AnnuRdport

WATERNCENVI RONMEREBSEARICMNSTI TL
OFTHBWESTERWCI FI C
UNI VER®IFGYA M

Octol2é®

V.



Intentional page



Guam Hydrologic Survey
and
Comprehensive Water Monitoring Program

FY 2025
Annual Report

Dr. Nathan C. Habana
WERI GHS Program Advisor

Danika Kate U. Valerio
Mary Clare Snaer
Atasha Bautista
WERI GHS Research Assistants

Ross Miller
WERI Associate Director

Hiroshan Hettiarachchi
WERI Director

October 2025

Water & Environmental Research Institute
of the Western Pacific

University of Guam



Intentional page

RR



9YUddUaq

INEFOAUCTION Loty e eeree e e e e e e taeeeeaaaans 1
Guam Public Laws 24 -247 and 24-161 ........ouuiiiiiiiiieiiiiiiiies e vl
Guam Hydrologic Survey Program (GHS) ...t e 1
Comprehensive Water Monitoring Program (CWMP) ... e, 2
Organization and OPEratioNS  ........ccciiiiiiiiiieiiiiiiii ceereeeee e e e es taaeeaaaaeeeens 3
GHS ReSEArCh ASSISIANTS  ....uiiiiiiiiiiiiiiiiiieiiiiies ettt errrraaaa e e e 4
Guam HydrologiC SUIVEY REPOIT  ..oooiiiiiiiiiiiiiiiiiee e eee aaanannnes 5
GHS Information ManagemeNnt .........cccccuiiiiiiiiiiiiiies e e ees eaeneenae 5
GHS Website Content and NaVvIigation..............uuiiiiiiiiiiiiies ceeeeeeeeiiin e e e 5
GHS Website Migration and UpPdates...........ccooeuuiiiiiiiiiiiiis ciiiieeeeeeeeiiiee e e 6
More Online Data Visualization ProductS — ......cccccoeiiiiiiiiiiiiiiiies i 8
MAppFx: Northern Guam Lens Aquifer Production Well Nitrates...............cccoevveeeeee. 8
MAppFx: Southern Guam Watersheds i Streamflow Duration Curves.................... 9
MApPpPFX: Chloride and ProduCHiON .............coiiiiiiiiiiiiiiiis et es aeeeeeens 9
MAppFx: Southern Guam Flow Duration CUIVES ...........ccoiiiiiiiiiiieeieees e 11
MAppFX: Deep Observation WelIS..........ccccoooiviiiiiiiieies i e 12
MAppFx: Saipan, CNMI i Production Well Nitrates and Chloride.......................... 13
MAppFx: Pohnpei and Kosrae, FSM i Streamflow Duration Curves ..................... 14
MApPPFX: Geology Photo Gallery ........cooooiiiiiiiiiiiiiiiiiis ettt aaaeeeens 15
Web MApps: Hydrologic Map of Guam Watersheds ..............ccccvvviviiiiiins vevvvvinnnns 16
Guam Hydrologic Survey Research ..........cccooiiiiiiiiiiis i 17
Climate and WeEAtNer ........ccccciiiiiiiiiiiiies e e e e es rrrreree e eeaaaaaeas 17
Water Quantity and Quality ..........coooiiiiiiiiiiiiiies e eeeeeeeea——— 23
Chloride and Production STUY .............ooiiiiiiiiiiiiiiiis e e 23
Comparisons of Patterns and Trends of Salinity in Basins, NGLA ............cccoeee. 24
Water Quality Monitoring of Agana Swamp on GUam ...........coeevvvvviiiiiiiiiies cevveeennns 25
Contaminants T PFAS and DIeldrin ...........uuoiiiiiiiiiiiiiiies ceeeeeiiiiee e e e eee eeeees 25
Hydrology, Hydrogeology, and Groundwater Protection Zone  ..........ccccevvvinnns 27
Establishing a GIS-based Model for Updating Groundwater Protection Zones in
LU E=1 o IO PP TPPPTT 27
Deep Observation WEIIS ... s e 28
Groundwater MOdeliNg  ....oovvviiiiii s s e ———— 28
Nitrate-N Solute Transport of the Tomhom Aquifer Basin............ccccoeeviiiiiiiiinnn e 30
Nitrate- N Solute Transport of Swamp Road.............oooooiiiiiiiiiiiins i, 31
Groundwater Model of the Tomhom AQUITET .........oooviiiiiiiiiiiiiiiis i 31
Guam Hydrologic Survey Outreach - Presentations, Tours, Workshops ... ........... 32
Aquifer Tour, Workshop, and Educational Outreach  .......ccccocoiiiiiiiiiiiiiin e, 33
Conference/Symposium/Meeting PresentationS  .......coovvveiiiiiiiiiiiieees vveeeeeeeneee, 34
[0 To= L N1 35

