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The Northern Guam Lens Aquifer supplies 80% of the island’s drinking water.
Anticipated growth in demand, including a possible surge to support expansion of
military activities during the coming decade has elicited interest and support from both
the federal and local governments for acquiring tools to support timely development and
sustainable management of the aquifer. This report describes the content and
organization of the Northern Guam Lens Aquifer Database, a comprehensive centralized
database containing information on custodianship, function, operational status, and the
geographical, hydrological, engineering, and geological attributes of each well installed
in northern Guam for which records could be found. The database is integrated with
current ArcGIS® geospatial information visualization tools. Developed in support of the
2010-2013 Guam Groundwater Availability Study led by the USGS’s Pacific Islands
Water Science Center, with funding by the US Marine Corps, and in conjunction with the
2010 NAVFACPAC Exploratory Drilling Program on northern Guam, its integration into
WERI’s Guam Hydrologic Survey Program will keep it up to date and make it
permanently and readily accessible to professional and scientific users. The database is
also the foundational component for WERI’s topographic map of the basement rock
beneath the aquifer. In preparing the database, over 4,000 pages of documents were
digitally saved and organized into individual electronic folders for each of the 525 wells
documented so far. These include 20 exploratory wells, 115 observation/monitoring
wells, 212 drinking water wells, 39 agricultural/industrial wells, and 104 stormwater
management wells. Each well folder is electronically linked to its corresponding record
in a Microsoft Excel® spreadsheet, which contains key engineering and hydrogeological
data. To organize, classify, and relate the enormous amount of disparate data required
development of a specialized taxonomic system for the database. This report is thus
designed as a user’s manual for the database, providing a detailed description of the
indexing system, along with definitions and conventions adopted or devised; data
complexities, nuances, and limitations; and assumptions and choices made in interpreting
and classifying data. Finally, recommendations are offered on database maintenance and
updating; improvements, refinements, and expansion; supporting operational and
administrative procedures; and desirable future studies.
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Executive summary
NORTHERN GUAM LENS AQUIFER DATABASE

|. Background and geographic setting

Guam is a US territory and located in the western Pacific Ocean. The 212-
square mile island is divided in half by a fault with the northern half comprised of
limestone bedrock underlain by volcanic basement rock. The limestone bedrock
contains the Northern Guam Lens Aquifer, a sole-source aquifer supplying 80%
of Guamoés drinking water.

Aquifer drilling began on Guam since 1937 and consistently after the Japanese
occupation 1941-1944 ended. Since the time after the first drilling there has
been no systematic effort to consolidate and compile drilling information. Many
efforts have been made for specific research and projects but prior to this
database a complete record across all interested agencies had never been
compiled.

II. Northern Guam Lens Aquifer (NGLA)

NGLA is a carbonate island karst aquifer the bedrock of which is primarily
comprised of two major limestone units: the Miocene-Pliocene Barrigada
Limestone and the Pliocene-Pleistocene Mariana Limestone. The body of fresh
water within the | imestone forms an

sea water permeating down to the basement rock. This older relatively
impermeable volcanclastic rock partitions the aquifer into six groundwater basins.

lll. Purpose of report

This report describes the methods used for compilation, interpretation,
organization, and utilization of the Northern Guam Lens Aquifer Database,
created in conjunction with the United States Geological Survey 3.5 year
groundwater availability study funded by the Department of the Navy for a
military relocation to Guam. Per the Final Environmental Impact Statement 2010,
plans include providing an additional 11.3 million gallons per day (42.8 million
liters per day) of potable water. As of publishing the number of proposed military
could decrease the amount of construction and therefore amount of potable
water needed might also decrease.

IV.Project Objectives
The objectives for this professional project were to

1. Locate, consolidate, organize, and store well, borehole, and other data
relevant to

2. Exploration, development, and management of the NGLA, into a

ES1
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3. Centralized database, in formats that readily support

4. Descriptive and quantitative analyses of the aquifer and its infrastructure,
including spatial and statistical analyses and numerical modeling.

Additional supporting attributes are as follows:

1. Completeness and accessibility: An extensive search was made to collect
and compile current and historical information from federal, local and
private agencies.

2. Ease of use: Maximum use was made of commonly used software
applications (specifically, Microsoft Excel 2010®) and familiar methods.

3. Organization: Data are organized in a deliberate and logical framework
reflecting conventional groundwater industry terminology and standards.

4. Digital storage media:Al | Ahard copyo historical recor
stored, and catalogued in a computer-based directory.

5. Documentation: Metadata were appended so that users can evaluate the
reliability and suitability of the data for their desired application.

6. Indexing: All entities of interest are indexed to relevant textual (historical
document) data, alpha-numerical (spreadsheet-based) data, and graphical
data.

7. Integration with other Internet sources: The historical database described
above is integrated with current on-line databases.

V. Components of the database
The individual components of the NGLA Database are organized as follows:
Incorporated components

1. Quantitative data in Excel 2010 spreadsheets.
2. A concealed comprehensive spreadsheet catalogue of well site locations.
3. Digital folders containing .pdf files of source documents.
4. An interactive Geographic Information System (GIS)-interface.
5. Links to other web-based data.
Unincorporated components

6. Shelved binders containing paper copies of the original records.
7. Drawers containing maps, photographs, video-cassettes, and other media.

Vl.Data Organization

A distinct taxonomic system was developed to organize, classify, and relate the
enormous amount of disparate data from which the database is derived. The
NGLA well data were first broken into two broad categories called sections: (1)

ES2



operations data, and (2) field data. The second division down from section is
attribute for operations data (Figure 3-1a), and mode for field data (Figure 3-1b).
Attribute and mode are further divided into a third level, division, which is divided
into the fourth, type, which in turn is divided into the fifth level of sub-type. Where
a sixth level is necessary, sub-type is divided into sub-sub-type.

VIl. Database content and indexing

This part of the report briefly describes, in descending order of the indexing
system, each of the indexed taxa of the database, along with pertinent
considerations such as agency histories and mandates; definitions and
conventions adopted or devised; data complexities, nuances, and limitations; and
assumptions and choices made in interpreting and classifying data.

Over 4,000 pages of documents were saved digitally into 525 corresponding well
folders (see Table 3-2) divided by owner/operator, well functions, well types and
current status.

Well function 17 Data Collection 27 Utility 3i Stormwater 3
p = o
: 2 : : £] g
Well type 1i Observation/ 17 2i 3 '9
Exploratory Monitoring Drinking Agriculture/ <
(one time) (on-going) Water Industrial =
11 0
Researcher 2 13 26
0
0 0 0 0
27
Regulator GEPA 0 0 0 0 0
0
0 2 103 11
. 31
Municipal GWA 0 4 1 36 171
14
0 0 12 0 0 0
2 4l 9 0 0 13 2 36
< USN
g
o a
5 >s 0 0
8 §zs
3 ok
2 =g 0 0 65 0 13 1 1 102 0
4
£ 5i
=}
- USAE 0 5 0 17 0 1 0 211
0 6 0
1 0 17 0
. 61
Commercial Private 0 4 4 11 40
0 3
0 0 0 0 0 0 0 0
7i
Unidentified 0 0 0 2 0 L 0 3 35 41
0 0 0 0
TOTAL 20 115 212 39 104 35 | 525
1 ai
Active Abandoned .
2 - Table 3-2. Summary table of well functions, well types, well status and
st i i . Lo . e
18S | nactive | Unknown owner/operators. The five status divisions are laid out within each bold-
oot outline cell as shown at left.
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VIlIl. Recommendations
A. Database maintenance and updates

Established Arrangements. The NGLA Database has been prepared in
conformance with mandates and agreements for database development,
maintenance, and data-sharing that are already in place:

1. Guam Hydrologic Survey Program. Maintenance of the NGLA database
is consistent with the mission of the Guam Hydrologic Survey established
by Public Law 24-247.

2. 16 July 2010 Memorandum of Understanding between Joint Region
Marianas, Guam Consolidated Commission on Utilities, Naval Facilities
Engineering Command Marianas, and Guam Waterworks Authority. This
formal agreement established a Technical Experts group on Guam to
share water resources data in real time.

Periodic Updates. The NGLA Database needs to be maintained continually to
keep up with the continual streams of monthly and quarterly data.

1 Annual review by the Technical Experts group and recommended refinements
and modifications be made during the subsequentyear. Wi t h each year 6s
update incorporating the latest technologies and techniques to keep abreast
of the rapid ongoing improvements in database and GIS technologies.

1 Annual review of the NGLA Database to coincide with the Water &
Environmental ResearchInsti t ut e of t he WERIXAvisory Paci fi c0Os
Council meeting.

B. Database Improvement, Refinement, and Expansion

The following steps can be taken to improve the quality, refine the structure, and
expand the coverage of the database:

1. Field-checkingofdata. Geogr aphi ¢ data were entered fdas
would be enhanced by conducting a systematic and exhaustive field.

2. Refinement of lower-priority data. Priority for verification was given to
active production wells and boreholes util
the basement map. Records for many other wells now need to be
examined, verified and mapped.

3. Inclusion of other well data. Lower priority well information was not as
actively sought out and should now be made a priority.

4. Inclusion of new data. Placie hol der 06 el ement s hfaave been i
parameters beyond the scope of this project. Inclusion of this information
can be done as priorities dictate and resources permit.

5. storage of samples, video, photos, maps, and other reports. Proper
storage, archiving, and maintenance of unique single-opportunity assets,
most especially drill cuttings, core samples, videos, photos, maps, and
reports pertinent to aquifer management.

ES4



C. Operational and administrative recommendations

The following are recommendations for changes in operational and
administrative procedures that follow from insights and experience in building the
database. These will require inter-agency collaboration and agreement, as in
some cases modest commitments of additional resources by the agencies
involved. In all cases, however, the returns will improve not only the content and
utility of the database, but will also enhance the management of the aquifer.

1. Groundwater basin boundary usage review. With the recent update of the
groundwater basin boundaries, agencies that utilize this information are
advised to update, review, and consider their usage of previous
groundwater basin boundaries.

2. Establishment of well naming conventions. Currently, wells are named
according to which groundwater basin they draw from, followed by a
number. Since groundwater basin delineations have and will change, the
Technical Experts should take up this discussion for resolution and
agreement, and make a recommendation to the permitting authority for
establishment of a permanent, systematic convention for naming of
boreholes and wells.

3. Video logging at all uncased and newly drilled wells. Although drill cutting
collection and, in some cases, geophysical logging are being conducted
some features can be difficult to interpret or are indistinguishable with
these tools. The technology is already available on island and its
usefulness has been proven.

4. Establi shment of NGLA Dat Lkeaieneofafbsmalr 6 s Gr o u |
userb6s group would facilitate access to
source documents, spreadsheets, and shapefiles, particularly when
uncertain whether information is proprietary.

6. Future studies

Maintenance and expansion of the database as described above will support
future improvements in basement mapping, such as 3-D modeling of basement,
bedrock and water-flow pathways in the aquifer.

ESS






THE NORTHERN GUAM LENS AQUIFER DATABASE

ViviannaMartinezBendixson

T
North I
Pacific
Ocean

1. Background

A. Groundwater demand on Guam

The US Territory of Guam, in the
western Pacific Oceatatitude
13°28Wj and longitude 144°44j, is
thelargest and southernmost of the
Marianalslands (Fig. 11). The 212
square miléslandis divided in half

‘ by a major fault, which separates it
e 3 Lmestneteran | into two physiographic provinces: the

B — PagoAdelpFaut | goythern volcanic uplarehd the
Rota / northern limestone plateau. The
\—'\—\V 4 ]

[

Mariana Islands

CNMI

145°E

o
Z

- « s limestone bedrock beneath the
QLR 10 e northern plateau comprises the
Northern Guam Lens Aquifer
(NGLA), aUnited States
Environmental Protection AgencYSEPA-designated solsource aquifér which
supplies Guam with 80% of its drinking water, and which still has considerable potential
for development.

Guam currently has esidentpopulation of about 160,0QCIA, 2013)and host®ver a
million visitors a yea{GVB, 2011) Gu a m6 s pbruatepmy@wthis expected to
be around.6%by the end of the current ceede(BSP, 2011) However the Department
of Defense has initiatedrailitary build-up, in which United StatesMarine Corps
(USMC) personnel and families are to be relocated from Okindwa buildupvas
originally anticipated to begim 2010 and peakii2014and called foaccommodating
maximum peak influx of some 79,000 acthety personnel and families, civilian
military workers and families, and efland workers and families for indirect and
induced jobgFigure 12) (JGPO, 2010) The 2010 Final Environmental Impact
Statement (FEISAccordinglycalled for an increase of drinking water production of 11.3
million gallons per day (mgd), whichf composed entirely of groundwater from the
aquiferas it is proposedvould haveconstitutel a 25% increase @v the current 45
million mgd (Figure 13). The starf the buildup has been delayetioweverand the
ultimate magnitude and implementation schedule are still under discussion.
Nevertleless, dcal military anccivilian water resource managers must prepateonly
for the increasedemand for groundwater productitirat will follow from ongoing
domestic population growtlind economic expansion, but afsam any newmilitary
build-up ard theassociated local economic growvittat itwill create. Even if the build

Figure 1-1 Guam locationmap ( f r om Taborogi ,

! NGLA Sole Source Aquifer was designated under the authority of Section 1424(e) of the Safe Drinking Water Act,
Federal Register Citiation-43 FR 17888, Publication Date i 04/26/1978.
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up is only a third of the original projection, the associated demand for additional drinking
water will be substantial.

As part of the initial preparatidior the anticipatd build-up, US Naval Facilities
EngineeringCommandPacific NAVFACPAC) conducted an exploratory drilling
program on Guam, in which 11 test wells were installed in areas where development was
deemednost feasiblAECOM Technial Services Inc., 2011)In addition,
Headquarter8) SMC contraced in 2010 with the bited StatesGeological Survey

(USGS) to conduct the socto-be completed 3-yearGroundwater Availability Study
for Guam(Gingerich and Jenson, 201t0)provideup-to-dateinformation ancadditional

300

N
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Projected Guam Population Increase

« =« Military Build-up N,
Population Increase / \,

== Guam Population

newt o o |

S

to helop

groundwater resources through the
buildup and beyond. As part of the
study, USGS engaged thmiversity of

Guambs

Wenvirenmensah d

Research Institute of the Western
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=
[
o

[y
o
o

a
o

0

2000 2005 2010 2015
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Figure 1-2. Projected Guam population increase. Guam
population extracted from Guam Statistical Yearbook 2011
(Bureau, 2012). The build-up was originally planned to
begin in 2010, peak in mid-decade during construction,
and stabilize with the withdrawal of the construction labor

force by late in the decade (JGPO, 2010).

NGLA Pumpage
60

/ Private —>

1

50 4
1

40 €«<—DoD —> |t

MGD
w
S
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concepts and terminologysed inbuilding and applyinghe databaseReferences cited

Figure 1-3. Original potable water production based on
the following data: DOD from FEIS (JGPO, 2010); GWA
from internal 2012 Water Production Report (Railey, 2013);
Private from GEPA 2011 Annual Private Well Production
Report (GEPA, 2012). Note that projections include only
DOD expansion plansi other water expansion projections

for GWA or Private wells are not included.

