/l > 500 mg/l 6:3

D Andersen

Well location indicating withdrawal rate and modeled
salinity—area proportional to rate in million gallons per
day (Mgal/d) and color indicating approximate chloride
concentration, pink is cautionary and red is threatened

&5 DoD well @ Non-drinking water well

BASIN

Yigo-Tumon BOUNDARY
AND NAME

PUMPAGE, in Mgal/d
TOTAL GWA DOD OTHER

Agafo Gumas 2.1 0.7 1.4 0.8
Andersen 0.8 0.8 0 0.1
Finegayan 6.1 52 0.9 0

Hagéatha 90 86 03 0.6
Mangilao 2.2 2.2 0 0.0
Yigo 20.1 183 1.8 04

TOTAL (excl.other) 40.3 358 4.4 1.9

Threatened 11.4 103 1.1
(28%) (29%) (25%)

TP - S —— & )
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Drought Condition-
Reduced Withdrawal

* Hydrologic conditions

— Driest 5-yr period (31% reduction in recharge)
* 1969-73 rainfall
e 2004 land cover

— Reduced pumping rates to eliminate threatened
wells

* Results after 5 years of pumping at steady
rates

;ﬁ USGS 20
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5-YR DROUGHT (1969-73)

Reduced Withdrawal
31% recharge reduction
EXPLANATION Agafo Gumas

Symbol size: 025 05 1.0 Mgal/d

O O

Symbol color: <200mg/l  200to 500 mg/l > 500 mg/l

Andersen

Well location indicating withdrawal rate and modeled
salinity—area proportional to rate in million gallons per
day (Mgal/d) and color indicating approximate chloride
concentration, pink is cautionary and red is threatened

5 DoD well @ Non-drinking water well

BASIN
Yigo-Tumon BOUNDARY
AND NAME

PUMPAGE, in Mgal/d
TOTAL GWA DOD OTHER

Agafo Gumas 2.1 0.7 1.4 08
Andersen 0.8 0.8 0 0.1
Finegayan 35 2.6 0.9 0

Hagatra 57 57 0 0.6
Mangilao 1.7 1.7 0 0.0
Yigo 182 16.7 14 04

TOTAL (excl.other) 31.9 28.2 . 1.9
Threatened 0.0 0.0

(0%) (0%)

o A—— 16.6
7 @ (&
Lau nallisy o | @9

U
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Outline of Meeting

* Project goals, products, timeline
* Review of project products

* Numerical modeling — final scenarios
— Calibration to baseline condition
— Coastal discharge
— Drought condition (driest 5-year period)

‘ — Future pumping scenarios
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Future Scenarios

1. Expected growth with no USMC buildup

2. Expected growth plus USMC buildup

3. Expected growth plus redistributed USMC buildup
4. Redistributed USMC buildup w/drought

5. Scenario 3 with redistributed GWA

;‘.{ USGS 23
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Scenario 1
Expected Growth with No USMC buildup

* Hydrologic conditions

— Average long-term recharge

— 2010-11 pumping rates (GWA, DoD, private wells)

— GWA 3 new wells (AG10, Site 08, Site 12)
» Additional 1.2 Mgal/d

— GWA Yigo-Tumon wells
» Additional 2.27 Mgal/d

— Air Force 10 existing wells (AF01—-05, MW05—09)
» Additional 0.97 Mgal/d

"~
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SCENARIO 1

(2010-11 AVERAGE PUMPAGE

+ AF AND GWA PUMPAGE

[4.47 Mgal/d]; NO USMC BUILDUP)

@
EXPLANATION AFinegayane® 05

Symbol size: 0.25 0.5 1.0 Mgal/d Andersen

O O

Symbol color: <200 mg/l  200to 500 mg/l > 500 mg/I

Well location indicating withdrawal rate and modeled
salinity—area proportional to rate in million gallons per
day (Mgal/d) and color indicating approximate chloride
concentration, pink is cautionary and red is threatened

@ DoD well @ Non-drinking water well

Green areas show additional pumpage
above 2010-11 average conditions

BASIN
Yigo-Tumon BOUNDARY
AND NAM ) PUMPAGE, in Mgal/d

TOTAL GWA DOD OTHER

. Agafo Gumas 3.1 1.5 1.6 0.9
Hagatha Andersen 08 08 0 0.1
Finegayan 62 53 09 0O
Hagatna 9.1 8.8 0.3 0.6
Mangilao 22 22 0 0.0
Yigo 235 21.2 2.3 0.3