RRR



Comprehensive Water Monitoring Program Activities — .........cceeevvvvinnes

USGS-WERI Observation Well Data Collection ........ccccooevvieiiiiinnnnee.
Pertinent HydrologiC Data ............ccccoiiiiiiiiiiiiies e

R2



|l ntroducti on

Thiassnualpoovermhsneacisnect iThvies $ 8¢ tiiadbnotuhh@u a m

publ awwsamydr oBagueGHB. P42 4)AnGompr eh aMad iev e

Moni t BrgornagnCWMP. R 41 6)IThis® c tiinocn u dDWERbr gani zati on
ot askesponsidhaifldidwkess,e asch sThae st ctcioovner s

GHS 'y dr oil migo ct mathiagre memnste,d oclasdducdttiramaamad ng
outr aadch Vviihttiaess$ h@EWMR ep,d ntcusintrhgex panasf on

obser vsattkesic @ | | eacntdiudomimi sasnisounp,por t .

GuamrublLiacsnd42 43@an @461

In 1998, the 24" Guam Legislature enacted Public Laws 24-247 and 24-161 as the
Guam Hydrologic Survey (GHS) and the Comprehensive Water Monitoring Program
(CWMP), respectively. These two laws were ratified in response to an El Nifio event in
1998, resulting in a prolonged drought that advised water rationing practices. CWMP
addresses the need for continued collection of hydrologic data and GHS to conduct
more hydrologic and water resources research. WERI is charged with administering the
annual legislative appropriations necessary to facilitate, direct, and implement the

p r o g r @imedysobjectives. Both programs are now integral to the WERI water
resources research, information dissemination, education, and training mission.

The foresight of the Guam Legislature in creating these two vital programs deserves
specialmention. Thr ou g eiff antdent i snwpepddE R d v a nicne s
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p r o g.rOarmnderstanding of the complex physical, chemical, and biological

processes that influence G u a mater resources has broadened, and the increase in

graduate student research opportunities provided by the programs contributed to the

number of highly trained water resource professionals inthei s | awoikforse.
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For twenty-six years, WERI has continued to operate and administer the GHS Program.
The GHS and CWMP Annual Reports are now available online on the GHS website:

https://guamhydrologicsurvey.uog.edu
GHS Annual Reports


https://www.guamlegislature.com/Public_Laws_24th/P.L.%2024-247.pdf
https://www.guamlegislature.com/Public_Laws_24th/P.L.%2024-161.pdf
https://guamhydrologicsurvey.uog.edu/
https://guamhydrologicsurvey.uog.edu/index.php/ghs-annual-reports/

WER$ er naisnerioulsageéenpcayr t ner stulf@H 3 r ograam,endi ng

| egi sHeari ipregsv,irceisreghi omld 58 hgshiyndgr oA mge @l g p s,
anddviemmgreesoecoae efrhnrsou g&GH>Pr ogrreem,i abl e
resedracledf or matnieaocnh i elTvheedr. e f o@uea, me g i s |Gutaunr e
EnvironRremttesdld e (aoGEP &Y a Wa t e r whourtkhsq IGIWAY
NAVFAGTr i aammmtsh@r oundwRaseubDegsl otmedgtiGcGWRDG)
armorceonf ii dleentter mmanniangge mémama st iaamseggul amivoh i ng
ouwatreesouWERBRsSharmweaedreagsedi anlda maydsv i sgan wine s
wast ewatsaaeqsu,icfagra ¢y dy ,0 g eaosl soegsi scrseurr tf kaycder ol ogy,
salt watt e prasnidtdhhreewn| datwa sualprzadu otns