Pacific (WERI) to provide local
scientific expertise, coordinate
collaboration between local

cooperating agencieanddevelop a

manage

comprehensive database of the aquifer

to supporthe development of a new
numerical model of the NGLA. The
NGLADatabase as described in this

report, provides essential information

on well placement, design, and

operation with which to configure the
numerical model. In addition, it is also
the primary source of information for a
detailedmap of the aquifer basement

rock (Vann et al.2013, in prep,)

which is an essential tool feuccessful
groundwater exploration, as well as for

constructiorof futurenumerical
models of the aquifer.

B. The Northern Guam Lens Aquifer

This componenbf the reporprovides

a brief description of the atear to

define and place in context the

are the fundamental and most useful
sources for obtaining historical as well

as current informatioon theaquifer,

and include sme of the sources for the

Database
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The NGLA is primarily comprised of two limestone units: the MioeBliecene
Barrigada Limestone and the PliocdPleistocene Mariana Limestone (Tracey et al.,
19649 (Appx A-1). The Barrigada Limestone forms thaere of the aquifer and is
overlainandsurrounded by Mariana Limestone.
A S'MPLDE CARBONATE ISLAND The Barrigada Limestone é&grey to white,
RECHARGE, indurate to friable, dense to porous figrain
detrital limestone deposited in deep waldre
Mariana Limestone is a complex of reef and
RBON S lagoonal limestone that surrounds and overlies most
= CARBONATECOVER ISLAND of northern Guam. The peripheral reef facies form
picaves, AUTOGENICRECHARGE the steep cliffs of northern Guam, which display
some large openings and solution channels
(Taborogi et .al., 2013, in |

Mylroie and JensofR000)developed the
———WFOSTETEAD Carbonate Island Karst Mod@IKM) (Figure 14)
auosene  AToceNe | to describe the unique karst that foromssmall
uplifted limestoneislands such as Guamwhere
) geologically youngnd poraslimestone bedrock
L wovosonre © ., e\ lies atop a relatively impermeald@sement of older
. rx . .\ | volcaniclastic rocKCDM, 1982) The ridges and
D COMPL-a LD rises in the volcanic basement partition N@LA
receE ~ 00T | into six groundvaterbasing(Mylroie and Jenson,
IJERFINGERING | 2000; Mylroie et al., 2001; Vann et al., 2013, in
el o vt prep.)(Figure 24 & AppxA-2) Ta b oetal.g i
f;AIL;LT;Sr vovesonre+ {casowre| - (2005)notedthatthe groundwater basins of
northern Guanoccupysimple, carbonateover, and

-
: water table caves
flank margin

caves

FRESH WATER LENS

CARBONATE

flank margin
caves

+ +
. contact caves 3

+ + +
+ + + +

+ NON-CARBONATE +
+ ROCK +

FRESH WATER LENS +

CARBONATE

+

AUTOGENIC
RECHARGE

* contact caves *
+ +

+

+ + +

AUTOGENIC
RECHARGE

Figure 1-4. Carbonate Island Karst Model

A) Simple carbonate islands contain a composite environmen{gigures 14A-C). Recent
classic freshwater lens; B) The lens in results of exploratory drillingAECOM Technical
carbonate-cover islands is partitioned .

where the basement aquiclude stands Services Inc., 2011however suggest the head of

above sea level; C) On composite islands the YigoTumonBasin (Apr A_2) may have
the basement core breaches the surface . .
and weathers to form surface-water attributes of the complex modgligure 14D).

catchments that shunt allogenic waters to L
insurgents formed at the contact with the The body of fresh water within tid¢GLA forms an

surrounding limestone terrain; D) Aquifers el on ga t e il ens o fl oati n g at
of complex islands reflect complex .
structural and stratigraphic histories (after ~ Water(Figure 15) that permeates thetrock
?gégg;;g') 2004). (vertical dimension  gqjifer down to the underlying basement aquiclude.

The thickness of the freshwater lens in theory
extendsabout 40 feet (12 nhelow sea levdior every 1 foot (0.3 m) above sea level
(Fetter, 2001)For the NGLA theactualratio of freshwater lens thickness to freshwater
head has been noted to range from 29:1 to 46:1, with a mean ¢&8vdrd et al., 2013,
in review) The portion of the freshwater lens that is underlain by seawater is termed the
Abasal zoneodo (CDM, 1982). The mekisti on und
termedthefi p abraas al zone. 0 The area where freshw
volcanic basement rogtandsabove mean sea levelisnowedtt h e Fbsausparla zone o

(AECOM Technical Services Inc., 201(Bigure 15).
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Karst aquifers typically contain tripigorosity netwadks, in which matrix, fracture, and
conduit porosity make varying contributions to storage and tran@porthington,

1999) While matrix porosity is virtually abseim continental karst aquifers formed in
Paleozoic limestoneall three porosities play important roles in carbonate island karst
aquifers. Vacher and Mylroi€2002)have proposed that in the latter, horizontal
hydraulic conductivity is enhanced along the water tableiaspy vugs become
increasingly hydraulically connected. Vertical conductivity is generally much lower,
exceptwhereponding of surface water in dolines promotes developmemtbf
conductivity shafts that provide vadose fAistv routes(Jocson et al., 2002)Hydraulic
characteristics of the NGLA thus exhibit high varlepiin both magnitude and direction,
with horizontal hydraulic conductivities ranging from 500 ft/da$0 m/day)n the
argillaceousimestone (Appx A-1) of the Hagatiia BasimAppx A-2) to 90,000 ft/day
(27,400 m/day(Rotzoll et al., 2013along the axis of the Yigdumon Trough(Appx A-
2). Therecent field studypy Rotzoll et al. confirms the hypothe§ist suggesteby
Ayers and Clayshulte (198thatthe hydraulic conductivity of the peripheral rock is
much lower than that of the interior rocRlthough the contrast is roughly contiguous
with the distribution of the t3yiopresggj or | i mest
propose that the sliribution ofhydraulicconductivity reflects regionalcale diagenetic
and speleogenetic redistribution of porosity rathanprimary characteristics of the
respective limestonenits, and thugs not necessarily coincident with ththologic
boundares between the two rock units.

BASAL ZONE PARA-BASAL ZONE SUPRA-BASAL ZONE |
= =
WATER TABLE "'JHESME = = —T ————
R e === e
FRESH WATERLENS — I -
—
LTWATER TOE
VOLCANIC BASEMENT

Figure 1-5. The topography of the volcanic basement beneath carbonate island karst aquifers defines three
groundwater zones (not to scale): 1) the basal zone, in which the freshwater lens is underlain by sea water,
2) the para-basal zone, where the freshwater is underlain by basement rock below sea level, and 3) the
supra-basal zone, in which freshwater lies above sea level, on the flanks of the basement rises and ridges.
Graphic from AECOM Technical Services, Inc., 2011.

Given the general stratigraphic relation between the Barrigada and Mariana Limestones,
as described above, it is generally assumed that mostwesdfzecially in the interior,

where most wells arén fact,located penetrée and terminate in the Barrigada

Limestone. Dirillers preparing the drill logs are seldom trained to distinguish between the
different limestone units, nor is the distinction of immediate or direct importance in
predicting or assessing the hydraulic pmtips of the rock at the drill site. The crucial
hydrogeological distinction between rock units is rather between the-bedeng

limestone bedrock and the nrproductive volcanic basemenAs explained by ¥nn et

al. (2013, in prep.yletermining the epth of the bedrockasement contact even from
borehole data is not always straightforwahdformation from drilling logs, especially
historical logs, can be difficult to interprellevertheless, historical data, especially from
previous systematic stigs$ of the aquiferare of considerable value.
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C. Past aquifer research and data collection programs

The first systematic hydrologic study Guam was done in 1937 by H.T. Stearns of the
USGS(Stearns, 1937)Drilling for potable water on Guam began in May 1937, a month
after theUnited States NavyUSN) brought a drill rig to the islan@Mink, 1976) During

the early years of groundwater development, most websituallyfailed due tgpoor
placementexcessive withdrawabr inadequate maintenancé&lo exploration or
devdopmentof groundwatewas undertaken by the occuipy forces of Japan during
World War Il. Following the war, thé&JS Armyretainedthe USGSto map and document
the geology of Guar(iTracey et al., 1964Wwhich included a field study of the hydrology
(Ward et al., 1965) The next general study bOAH Guamobs
Mi nkés 1976 r ep otheGyam EmrommeéntalProteatian dgercy
(GEPA) and subsequently published as WERI Technical Report #1.

Soon afterward, GEPA, with $1.2M in federal funding from the US Environmental
Protection Agency, commissioned Camp, Dresser & McKee to undertake a
comprehensive tkeeyear study (CDM, 1982), which was also led by Mimkeferred to

as the Northern Guam Lens Study (NGLS), this effort included the construction of
several permanent observation wells, rain gages, and evaporation stations; the extraction
of continuous cre samples from one of the we(lEX-5A); a comprehensive seismic
refraction survey to produce the first reliable map of the volcanic basement topography;
evaluations of aquifer recharge; and the first numerical modeling study of the aquifer. As
part of the study, Ayers and Clayshul{&384)conducted a study of regional hydraulic
conductivitybased on tidal signals in five wells of varying distance from the coast, and a
petrographt evaluation of the core sampgtem theaforementionedontinuouscore

taken from the drilling of EX6A (Appx A-2). The NGLScomprises severablumes,
covering the hydrogeologw@uifer Yield Repo)t along with manuals for well design

and maintenance, and Bmecutive Summaf the entire report. The 1982 NGLS
remainsthe most comprehensive study to date and thus the point of departure for
subsequent studies, includingtstudy reported herein

A decade later, MinkBCG, 1992)was again commissioned by GEPA to prepare an

update to the 1982 study. Althoughmuch smallescopethanthe original study, the

1992 updte took advantage afata collectedluring the interveningdecade from the
severahydrologicstations installed during the original studigng withthe next

decades6 advances in computing and model in
Department of Defense sponsored several Install&estoratioiProgram (IRP) projects

on the military installationsvhich produced some significastudies relevant to the

aquifer, including dye trace@Barner, 1997) Aquifer modeling studies conducted by

WERI in the 1990s and early 2000s includejgcts by Contractor and Srivasi{d®90)

Contractor and Jens@2000)and Jocson et &2002)

Most recently, the USMCas noted aboyeetainedthe USGSo conducthe new$1.2M
Groundwater AvailabilityStudy forGuam(Gingerich and Jenson, 2016)ve component
projects were undertakem collaboration with WERI

1. The comprehensiviGLA Databasedescribed in this report

2. The most detailednd comprehensiv&udy of aquifer recharge since the 1982
NGLS (Johnson, 2012)



3. A comprehensive fieldtudy of regional hydraulic conductivity (Rotzoll et al.,
2013, in press) utilizing tidakignal data from som@4 sitesincluding historical
data as well as new data from wells drilled for the 2010 Navy Exploratory
Drilling Program (AECOM, 201)

4. An update of the aquifer basememap (Vann et al., 2013 prep

5. A threedimensional numerical model of the aquifetielp predict the response
of the lens to anticipated development and natural changesharge gee
Gingerich and Jenson, 2010

2. Purpose, Objectives, Scope, and Methods

There were twofundamental purposdehind the development of tbatabase

1. For thenear termprovidea comprehensive database of well and boreholetdata
support thehree concurrent projects cited abpwesection 1.A

1 USGSIed construction of the numerical model for iBeoundwater
Avalilability Study for GuaniGingerich and Jenson, 2010)

WE R | update of the basement map of Guaann et al., 2013, in prep.)

1 NAVFACPACO groundwater exploratioprogram(AECOM Technical
Services Inc., 2011)

2. For the long termincorporatghese anather releanthydrologicdatarelatedto
aquifermanagementlable 21) into a stateof-the-art centralized databas® be
permanently maintainest WERI,to supportthelong-termdevelopment,

management, and protectionThiskecdAdiambés gr oun
objectivef ol | ows from WERI &6s ongoiGnagh mi ssi on of
Hydrologic Surveyprogram?
Geographical Hydrological Engineering Geological
1 Drill logs

Construction
l 9 Depth to basement

1 Watershed 1 Rainfall 1 Well design
1 Coordinates 9 Evapotranspiration 1 Well hydraulics il Deepefixgs(‘)t\:)vrr:edepth of
1 Elevation 1 Tidal influence 1 Water quality

9 Sample collection

TMaintenance 1 Borehole video

Table 2-1. Categories of data relevant to the NGLA Database.

This report explains the content of tN&LA Databasendthe principles, structure, and

method applied for compilinginterpreting screeningandorganiang the data. It also

explans how to maintain and use thatabase and t hus constitutes a fi
manual . 0O

2 Under Guam Public Law 24-247, 14 Aug 1998, WERI administers the Guam Hydrologic Survey (GHS) Program, which
is tasked with fAécollecting, éconsol i dat iuam,arafodmakingaellrofiitng al |l of the w
readily retrievabl e for use Eichandelbfdatp e csppleec i dfi c@ddnmny. @ r o¥d adteisont h&x,t A WI
coordinate with the USGS and other Federal agencies to ensure that data collected by Federal agencies are
i mmedi ately accessible to the Guam Hydrologic Survey, o0 and that AAI
limited to the Guam Environmental Protection Agency (GEPA) and the Guam Waterworks Authority (GWA), shall
transmit a copy of all nonpropriet ary data to WERI for consolidation in the GHS. o0
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Thespecifictasks anabjectivesn assembling th&lGLA Databasevereto

8. Locate, consolidate, oemize, and storevell, borehole, and othelata relevant to
9. Exploration, development, and managenwdithe NGLA, into a
10. Centralized databasén formats that readily support

11.Descriptive and quditiative analyses of the aquife and its infrastructure
including spatiahndstatisticalanalysesand numerical modeling

Desired attributesf the Databaseto facilitateits long-term application and maintenance
include the following

1. Completeness and accessibilifyextensive search was made to collect and
compile current and historicgleographical, hydrological, engineering and
geological information on the NGL&om federal, local and private agencies

2. Ease of useMaximum use was made of commonly used software applications
(specifically, Microsoft Excel @1.(°) andfamiliar methods.

3. Organization Data are organized indeliberateand logicalframeworkreflecting
conventionafgroundwater industrierminologyandstandard to allowusers to
easilynavigate through theystematiadesign.

4. Digital storagemed: Al | fihard copyo historical rec
and catalogued in a computesised directory.

5. DocumentationMetadatg(i.e., data about the dgtavere meticulously appended
throughout the data records that usersan know the available hasty and
evaluate theeliability and suitabilityof the datdor theirdesiredapplication.

6. Indexing All entities of interest are indexed to relevant textual (historical
document) datalphanumerical (spreadshebased) data, and graphical data.

7. Integration withotherInternet sourcesThe historical database described above is
integrated with current eline databases (such as curremédgide on USGS
websit§ by an index of internet linkslaced in a column titledOutside Links

Scope and Method$hedevelopment of thBIGLA Datalasespannedhree yearsfrom
March 2010 to March 2018f continuouswvork by WERI facultyandstaff, andoy full -
time and partime graduate and undergraduate research assistants.

The scope of tasks ranged from attendanteeting workshops and meetings on
technologiesand conceptfor information management and database desigmyridreds

of hours spengifting through, gatheringandscanning paper documenéxtracting,

importing, and consolidatindigital data from veious mediaand manually etering data

into spreadsheets. As noted earlier, a concentrated effort was made to collect all historic
and current well datdbut emphasis was necessarily placed on active production wells
andon wellg/boreholesncountering elcanicbasementock during drilling. Although
attempts to collect all available data were madeiwitie time available, there are
admittedly more data tha¢main tobe (and should be) sought out.