Q

TOTAL (excl. other) 44.9 39.8 5.1 1.9

Threatened 2.6 2.2 0.3
(6%) (6%) (6%)
Cavtionary 3.7 3.7 0.0

TQELY  [@0L)
(89%) (99%)

U
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Scenario 2
Scenario 1 plus USMC buildup

* Hydrologic conditions

— Average long-term recharge

— 2010-11 pumping rates (GWA, DoD, private wells)

— GWA 3 new wells (AG10, Site 08, Site 12)
e Additional 1.2 Mgal/d

— GWA Yigo-Tumon wells
* Additional 2.27 Mgal/d

— Air Force 10 existing wells (AF01—05, MW05—-09)
» Additional 0.97 Mgal/d

— USMC Tumon well - 0.28 Mgal/d

— USMC new wells - 1.79 Mgal/d in Agafo Gumas

"~
science for a changing world
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SCENARIO 2
(SCENARIO 1 + USMC BUILDUP;
+2.07 Mgal/d)

Agafo Gumas

EXPLANATION % 179
Symbol size: 025 05 1.0 Mgal/d ¢ JFinegayarr;

O O D Andersen

o o @D
Symbol color: < 200mg/l  200to 500 mg/l > 500 mg/| @
Well location indicating withdrawal rate and modeled ®§ ®o
o

salinity—area proportional to rate in million gallons per
day (Mgal/d) and color indicating approximate chloride
concentration, pink is cautionary and red is threatened

(D DoD well @ Non-drinking water well @ O
Yigo-Tumon O

Green areas show additional pumpage
above Scenario 1 conditions

BASIN
Yigo-Tumon BOUNDARY
AND NAME . . PUMPAGE, in Mgal/d

TOTAL GWA DOD OTHER

Agafo Gumas 4.9 1.5 34 09
Andersen 0.8 0.8 0 0.1
Finegayan 62 53 09 0

Hagdtfia 9.1 88 03 06
Mangilao 22 22 0 0.0
Yigo 23.8 212 26 03

TOTAL (excl.other) 47.0 398 7.2 1.9
Threatened 2.5 22 03
(5%) (6%) (4%)

- S
e
Lalclonal W

U
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Scenario 3
USMC buildup (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 1.2 Mgal/d
— GWA Yigo-Tumon wells
» Additional 2.27 Mgal/d
— Air Force 10 existing wells (AF01—-05, MW05-09)
» Additional 0.97 Mgal/d
— USMC Tumon well - 0.8 Mgal/d (DoD:GWA; 50:50 split)
— USMC new wells - 1.79 Mgal/d in Agafo Gumas and Andersen

;ﬁ USGS 28
science for a changing world



EXPLANATION

Symbol size: 0.25 0.5 1.0 Mgal/d

Andersen
O @
Symbol color: <200 mg/l  200to 500 mg/l  >500 mg/l

Well location indicating withdrawal rate and modeled
salinity—area proportional to rate in million gallons per
day (Mgal/d) and color indicating approximate chloride
concentration, pink is cautionary and red is threatened

5 DoD well @ Non-drinking water well

Yigo-Tumon O

Green areas show additional pumpage

. ags S
above Scenario 1 conditions S
©~ CDQ}‘

BASIN
Yigo-Tumon BOUNDARY
AND NAME . PUMPAGE, in Mgal/d

TOTAL GWA DOD OTHER

Agafo Gumas 4.5 1.5 3.0 09
Andersen 1.0 0.8 0.3 0.1
Finegayan 56 49 07 0

Hagdtfia 9.1 88 03 06
Mangilao 22 22 0 0.0
Yigo 243 212 3.1 0.3

Hagdtia

e]

TOTAL (excl.other) 46.7 39.4 7.4 1.9

Threatened 2.2 1.9 03
(5%) (5%) (4%)
Cautionary 4.1 4. )

YA
'\:A“Zf“%-ﬂl:j i (10 rrdl;,: \

U
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Scenario 4
Redistributed USMC buildup w/Drought