WERI provided GHS outreach to the Northern Guam Soil and Water Conservation
District, GWA, the Legislature, Guam DOE, visiting universities, and the private sector
with the Virtual Tour into the Northern Guam Lens Aquifer. Post social distancing
protocols, in 2024 the GHS Program, with the services of Global Learning and
Engagement (GLE UOG), WERI resumed the Northern Guam Lens Aquifer Virtual and
Site Tour.
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The CWMP rehabilitated data collection assets that fell into disrepair. CWMP allowed
WERI to obtain services from USGS Pacific Island Water Science Center (PIWSC) to
collect, organize, and manage hydrologic data from stream gages, rain gages, and
observation wells. Government of Guam and USGS PIWSC funds the CWMP, restores
the Federal/State Territory cost-sharing for continued hydrologic monitoring.

USGS PIWSC methods ensure that data are frequently and reliably collected, analyzed,
and made widely available. Most data from USGS gages are readily accessible online.
PIWSC collected hydrologic information for Guam are consolidated, quality is marked
with provisional and approved, and made available online:

http://hi.water.usgs.gov

CWMP data is analyzed and interpreted. GHS employs research assistants and
research associates to organize, analyze, and interpret CWMP data. CWMP is essential
to GHS projects that processes and analyzes and interprets the collected data.


http://hi.water.usgs.gov/
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GHS and CWMP are organized by a program management team that involves the
WERI Director and a support panel of WERI Faculty subject experts, the Program
Coordinator, Operations Manager, and the Program Advisor. The WERI GHS and
CWMP Program continue to improve and may also change the internal organizational
structure yearly to streamline operations, management, processes, and product output.
The organization is also crucial for determining the p r 0 g r resawdce requirements,
project focus, and annual budget. The figure below is an internal WERI GHS and
CWMP personnel position and process diagram.

GHS analyzes water resource data for investigative research and the production of
reports. WERI Faculty proposes GHS projects annually and selects the best available
research assistants to conduct a GHS-related project. This opens opportunities for a
research assistantto doama s t ¢esid girough U O G @&svironmental Science
Program. GHS also has an Information Management team that oversees and develops
both the WERI and GHS websites. The Operations Manager collects project summaries
from faculty projects, CWMP projects and activities, and Information Management, and
manages the organization and drafting of the GHS and CWMP Annual Reports.
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Program Management, ShleiEniis WERI Director Interagency Partners
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Research Team

Mary Clare Snaer
Environmental Science Graduate Student

Hydrologic analysis of deep observation wells
CWMP digital and field Research Assistant

Risel Uludong

Environmental Science Graduate Student
Groundwater Protection Zone

Research Assistant

Nicole Mathews

Environmental Science Graduate Student
Landcover analysis

Research Assistant

Jovic Caasi

MS Mathematics

Groundwater Modeling Systems (GMS) groundwater model analysis
Research Assistant

Atasha Bautista

Undergraduate Chemistry and Biology

Groundwater solute transport model preparation and application, GIS spatial
analysis, feature analysis, and data organization

Research Assistant

GHS Information Management Team

Dannika Kate U. Valerio

B.S. Computer Science and Communications, Information Manager
Lead GHS and WERI website management, design, programming, data
visualization products development, and WERI News

Sydney M. Quintanilla

Undergraduate Computer Science, Digital Assistant

Assists with website designs, updates, and hydrologic data organization,
programming, and data visualization product update

The GHS operations and administration has posted job announcements to fill a few
more research assistant/associate positions in the information management (1 Digital
Assistant) and CWMP (1 CWMP Research Associate and 1 Research Assistant)
sections. Job announcement for Research Assistants for research (and thesis) projects
are posted as well at the UOG website (HRO Online Employment Portal).


https://www.uog.edu/administration/administration-finance/human-resources/job-opportunities
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m MAppFx:
) Southern Guam Watersheds:
4:1] Streamflow Duration Curves
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|3:1 Pohnpei & Kosrae, Federated States of Micronesia

