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Preface: An Overview of Guam 
 

The Island of Guam is an unincorporated territory of the United States.  It is the 
westernmost point of the U.S., lying at latitude 13º28” N and longitude 144º45” E, or 
about 1,500 miles south of Tokyo, 1,730 miles east of Manila and 3,840 miles west and 
slightly south of Honolulu, Hawaii.  Guam has an area of approximately 212 square miles 
(549 sq km) and measures about 30 miles (69 km) long with widths from 11 miles (25.3 
km) in the south to 4 miles (9.2 km) in the center and 8 miles (18.4 km) in the north.  See 
Appendix A, Figure 1. 
  
The population projection for 2009 is approximately 178,2871 people throughout the 
island except for certain military properties and the steep interior mountains of the South.  
The average population density is 730 per square mile; however, the density in the north 
is approximately 1,200 per square mile while the density in the south is 300 per square 
mile.  Practically all residences are served by public/military community water supply 
systems, with a large number of single-family dwellings using individual septic 
tank/leaching field systems.  Approximately one million tourists visit Guam annually, 
largely drawn by Guam’s tropical climate and clean recreational marine and fresh waters. 
 
Guam is the largest and southernmost of the Marianas Archipelago of islands and 
possesses the largest fresh water resources of these islands.  Guam has a tropical oceanic 
climate, with warm temperatures and high humidity.  Daily temperatures year around 
consist of highs in the middle eighties (degrees Fahrenheit) and daily lows in the low 
seventies. Relative humidity ranges between 65% and 75% in the afternoon to between 
85% and 90% at night.  Seasonal changes relate to amounts of rainfall.  Wet season 
normally extends from July to November and dry season from January to May, with 
transitional periods between.  Annual average rainfall varies from about 110 inches in the 
higher areas to about 80 inches along the shores.  Periodic El Nino/ Southern Oscillation 
large-scale weather events trigger decreased rainfall and higher risks of typhoons on 
Guam in certain years.  The largest measured El Nino event occurred in 1997-98.  Guam 
is located in an area of the Western Pacific that experiences 38% of all the destructive 
tropical storms in the world.  Torrential rains accompany frequently passing storms and 
typhoons.   
 
Guam is divided into two distinct geological formations by a central fault line. The 
northern half is mainly a broad sloping limestone plateau, which is bordered by steep 
seaward cliffs and fringed by narrow coral reefs.   
 
The southern half of the island is generally composed of eroded volcanic mountainous 
formations with numerous rivers and streams.  These tropical streams and those of most 
Pacific islands are typically short in length and have very low mineral concentrations.   
These concentrations are similar island to island because the underlying geological 
formation is usually basalt.  Another important characteristic of short tropical island 

                                                 
1  Source: 2000 Census Population and Housing: Guam; International Programs Center, U.S. Census     
   Bureau  
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streams is that photosynthesis by primary aquatic producers is not the dominant source of 
food.  The major source of food for island stream ecosystems is usually the vegetation 
that falls into the streams from the plants along the banks as well as those that overhang 
the stream. 
 
The larger fauna, fish, shrimp, eels, worms, and snails, found in island streams were 
originally marine organisms that adapted to freshwater conditions.  Larvae from many of 
these organisms still develop in the ocean and return to fresh water streams as adults.  
But the insects and algae found in tropical island streams are truly freshwater organisms, 
unique to the islands.  Also many of the freshwater fauna are morphologically adapted 
for climbing and can migrate through all the reaches of the stream, even up waterfalls.  

 
The entire island of Guam is classified as a coastal zone consisting of 20 watersheds.   It is 
surrounded by 116.5 miles of shoreline divided into three distinct classifications: rocky 
coastline, sandy beaches, and mangrove mud flats.  The rocky coastline classification 
surrounds the northern end of the island with a few isolated stretches in the south.  It is 
approximately 72.5 miles in length or 62% of the total shoreline.  Sandy beaches are 
scattered intermittently around the island and comprises 35.9 miles of shoreline or 31% 
of the total.  The remaining 8.1 miles or 7% of the total shoreline are classified as 
mangrove mud flats and are centered mainly within Apra Harbor and Merizo. There are 
also approximately 14.2 square miles of coral reefs, 0.55 square miles of seagrass beds, 
1.43 square miles of estuarine systems, and 21.73 square miles of marine bays.   