On Guam, as in most other municipalities, groundwateduction, management,
research, development, and regulation are undertaken by separate agencies that collect

7



information for different purposes, by different methods, with different standards, in
different formats, and at different intervals. Historieadords of variable quality and
completeness reside in disparate locations, and are not systematically maintained or
curated. In the absence of a formal irdgencystructureto promotecollaborationand
standardizationsuch compartmentalization pregés routineentralizedcollection and
consolidation of data.

Acquisition compilation and consolidationf data source®r theNGLA Database
thereforerequireda gr eat de al . difhallénhgesntluwedithe veeessityafr k
extractinghistaical data residing on media ranging from barely legible yellowed paper
file copiesin dusty cabinets to the hard drivespre o ppersoba computers,
sometimeso longer maintained by the person who originally entered or kept the data,
and sometimes rlonger in use by anyond.ong-term data management does not always
have high priority, especially when personnel and other agency resources are limited.
Turnover of agency personraten precludesadequat@verlap and trainingn data
managementesuling in breaks in file maintenance. Some paper files have been lost,
misplaced, or damaged by storms.

For theNGLA Databasgthe termoriginal documentsefers tothe fihard copy historical
records andsourcedocumerd refers tathe corresponding scanddligital records (i.e.,
.pdfversiors) made fromthemii Sour ceo i s applied to the deriyv
becausavithin the Databasdt is thedigital versions of the original documemtswhich
thenumerical and other digital daé@eelectronicaly traced The content of eacéource
documenivascompared wittsimilar sourcelocumentdo resolve discrepancies and
ensuresource documentserenot duplicated This wasverytime consumingespecially
given irregularitiesand inconsistenciega namirg conventios and coordinate systems
and giverthatsource documentsamefrom severaldifferent agenciesin addition, here
could bemultiple source documents fargivenwell, sometimedlifferent documents
with different data, butvith the same dater same well namesometimeghe same or
similar documentsvith differentdates or well namesSome historical documerfts a
given well appear tdescribean entirely different well thaprevious documentsGreat
care was taken t@solve such inconsecies, and to document the resolutions in the
Database€® Some errors, however, are bound to remain.

Because the immediate objectives of assemblingjltBleA Databasewnere to support the
development of the basement n{&jann et al., 2013, in prepand numerical model
(Gingerich and Jenson, 2018 WERI and USG $espectivelythe focus of this project
and technicateport is (1the set of all boreholes and wells known to haveeantered
basement rock at the bottom of the aquifer and (2)fdle active production wells that
currentlyextract water from the aquifer

% An example is provided in Appendix B, where two different wells were apparently named D-17. In this case, the current
operating well was assigned the name D-17 and the other well is now named D-17X. The record in the database is
annotated accordingly.
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3. Components and organization of the Database

Components

As noted above, this repardnstitutesa  u s e r 6 ar navigating tarbugtf and
extracting data from thRGLADatabase As also noted, thBatabaseconsists noonly

of digital datad which reside on the WERI server and are available through the WERI
websité but alsophysicalcollections ofwritten data on pagrand graphic data on other
media, which include copies of logad otherecords maps and photograpbs paper
and compact discs (@ or digital video discs¥VD); andold video cassettesThe
individual components of thRIGLA Databaseare thus orgaaed as follows

Incorpomltedcomponents

1. Quantitative data in Excél010spreadsheetéppx C). The master copy resides
on theWERI serverin afolder namedNGLA Database Each entry in a
spreadsheet cell is referred to ata#a record Each datarecomont ai ns

a

upo comment note, activated when the

(Figure 31). The comments contain pertinent metadatech as where to find the
source datar informationregardingconflicting data.

A B C D E F |G 1 K L Il M o P C
1 |Cwner/Operator Types and Su £5 Status Ba
2 1 Guam Hydrologic Survey 1 DafyProduction 3 Stormwater Management 1 Active 1 Hag
3 2 GEPA M1 Exp)Drinking 2 Inactive 2 Yigc
4 3 Guam Waterworks Authority [ 2 Obs Industrial/Agricultrual 3 Standby 3  Agm
5 4 EE itoring 4 Abandoneq 4  And
6 5 Air Force 5 Unknown 5 Fine
7 6 Private 6 Mar
B 7 Unknown
9
10
11
Geographical
Name

5
12 ] Construction

[ X

S "

o a

= g E E = Lat Long Year Drilling | Deepest Current | Hole |Casi
13 Well ID Alias g = a & | = [[Converted | Converted | Elevation Completed Depth Depth Dia |leny
14 WGE584 ft U0G: - == in ft
15 A-001 3 2 1 1 | 1] 1345409 [ 1447594 67.66 A-1'well Infa Lavne Intemattional, however | 11 El}
16 A-002 3 2 1 1 | 1] 1344534 | 14477608 118 A-1Field Motes, US Dept of Interior says 11 11
17 A-003 3 2 1 111 134507 | 14475861 127 .45 Boss 11 f(3eC
18 A-004 3 2 1 1 [ 1] 1344447 | 14477908 140.18 11 13
19 A-005 3 2 1 1 | 1) 1345758 | 1447608 1467 11 32
20 A-006 3 2 1 1 [ 1] 1345673 | 14476311 152 11 13
21 A-007 3 2 1 2 [ 1] 1344345 | 14476891 136 11 11
22 A-00B 3 2 1 1 [ 1] 13.44507 | 14476584 124 1968 305 11 9
23 A-009 3 2 1 1 [ 1] 13.44965 | 144 7BESE 187.15 1967 240 11 23
24 A-010 3 2 1 1 | 1] 13.45212 | 14479152 191.01 1967 215 11 17
75 A 2 7 1 7 |1 12 2458021 144 TRR7G7 1TR 10RR 275 11 17

Figure 3-1. Screen shot of NGLA Dat a-bp6ec e phoeativatbddygholdiwg t h

mouse over the cell. This comment contains information regarding the data source and conflicting information
in another source.

Ap
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2. A concealeccomprehensivepreadsheetatalogue of well site locatior{access
is restricted to users with explicit permission from the agency that owns or
manages the welf).

3. Digital folders containing .pdf files afourcedocuments Original documents
were collected and scaed as noted in the previous sectidn the spreadsheet
the name okachwell is electronicallylinked to adigital folder (named for the
well) containing allsourcedocumentgor the well Although most easily
accessed by way of this linkachfolder can also be accessseparatelyvithin
themasteMNGLA Databaseligital folder.

P

Name Date modified Type Name ° Date modified Type
1 A-1 Field Notes, US Dept of Interior.pelf
X A1 Handwritten Comments.pdf

] A-1 Water Level Reading.pdf

AM  File folder L A-1 Well Diagram.pdf

AM  File folder L A-1 Well Info Layne International.pdf Adobe Acrobat D...
File folder L A1 Well Log.pdf 3/24/20111:29PM  Adobe Acrobat D...

1. Misc 4/16/20
A-001 4/1¢
A-002 4/1¢
A-003 4/1¢
A-004 4/1¢
A-005 4/1¢
A-006 4/1¢
A-007 4/1¢
A-008 4716

:20 AM  File folder
AM  File folder

Adobe Acrobat D...

File folder
File folder
File folder

File folder

Figure 3-2. Screen shot of the NGLA Database digital folders with the contents of A-001,
including .pdf files of source documents.

4. An interactiveGeographic Information Syster®IS)-interface Thisincludes
geographicahndengineering data, arbdeupdated volcanic basement
topography magVann et al., 2013, in prep.UsingArcGIS Onlin&€, membersf
the NGLADatabas&Jsets Group (seeRecommendationSection 5.C.4¢an
instantlyuploadand utilizeshapefile3and other relevanayers®

5. Links to other welbased data sourcesThese include the websites of other
agenciessuch as the USGS websitehich, for examplegontairs water levels
andsalinity profilesfrom Guam Hydrologic SurveyGHS) wells.

Unincorporatedcomponents

6. Shelved binders containing paper copies of the original recofdiese are
primarily theoriginal documentsfrom whichdigital source documentsere
sanned, and frovhich spreadsheet data were compiled

7. Drawers containing maps, photographs, vid@ssettes, and other media

Organization

The focus of th&NGLA Databasevas well and borehole data needed to support
concurrent exploration, mapping, andadeling workas well asfuture workon aquifer
hydrology andnanagementThe organization of the entii2atabasehusreflectsthe
relationship of the data the sourcavells and boreholesTo organize thevell data, it

* Various agency security restrictions that followed the September 11, 2001 attack mandate that location information will
not be made publicly available and can only be obtained with permission from the owner/operator.

5 Shapefiles are an Environmental Systems Research Institute, Inc. (ESRI) format for geospatial vector data for its GIS
software (ArcGIS). The files store nontopological geometry and attribute information for spatial features in a data set.
For more information see ESRI Shapefile Technical Desription, An ESRI White Paper-July 1998.

® ArcGIS Online is a medium by which remote users can access the most current data without the expense of traveling to
retrieve files from different agencies. It also protects against loss of data by ensuring only authorized users are able to
access and save relevant files.
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was necessary to developligtinctive taxonomic systenfFigure 31) to classify and
relate the enormous amount of disparate data (Tab)drétm which theDatabases

derived The indexing conventions are shown in Figw&\8hile Table 31 showsan
example ohow records for BoreholBepth are indexed.

Thekindsof dataoutlined in Table 41 werefirst dividedinto two broad categories,
calledsections (1) operations datdFigure 33a),and (2)field data(Figure3-3b):

1 Operations datprovideadministrationnformation well name/IDnumber,
owner/operator, function or uséthewell and the operational status of the well
(e.g., whether is active or inactive).

1 FEield datadescribe the mechanical, hydrologic, or geologic characteristics or
conditionsof the well. Such information inlude the geographic coordinates and
surface elevation; hydrologic conditions and variables that may affect the well;
engineering data on well design, construction, maintenance, performance, and
water quality; and geologic data, especially for boreholdsageils providing
control for the basement map.

The secondlivision down fromsectionis attribute for operations dataé=gure3-1a), and
modefor field data Figure3-1b). Attributeand modere furthedividedinto athird
level, division, which divided into the fourthtype which in turnis divided into tfe fifth
level of subtypeand where a sixth

Example: 2.1.3.1.2.1 Borehole depth level is necessary;ubtypeis
Taxon Index fields NGLA WELL DATA dIVId‘Ed IntOSl'!b'SUb'typ_e Each
_ _ taxais accordingly assigned an
Section X 2. Field . ..
_ index number of up to @igits,
Attribute or Mode X.X 2.1 Incorporated Separated by period§4ble 31 and
Division XXX 2.1.3 Engineering Figure 33) Figure 33 shows the
Type XXXX | 2.1.3.1 Construction entire conceptuarmework of the
Sub-type XXXXX | 2.1.3.1.2Depth Database Note that the layout of
Sub-sub-type XXXXXX | 2.1.3.1.2.1 Borehole depth | th€@NGLA DatabaeExcel

spreadsheet (Appx)Ceflects the

Table 3-1. Indexing of Borehole Depth, where digits H H ; H ;
2.1.3.1.2.1, reflect Field, Incorporated, Engineering, Orgamzatlon dlsplayed In Flgure 3
Construction, Depth, Borehole Depth, respectively. See text 3.

and Fig. 3.3 for explanation.
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NGLA
Taxon WELL DATA
| |
f 1
Section Oper;tions 2
X Data Field Data

Attribute
) Ovt.nzer/ 13 L4
XX Function Status
Operator
| | | | 1 | | | | | | | 1
Division 1.1.1 i“lai Rest';r'clher/ 1.2.2 1.23 1.3.1 1.3.2 Storlﬁ?ﬁater 1.4.1 1.4.2 1.4.3 1.4.4 145
Well ID . : Producers Unidentified Data collection Utility Active Inactive Standby Abandoned Unknown
XXX (if applicable) Regulator management
| | |
1.2.2.1 1.2.2.2 1.2.2.3 1311 1321
Type GWA | QIRM Prlvate' | Explorgatory Drinking Water
X X X X (Municipal) (Military) (Commercial) (one-time) Taxon NGLAWELL DATA
Divison 1 2
1.3.1.2 1.3.2.2 X Operations data Field data
Observation/ Agricultural/ ]
Monitoring Industrial MK | weliname owneraperator Fumegon st
141
Active
141
111 Inactive
Division o R 1'2':" 122 123 131 132 134 141
XXX 112 e;:g\ﬁagrm Producer Unidentified Data collection Utility Storm-water mgt Standby
Alias 141
Abandoned
141
Unknown
See Table
1221 30
cwa 1311
(Municipal) Exploraiory
XXXX (Miltary) Ob;j\-/ﬁon/ 1322
Figure 3-3a. Conceptual Map of NGLA Well Data Organization: Operations data section. 1223 Monfoing Agri-industrial
v (ongoing)
(Co:‘m:t::ial)
Sub-type
XXXXX
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Taxon NGLA

WELL DATA
Section o 1 2
X bt Field Data

21 2.2
Digital Other media
| | |
Division 211 212 213 214 B 221
XXX Geographical Hydrological Engineering Geological Photos
| | | | |
Type u 2111 2121 2131 2132 2133 2134 2135 i 2141 u 222
aters| E) onstruction ell Design ell Hydraulics er Quality aintenance rill Log aps
XXX.X Watershed REDIE Constructi Well Desi Well Hydrauli Water Qualit M Drill L M
2112 2122 21311 21313 21321 21331 21341 e 223
1 Coordinates Evapo- Date drilled Borehole Dia. Casing Length Depth to Water Chlorides 1 Depth to m Reports
transpiration 9 9 P Basement P
a 2113 2123 213121 21322 21332 L 2143
Elevation Tidal Influence Borehole Depth Casing Dia. MSL Head DKDL Taxon Data
Section 2
X Field data
2114 213122 21323 21333 1 2'1'4-‘|‘ Mode LA el
San‘]p e . ncorporate nincorporate
Land Use Well Depth Screen Length Test Pump Rate Collection 521
Photos
Division 211 2.1.2 2.1.3 2.1.4 2.2.2
21334 - 2145 X.X.X Geographic Hydrologic Engineering Geologic Maps
Drawdown Borehole Video
2.2.3
Reports

2.14.1
21335 2131 Drill logs
Specific Construction
’ 2111
Sub-su b'type Capacity Watershed 2121 2.1.3.2 2142
XXX XXX Rainfall Well design Depth to basement
R 2112 2112 2143
21336 Type Coordinates Elve'lplo- 2\.Allji3 Deepési known
Permitted GPM XXXX 2113 transpiration hydraulics depth (onKI:DrrI]jslone
Elevation
. . . . . 2113
Figure 3-3b. Conceptual Map of NGLA Well Data Organization: Field data section. Tidal effects 2134 2144
2114 Water quality s | lecti
21337 Land Use ample collections
2.1.35

Production Rate

2.1.45
Borehole video

Maintenance

Sub-type
XXX XX
Sub-sub-type
XXX XXX

*Note size difference between maps is due to space constraints. Black boxes indicate components
described in the report but not yet included in database.
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4. Database content and indexing

This part of the report briefly descrihda descending order of the indexing systeath

of theindexedtaxaof theDatabase along with pertinentonsiderationsuch as agency
historiesand mandateslefinitions andconventionsadopted or devisediata

complexities, nuances, ahdhitations andassumptionsind choices made in interpreting
and classifying datalt should be noted here that while each of the vatexesby which

a characteristic of given well dassifiedis an elemenbf theDatabase each of the cells

in thespreadsheet (Appx)@ontains alata record(i.e., the actual datntry). In the
description below, headings are colored according to the corresponding color code used
in the spreadshe@\ppxC).