Zoomed into Pohnpei

1S: Information Management Team: NC Habana, LF Heltz. DK Valerio 2025

Vi emfPohnpeMAppBx reandd roaA/E:Ci)l.jcfkf‘\/fecﬂ-'rSM

addi t hleamgckewvdgant lerealudgihr e stygat map pr ona ¢ d
easymanagiefbhtphedol | edAnivprnavesbersi mplag
andr ofpphotiaasheiespefcoli ¥epremobskeMAppFEBDave
sur pey reti ¢ dseirngsileam e gr epr e skheypn © b ¥ gWhnesau s e r
cliacrmap eatturely@lblit @ c c epshso tr ®d atbehdat Thes e
photwoHdi splaasygeal lodgreyol e gmpb ss ¥ iestihtbshies e r
cabr owsher oGghr etnhteirggvo r kd exmgoi tt svoo if & a t dutr hees
ma@ntdhphodal componeélnotwe viehrearreeo mmaj olmal | enges
idevel apeoawrac kand agsbshpehod ior eandepndti mpghot o
sebackh hMAppFrt erTfhaMEERGHS M eaimact iwoerl kwintgh

t hOGNelDevel op matmd euups e c Wradean d p oa medmnss urheer e
arreov ul ner anhieltibtMiAp o Wkl éh o s tvehdi,icthh@HSvebsi t e.
Devel optmemghsod ior est ouptr@engoamagiddnti ntibe
neyt aRre.f i nemeé heevse da&lIsliagie p p e aroatntodA p p wktl d k e
pl aictea n dte@anmn s wars eno oetxhp e r if etmhaes eOn.ctehMAp p F x
reacprcedu-ceagdmat hagvheriebi ol andsewisdeabl e
accdadthr otul@HSvebstt aiwiiddgo nfeoWNERGHS Nne mber s
t mai nt apemod ot abaanslldPé ndp oiitmhtlesava Scodet

We MAp pBly dr ol Magm fGuaWat er sheds
N. HababDaKVvVdl eM.i@Gnaamd. Aei t z
Ahi gl solsuurifdaycder omamsoval fuaalter ghadni ng,
envir onamednattaele s ouprcetsept esaraadedbar mining

stratfeogru e § a idreaviell eo pMndtrihtseu c c e d 58 0 d uahiinggh
resolmamibhsur fhaycder od fogryt ba a mbisme sptloantee a u

N 2



(Habeaemd2.02 28} alkel deexrpsr e s Brneedetdo n c Ituhtee r maidn
hydrospagtinal fyeiout GCemmm.heort Beamur f ace

hydr otleoghyn weg vaepsp Iticeadu t IGerami,s i tnigdea t 206 200E M,
antdhrees mlrest ounrdeisnugi,ahngte solwatiernnaped

sout ICemam.he&i pal diusca mp laentdes hreo scto mpr ehensi ve
sur fhaycder omaomy @m odulcretdr.d etad ialc $ruudngnd f h s ,
enhantceerdt @ x hiumrteewantaelr sbadsi €kt e g owaitzeerds hed s,
fialrle@as ur fdaecper esandoaswaatler 5 @ @ uertelihlila p s
nowvai loabn@ akydr oBogwmeysite:

Themawiddntiompr oveender geil regotpil mrcaemeasn, d
propmpami ng/ ©opvaltleirmanegkexo gr 4 ghait @ h e stulgdu mi si - n
INabbuwmgGuwhagCommi ® il adaemeGuy a myl.a rngaep | aatned
accompatngd mmiep®dls pr o g maenseslaln,d n cceo mp Inmeatypee

di striduakdhbhbdWatser #h ad €iomgni tBtue espafu

St at iantRil @ s@u aoasNMardage e ogrtah@u am
EnvironRPrenttesdige mayDPepar tonlkechucaiThbel hade
seetnhreecapt oahdyedd omamir od(l6MssenmbPlyanner 6s
Sympos2u2npdaveexpr egsedntt earnedsrteent i citpheeap o g
updamieharcaeme 2026 .

Theur rmearpte s alriea swi t ht er apgaerntcdyemmo s hleape dmor
s ur fhaycder oil soageg/p ¢ fer ocend hleat@wa MDEM 202 @)
combnoeandout hae x tlraarngae@ ¢ h& ur frayxdker od Gwa m.