 
Shallow fringing coral reefs with outer slopes and margins supporting live coral colonies 
surround most of Guam.  The bordering fringing reefs in the south are broader than in the 
north.  The width of these reefs ranges from very narrow benches (as narrow as 10 to 20 
feet) on the northeastern coast, to broad reef flats forming the popular recreational and 
fishing areas in Tumon, Hagåtña, Agat, and Asan Bays and on the shore side of Cocos 
Lagoon.  These reefs are extremely valuable in terms of marine life, aesthetics, food 
supply, recreation and protection of Guam’s highly erodible shorelines from storm 
waves, currents, and tsunamis.  Two large barrier reef systems occur at Cocos Lagoon 
and at Apra Harbor. Cocos Island Lagoon and its reefs form an atoll-like environment 
about four square miles in area, with a greatest lagoon depth of approximately 40 feet.  
The uplifted limestone plateau of Orote, Cabras Island and a large artificial breakwater, 
which was built on a shallow reef platform and adjacent submerged bank, bound the 
much deeper lagoon of Apra Harbor, with depths over 120 feet. 
 
Seaward, the reef front slopes gently downward to a terrace at a depth of approximately 
20-30 feet. Here, submarine channels cut the surface of the reef. These channels are lined 
with living corals and contain the richest fauna (animal life) to be found in any reef zone. 
The submarine terrace slopes gently downward to a depth of 30-50 feet. This zone 
supports many scattered colonies of coral. 

 
The North Equatorial Current, driven by northeast trade winds, generally sets in a 
western direction around Guam with a velocity of 0.5 to 1.0 knot.  Guam tides are semi-
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diurnal with a mean range of 1.6 feet and diurnal range of 2.3 feet.  Extreme predicted 
tide range is about 3.5 feet. 

 
 

EXECUTIVE SUMMARY 
 
 

1.0 Overall Surface Water and Ground Water Quality 
 
1.1  Marine Waters 

Guam’s marine waters are generally “good”.  Water in this category must be of sufficient 
quality to allow for the propagation and survival of marine organisms, particularly 
shellfish and other similarly harvested aquatic organisms, corals and other reef-related 
resources, and whole body contact recreation.  Other important intended uses include 
mariculture activities, aesthetic enjoyment and related activities (Guam Water Quality 
Standards, GWQS).  
 
Marine Bays 
 
Guam included 66 Marine Bays in its assessment of these waterbodies for the reporting 
period.  This list is provided in Table 22, pages 36a-c, Part III. Surface Water Monitoring 
and Assessment.   

• 24 assessed marine bays met some designated uses but more data is needed to   
     make a use determination for these waters; 

• 31 marine bays were not assessed; 
• 11 marine bays were placed on the 2010 303(d) list of impaired waters  

 
IMPAIRED MARINE BAYS 2008-2009 

 
Waterbody Name/Assessment ID          Size of Assessed Waterbody     Reason for Impaired Status 
 
1.  Agat Bay 1/GUG-010B-1           0.63 square miles  Fish Advisory  
2.  Tipalao Bay/GUG-010A           0.10 square miles  Fish Advisory 
3.  Apra Harbor 2/GUG-008A-2                        4.61 square miles  Fish Advisory 
4.  Apra Harbor 1/GUG-008A-1                        0.05 square miles  Fish Advisory 
5.  North Orote Peninsula Sea Cliffs/GUG-042      0.23 square miles  Fish Advisory 
6.  South Orote Peninsula Sea Cliffs/GUG-043      0.02 square miles  Fish Advisory 
7.  Cocos Lagoon 1/GUG-20A-1                            5.70 square miles  Fish Advisory 
8.  Cocos Lagoon 2/GUG-20A-2                        0.34 square miles  Fish Advisory 
9.  Pago Bay/GUG-003A                         0.70 square miles  >10% samples  
                                                                                                                                  exceed WQS 