SECTION 1 OPERATIONS DATA

Operations informatiofor each well or borehols divided into four attributesiame
owner/operatorfunction andstatus See Table 4 for a summary of well classification
in theDatabase including well functionvell type, well status, and owner/operators, as
defined above.

Attribute 1.1 Name

Identifying each welin the original documentsometimesequired resolving apparent or
suspected changes in well napmsdeviations from naming conventionAs noted

earlier, carefujudgment was requirei resolverecords of different welleavingthe

same or similar nameand recordsipparentlyfor the same welbut with different

name$® and in either casspmetimes over the same span of time and sometimes over
different spans of timeSource documents fanresolvableasesareset asidén the
Miscellaneoudolder.

Division 1.1.1 Well ID

Where there were multiple namese Databaseattempts to utilize the most
commonlyreferredto Well ID. In the spreadsheetiell IDs are numbered out to
three digitgo facilitate recordortingwithin the spreadsheefor exampleA-2
becomes A002. To save space on mapwweverthe placeholding zeros are
dropped from map label#-002 in the spreadsheet A-2 on the map The
shapefilefor well locations generated from tBatabasethuscontairs two fields
one fiWell ID, fsom the spreadsheetnd a secondiName that contains the
Ashort versonamap. f or displ ay

Division 1.1.2 Alias @ésapplicable)

When additioal names wex discoveredhatwere apparently in use during all or
part of the lifetime of a well/boreholtheyare recordeth aseparate columaf
the spreadsheet, adjacent to the Well ID column
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Attribute 1.2 Owner/Operator

The avneroperatoris the last knownagencyresponsible fowell maintenance
operatiors, or data collection at the wellhead from instruments installed in the well
The ownemdperator of a given wetlanandhaschanged over timeespeciallyin
association with changesvell functiors.

Division 1.2.1Researchers and Regulators

Researchers and regulators are agencies tasked with collecting information at the
wellhead (in the field) to study components of the aquifer.

Type 1.2.1.1 Guam Hydrologic Survey(GHS) T 1

During a seere EIl Nifio drought in 1997998, he24th Guam Legislature
mandated and permanently established2bham Hydrologic Survewith
Public Law 24247. WERI was charged with administering the program.
Amonyg its responsibilities amnsolidating and analyag hydrologic data
on Guam, conducting research into selected water problems, and
producingscientificreportsand educational materiats water use, trends,
and key concerns regarding Guam wat er resources.

That same yeaRublic Law 24161, Drought Maragement and

Comprehensive Water Conservation Plamas enactedhich mandated

WERI fdAadminister a Compmregardingdatave Monito
collection on saltwater intrusion, water lens thickness in the northern part

of Guaméand r 8dganinginl99HERI end ISGB s

Pacific Islands Water Science Center (PIWSC), Honohelstored most

of a datacollection program that had been originally put in place during

the 1982 NGLSand have sinceollaborated on a coshare agreemett

collectdata on water levels and salinity profiles at selected observation

wells, along with other hydrologic data

Type 1.2.1.2 Guam Environmental Protection AgencyGEPA) i 2

GEPAIs theterritorial environmental protection ageritytenforces

local and fedral aquifer protection and water quality standards and
regulations It currently do noadminister omaintain anyobservations
wells or boreholes, byarior to 1998wasthe custodial and collaborating
agency with USGS for the wells that are now admanest under the
WERI-USGS Comprehensive Monitoring Program agreement. Gisen
previous custodianship for datallection wells GEPA could feasibly
acquirenewobservation or monitoring wells for which it might have
custodianshi@nd thereforés reserve a space as potential
ownerbperator

7 Under Guam Public Law 24-161, 14 Aug 1998, Guam Drought Management and Comprehensive Water Conservation
Plan. The Comprehensive Monitoring Program was established. More information can be found at:
http://www.guamlegislature.com/Public_Laws_24th/P.L.%2024-247.pdf.
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Attribute 1.2 Owner/Operator
Division 1.2.2Producers
Producersre agenciesperating wells thgtroduce drinking water.
Type 1.2.2.1 Guam Waterworks Authority (GWA) (Municipal) 7 3

PublicLaw 23-119 establishedhe Guam Waterworks Authority in 1996
previouslyPublic Utility Agency of Guam (PUAG)Yrom 1950 to 1996.
GWA is thesolecivilian public waterpurveyoron Guam.

Type 1.2.2.2Joint Region Marianas (JRM) (Military)

JRM, createdm 2009by the Departmentf Defenseconsolidatd the
utilities of Naval Base Guam amkhdersen Air Force Bas@&AFB) and
formally places them under Navy custodianshipwever separate

utilities continue to administer the wells on their respective installations

Sub-Type 1.2.2.21 United States Navy(USN)T 4

Naval Facilities Engineering Command Marianas
(NAVFACMAR) maintains thavells on thenavalfacilities; only
northernGuamsites are considered for tBatabase

Sub-Type 1.2.2.2.2 United States Air ForcéUSAF) 1 5

The Fth Civil EngineeringsquadrorEnvironmental Flight
maintains théAAFB water system.

Type 1.2.2.3Private Agencies(PVT) (Commercial)i 6

These include alprivate businesses that operate wellg., rock quarries,
golf courses, beverage plants, agrigrdt,andaquaculturdacilities, etc.

Division 1.2.3Unidentified (UNID) 1T 7

These include ells andboreholes whose owners or operators could not be
determined overified. Theeare temporarily set aside flaterinvestigation; the
majority appear$o behistoricalexploratory wells that have most likely
undergone name changes.

Attribute 1.3 Function

Thewells and boreholeselonging to the various owner/operatarsfurtherdivided
according to function

Division 1.3.1Data Collectioni Type 1

Data collection wells provide information on lithology, groundwater zones, and
groundwatehydrology Somewere installed by design as datallection wells;others
were originally intended as utility wells, boécause they proved-guitedfor their
original purpose, or for other operational considerations, were converted{o data
collection wells

8 Guam Public Law 23-119, 31 Jul 1996, An Act to Add a New Chapter 14 to Title 12 of the Guam Code Annotated
Rel ative to Creating t he Noweanformdfartcarbefoundkkas Aut horityé
http://www.guamlegislature.com/Public_Laws_23rd/P.L.%62023-119%20(SB%20511(LS).pdf
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Division 1.3.1Data Collection( cont 6 d . )
Type 1.3.1.1 Exploratory (Onetime) 1 Sub-type 1

These can be boreholes drilled initially primarily vesiter exploratn
with no plan to bring them on line for datallection or production, or
boreholes drilled with the hope of making them into produatietts, but
which proved iltsuitedfor production

Type 1.3.1.2 Observation/Monitoring (Ongoing) Sub-type 2

Theseinclude ron-pumpingwells and boreholeshere continuous data
arecollected forscientific observation or environmental monitoring

Division 1.3.2Utility T Type 2

Commonly known agproduction wellg) these wells produce watezither fresh,
brackish, orsalinefor public, private, or commercial purposes

Type 1.3.2.1 Drinking Wateri Sub-type 1

Drinking waterwells are specifically designed to supply potable water
throughmunicipal and militarytilities. Water collected at these wals
tested and teged tdevelssafe for human consumption.

Type 1.3.2.2 Agricultural/Industrial i Sub-type 2

Agricultural and industrial wells supply water for irrigatidinestock and
private industry.A few of these wells purposely produce brackish or
saltwater, e.gthe Fadian Fish Hatchery weltheUniversity of Guam
(UOG) Marine Laboratory welland the Underwater Worllquarium
well.

Division 1.3.3Stormwater Managementi Type 3

Locally referred toasUnderground Injection Well®JIC)or fA d r,yhesee |l | s 0
wells contribute to stormwater managementmphancing naturahfiltration

capacity. The Database howeveryeservethe termfinjection welb for wells

that injectfluids under pressure intihe aquifer(of which there are none on

Guam) A D rwellsd on northern Guam dmotinject water under pressubpait

collect and enhance the infiltration stbrm water runoff In theDatabasehey
aretherefore placedndera stormwater managemedivision. However to avoid
confusion when referring to the wells, irethatabasethey have retained their

UIC namesas assigned by the owner/operator.

Attribute 1.4 Status
Statuss thebest knowrcurrentoperationaktate ofawell or borehole
Division 1.4.1Activei Status 1

The wellis currentlyin servicd pumpingor collectingdata. In other words, the
well is functional andoerforming itsintendedfunction.
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Attribute 1.4 Statug cont 6d. )
Division 1.4.2Inactivei Status 2

The wellis functional but notcurrentlyperforming itsintendedfunction
AECOM-3 and AECM-9 wells arecurrentexamplestheywere built as
observation wells and afenctional but since funding has not been secured to
bring them into the monitoring program they are not currentbervice

Division 1.4.30ffline 7 Status 3

The wellrequires significant rehabilitation before normal operations may
continue.The well isnot functional andhusnot performing ¢ intendedunction

Division 1.4.4Abandonedi Status 4

Abandoned wellaire thosehataretaken out of servicandfor whichno future
use is anticipatedAbandoned wellarerequired byGEPA regulationso be

formally reported, closed, and permanently sealed according to specifications in

the regulatior® Thewell is not functionalit is not performing its intended
functionandno rehabilitation is anticipated

Division 1.4.5Unknown i Status 5

No information onthe current state of the wélas yet beelocated It is not
known whetherthewell is functional,if it is performingits intendedfunction, if
any rehabilitation is redled or planned, or if it has been properly abandoned

SECTION 2 FIELD DATA

Field data are defined as physical information about the borehole or well site and are
classified into twanodesincorporatedandunincorporated data

Mode 2.1Incorporated data

Incorporated data are recorded electronically irtambase as numbers, characters, or
images taken from source documents.

Division 2.1.1 Geographical

Geographical data are the physical
and include wiershed, coordinates, elevation, and land use.

Type 2.1.1.1 Watershed

Each well and borehole in tiatabaseoccupies one of six subterranean
watersheds, callegroundwater basinfAppx A-2; Vann et al., 2013, in
prep). The basin in which each well/baokhis located is shown in the
spreadsheet bysingledigitcodei n t he fAwater shedo
Hagatfia Basin (previously Agana Sbisin): 1; YigeTumon Basin
(previously Yigo Sukbasin): 2; Agafa Gumas Basin: 3; Andersen Basin:
4; Finegayan Bas: 5; Mangilao Basin: 6.

922 GAR 2-87103, Guam Administrative Rules and Regulations, Title 22 Guam Environmental Protection Agency,
Division 2 Water Control, Chapter 7 Water Resources Development and Operating Regulations, Definitions.
http://mww.guamcourts.org/compileroflaws/GAR/22GAR/22GAR002-7a.pdf
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Division 2.1.1 Geographical cont 6d . )
Type 2.1.1.1 Watershed

Up until the current revision of the basement r(\gnn et al., 2013, in
prep.)groundwateb a s i ns waquilersubla & ¢ imhe &
professionahnd regulatoryiterature. The customarynaming convention

usedby PUAG/GWA for municipal wellshas been tapplya basin

identifier followed by a serial numbdsased on thsub-basin name and
locationsfrom the1982 basement mg@DM, 1982) Sub-basin

identifiersused in well IDsvere thusiAGoforAgaf a Gumas, nAFO
Finegayan, AA0 for fMAMa&nfaon nMavn ¢Hialgad 1
Yigo. (There are noommercial omunicipal wells in the Andersen

Basin.) In following this naming conventigra recent new well in the

Agafa Gunas Basinfor exampleisi A<G 0 . ©

It should be noted that basin boundafispx A-2) are based on
basement topograplandsimulated groundwater flo-linesfrom
numerical model, and therefore are subject to change with each revision
of the basement mamd numerical modei¥(See Vann et al., 2013, in
prep.) Some wés named on the basis of the 1982 boundares lie on
the other side of the boundary of an adjacent basinthe originatvell
IDs are retainedF-7, for example, originally in the Finegayan Soiasin,
is now in theYigo-TumonBasin(Appx A-2). It shouldalsobe notedhat
althoughthe NGLA Databaseises the new basin boundaredineatedy
Vann et al(2013, in prep,)local agenciegother than WERI and USGS)
as ofthis publicationstill utilize thesulbasin boundariedesignated by
the 1982 NGLSas the recognized watershed bounddoesnanagement
and regulator purposes (See Section 5. Recommendatipns

Type 2.1.1.2 Coordinates

General bckgroundCoordinates describe an exact location based on a
reference system called a coordinate systBetause of the substantial
challenges met in determining and resavquestions concerning
positional datand the importance of verified locations to the interpolated
basement topography and the USGS numerical medeie background

is provided here before describing the particular characteristics and
conventions usedhitheDatabase

Thetwo common types of coordinate systeised in GIS argeographic
andprojectedcoordinate systems:

1 Geographic coordinate systerase based on spherical measures of
latitude and longitude, with units in degrees and degree fractions.

10 Moreover, simulated numerical flow lines only theoretical approximations to the likely actual flow paths in karst aquifers,
which are very difficult to determine, even with expensive field studies.
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Division 2.1.1 Geographical cont 6d . )
Type 2.1.1.2 Coordinates

1 Projected coordinate systerage based oaselected geographic
coordinate system, which is then projected onto a flat surface, and
are usually expressed in distance u(Bslstad, 2008)

Importantparameters for defining a coordinate systeeiude:
1 thegeographic coordinate system (also called the datum)
1 theunit of measurement (feet or meters)
1 thezone (for Universal Transverse Mercator, UTM)
1

andtheprojected coordinate system (alsoledlthe
projection)

Guam coordinate systemBhefirst andmost criticalquestionin dealing
with spatial datas identifying thereferenced coordinate system.
Unfortunatelythisis not alwaysincludedin the datasebr metadata
especially in historicallata Reasonable assumptions were made when
transforming spatial dafar theNGLA Databas@nd corresponding map
(Appx A-2). Although there ge several chices ofgeographic and
projectedcoordinate systemshe most widely usedn Guamareshownin
Table 41. Well locationgn the NGLA Database aggvenin theUTM
Zone 55 World Geodetic SysteriMGS84 coordinate system
(UTM/Z55N-WGS84)

Quality and treatment of original datsthough coordinates from the

original documents have been convertedexessary t&J TM/Z55N-

WGS84for the GIS shapefileheyweree x t r a c t andreférensed i s 0
wi t h -ap & pfom available sources in the spreadshé&dte

identity or positions ofomewells may beuncertain to various degrees.

There maybe othemvells for which positioal data aréncorrector

inexact, but the uncertainty remains undiscovered because there was no
apparent reason to questionTthe current positional data for every well
should therefore be regarded as preliminary or unverifisgeeially for
historical wells, until they can be verified by field survey

The transformation of data prior to importing into the shapefile required
unit conversions (e.g., feet to meter, degree-sec to decimal degrees),
datum conversions (Guam 19A8D83 to WGS84), and conversion from
geographic to projected coordinate systems (e.g., WGS84 to UTM Zone
55NWGS84). When crossheckingArcGIS transformed coordinates,
inaccuracies wersometimegound due ¢ the aforementioned

uncertainties In thesenstances, each pair of coordinates was instead
transformed using the GuamPRJ Version 2.01 Beta tool created by Brian
P. Farm of USGS. This Guaspecific coordinate system conversion tool
proved to be extremely helpful and more accurate in transforming
coadinates for Guam when the original coordinate system was unknown.