GuamMydr olSougriveeeys ear c h

WERResearcbeptbobes eavegt utdhies | awadtéesy u rTchee. y
focaumdvankydmgod @athaas eds e agrocilinge pit it loe
componefBdt a mbysdr o¢ wgTleis e c tcioovng hygee ar é sear ch
endeawomngsa,ndlzeamdygeo mp o n é n todailey dr o¢c pglitei | ity
watmprmroduanhdvaneualaintdowamaddbevel opment .

Cli man®weat her
CSi mpsicCm,uznbN. GHHabana

NWSf i ¢ledonSi mpaom@r wzont amoetthd yk hleabeLander
r agagaet hteopt hltu m-t\Wad er schad d ,le®lo ut HVeorum tRaaii m
GageSMRGBGabana processefsort haenla@ &ixt3 hsdeaa rfa
TyphdMawatrh@MRG ogdnortehdmdBnclodsai nwha lid,yp e
onet hhkei g haensntu @&lc omr che chif @u d s e aple 2p a g)eT h e
foll ywidmg boaltOd annuali nfad 26 ©ct od®trhe
SMRGotwal8 1l n.202t4htei g hneosntt ma iym fea lolwd&d .i i ,n
Sept entheanto nhhdwadairlay ndgrad dithedtrn G r edr s ) .

WERGHSr og ( &mb acnoan)p ialme sgtrialpihs todErN\ys@ndai nf al |
proviadiah gabb et ocyedr o$ o doivedsSy e a 65 p a n ntiwnog

| arpgaeg @ hwei suald ewd hwenr f odird 7tOh r o@atho b @2r0 2 5 .
Thgr apsht'rsuc du ga nhb yy e dra, r kbeytha j we r tgirci adllainrde s
furdieén nieadqear bywri ngnri dITihreeogpa nell ath&ceani c
Ni TndEeQNsEpurcedmMOANWSCI i martedi €dn foer

il usposait@iBNggdaondegal( LMiefwgdl ues.

NT


https://weri.uog.edu/2025/08/21/weri-presents-at-bsp-coastal-management-planners-symposium/
https://weri.uog.edu/2025/08/21/weri-presents-at-bsp-coastal-management-planners-symposium/
https://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php

Waterand Environmental Researchiinstitute

of the Western Paciiic
University of Guan

Hydrologic Map of Guam Watersheds
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Guam Hydrologic Survey (GPL 24-247) and NIWR (USGS 104-B)
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- i i ignifi Seasonal

Well z p-value Direction | Significant Well ID Trend Class

D22A | -0.79692923 | 4.25E-01 | Decreasing No Strength

D24 1.290890847 | 1.97E-01 | Increasing No D22A 0.012 Weak or negligible seasonality
FO1 | 11.79088732 | 4.356-32 | Increasing Yes D24 0.009 | Weakor negligible seasonality

- F10 0.029 Weak or negligible seasonality
Fo2 10.78964261 | 3.85E-27 Increas!ng Yes F11 0.037 Weak or negligible seasonality
FO3 6.805609359 1.01E-11 Increasmg Yes F12 0.052 Weak or negllglble Seasonality
Fo4 9.795911587 | 1.17E-22 | Increasing Yes F13 0.04 Weak or negligible seasonality
Fo8 13.10466372 | 3.10E-39 | Increasing Yes F15 0.07 Weak or negligible seasonality
F10 | 7.862089838 | 3.78E-15 | Increasing Yes F16 0.008 Weak or negligible seasonality
F11 | 6.133009488 | 8.62E-10 | Increasing Yes F17 0.009 | Weakor negligible seasonality
- F18 0.016 Weak or negligible seasonality
F12 4.073635341 | 4.63E-05 | Increasing Yes -
HGC2 0.203 Moderate seasonality

F13 0.008934932 | 9.93E-01 | Increasing No
F15 2.195947493 | 2.81E-02 | Increasing Yes
F16 2.537858216 | 1.12E-02 | Increasing Yes
F17 | -3.147863698 | 1.64E-03 | Decreasing Yes
F18 1.346738248 | 1.78E-01 | Increasing No

HGC2 | 4.116009329 | 3.85E-05 | Increasing Yes
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https://www.epa.gov/dwucmr/fifth-unregulated-contaminant-monitoring-rule