 10.  Tanguisson Beach 2/GUG-001B-2          0.40 square miles    Seafood Consumption Advisory 
11.  Tumon Bay/GUG-001C           1.98 square miles            Waters not attaining  
                                                                                                                                    designated uses  

                       
TOTALS:  11 Marine Bays                14.76 square miles impaired waters  
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 Coastal/Recreational Waters 
                   
Guam coastal/recreational waters were assessed only for the Goal “Protect and Enhance 
Public Health” and the Use “Primary Contact/Swimming and Secondary Contact”.   The 
list of Guam waterbodies considered for assessment during the reporting period is 
provided in Section III. Surface Water Monitoring and Assessment, Table 21, pages   
35a-h.        
 

• In 2008, Guam EPA monitored 15.46 of the total 43.65 shoreline miles of Guam 
coastal waters.  Of the shoreline miles monitored, 0.24 miles fully supported and 
attained GWQS for the designated uses; 1.41 miles partially supported and 
attained GWQS; and 13.81 miles did not support or attain GWQS. 

 
• In 2009, the Agency monitored 15.46 of the total 43.65 shoreline miles of coastal 

waters.  Of the shoreline miles monitored, zero miles fully supported and attained 
GWQS for the designated uses; 1.99 partially supported and attained GWQS; and 
13.47 miles did not support or attain GWQS.2    

 
Swimming advisories are issued based upon either an instantaneous concentration of 104 
MPN/100mL or a geometric mean concentration of 35 MPN/100mL, over a five week 
period.  During 2008, 762 swimming advisories were issued.  During 2009, 752 
swimming advisories were issued and West Hagatna Bay was closed for 365 days due to 
a sewage leak in the effluent pipe from the Hagatna Sewage Treatment Plant. (Refer to 
Tables B7a-d and B8a-d, Appendix B). 
 
Table 23, located on pages 37a-f of Part III. Surface Water Monitoring and Assessment, 
identifies the twenty six recreational waterbodies listed as impaired for the reporting 
period.  25 of these waterbodies are Recreational Beach Monitoring Program (RBMP) 
sites impaired because they exceed allowable water quality standards for bacteria.  
Gabgab Beach is not a RBMP site and located within a military installation.  It is 
impaired because the waterbody is subject to a Fish Consumption Advisory. 
 
1.2 Fresh Water 
 
Fena Reservoir 
 
The only inland body of water on Guam is Fena Reservoir, constructed by the Navy as a 
drinking water supply.   “The Fena Reservoir is the primary source of water for the U.S. 
Navy Water System and is supplemented by the Almagosa and Bona Springs.  No 
assessment data was available for these surface water sources. 
 
Water from the reservoir and springs is processed at the Navy Water Treatment Plant 
before distribution. The Navy water system did not satisfy all monitoring and reporting 
requirements in 2008.  In 2009, the Navy water system met all primary drinking water 

                                                 
2   See Appendix H, Table B5: Guam Beach Use Support 
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standards except for the treatment techniques standard for turbidity.  A discussion is 
provided in Part III. Surface Water Monitoring and Assessment, pages 45-46.    
 
Rivers and Streams 
 
Table 20 located in Section III. Surface Water Monitoring and Assessment, pages 33a-f, 
provides information about the one hundred thirty-two (132) fresh water assessment units 
which represent two-hundred one (201) Guam rivers and streams.  The following river 
waterbodies are impaired and on Guam’s 2010 303(d) list. 
 