24



Division 2.1.1 Geographical cont 6d . )
Type 2.1.1.2 Coordinates

It should be noted, however, that the tool does not transform to or from the
Guam Geodetic Network of 1993 coordinate systand hence may
introduce some error when transforming such data.

Verification. Although verification by fielechecking was beyond the

scope of this project (see section 5
made as time permitted to improve confidengetmsschecking

positional data against previous layers and imagery. The greatest

confidence in well positions lies with active production wells, as they have

the most documentation for comparison and have been the subjects of the

most accurate and cuntesurveys.

Application of data Appx A-2 is a map showing the general locations of
approximately 64% of the 525 wells from tN&LA Database Of the
remaining 189 unmapped wells, 103 stermwater management wells

that have yet to be incorporated i@¢S shapefiles since they were set
aside as lower priority. Seventeen wells have coordinates that have yet to
be identified or transformed. Five wells are identified as in same land
parcel as the well they were drilled to replace so the coordinatesslmul
interchangeable. Five wells are identified as a secondary name to a well
already mapped. Some 50 wells, less than 10% of the 525NGhaA
Databaseare left with no coordinates available. For this project these
wells were set aside and will pdsiyi never be reconciled as the

coordinate information is unreadable, too sparse, or obviously incorrect to
be useful.

Locations for wells plotted on the map at AppX2Avere taken from the
following four sources:

1. Shapefiles obtained fro@WA includng work by Federal
Emergency Management SysteREMA) in 2002 through the US
Army Corps of Engineergnder the ProjedtEMA-1426DR-GU,
Typhoon Chata'an, Deepells

2. Previous WERI stuis including AiSpatiectemporal analysis of
groundwater quality from 1998009, 6 whi ch i Acl uded
reference for GWA wells and providedmeJRM and private
production welllocations.

3. USGS website provided locations fdyservation wells in the
WERI-USGSComprehensive Monitoring Program.

4. Othersources as collecteduchas wdl logs for exploratory
drillings and other dataollection wells(besides the WERUSGS
ComprehensivéonitoringProgram (CMP)wells), and records of
abandoned ells. Each source is documented in the spreadsheet.
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Geographic Coordinate Systems

Projected Coordinate Systems

GCS_Guam_1963

Angular Unit: Degree (0.017453292519943295)

Prime Meridian: Greenwich (0.000000000000000000)

Datum: D_Guam_1963

Spheroid: Clarke_1866

Semimajor Axis: 6378206.400000000400000000
Semiminor Axis: 6356583.799998980900000000
Inverse Flattening: 294.978698200000000000

Guam_Geodetic_Triangulation Network 1963
Projection: Azimuthal_Equidistant
False_Easting: 50000.000000
False_Northing: 50000.000000
Central_Meridian: 144.748751
Latitude_Of_Origin: 13.472466

Linear Unit: Meter (1.000000)

Geographic Coordinate System: GCS_Guam_1963

GCS_North_American_1983 HARN

Angular Unit: Degree (0.017453292519943299)

Prime Meridian: Greenwich (0.000000000000000000)

Datum: D_North_American_1983_HARN

Spheroid: GRS_1980

Semimajor Axis: 6378137.000000000000000000
Semiminor Axis: 6356752.314140356100000000
Inverse Flattening: 298.257222101000020000

NAD_1983 HARN_UTM Zone 55N
Projection: Transverse_Mercator
False_Easting: 500000.000000
False_Northing: 0.000000
Central_Meridian: 147.000000
Scale_Factor: 0.999600
Latitude_Of_Origin: 0.000000
Linear Unit: Meter (1.000000)

Geographic Coordinate System:
GCS_North_American_1983 HARN

GCS WGS 1984

Angular Unit: Degree (0.017453292519943299)

Prime Meridian: Greenwich (0.000000000000000000)

Datum: D_WGS_1984

Spheroid: WGS_1984

Semimajor Axis: 6378137.000000000000000000
Semiminor Axis: 6356752.314245179300000000
Inverse Flattening: 298.257223563000030000

WGS 1984 UTM Zone 55N
Projection: Transverse_Mercator
False_Easting: 500000.000000
False_Northing: 0.000000
Central_Meridian: 147.000000
Scale_Factor: 0.999600
Latitude_Of_Origin: 0.000000
Linear Unit: Meter (1.000000)

Geographic Coordinate System: GCS_WGS 1984

Guam_Geodetic_Network 1993
Projection: Transverse_Mercator
False_Easting: 100000.000000
False_Northing: 200000.000000
Central_Meridian: 144.750000
Scale_Factor: 1.000000
Latitude_Of_Origin: 13.500000
Linear Unit: Meter (1.000000)

Geographic Coordinate System:
GCS North_American_1983 HARN

located in shapefile properties.

Table 4-2. Geographic and Projected coordinate systems identified in use on Guam and listed in
chronological order. Information on systems extracted from ESRI © ArcMap XY Coordinate System,
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Division 2.1.1Geographicall cont 6 d . )
Type 2.1.1.3 Elevation

Background Elevationin theDatabaseefers to ground surface elevation
(called altituden some documents)n the databaselevationis
computedas thedistancdn feetmeasured vertically from Mean Skeavel
(MSL) to a given poirlt which in most cases ground surfaceMSL is

the arithmetic mean of hourly heights obsergger the National Tidal
Epoch'? The National Tidal Epoch is a specific-§8ar period adopted

by the National Ocean Service as tfigcial time segment over which tide
observations are taken and redlitieobtain mean values for tidal datums.
The present NTBis 19832001. See Figure 4 for Guam MSL trends.

Data quality and verificatianGround surface elevations in tbatabase

are in some cases taken directly fromgbarcedocuments and in other
cases calculated from information in s@urcedocuments In a few
caseselevation was extracted from a digital elevation model from the
WERI GHS Files.As with the coordinate datalevation data should be
regarded as unverified in absence of conducting a field chealever
efforts were made to ensure consistency with all available data sources.

Thereferenceagainst which elevation was measured is not certain in
every casgas some agencies use MSL while othersrasan lover low
water® (MLLW) levels or othereferences While efforts were made to
identify datums and measuring poirttee MSL and MLLW vary over

time and contain a certain amount of inherent erfreerror nherent

datain conversion is about the same asdbaeraldifferencebetween

MSL and MLLW % 0.3 meters (or about one foot). (See Figug.®.The
NGLA Databas¢herefore reports elevatioasassumed to have been
measured againMSL, with an error otup to = 0.3 meters, without
attempting to discriminate between measurements taken in terms on
MLLW . If more precise values are needed, a careful, systematic, and
laborious study would have to be made of the elevation data alone to
identify the various dams used and make accurate systematic
conversiond whi ch simply wonét d&eanpossi bl e
documents do not report whickferencevas used. Therefore, where

more accurate and precise data are needednly certainbutobviously
laboriousand expensive approach would be simply to resurvey the site in
the field.

122 GAR 2-87103, Guam Administrative Rules and Regulations, Title 22 Guam Environmental Protection Agency,
Division 2 Water Control, Chapter 7 Water Resources Development and Operating Regulations, Definitions.
http://lwww.guamcourts.org/compileroflaws/GAR/22GAR/22GAR002-7a.pdf

12 Mean Sea Level as defined by National Oceanic and Atmospheric Administration,
http://tidesandcurrents.noaa.gov/datum_options.html

13 The UsGS topographic maps of Guam use MLLW.
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Figure 4-1. Guam mean sea level trend is 8.45 mm/yr with a 95% confidence interval of +/-8.88 mm/yr
based on monthly mean sea level data from 1993 to 2006, equivalent to a change of 2.77 feet in 100
years. National Oceanic and Atmospheric Administration (NOAA) website
http://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtmI?stnid=1630000, accessed April 3,
2013. Note vertical black line in 1993 indicates a major shift caused by an earthquake.

Division 2.1.1 Geographical cont 6d . )

BRYel32.1.1.4 Land Us

To accommodat&uture expansion of thBatabaseatypefor land use
datawas reservedout populating this element was beyond the scope of
this project Land use parameters relevant to groundwater management
would be a valuable addition to tBatabaseand much inforration on
pertinent data and GIS files already exibsist comprehensive and detailed
evaluation and documentation of land usk require a separatenajor
research effort

Division paswlg\Vel{el[e’s]e

Hydrologic data relevant to management of the NGhdude rainfall

evapotranspiration, and tidal effects on water wells. These data have been, and

continue to be, collected by various civil and military agenomst of which
now provide access to dime databases containing current data, with historical

data steadily being adde&ince each end user must decide how reliable the data

must be for their specific purposdse NGLA Databaseloes noextract,

replicate or attempt taconsolidatéhydrologic data for Guam that are accessible
in suchon-line daabases. Rather, it providedormationandreferences to the
primary or most reliable sourcés hydrologic data element8ecause these
links require continual update and refinememisattempt is made to list them
this reporfrathermostcanbeé und on t he WERI websi
Guam Lens Aquifer Database: LinksGuam Hydrologic Data Sourcesyhere
they are maintained by the Guam Hydrologic Survey.
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Mode 2.1 Incorporated data

Division W RWeI(ellelll ( cont 6d. )

Hydrologic data collectioon Guanmthrough1998 which coincides withhe
rehabilitation of the Guar@MP andthe establishment of the Guam Hydrologic
Survey is documenteéh WERI Technical Report #88jydrologic Data

Collection on Guam: FY1998 RepYrfJenson and Jocsat998) Locations of

the currenCMP datacollection stations and the data obtained from them can now
be accessed on tiata Collection Site's page of the PIWSC website.

Information for these database elements is provided below:

Type YRWRRRENIE]

Data-collection activities The primary meteorological collection agencies
includeUSGS,National Weather Servic&l(VS), USAF, and USN The
longest and maseliable rainfall records afeom AAFB, Naval Air

Station NAS) Agana, andVeather Service Meteoxmdical Observatory
(WSMO) Finegayan.

CurrentbestreferenceAlthough there are many datasets availgble

only legally recogized data areollected and verified by the National
Climatic Data Center (NCDC). It should be noted there are data gaps in
theNCDC data set that were addressed and reasoestotyatedn WERI
Technical Report #10Zreation of a 50Year Rainfall Database, Annual
Rainfall Climatology, and Annual Rainfall Distribution Map for Guam,
Lander and Guard, 2003

BBYeE12.1.2.2 Evapotransyration (ET)

Datacollection activities The only known and documented pan

evaporation measurements were takdd&GSweather station 914229

from 1957 until discontinuation in 1996ee Jenson and Jocson, 1998)

Forlinkst o current data sources, see the
Lens Aqui fer Database: Links to Guam

CurrentbestreferenceThe most recent study evapotranspiration on
Guamis documented in the 2012 USGS repari)VaterBudgetModel
and Estimates of Groundwater Recharge for Gudshnsor(2012)
conducted irsupportof the Groundwater Availability Studfor Guam
(Gingerich and Jenson, 201Q)ohnson noted that rsdudies on
precipitation reaching the ground beneath forest cahapg been made
on Guam no pan evaporation measuremdrdse been taken sin@996,
andthere arano known studies of potenti&dT rates folGu a m6 s
vegetation He thereforeitilized studies conducted in similar regions to
estimate ET on Guam.

14 Available as of 30 Oct 2012 on-line at: http://www.weriguam.org/locally-sponsored-research/guam-hydrologic-
survey/page/data-availability-reports

15 Available as of 30 Oct 2012 at: http://hi.water.usgs.gov/infodata/index.html
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Division tWR\Yel(ellelsf ( cont 6d . )
BNYs5)2.1.23Tidal and water-level data

Datacollection activities Tidal dataare colected on Guamybthe USGS
at theHagafia Boat Basin, byhe National Oceanic and Atmospheric
Administration NOAA) at Sumay Cove in Apra Harh@nd on the east
coast at Pago Bayver various interval§lenson and Jocson, 1998Yell
waterlevel data collectetly the USGS from GHS and other wells on
Guam can be found on the PIWSC page of the USGS website.

CurrentbestreferenceAs part of theGroundwater Availability Study for
Guam(Gingerich and Jenson, 201®otzoll et al(2013) conducted a
comprehensive study of tidal signals in some 34 wells on Guam, including
historical data from wells long out of service, data from the ongoing CMP,
and new data from the 2010 Exploratory Drilling Program. The locations
of these wells areyblished in their report.

Division 2.1.3Engineering Data

Engineering data pertain to weharacteristics and performance avete taken

Aas 1 s0 fr om t hbatwerechegkedcagdinst dtltecsounte nt s

documents as necessary to resolve obveorm's or address uncertaintidsor

multiple records, inconsistencies, or other notewoctrsiderationsegarding

the data sources or interpretatioiigp eiqpp 6 annot ations i n the spr
for the respective recordzield-checking of enginearg data was beyond the

scope of this projecand can be done ontaseby-casewhen the need justifies

the high cost of opening and inspecting a given well.

Type 2.1.3.1 Construction
Sub-type2.1.3.1.1 Year completed drilling

TheDatabasdadentifiestheyear theoriginal drilling was
completedas could best be determined from tleeuments
Sourcedocumend arereferenced y  fAuppodp € o nbp@at s
should keep in mind that amyvendrilling might start and end in
different years and that some welbsv undergone more than one
drilling. Where there was more than one drilling, ¢imel year of

the first drilling consideredo bethe original drilling,was

recordedn theDatabaserecord.

Sub-type 2.1.3.1.2 Borehole diameter

Borehole diameters are rededin inchesand areusuallyasset at
time of first drilling. Users should note that some well diameters
have been enlarged particularly when srd@imeterexploratory
wells have been developed into production wells
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Type 2.1.3.1 Construction
Sub-type 2.1.3.13 Depth

Depth is measured in feet as thstance fronthe groundsurface
at the well head

Sub-sub-type 2.1.3.1.31 Boreholedepth

Borehole depth is defined as the deepest degitrded for
the borehole.

Sub-sub-type 2.1.3.1.32 Well depth

Entries in theDatabasespreadsheetflect he current
serviceable deptbf the well, whichmay or may not be
different tharthe boreholalepth. Serviceable depthaay

be reducedhadvertentlyby sidewall omwvell collapseor
sidewallsqueezing In some cses original borehole depths
have been reduced deliberately by béltikg with

concrete
Type 2.1.3.2 Well Design
Well design information is t,aken

usually thewell log or asbuilt plans when availableChangesare raely
madesincewell modification andehabilitationareexpensive and results
are unpredictable.