DIELDRIN IN DRINKING WATER \

LEGEND:

GREEN = SAMPLES BELOW THE
PROPOSED INTERIM ACTION LEVEL

YELLOW = PROPOSED INTERIM ACTION
LEVEL*

RED = NON-CANCER SHORT-TERM HEALTH
ADVISORY*

PROPOSED INTERIM ACTION LEVEL - SAMPLES
ABOVE 0.2 UG/L

NON-CANCER SHORT TERM HEALTH ADVISORY
- SAMPLES ABOVE 0.5 UG/L

*PUBLIC NOTIFICATION & "DO NOT DRINK
WITHOUT TREATMENT" ADVISORY

N o é
N \ LUAM ENVIRONMENT,
J y CIROTECTION AGENCY.

‘ \ ?
Fod g e 0 143 285 5.7Miles Credits: Guam EPA Safe Drinking Water Program

GEPAr oducweiladnsdi el mha (GE PR 04

Hy dr olJHoyodyr o g e,@aIndbg yo u n d wPartoetre Ztoin @ n

Twer ojfecdasmanagtihdpr t Gemame nAsq u i(fNeGL B @ s eas
GlBasmddwl|l t hRRASTiIlCdtexkpda&streoundWabéeeZdnon,
assesaquigfud r e rtatbu mart vy i vlihteitehaeora | y Detgp D e p
Obser vwdldl@atha nder htoavnad rmfnalt Infearc ti onpps diter e s hwat er
l ensh'i ckness.

Establ aShdag &MddélobpdatGrnogu n d wPartoetre Ztoin @ m
Guam

R.Ul udanyWen

Theeseasomducoapda&tueamdrsoundWRabeeLaneGPBYy
assestshaqoui Jepndasdwaodeexdnes®PdZhdst ablaGlhSi ng
basbdddebpdath&PZT hes | aamdus aflegrg o @wmENoO r t IGe@am
Lemsgqui(fNeGLIAgOo mpr obBedhhb¢ f hles | agnedosg r M Isott h e

i s | aanndtdhsr o paocgteinviiotfireass,t wasd mad & st, e wataenmrs massi on
situate@ haequiTheerae®engoamdgont i nwd&athnitdimdpogeni c
activdeves opmamndsaws mmgc @ rangsu iviud mer Wibti h 1 t y.
advangeaods pae clahoil ibpga st bseeasndval uawewel nerabi | it
0lGP& d hahssust ai ot hbied li awadtGess s o uarmcekcsosy s alaen
addreddacdet hRRASTIl Cdmext hwhdiilnecor pwir @h 8dlne

Il
—


https://epa.guam.gov/dieldrin/

appltieevdal vt &a®@RZ 0 sl ner albhgridjiecstucmydr ogeol ogi ¢
sett whgibmepl emde mteahgub &wei ganntsat if ogls@RASTI C

par ameThed astt. atrhseevpar a metDeRASS TDe( tt lva t tea brl et
RechaAgeinfeedriSao,mé diTa p o gr(aPplhojprap a@ awthwa d ozsoen e ,
andydr £&winidaw crt e etdbteyo | | enfdedcesaeadthheyhbe

i ncor piomtalkw@RIdT AS Tod € bcral cub h hBPRASTIl Cdteexval uat e
t heul ner dlo@P 4 Ar e STISips ojwa dtl o vavd esuaslud wod |
areassusceptgbobobuntdeguan tta miinbahtGam.h&€i DRIASTI C

| ndeDl agwei ghtiemcambi natt hrond eg &rsa meatnadrssal cul at ed
usitnilgeol | ewiumg i on:

DI=Dr DsWRr RWATr AWMSr Swir THWw r +@&r Cw

whe D&, A ST, lan@st afnairhppar a memhewaendr e pr etsheeet g ht
okacphar amantehoeor r es proantdrienggpecti vel y.