* Hydrologic conditions
— 1969-73 drought recharge
— 2010-11 pumping rates (GWA, DoD, private wells)
— GWA 3 new wells (AG10, Site 08, Site 12)
» Additional 1.2 Mgal/d
— GWA Yigo-Tumon wells
» Additional 2.27 Mgal/d
— Air Force 10 existing wells (AF01-05, MWO05—-09)
» Additional 0.97 Mgal/d
— USMC Tumon well - 0.8 Mgal/d (DoD:GWA; 50:50 split)
— USMC new wells - 1.79 Mgal/d in Agafo Gumas and Andersen

= USGS .
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SCENARIO 4
(Redistributed USMC Buildup
with 5-yr drought)

EXPLANATION
o Fmegaya

Symbol size: 0.25 05 1.0 Mgal/d Andersen

O O

Symbol color: <200 mg/l ~ 200to 500 mg/l > 500 mg/I

Well location indicating withdrawal rate and modeled
salinity—area proportional to rate in million gallons per
day (Mgal/d) and color indicating approximate chloride
concentration, pink is cautionary and red is threatened

& DoD well @® Non-drinking water well

BASIN
Yigo-Tumon BOUNDARY
AND NAME PUMPAGE, in Mgal/d

TOTAL GWA DOD OTHER

Agafo Gumas 4.5 1.5 3.0 09
Andersen 1.0 08 03 0.1
Finegayan 56 49 07 0

Hagédtia 9.1 88 03 06
Mangilao 22 22 0 0.0
Yigo 243 212 3.1 0.3

TOTAL (excl.other) 46.7 394 7.4 1.9
Threatened 123 11.1 1.2

(26%) (28%) (16%)

Cautionary 19.6 16,0




Scenario 5
Scenario 3 with Redistributed DoD and GWA

* Hydrologic conditions
— Average long-term recharge
— 2010-11 pumping rates (GWA, DoD, private wells)
— GWA 3 new wells (AG10, Site 08, Site 12)
» Additional 1.2 Mgal/d
— GWA Yigo-Tumon wells
» Additional 2.27 Mgal/d
— Air Force 10 existing wells (AF01-05, MWO05—-09)
» Additional 0.97 Mgal/d
— USMC Tumon well - 0.8 Mgal/d (DoD:GWA; 50:50 split)
— USMC new wells - 1.79 Mgal/d in Agafo Gumas and Andersen

= USGS ’
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SCENARIO 5
(Scenario 3 with
redistributed GWA & DoD)

EXPLANATION %
¢ sFinegayan

Symbol size: 0.25 05 1.0 Mgal/d [an] favas) ) Andersen

O O

Symbol color: <200 mg/l ~ 200to 500 mg/l > 500 mg/I

&
§ e P
Well location indicating withdrawal rate and modeled O @j

salinity—area proportional to rate in million gallons per
day (Mgal/d) and color indicating approximate chloride
concentration, pink is cautionary and red is threatened

& DoD well @® Non-drinking water well

Yigo-Tumon ()

BASIN

Yigo-Tumon BOUNDARY
AND NAME

TOTAL GWA DOD OTHER

Agafo Gumas 4.4 1.5 29 09
Andersen 1.0 08 03 0.1
Finegayan 5.7 48 09 0

Hagédtia 89 89 O 0.6
Mangilao 22 22 0 0.0
Yigo 243 212 3.1 0.3

TOTAL (excl.other) 46.5 394 7.2 1.9

Threatened 0.0 0.0 0.0
(0%) (0%) (0%)
Cautionary 51 5.1

fal 81 @&f T AR TV A T d T
i LY (9 DELN [EL)
(17%) (13%) (0%)
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Modeling Implications

e Basins cannot be managed independently; for example,
withdrawal from Agafo Gumas causes salinity increase in
Finegayan

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

Condition Total Cautionary

Baseline

Drought

Drought-minimized

Scenario 1
Scenario 2
Scenario 3

Scenario 4

Scenario 5

ZUSGS .
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Next Steps

 Groundwater-Availability Study
— Technical stakeholder meeting on Guam — September 2013
— Publish final report — December 31, 2013

* Topics for consideration by DoD and GovGuam
— New deep monitor wells and expanded monitoring

— Groundwater modeling training

* Plans for DoD Strategic Environmental Research
Development Program (SERDP) study of climate-
change impacts on water resources in Guam

a USGS 3
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