Sub-type2.1.3.2.1 Casing length

Casing lengtliecorded in the spreadshéethelengthin feetof

the solidcasingpipe, typically steelin older wellsor PVC
(polyvinyl chloride) in newer wellsdown to the affixed screen or
the perforated/slotted portion of the casing that otherwise
constitutes the screefMhe casindypically starts abover at
ground surface elevation

Sub-type 2.1.3.2.2 Casing diamete

Casing diametetecorded in the spreadshéethediameteiin
inches(assumed to be inside diameter unless otherwise naited)
thesteel or PVC casing

Sub-type 2.1.3.2.3 Screetength

Screen length recorded in the spreadsheet ietigghin feetof
theinstalled well screen or the portion of the end of the casing
containingslots or holeshatallow inflow of water The
screen/slottingypically startsa few feet belovstatic water level
and extends downwardost of the wayo the bottom of the
boretole.
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Division 2.1.3Engineering Data
Type 2.1.3.3 Well Hydraulics

Well hydraulicsrecordsare extracted from historical records of pump

tests, whictdescribe thelepth tothe water tabland the performance of

thepumpedwell or borehole Wheremore ttan onerecordwas available

i.e., frommultiple pump testgnultiple water level readings, etthe most

commonrecord themost relevantecord or the recorctlosest to

operating conditions was selecfied placement in th&lGLA Database

and t huep Of pnoopt € was an mnftmationbfan accor di ngl vy
availablerecordscan be found ithe corresponding well folder.

Sub-type 2.1.3.3.1 Depth to water

Depth to water is theistancein feetfrom ground surfacet the
well headto thenonpumping watetevel, usuallyreferred to as
static water levein drilling records

Depth measurementsin varyfrom onesource recordo another
for several reasons: usedifferentmeasuring equipment
stretching in a given instrument; changesethod or measumg
points andin all casesthe natural fluctuations of water levels in

Subtype 2.1.3.3.1 Depth to water

response to tidal signalsee Figure 4). Data in the spreadsheet

records are taken fas iso0o from the p
concernsaboutéh dat a not-epoimot def dipophe
spreadsheet record.

It is noted here that thdepth to watedata in theNGLA Database

refesonl y to the fisndopteeparticdar dept h t o wa
source documentWhere rigorous measurementgime-seriesof

water levels in the aquifer are needed,rtiwest accurate are the
continualreadingsobtainedfrom the GHS observation wells

which areavailable on the USGS website.

Sub-type2.1.3.3.2 MSL head

MSL heads a derivative quantity, calculated in tbatabasefrom

the surface elevation and depth to water values reported in the
applicable pump test record, or where necessary, information from
separate reportdt thusutilizesthe previouslymentioned

elevation subtracting the above mentiongéelpth to ater.

MSL head = Elevatiofground surfacej Depth to water

Error may be introduced by eatdrm in the expressionThe
NGLADatabasespreadsheet therefore notes that this is a
calculated quantity derived from extracted data in the separate
source calmns
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Type 2.1.3.3 Well Hydraulics
Sub-type 2.1.3.3.3Pump testrate*

The pump test is a type of aquifer test used to determine well
performance.Pump tests on Guam usually consist of two phases.
The firstdrawdoiwvsbeppadepngi n whic
rate is increasedisually in 56t0100gpm (gallons per minute)
increments an hour or two apart, over the span of a few hours
starting fromthe minimum pump capacityp to or somewhat
above the permitted ratd.he second is a 2dour constantate

test, usually at the permitted capacifyhe pump testaterecorded

in theNGLA Databasspreadsheet the one deememhost

relevantto operationaplans for the wellwhich is the24-hour
constant rate, unless otherwise noted on the spreadsheet record
Appup O .not e

Sub-type 2.1.3.3.4 Drawdown

Drawdownis thedifference in feet between the initial depth to
water or static water level and final depth to water or pumping
water leve] as recorded by the driller wlonducted the pump
test

Drawdown = Intial depth to watei Final depth to water
Sub-type 2.1.3.3.5 Specific Capacity

Specific capacity is a measuwkthe productivity of a welin terms
of production rate per unit of drawdowand is listed in gpuft:

Specific capacity Pumptestrate/Drawdown

The value recorded in tidGLA Databaseés the value reported by
driller who prepared the pump test report.

Sub-type 2.1.3.3.6 Permitted GPM

The entry in théatabases the GEPAassigned and approved
pumpage ratgaken from the operating permit.

Sub-type 2.1.3.3.7 Production rate

Each producer maintains its own records on production rates, and
at a minimum must report submit to GEPA, by th& @bJanuary
each year, a report of the amount of monthly extractibns.
Producton rates for each well mdlpctuate over time based on

16 Pump test is a type of aquifer test in which a well is pumped at a constant rate and measurements of water levels are
made in the pumping well and/or observation wells, usually for the purpose of determining aquifer hydraulic properties
and the capacity of the well. (From the American Geological Institute, Glossary of Hydrology)

7 106cA 846105(d) The holder of every well operating permit shall file on of before January 15, annual reports on forms
to be provided by, and containing such information as, the Administrator may require including, but not limited to, the
amount of water extracted each month of the preceding twelve (12) month period.

33



different factorsincluding well status owell function andthe
ratesmay bedifferentthan permitted pumping raté\ yearly

Type 2.1.3.3 Well Hydraulics
Subtype 2.1.3.3.7 Production rate

average ofhe most current aviable actual withdrawal rate (gpm)
asreported by the producer typically over the last calegdar
was entered in thdGLA Database

It is noted here that Sima(@012)has compiled tables amglaphs

of historical monthlyproduction rate againstrepotedchloride

concentrations Incorporation of these data into tNSLA

Databasds anticipated(Seefi Wat er Qual i degtion0 b el ow,
5, DatabaseExpansion).

Type 2.1.3.1 Water Quality

As with other hydrologic parameters, thatabasehas been cotsicted

to accommodate expansion to include water quality data. There is an
enormous variety of wat quality parameters and data. Data on salinity,
however, which are obtained from the USB&RI Comprehensive
monitoring program as well as regulatorytieg of water from current
productions wells, providespeciallyimportant insights into the natural
conditions of the aquifer and its responses to pumplimgeNGLA
Databasewill thereforesoon bancorporating the spreadsheet diatan

the recent work ypSimardet al.(2013, in review)

Sub-type 2.1.3.11 Chlorides

Chlorideconcentréion is themain parameter faetermining salt
watercontaminationa major concern fany coastal or island
aquifer The most recent comprehensive study of chloride (or
salinity) in the NGLA was conducted ISfmardet al.(2013, in
review). Theirreport provides a summary of the previous studies
and will beavailable oA i ne o sawebgEeR | 0

Type 2.1.3.5Maintenancedata

This data is at included at this time but cousdccommodatsuch
informationaspump size and types.

Division 2.1.4GeologicData

This segmentf the Databaseancludesinformation onsubsurface geologyThe
NGLA Databasecontainsgeologic parametend is the central databaee the
current update of the basement map by Vann €é2@1.3, in prep.) Other
elements bthe geologic division of thBatabaseconnect the exploratory drilling
and groundwater development programs that it also supports.
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Division 2.1.4Geologic Data
Type2.1.4.1 Dirill log

Drill logs are the single most important clue to subsurface geolokig.
column in the spreadsheet shomtisich wells have a log on file

AYOo (i . ewellswithwy dril log)for which the scanned
source document can be foundhe corresponding well database
folder.

ANO (i . aevellsforfvhich o) drilHog has yet been found

Type 2.1.4.2Depth to basement

The measured depih feetfrom the surface tahefirst noncarbonate
material(presumably the beginning of thentact with the basement rock
formation); positively identifies the basement rack

In the spreadshedipld numbers indicate distinct points where the source
documents indicate a sharp and unequivocal boundarle gray

numbers indicate indistinct pointghere the source documents could
define only an imprecise range of possible valuéalues ingreen
borderedcells were used in the 2013 Volcanic Basement (amn et al.,
2013, in prep.) For details on the definition and application of this
parametersee Vann et al.

Type 2.1.4.3Deepest known depth of limestone

Thedeepest known @éh of limestonéDKDL) is a parameter used in the
construction of maps of the basement topography. It isdasured
depthin feetfrom the surface to the bottomwells terminating in
limestone (but not necessarily reaching the bottom of the limestone
formation, i.e., the contact with the basement roé&)hough such wells
do not provide information on where the basement contact is, they do
provide limited information on where it is @ohence at least a minimum
depth of the limestone.

In the spreadseet,bold numbers indicatactivenegativecontrol where

the interpolated basement topography in the Volcanic Basement Map
(Vann et al., 2013, in prep) was adjusted to eliminate inconsistencies, i.e.
the interpolated surface intercepteé DKDL and wasadjusted

accordingly. Graynumbers, on the other hand, indicpéssivenegative
control where the interpolated surfaiseat least lower thatine DKDL,
providing limited confidencen the interpolated surfacd-or details on the
definition and applicadn of this parameter see Vann et(@D13, in prep.)
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Division 2.1.4Geologic Data
Type 2.1.4.4 Sample Collection

The main resource for geologic study of borehole lithology is drill cuttings
from the tricone rotary bits that are generally used to cut through the
limestone bedrock on Guam. These are lifted to the surfabe drilling

foam. Drillers are required to keep a log in which the characteristics of

the cuttings are described sequentially as the drill bit descends through the
limestone bedrockGEPA requires samples be collectath time the

drill bit reachesanotheffive feet during drilling operatiort&

Although there are no facilities for properly archiving rock samples,
WERI is currentlystoring the collectiowf drilling cuttingsfrom the 2010
NAVFACPAC exploratory drilling progran(AECOM Technical Services
Inc., 2011) andthe collectiorof cuttingsf r o m A A-&ilirgy of the e
MW-series (MW5MW-9) wells in theMARBO Well area (also known as
Andersen South).

Unfortunately, there are not yet any dedicated facilities on Guam to
preserve and curate rock sampbesther physical samples géologic
materials ard no plans exist to creatich a facility Nevertheless, the
Databasancludesa columnto documenthe availabilityof physical
sampledocated at WERI

Type 2.1.4.5 Borehole Video

TheDatabasealso containgn element for cataling borehole video,

even though there is at this time no requirement for routine video
documentation of new boreholes, and no provisions for systematic
cataloging and archivingf borehole video. Increasing use is being made
of video as the instrumentati becomes cheaper and easier to use and
maintain Such vides areproviding important new insights into aquifer
hydrology The most recent examples #nevidecs from theAECOM
2010exploratorydrilling program. These video clips arataloguedind
archivedas mp4 filesn thecorrespondingvell folders.

Othervideoexiss, includingrecordingsstored at WERI orideo home
system YHS) tapes from drilling done in the 1990s for the Andersen AFB
Installation Restoration Programs, but these have not foemally

archived and curateduring the research for this project, so&eVHS
tapes were foun@0 of which exhibiteda mold or fungus known to grow

on this type of media in humid environmentsis not yet known if these
can be salvaged.

8 106cA 846106(a) The drillers shall at the request of the Administrator also furnish samples of the materials
encountered in the drilling of the well which shall be taken at intervals of five (5) feet, or at every change of formation.
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SECTION 2 FIELD DATA
Mode 2.2Unincorporated media

This section of the repordescribes thethertypes of data, in addition to tiseurce
documentsthat are availablm eitherthe corresponding well foldews, in the case of
the Reports, in a separate feid

Division 2.2.1 fhotos

These include various photographs of interest but not necessarily pertinent to the
Database saved for historical interestVhere availablgthe user is directed the
individual well folder.

Division 2.22 Reports

This divisionincludesreportsrelevantto theaquifer These weraitilized in the
creation of thdDatabaseeither asnformational referencesr astoolsin locaing
wells and boreholes on Guanfhis list is not exhaustive but contains the most
current or compmhensivaeportsand has digital copy linkssted on theNGLA
Databasepage on the WERI website:

1. AECOM Technical Services Inc., 2011. Guam Water Well Testing Study
to Support US Marine Corps Relocation to Guam, Naval Facilities
Engineering Command, Paicif Pearl Harbor, HI.

2. EarthTech, Inc., 2010, The United States Navy Installation Restoration
Program, Final, Spring 2010, Groundwater Monitoring Report for
Andersen Air Force Base, Guam, prepared for CAPE Inc and sponsored
by The Air Force Center for Enggering and the Environment.

3. EarthTech, Inc., 1999, Stormwater management/underground injection
well closure plan, Andersen AFRBTerritory of Guam, prepared for
Institute for Environment, Safety, and Occupational Health Risk Analysis
Environmental Anajsis Division.

4. Hild, J., Blohm, R., Lahti, R., and Blohm, M., 1996, Geophysical Surveys
for Ground Water Exploration in Northern Guam, 25th Symposium on the
Application of Geophysics to Engineering and Environmental Problems:
Keystone, Colorado, p. 33341

5. BCG, 1992. Groundwater in Northern Guam: Sustainable Yield and
Groundwater Development Final Engineering Report, Barrett Consulting
Group [now AECOM Technical Services, Inc.] in association with John F.
Mink for Public Utility Agency of Guam.

6. CDM, 1982.Final Report, Northern Guam Lens Study, Groundwater
Management Program, Aquifer Yield Report, Camp, Dresser and McKee,
Inc. in assoc. with Barrett, Harris & Associates for Guam Environmental
Protection Agency.

7. Tracey, J.l., Jr., Schlanger, S.O., Stark,,JDban, D.B., May, H.G., 1964.
General Geology of Guam. 438 U.S. Geological Survey Professional
Paper, US Government Printing Office, Washington, D.C.
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5. Recommendations

A. Database maintenance and updates

EstablishedArrangements The NGLA Databaséas been prepared in conformance with
mandates and agreemefisdatabase development, maintenance, andstetangthat

are already in placeTheseneed only b&ontinued in ordeto providesufficientinter-
agency support tmaintain theNGLA Database

1. Guam Hydrologic Survey Programdaintenance of th&lGLA
Databasds consistent with the mission of the Guam Hydrologic Survey
established by Public Law 247 (AppxD-1)t o fAl ocat e, i nventory al
all hydrologic data pertaining to Guam and cdiase the data into a single
computerbased data library from which information cassigabe accessed and
retrieved @ublic Law 24247 alscspecificallyrequires

1 Drilling permit applicants coordinate with WERI and provide a copy of any
downthole or gephysical data collected

T All government of Guam agenciesétransmit
to WERI for consolidation by the GHS

1 Each agency collecting watezlated data shall maintain an active point of
contact with the GHS regarding the collent trarsmission and archiving of
data.

2. 16 July 2010 Memorandum btihderstandingAppx D-2) betweenJoint Region
Marianas, Guam Consolidated Commission on Utilities, Naval Facilities
Engineering Command Marianas, and Guam Waterworks Authority

1 This fomal agreemergstablished aechnical Expert&roupon Guami t o
maintain regular communication as needed to share water resource data real
time and raise concerns and issues to the working group.

1 It further specified thaliThe Technical Experts [group]ill maintain all
databases and technical tools in cooperation with WERI and USGS needed to
monitor and assess the health of the NGLA. The TE [group] will consist, at a
minimum, of [members fromBWA engineering staff, NAVFAC
MARIANAS UEM, GEPA, WERI,andUS GS . 0

Periodic UpdatesIt should be noted that since most waitssource data collection,

whether by government of Guam agencies, military activities, or federal agencies is done
on a monthlyto-quarterly basishe NGLADatabase neesto be maintainedontinually

to keep up with theteadystreams of monthly and quarterly data.

1 Itis further recommended that tDatabase be given an annual review by the
Technical Experts groy@ndthatrecommended refinements and modifications be
made during the sglequent year.