Dee@bservaeiods
M. Gnad&r HabakN&i ,andAqui no

Dee@bser vi@a li(d3 OWa )we r tpiocratbsetdo bt dehas dleidni ty
profoitlhgehr eadma tthihdo r t IGemamme nAsq u i(fNeGLWh | c h

cont aif nsshwassepplaybioud@ % 424 SMGD ) Gu a motsiwa tteyr .
Thbott oNnGLoAf6rse s hivaha st raa n iotntieloamt gr ades wit h de
bracki sh, tsoalstanatneer,. and

Ei ghQWsgli strabumesit Beamacnwh bhemwenytewnodat a,
extemd oxral t waotraaitohpehr eado m@ nductempeéyandr e,
dept @TD) ans daurdedwweir rtdbROWS erainnubabbloy l ediegr m
recoofastleevélre@eshwabér c ktnresrssiotnfidlowmc t uaannd on s,
saltwattenpboac @ hehestdoartiaccevehhngaes

condudtsiaV iiltreypteys)i ,ahdhi c kinheasesf be tth | mankdycdr ol ogi c
var i acvidoinme .

Thiss uadrnyal ynwoavsa i ntfiadlelrsd | i npahteen o nseuncahsE INi faan O a

Ni ianfl derecschivab @i c kMeltair i mpdrreogaaphiyeaeaegr at e
t h@ceaNi §andEeQ@NF aj nsfedalelveen @ OWh i s tsoarliigmiottiya tt e

i Il ushaeqauief espstnosilei mandycdr ot ogd icAlt h@H UR-A
DedeldOWf oerx a md lean, i c kfnl euscstwiatt ecsuaggrnde c h prege od s,
i ncl undij ogp hoainrefvalsltusahd o n g s@©a2@0D2)l ,pthd2 M15) ,

Man g k(haiG la8n)Mawgr202 3) .

Thesengrmmser vateoanerdtodarvad | uad u imfgesri Itidernccueg h t
andecharfde caiceenatsys f @ r ewmist thhamq uiTheeayl elrgf i ne
groundwadghr a meitreprsoiweéer stofnrde sslgwadg nami c s,
andupptohrsstu st aimaanmlgee m@edevel opfBeaimbastregasour ces.

Gr oundwhotdeerl i ng

Altlhset udmneenst i abedelkeyo mponfeoutt ¢ i ndaetveel lyap 6§ e g u |
mo d et hies| asnadldesu raqeael i Reesre aprrconv i che ® rhtyadnrtod o @ i ¢

[l
<


https://en.wikipedia.org/wiki/List_of_typhoons_in_the_Mariana_Islands

season rain, in

T T

B i SRR

FT"} 1 i rr"” ™

-0 0-0-04o_

““Francisco Rammasun _
Cham-hom

~115', min

. “7‘_*‘._’+’_0-+00-4--»0-0«.40-0-‘—*7——0-.‘*,‘..,___‘7_‘;“_’"_*
e

.,_’J_,..ﬁf"'

elevation
N
[=)]
Q
1

-360" T
-380' . t . t . t . t . t . t . t . t . t . t . t . t . t . t . t . t . t . t . t . t

il jlw"”{ u rw

Lol o fp
Mangkhut

B D S S R

g -

Mawar 21.2

T

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
2 T

A,

14

sea level

e B L L L N A A

2021 2022 2023 2024

I (A Vol

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Mul-vwdri apgde ogramaliwdtiheHURBede DOW



statiisntfioocaridtiketyd ui | arienlgi naobdl élr .0 u n d wma d ectasn
ruammcceptraeplresenmad mpudiemyl antegtsicregq afroiros
opti chemel oHmeamto.mo dehtasviei mi t\agd e a hotwye ux dre,y
proviindsei gpghmpacandwlsner acbnchayielgstbt er mi ni ng
sust aidreavlell @ pmadatregsoumareasgeménibtegclesdi ng
enacappgopreigaitliat afwoprs ot etchaaqrug f er