 
Table 23 identifies the basis for impairment and the pollutants for these impaired waters.   
Six (6) Ugum River assessment units totaling 21.58 miles are impaired, however, because 
a Sediment TMDL has been developed, these river units are reported under Category 4a.3    
 
Northern Guam Lens (NGL) – Guam Sole Source Aquifer 
 
The overall water quality of the NGL is good. However, it is significantly vulnerable to 
contaminants, including chloride contamination induced from over pumping of water 
supply wells, and groundwater well influence by surface water or raw sewage from 
leaking sewer pumps or sewer pipes.  Because of its designation as Guam’s Sole Source 
Aquifer and because of the magnitude of incidences observed in which the levels of 
pollutants (Bacteria, Nutrients, Chlorides, and Toxic Contaminants) exceeded GWQS, 
action to restore, protect, and sustain the NGL remains a high priority.    
 
In March 2007 Guam EPA hosted a groundwater workshop to initiate a water quality 
study on the Northern Guam Lens.  The study expects to determine if wells, the aquifer 
and or sub-basins qualify as “Groundwater under the direct influence of surface water” or 
GWUDI.  GWUDI refers to groundwater where water at the surface, like rainwater, can 
wash pollutants down to a well without any natural purification.  GWUDI wells need 
additional treatment to make the water safe.  The study is on-going.   
                                                 
3     The Ugum River was de-listed in the 2006 reporting period.  It has an EPA approved TMDL.  

Impaired River/Stream/Wetland                   Assessment ID:                   Size: 

1. Agana River 1                   GUAGRA-3  0.52 mi 

2. Agana River 2  GUAGRA-2-1A  0.67 mi 

3. Lonfit River 2      GUPGRL-2   1.07 mi 

4. Lonfit River 3   GUPGRL-1-51B  0.04 mi  

5. Landfill Leachate Stream                           GUPGRL-0  0.05 mi 

6. Pago River 1                                               GUPGRP-1-51A    0.06 mi 

7. Pago River 2                                               GUPGRP-2    4.73 mi 

8. Storm Drain                                                GUAGRD    0.21 mi 
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2.0 Causes and Sources of Water Quality Impairments 
The causes and sources of water quality impairments are discussed in the following 
sections. 
 
2.1 Marine Waters 
Applicable categories of causes or stressors for impaired marine bays or recreational 
beaches are respectively listed in Tables B5b. and B5c., Appendix B. 
 
For Marine Bays these categories include pesticides, PCBs, dioxins, nutrients, pathogen 
indicators, and dissolved oxygen.   
 
The pollutant causing recreational beach impairments was enterococcus, a pathogen 
indicator.  In 2008, 13.81 shoreline miles of recreational beaches were impaired by these 
bacteria.  In 2009, these same stressors caused 13.47 shoreline miles of recreational 
beaches to be impaired.   Gabgab Beach, 0.65 miles, is impaired by PCBs in fish tissue.  
 
Of the various source categories listed in Tables B6b. or B6c. for recreational beaches, 
suspected source categories include municipal point sources, combined sewer overflows, 
agriculture, urban runoff/storm sewers, contaminated sediments, and groundwater 
seeps/springs.  The source of PCBs is still being investigated.   
 
2.2 Fresh Waters 
 
Impaired surface waters on the 2010 303(d) list identify the following pollutants. 
 
Rivers and Streams 
Lonfit River segments:         GUPGRP-1-51B                      .04 miles 
                                                GUPGRL-2   1.07 miles 

Pollutants:  Aluminum, Salinity, Temperature, Nitrate, Ammonia, Total 
Coliform, E. coli, Enterococcus, Iron, Manganese, Copper, Zinc, Chromium, Nickel, 
Total Suspended Solids, Total Dissolved Solids 

Source:  Ordot Dump 
 
Landfill Leachate Stream: GUPGRL-0   0.05 miles 
 Pollutants:  E. coli, Nitrate, Dissolved Oxygen 
            Source:  Ordot Dump  
 
Pago River segments: GUPGRP-1-51-A  0.06   miles 

   GUPGRP-2   4.73 miles 
Pollutants: E. coli, Dissolved Oxygen 
Source:            Urban runoff, storm sewers, contaminated sediments 