1 WERIalsoholds an annual meeting in the fall with @siamAdvisory Council
composed of representative from various government departments that deal with
water and water related issues, public and private sgit@ssionals, other scitinc

38



colleaguesand interested members of the communitys recommended the annual

review of the NGLA Database coincide with this Advisory Council mestisgme

of the members of the Advisory Council also compose the Technical Experts group.
Witheach yeard6s update, the | atest technol
incorporated to keep abreast of the rapid ongoing improvements in database and GIS
technologes

B. Database Improvement, Refinement, and Expansion

The following steps can be taken to impediie quality, refine the structure, and expand
the coverage of thBatabase

1. Field-checking of data As noted in Section 4, location, elevation, and other
geographic data in tHeatabasever e ent ered fas is0 from
after resolving anjnconsistencies with other recordReliability of such data
would be enhanced by conducting a systematic and exhaustive field survey to
visit each well site and check its coordinates and elevation against the currently
recorded data. Priorities could &ssigned on the basis of the uncertainties
uncovered during the development of Detabaseandareas of importander
new well development or rehabilitation.

2. Refinemenbf lower-priority boreholes and wellsFor the reasons previously
stated, priorityfor verificationin the currenDatabasewas given to active
production wells included in the USGS groundwater model and boreholes utilized
for WERI 6s devel opment of the basement
now need to be examingekerified and maped including stormwatewells,
exploratorywells, etc.

3. Inclusion of dherwell data As mentione@bove andn Section 2, the lower
priority well information was not as actively sought out and should now be made
a priority to uncoveany additionakource documents and fill in data gaps for
these wells.

—

4. Inclusion ofnewdata As mentioned in Section 4,
been incorporated in tHeatabasefor parameterdeyond the initial scope of this
project. These includand useadditiond water quality markers, and
maintenance datalncorporatiorof this informationcan be done as priorities
dictate and resources permit

5. storageof samples, video, photosiaps.and other reporislt is also
recommendethatproper storagand personrde acquiredo archive and
maintainthe uniquesingleopportunity assets that are acquired, most especially
drill cuttings core samplg, and videasIn addition, photos, maps, and reports
pertinent to aquifer management should be acquired and archived.

C. Operational and administrative recommendations

The following are recommendations for changes in operational and administrative
procedures that follow from insights and experience in buildin@pdtabase These will
require interagency collaborationnal agreement, as in some cases modest commitments
of additional resources by the agencies involved. In all cases, however, the returns will
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improve not only the content and utility of tBatabase but will also enhance the
management of the aquifer.

1. Groundwater basin boundausage review With the recent updatd the
groundwater basin boundari@gann et al, 2013)agencies that utilize this
information are advised to update, review, and consider their usage of previous
groundwater basin boundaries.

2. Edablishment ofwell naming conventionsThe mostonfusing,frustrating and
yet easilyresolvable issue encountered was the-standard naming conventions
used throughout the year€urrently, wells are named according to which
groundwater basin theyawv from followed bya sequential number, presumably
the next in the seriad wells installedput this is not always the cas¢See
Attribute 1.1 Naméor a discussion on the issues encountered during the creation
of theNGLA Databasg In addition tothis issueType 2.1.1.Watershedlso
notesthat groundwater basins can, and most likely will, change in the future. Itis
recommended the Technical Expeagtsuptake up this discussidor resolution
and agreemenand make some recommendation toglEmitting authority
(GEPA) for establishment of a permanent, systematic convention for naming of
boreholes and wells.

3. Video logging at all uncased and newly drilled wellhe technology exists and
is accessible on islarid video log uncased and nevdsilled wells The
importanceof video loggingwasrecentlydocumenteavhen a well in the Agafa
Gumas groundwater basin revealed the existence of a previously unknown feature,
cascading water in the wedbme 8Ceet abovehe water table Although drill
cuttingcollection and in some cases geophysical loggiadpeing conducted
there are features that can be difficult to interpret or indistinguishable with these
tools. But workingn conjunctionwith these tools video logging would be a
useful in staying not only the lithology of wells but aldoydrologic conditions
andbehaviors, as demonstrated with the Agafa Gumas well.

4. Establishment oNGLA Databasé) s e r 0 s. SiGcesoruepfthe information
presented here can be considered proprietary, tagammeof aNGLA Database
Userd6s Group would alleviate some of the wu
communicating, and sharing this informatidd.r e at i on of a f or mal us e
would facilitateaccess to thBIGLA Databasgincludingits source documents,
spreadsheetgndshapefilesand access to shdpes utilizing an ArcGIS
Online® accountwith files managed by WERIEach agency will be responsible
for maintaining pass codes and access of their ArcGIS Online account.

6. Future studies

Maintenance and egpsion of thdatabaseas described above will support future
improvements in basement mapping, sucB-Bsmodeling of basement, bedroakd
waterflow pathways in the aquifer
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GLOSSARY

Aquifer: A formation, group of formations, or part of a formation that contains
sufficient saturated permeable material to yield significant quantities of water. (AGI p9)

Drainage well: (1) A well installed to drain surface water, storm water, or treatstewa
water into underground strata (after ASCE, 1985). (2) A water well constructed to

remove subsurface water or to reduce a hydrogeologic unit's potentiometric surface (after
ASCE, 1985).

Evapotranspiration: The combined loss of water from a given argabaporation
form the land and transpiration from plants (after SSSA, 1975).

Fresh water: Water that contains less than 1,000 milligrams per liter (mg/L) of
dissolved solids; generally more than 500 mg/L is undesirable for drinking and many
industrial ugs (USGS, 1984).

Inactive well: A well whose use has been temporarily suspended and may be reactivated
at a future date. (22 GAR&7103)

Injection well: A well constructed for the purpose of introducing water or substances
into the ground as a meaoifsreplenishing groundwater basins or repelling intrusion of
sea water. 22 GAR-87103

Exploratory drilling: A hole drilled for geologic or hydrologic exploration. 22 GAR 2
§7103 shortened

Observation well: A well used for the purpose of observing sutface hydrologic
conditions and collecting hydrologic or water quality data and not for use in extracting
water from an aquifer for beneficial use. 22 GAR7L03 monitoring

Production well: A well used to supply potable water. 22 GAR 2103

Well: Any hole that is driven, drilled, dug, or bored at any angle, either cased or uncased,
by any method into the ground, for the purpose of obtaining water or knowledge of water
bearing or soil formations, or for the disposal of surface water drainage.

Well cuttings: Rock chips cut by a bit in the process of well drilling, and removed from
the hole in the drilling mud in rotary drilling or by the bailer in catole drilling. Well
cuttings collected at closely space d intervals provide a record ofalte geénetrated
(Jackson, 1997).
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DESCRIPTION OF MAP UNITS
Ariificial fill—shown only where extensive

Roofo_rosf platiorms o iving coral, coraling aigas, and rosf sedimort,
ralsed termaced ramps and pools, and crusted Intertidal badrock

outorops, Including mme outerops: OM lh. southwest coast al
Ill.'mpn:.:um the platform margin from Ritidian Point south tn
rano

Beach daposits (Quatern: -m—unehundlndgrlwl bnldnwkm
the Intertidal zone, and small Isolated patches of recently emerged
dedrital lImestane. Sand mr-lly Is less than 15 feet m sea level,
sekiom as much as 30 feet

Merizo {2,500-4,800
years old) coraigal reef limestones, 2-12 M thick, enpplrlg mudwm reaf
flats and platforms. Occurs as Interfidal and low-supratidal outcrops.
at Tarague (nlaal—ﬂch). Ylig Point

Extensive supratidal_outcrops
{coral-ich), and Aga Point {delriakrch). Almoet o m
alteration evidenced in outcrol autcrops, too small to

along SW coast betwean Merizo and Agat
Alluvium (Quaternary}—saliuvial clay deposits, mostly 30-100 feet thick,
muck and clay In marshy estuarine deposits on the west coast, scattered
sand and grevel bars within deposits near SE river mouthe, and clay Tl

in large sinks in limestone areas
'nnauo limestone (Quatemary}—125,000- 135,000 year-oid coralgal
croppling out exclusively In Tarague embayment at 15 to
'ﬂﬁ f-ul elevation. Undsmgone only partial dlagenetic alteration. Rich
assemblage of reef corals. Meximum estimated thickness 25 feet
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<
Mariana nm:ﬂ:mdm .(.Plloe.no and

pndnmmcnﬂy dotrital facies, representing a
variety of resf platform and ofi-reef
environments. Coralgal framework, molluscan
and Halimeda sukfacies Ioe-lly Important.
Complatsly

150 feet, although the elevation of the base of
the unit i& not apparent

Umnatac lbmmlon (Oligocens-Miocens)

foot

unresolved hic saquances In Umatac
formatlon that encompass sections of Tub, T\tn.
and/or Tus. Approximate thickness ranges from
200 to 500 feet
Danden flow member (Miocens)—compact
madium- to coarse-grained porphyritic andnlh
flows aeparated from the undsriying

c member by a ﬂrlw brenclu
Bapproximately 10 fest thick; meximum thickness
of member 50 feet
lahnu pyroclastic member (Miocene)—

Im'lnlnhu ically have prominant suhadral
nug pn-&":m’ 1 centimeter In langth

lee:wnu clasts are conepleucus In some

al nglomerates. Estimated
ml:kmn of the Bolanol pyrociastic member
ranges from 750 to 1000 fest

flow member -basalth
andesits pliiow lava with plagiociase, augite and
olvine phenccrysts. Volcanic sandstones

of clasts

dispiays vuggy to cavemous pumully Dominant
rock unkt throughout much of northem Guam
where it ettains thicknesses estimated at

betwesan 550 and 600 ft. Major source of
quarried aggregate

derived from the plliow lavas.
Interbedded with the uppermost portion of the
Schroeder flow member. Estimated thickness of
gasﬁm“md' flow member ranges from 100 to

Gaus Rivar membar (0llgocenc)-—rtarbodded

Hagatna member (I and
Plelstocene}—coarse-to ﬁne-grllned pale-
yollow, tan, or brown fossiliferous defrital

clay and as much In pockets.
d cavites; Includes undifferentiated lenses of

other Limestone facies. F on _typically

unconformable upon underlying rocks. Maximu

aggregate thickness of formation Is as much as.
500 feet In some ciiffe

- Allfan
Massive coarse-to nne-nralned recrystallized
limatone generally p-l- pink, wn, or vmm but
locally red, yellow, o
dominance of dlddlh Poﬂbl lnd N:mporl and
by long calcits tubes formed by hwng worme.
or gastrpods. Locally argllacecus above base.
Maximum esfimated thickness of the Allfan
limestone Is 150 feet

- Tallsay member (Mlocane)}—ysaliow, green, and

sandstones lnu earulm Ciaste In sandy
irgely fragmented and alterad

units are lar

andesltic  volcanics, but also Include

Intraformational  limestones |ﬂﬂu¢|nﬂsmf
am,

not seen in uam.
Conglomerates with clasts of basalts, andealtss
and dacltes are consldered to be near the bass
of Tug. Estimated thickness of the Geus River
member ranges from 250 to 300 feat

Mahlac member of Alutom formation (Eocens
nd thin-bedded to i

frible buff o tan or yellow-tan calcarecus
lunn':r::nlhml shale; maximum known thickneaa
200

Aluwn formatlon (Eocene and Oligocene)—
hedded breccias, conglomerates, sandstones,
turbidites, sandy limestones, and mictitic to
blociastic lmastonas, Giasts I the broccias and

are  two-|

red clay and lenticular ol
||gnm- gy to green marl containing stickiike

ind Acropora, and Interbadded limestone
Ionm zw 30 feet thick

- Barrigada, Bonya and Janum |Imastones
and Detrital
Janum, pink to tan, somewhat friabls, deep-werter

acles with abundant pelaglc forams. Bonya
limestons,

chalky blomicrite featuring coraline red sigae,
Halimeda, benthic forams as well as corals near
the upper contact with the Mariana limestone

roef

generally pyroxsne
-maum. -nnuugn rare olivine pnym; basalis

also are present.
Enlmm-d thldmlu of the Nnmm lum-tlnn
ranges from 1850 to 2000 feet

Facpl formation (Eocene}—basal portion
consists of high-Ca hamrutn pillow  lavas
intarbedded with pliow hyalwhnbl
and sandstones of Ih- nms lith
differentiated lavas have
chromits  phenoorysts; more

varleties lack chromits and have plaglociase and
orthopyroxene phenccrysts. The upper portion
conslsts ﬂl DIIW lavas,

braccias lom
Banat- it ol augtts, and_plaglociase

facles In centrsl Guam conslats of compact white
recrystaliized limestons contalning larger
Faraminifera and algae, and corale in position of
growth; at some places overlain by the Bolanos
pymclslﬂc member. Outcrop _ distribution
restricted generally to several prominent woaded
knolls in lho upper f, many
lying within the Talofofo Goifing Rmrl The
estimated outcrop thickness of the Masmong
limestone ranges from less than 10 fest to about

Lk

Boninitic and besaltic dikes cut this
formation and are pariiculady abundant in the
reglon of the Facpl peninsula

MAP SYMBOLS

Basaitic and boninitic dike

Fauli—Solid whora definiely ocatac; dashad whare
‘approximately located; dotiad whers con

slts of
sections -Imm on accompanying sheet



Northern Guam Lens Aquifer Database Wells
Listed by Owner/Operator, Function, and Status

4
Agafa Gumas

3

Finegayan

2
Yigo-Tumon

1
AganafHagatna

6
Mangilao

\\ (IJ 2.5 f Kilometers
\‘\ 0 125 25 Miles
‘\ N
Legend
Groundwater Basins B Unid Data Collection Active @  AF Utility Active 9 Pvt Utility Unk
==—==Pago-Adelup Fault A AF Data Collection Standby @  Pvt Utility Active 4 Unid Utility Unk
NGLA Database Wells A  GHS Data Collection Unk @ GWA Utility Inactive @  AF SWActive
A  GWA Data Collection Unk @ GWA Utility Standby ¢  GWA Unk
Own/Op, Type, Status A AF Data Collection Unk @ AF Utility Standby ¢ NavyUnk
O GHS Data Collection Active A Pvt Data Collection Unk S  GWA Utility Ab ¢ AF Unk
O Navy Data Collection Active 4  Unid Data Collection Unk 4 GWA Utility Unk +  PvtUnk
AF Data Collection Active @  GWA Utility Active 4 Navy Utility Unk 4  Unid Unk
®  Pvt Data Collection Active ©  Navy Utility Active 4 AF Utility Unk
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APPENDIX B

Drill Log for D-17é p &0
Drill Log for D-17Xé pg 53
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( FE=Re

Y1V TS o 4 -A“!E"L: )
| D-17X TOTALD. 350
(. w JOB NO: 07-11-01855 LOGGED BY: M. K. R
L . K.
Z PROJ. Six Deep Wells EDITEDBY: M. K. R,
A DRILLING CONTRACTOR: Pacific Drilling, Inc.
e —— Failing 1500 R
- ,?SANTA MON/(:? “A\]\g i DRILL RIG TYPEX alling otory
= (,,—«-\ - ?\)el- DRILLERS NAME: Tony Isimang
& R e SAMPLING METHODS: Bag
s ® \H HAMMER WT DROP:
-1 . :
l\[] P STARTED, TIME: g.09 A.M. |PATE: ¢ /4 /79
g COMPLETED, TIME: 5:00 P.M.[DATE: 6/8/79
>~ oT To &crLE - BORING DEPTH (ft) | 350,
= CASING DEPTH (ft.) 35Q!
ol =1 & WATER DEPTH (ft.) 297151
g8 f TIME: -~ B:00A.M.
z | W = -
T|w G|l 2|lolk w [ o . )
Elg $138|2|¢g S | 8| DpATE: 6/10/79
= 5 w | 3
BlelZ|5|8]|of¢ Z | O | BACKFILLED, TIME: DATE: BY:
wiluwl|=lonlo|lY]35 - | z
NHEEIEIRE © | 3 | SURFACEELEV: 305, DATUM: yr1 1w
=] =110 o h =
S| &= g fo 5|8 S | ©| cONDITIONS: Surface was covered with trees.
Ll Surface covered with trees & brushes
(0" bag 1|lhr.|5 min. 11 sec/‘}. —LHR. brown silt, soft, moist with occasional
—— ravels.
1
10420' [bag 1 Ist drill collar added at 20'
o =
301-40' bag 35 min 42 seq /15’ 5 tgnd drill collarg was added at 40'
D—H-
T
50460'bag 32imid 8 sgc /15! 41 —TColor change to more white
==
50 T—1V. hard
52 jmid 21 dec /15" =
I
6 HT 1 Fine grained with abundant recrystallization.
T
70-B0' bag 25|min 18 gec /|5’ 7T
=
81T
a—
: I
g_(( ' Bag 30 min 10 gec /15! oH ILI
-
904100'| bag] 26 imin 44 sec/15' hoo LI
I
it

PACIFIC DRILLING INC.
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T
[

110 2120 [bag 40 nhin 1B seq /15' = ﬁ
o
120-130'|bag : g 30
49 miin 3p sed /15" -
4 ]_—[4 Bprnming v, hard below 140!
140J150':ag 1hr{ 10 min 12 s 150 5H

1 hr, 6 min 19 sef /15

160-£70' bag

55 min Bl sek /15

_’f . ‘ | 3—

1804190 |bag

1 hr|8 min 38|sec|/15'

- 0 o5
. ] Lost circulation at 199!
(7 1 hrl 29|/min|53 slec /15! 1
L hrl 36 min #2 sec/13' ||
1 hr |39 miin 8|sec)15' " :rL—[ From 245' to 260' soft zone,
I=
5%
25 miin 22 sed/15'] . | ]
- I
1

34 mjin 4p seq¢ /15! 7

53 min 7 sec)/15' E

Becoming hard below 299!