Ni t r-NMS @l uitreanspth®BomhoAgui Basi n
ABautiJstBaaIWooanh. GHabana

Thiss udwi b pdetnh®wa nBpo apdi modblapp! gsinmimloare | i ng
appr oabchieo mh &Am u iBfaesrt hrpo sptr odugt o vy edbva svieimt hi n

t hGLAhmmodwhsonst russcithegdtr ¢c FArSdn A q u a GG
MODFLOQVME Gwhi ghov it tiferda me twocrokmp ial nidnegf isnpi antgi a |
dat assetveshbs i mul @t ouwmmgdiwlaadawsd ol ut an sTphorreteeenar i os
werfeor mut ae@d edsiefnfteoedit t nohomi/ pdrmpiamgarying
nitmateiogeuhtesv,al nat enage atoivogmrd duwe i HAmaontgh e

mo de |l mul adctnisocnesn,a d e atnii ftiheead s par eacnt ae xi Q9i ng
septaglkst smyggepbitept umkbgr atoiwvoeamred rpryoduct i on
wel Tlskes ende mmlsa $ hiermpor todmr ogvarst e weatnearg e mae u t

| anud el anbhipm@ tt engett a loiiGtuya m@prsi noarriynw a tnrgg s o uTrhci es.
reseama@eh es eatt le2el0 2VE RIGL ESua khiy dr o Bog(eGHS)

Wor kshaodt echmiepalrdkdor od utcbeudr dloemn memanal tylze
resuwltths sudy.

Legend

[NO;] mg/L

F2019LTG

A
A
A
A
A

VOIA A A A
Pr Y B N AR

*  Non-Sewered
Agriculture Field
[ vigo-Tumon Boundary

Esri, NASA, NGA, USGS, Soufces: Esri, TomTom, Garmin FAO, NOAA, USGS, © OpenStreetMap
v

Modelesuslhtoswitrhgex i sseptdianimappeadr otshseo mh o m
BasiDn.st nintthattes paortved s iwthleese ptsiyct eamsel ust er ed,
demonst pat iemgylivarhe gr at o wapd ® d u cweilolns .

contributors, and the GIS User Community

oM


https://aquaveo.com/software/gms/models-utilities/modflow-usg
https://aquaveo.com/software/gms/models-utilities/modflow-usg

NitrM$Se@l ultreanspidswta mpoad
ABautiJstBBaadWooanhiN. GHHabana

ThéreshwatuteaendGLAS Ul net & hibel awalsotse waytse re m.
Ongoung@gmowaghi gt ablrieshedemé¢é aaWwast evddtsecrhar ge
abovbwrwateournwdsmept ackmsbdeaky/ ovee Wwhaiwealvieo n g
poseddkygsr oundgua & lNn ttyaantae ywydpaso d uwe ihbasvfeo und
manwe lwisah ncr etarseenidi t Nab@acent({TaGuams iPoyst
2020 hiss uadpp laseod ut ansnpareth hwa npo aadr e @@ val uat e
currregtul goivemmea nigdeapt @dle n saintdyi st abnectewse e n
buil dipmnpduwei Demmodebsuletve a hext ecbont ami nant
pl umeespmr oduwe i whi, méy up proaftirreeggdu | & todreomesl o p me n't
nepmr oduwe i Dhiresea@awoah ithomeksmode b f i neonfeinttidat e
souramrsgcenarapdsanmesdsi damdéaeadlrh®Rwanoamr oducti on
wel Tlkmmodekamisneepdt a mls wi t dplnanmiegle nsrietsyi dent i al
ar eragvedlnitreqimsiitf petdérer makKii rocdhif ng s tsuhldayvbee e n

presetnd @diiosusageéen ainddnul tvendweegasi nsiinggni fi cant
attemridcdh@uamegi sllateunaesaspi so ufdofrut ue £e amc h
groundwantami mamago dthies | &adhdchnmiepalet at heng
st udy hsda mgrep | i ciastxi poendstbeetl o mp | e ¢t dheéen d t hyee ar .

Ni t rNastoel utreansmpoddalesudfdesvel opdneennsts ¢ g nari o

Gr oundwotdeerlt hEomhoAmui f er

J. Baadi GHHabaB&Rai ITeMo,odanH.Tr an
WERGHSroundwadeksearamAquav E&MEr oduac e d
SEAWAThr emdodet hromhAdAmui NGUrA.h&omhA&dmuisfueprpl i es

neaOMGDaboladf hteowaliwa ttfeyra MMGL A.hemodwhs
cr e attteedla @ WAMa s tPd rawe, t BE| o caaptiiwdin cédr mi anpthe g e s

ON


https://www.postguam.com/news/local/study-nitrate-levels-rising-in-water-wells/article_030ad950-27a5-11eb-b457-275e19ec9e17.html