1 hr|{5 mfn 33| sec|/15'
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al

]
1 hr) 21 min 17 sgL/lS 2

1 hr.) 20 min #2 séc /15"

% 2

i

hr.110 min 27 sek /15

D

HH

1 - 350! dapp
No cavities encountered through out

the drilling operation, 74 bags of mud w:

used to drill pilot hole and ream to

11-7/8'" hole.

10H
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SCS Lo w

E g PROJECT SHEETNO. 1/3
‘}P{: Six Deep Wells TOTALDEPTH: 433
i B 2 JOB NO: 07-11-01858 LOGGED BY: M. K, Ra
,C /Q PROJ. D-17X EDITEDBY: M.K. Rac
| P DRILLING CONTRACTOR: _Pacific Drilling, Inc.
i <
| ‘Q'—/_ DRILL RIG TYPE: Rotary 7/" BV
? < DRILLERS NAME: Antonio Isimang
>3 SAMPLING METHODS: Bag
i
i\ HAMMER WT = DROP: —
, _
' : STARTED. TIME: 8:00 A. M. _|PATE: /74 /79
\ \6;_ { COMPLETED, TIME: 5:00 P. M.|pATE: 2/8/79
W
W NOT To Scalé . 433
i = CASING DEPTH (ft,) -
; ol x| % WATER DEPTH (ft) =
: a g _
' s [ ElElE N TIME: -
| w > = - -
£ ! 3 1812z & | 9| patE:
Wik Z c | w| 9 w 3
=} j E s (=) o« S g z © | BACKFILLED, TIME: - DATE: - BY -
Cow ol ow ]
rala % 2lElg|3 £ | & | SURFACEELEV: 440. 31 [oaTuM: MLw
i \ o] Q « [
jl S S|lal2]2]|3 5 & | G| conpiTions: Surface covered w/ trees, brushes
i ' — 8" R. brown silt, wet, soft w/ occasiona: i
/1 IT 2|hrs|16min 1P sek /15 10 boulders.
T i T
i ! L{ Lt. gray-white limestone, M, Hard, M. st-
10[_20 bag 20 51 medium grained w/ abundant rex'llization,
T -
| . mod te-d 1 8
| 1d  2|hrs|4infinigbec f15'- | er.a e-deeply weathered
: 30 L4 1st Drill colar 20' was added at 30'
i I 2nd Drill colar 15' was added at 45’
3q-40 bag| ¢ 1|hr Y9min 42slec /15" e
| =
i I
~+ 50 11
ts 4p min 13 sec|. /15"
5(0-60|bag T
¥ 60 r
- Boulders up to 20!
1
© ¢ telbhr 85 min 6kec f15! L 60-80' drill head ratteling
S 70 M
L 68'-78' soft
i 1
70-80'bag’
- i S 80 MT :
v ! 921 hr 45 min 2] se¢ /15 -
—-(' — 90 -
40-100 bag #2720 min 29 sek /15 —1
E 100 T
A i

PACIFIC DRILLING INC.
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Becomirg v. hard, v. strong below

1104120 pag 1o lhr 15 minh 14 sec /5’ 120 100"
| | Lost circulation at 125!
130 - -
149:7 1lhr 4{min| 11 séc /15" W/ occasional thin hard ledges and sm:
cavities below 135'
140 H
§2 1lhr 2D min 32 [sec /15" 150 L

160 H
165 1|hr 10 mih 17 dec /|5 8
170 H =
8¢ 1|hr 16 mih 2 spc /15!
180
190 1
125" 1lhr 35 min 13 bec [15' |
200
P Ay 5) H 1
C» : l1lhr é6/min| 35 sec /15 210 H
220H

23§ 1lhr 11 min 41 slec /15!

230 :l:ri

1;«.49 lhr 19 min 21 dec /15!

2401

+
)
—

250
§41thr 25 mih 4 slec /15! T—L,-

Drill head ratteling too much at 260"

260[T
2'? . ]
¢ 2|hrs #5 niin 7|sec /15" 270
280 J:‘E
2851 hr 41 min 18 gec /15! i
2901
( i
: 40 1 hr 44 min 13 4 15!
L J it L £l
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3/3

315 1lhr 20 min 51 |sec {15!

320+

339 _1lhr 55 min 14 sec f15' | 330

Below 340! might be in Volcanics ?

340
3%5" 2 hr 20 min 13|sec/15¢ from drilling, it appears to be the rock
should be fine grained and masssive wit

350

out any fractures zones, _

hr 35 min 29! secl/15! 360

370
IS 2hr40mn31 sec/[15'

380
S0 2l hr 45 m n 49 secl/15'

390

400
4 p§ 3 hr 45 min<54 sed/15!

410
4P° 4 hrs |15 niin 33 sed /15! 420

430L

440f7
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APPENDIX C

NGLA DatabaseSpreadsheet
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WERI/UOG

Owner/Operator Type Sub-type Status Basin | Geological
1 Guam Hydrologic Survey 1 DataCollection 1 Exploratory 1 Active 1 Hagatna/Agana Used in 2013 Basement Map
2 GEPA 2 Ob: i 2 Inactive 2 Yigo-Tumon Distinct/Active
3 Guam Waterworks Authority 2 Utility 1 Drinking 3 Offline 3 Finegayan ndistinct/Passive
3 2 Industrial/Agricultrual 4 Abandoned 4 Agafa Gumas Elevation
5 Air Force 3 5 Unknown -] Andersen
6 Private 6 Mangilao “nl
7 Unknown
PR o Geographical Geological
§_ Construction Well Design Well Hydraulics Water Quality
S g Permed
H f S < Year Drilling Borehole Hole | Casing | Casing | Screen Depth to Pump Test| Production Positive Negative Sample 2
Well ID Name Alias § ,§ 2183 Latitude Longitude Lat Converted Long Converted Elevation Completed Depth | Well Depth | Dia | length | Dia | length | water MSL_Head | Rate Drawdown | Specificcapacity | Rate Production Rate Chlorides Drill Log | Control Control | collection | 2 |Outside Links
WGSs4 ft ft ft in ft in ft ft ft GPM ft GPM/ft GPM GPM Avg3yrs ft ft
A-001 Al 3 2 1 3 67.66 1965 221 221.31 11 70 8 150 9 58.66 210 103.49 2.03 216 275
A-002 A-2 3 2 1 3 118 1965 172 17141 11 110 8 60 106.3 11.70 210 23.23 9.04 241 201 USGS data
A-003 A-3 3 2 1 1 127.45 1967 410 366.4 11 390 8 105.8 21.65 273 98.00 2.79 180 262 383 USGS data
A-004 A4 3 2 15[ 140.18 1967 300 301 1 130 8 170 134 6.18 300 19.00 15.79 244 301
A-005 A-5 3 2 1 1 146.7 1969 332 323.14 11 323 8 137.45 9.25 100 125 80.00 269 234 332 USGS data
A-006 A-6 3 2 1 1 152 1967 306 307.33 11 136 8 170 142 10.00 325 0.00 241 281 USGS data
7 A7 3 2 & 3 136 1967 186 186.86 1 116 8 70 126 10.00 210 35.00 6.00 13 o
A-008 A8 3 2 1 1 124 1968 305 305.17 11 96 8 205 109 15.00 270 0.00 206 264
A-009 A9 3 2 1 1 187.15 1967 240 235.78 11 237 8 70 180.5 6.65 83 1.20 69.17 230 244 USGS data
A-010 A0 3 2 S =T 191,01 1967 215 215.25 1 171 8 45 1845 651 0.00 233 m
A-011 A-11 3 2 1 4 178 1968 375 11 125 8 205 131 47.00 150 201.00 0.75 160 320 USGS data
A-012 A-12 3 2 1 3 138 1968 390 338.45 11 103 225 108 30.00 330 0.00 176 176 USGS data
A-013 A13 3 2 1 1 1308 1968 418 32438 11 205 120 123 7.80 250 28.25 8.85 237 301 S da
14 A-14 3 2 1 1 208 1973 260 270.06 220 40 206 2.00 160 0.00 147 172
A-15 3 2 1 1 197.74 1973 251.03 210 50 194.5 3.24 235 13.67 17.19 231 300 USGS data
A-16 Barrigaq 1 o 2 1 207 207.00 0.00
A-17 3 2 1 1 196 1973 235 232.77 195 8 40 192.75 3.25 180 0.00 180 180
A-18 3 2 1 1 194.97 1973 239.97 227 8 40 193.5 147 135 0.00 229 229
A19 3 2 1 1 144 1973 165 160 135 8 20 1333 10.70 0.00 138 138
A-20 1 1 2 1 137 120 6 95 42.00 0.00 USGS data
A-21 3 2 1 1 194 1974 244 255 182.2 11.80 0.00 213 213
A-22 da Well| 3 2 1 4 0.00 0.00
A-23 3 2 1 1 34.5 1983 85 815 29 5.50 330 0.00 317 317
A-25 3 2 1 4 59.96 1994 70.56 70.56 68 8 40 50.11 9.85 270 11.29 23.91 245 245
A-26 3 2 1 1 156.5 1983 203.5 1835 1485 8.00 50 119 4.20 50
A-27 3 2 1 4 150.5 197.5 150.50 0.00
A-28 3 2 1 3 199 1983 246 195.1 3.90 0.00 223 223
A-29 3 2 1 3 58.93 1988 105 95.03 15 60 10 40 52.33 6.60 275 8.59 32.01 403 403
A-30 3 2 1 1 46.4 1988 100 7391 18 40 12 40 40.5 5.90 275 117 235.04 755 755
A-31 3 2 1 1 194.7 250 245 10 186.92 7.78 254 5.83 43.57 293 293
A-32 3 2 1 1 147.65 1989 200 195 15 160 10 40 142.67 4.98 330 16.33 20.21 173 173
A33 A-33 3 2 i 4 105 1998 155 12 70 35.00 0.00
ACEORP Tunnel ACEORP Tunnel uning (A 7 2 1 5 180 180.00 0.00 USGS data
AECOM-001 AECOM-1 4 1 1 2 475.82 2010 513 471.44 4.38 410 0.2400 1708.33
AECOM-002 AECOM-2 4 1 1 2 485.42 2010 523 12 483 2.42 80 3.5400 22.60
AECOM-003 AECOM-3 1 1 2 3 567.08 2010 583 537.6 29.48 250 12.8700 19.43 742 USGS data
AECOM-004 AECOM-4 4 1 112 532.09 2010 466 12 410 122.09 0.00
AECOM-005 AECOM-5 4 B 1 2 555.15 2010 450 347.33 207.82 0.00 380
AECOM-006 AECOM-6 4 - | 1 2 531.52 2010 570 529.11 2.41 430 0.3100 1387.10
AECOM-007 AECOM-7 4 1 1 2 523.84 2010 555 12 514 9.84 68 1.4000 48.57
AECOM-008 AECOM-8 4 1 1 2 474.99 2010 360 12 316.66 158.33 0.00 333
AECOM-009 AECOM-9 1 1 2 3 361.66 2010 430 12 358 3.66 0.00 610 USGS data
AECOM-010 AECOM-10 4 1 1 2 382,18 2010 422 12 379.44 2.74 500 0.3200 1562.50
AECOM-011 AECOM-11 4 1 1 2 352.65 2010 390 12 350.85 1.80 500 0.3100 1612.90 USGS data
AF-001 AF-1 H3A 5 2 1 1 447.74 2005 498 20 496.2 12 36 445.69 2.05 300 14,6300 20.51 250
AF-002 AF-2 #5 5 2 1 1 466.82 2005 515.5 20 470.74 12 38.96 461.77 5.05 200 16.0000 12.50 200
AF-003 AF-3 #6 5 2 1 1 494.58 2005 539.7 20 494.48 12 45.22 492.3 2.28 200 0.5000 400.00 200
AF-004 AF-4 #7 5 2 1 1 504.36 2002 553 20 504.36 12 45.24 502.72 1.64 250 1.1000 227.27 200
AF-5 #8 5 2 1 o 468.76 2005 514.5 20 470.74 12 38.96 466.53 223 200 16.7500 11.94 200
AG-1 3 2 1 3 470 1967 496.98 496 10 467 3.00 120 0.00 250 175
AG-2 3 2 1 4 503 1968 630 582.97 11 590 7.875 40 498 5.00 0.00 500 576
AG-2A 3 2 1 1 0.00 0.00 500 USGS data
AG-3 3 2 ;! 5 495.75 1994 720 495.2 0.55 30 35 0.86 545
AG-4 3 2 1 5 500.18 1994 700 484.94 15.24 60 40 1.50 560
AG-5 3 2 1 5 504.6 1994 700 10 485.1 19.50 Dry 580
AG-6 3 2 1 5 513.37 550 12 483.3 30.07 145 21.35 6.79
AG-7 3 2 1 5 512.82 1994 545 12 472.4 40.42 75 14.00 5.36 500
AG-8 3 2 e 516.33 1994 550 12 516.33 Dry 523
AG-9 3 2 1 5 525.49 1994 520 12 459.35 66.14 Test Failed 500
AG-10 CT-1 3 7 ] 1 2 486.3 1994 520 12 482.6 3.70 225 0.5 450.00
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