 
Agana River   GUAGRA-3   0.52 miles 
    GUAGRA-2-1A    .67 miles 
 Pollutants:       Enterococcus, Dissolved Oxygen; PCBs in fish tissue 
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            Source:          Agana Swamp for PCBs; urban runoff, storm sewers, contaminated 
sediments 
 
Storm Drain   GUAGRD   0.21 miles 
 Pollutants:  E. Coli, Dissolved Oxygen, Nitrates, Total Suspended Solids, 
Turbidity, Salinity 
            Source: Urban runoff, storm sewers, contaminated sediments, sewer 
system/manhole overflows 
 
Wetlands 
Agana Swamp: GUG1-B   6.40 acres 
 Pollutants: PCBs in fish tissue 
            Source:            Agana Power Plant 
 
Groundwater 
As listed in Table B9. Appendix B., the ten priority sources of groundwater 
contamination and the respective contaminants associated with each source are: 
• Agricultural Activities: 

 Animal feed lots --- nitrates, bacteria 
             Fertilizer applications --- nitrate 
             Pesticide applications --- organic & inorganic pesticides 
• Storage and Treatment Activities: 
             Underground storage tanks --- petroleum compounds 
• Disposal Activities: 

 Landfills --- inorganic & organic pesticides, halogenated solvents, petroleum 
compounds, nitrate, metals, other 

             Septic systems --- nitrate, protozoa, bacteria, viruses 
• Other: 
            Hazardous waste generators --- halogenated solvents 
            Pipelines and sewer lines --- nitrate, protozoa, bacteria, viruses 
            Salt water intrusion --- salinity/brine 

Urban runoff --- inorganic & organic pesticides, halogenated solvents, petroleum 
compounds, nitrate 

 
3.0  Comprehensive Monitoring Strategy for All Waters 
Guam EPA Monitoring Goals and Objectives are to: 
• Conduct a comprehensive assessment of water quality throughout the island using a 

rotating basin approach; 
• Complete a thorough evaluation of monitoring data; 
• Evaluate if the quality of island waters are suitable for their designated uses; 
• Evaluate if  the Guam Water Quality Standards are appropriate and relevant to 

present conditions in the waters of the island; and 
• Coordinate new approaches to improving and protecting the island’s water resources 

through the implementation and enforcement of CWA 319 and CZARA 6217 
programs. 
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To meet all federal and local reporting requirements the CMS for the island of Guam 
includes ten distinct individual monitoring plans.   The programs developed or proposed 
for each of these plans are: 
 

1. Status and Trends Monitoring Program 

2. Guam Environmental Monitoring and Assessment Program 

3. Recreational Beach Monitoring Program 

4. Wetlands Monitoring Program 

5. Fish and Shellfish Consumption Monitoring Program 

6. Groundwater Assessment Monitoring Plan 

7. Marine Preserve Water Quality Assessment Program   

 8. Nonpoint Source Pollution Monitoring Program 

 9. Underground Injection Control Monitoring Program 

 10. Man-Made Impoundments Monitoring Program 
 
4.0  Programs to Correct Impairments  
Guam EPA has programs in place to correct, prevent or minimize the impairment of 
waterbodies, fresh or marine.  These programs are mandated by local and federal statutes, 
and are implemented to the maximum extent possible.  Programs applied by Guam EPA 
include but are not limited to: 
  
 Guam Water Quality Standards 
 Guam Comprehensive Monitoring Strategy 
 Section 401 Water Quality Certification 

NPDES Permitting 
Individual Wastewater System Permitting 
Sewer Connection Permitting 
Soil Erosion and Sediment Control Regulations 
Clearing, Grading, and Stockpiling  Permitting 
Environmental Protection Plan Requirement 
Water Quality Monitoring Requirement 
Erosion Control Plan Requirement 
Section 319 NPS Programs 
Section 6217 Coastal NPS Pollution Program 
Feedlot Waste Management Program 
Land Use and Wetland Use Permitting under the Guam Land Use Commission 
Seashore Protection Permitting under the Guam Seashore Protection Commission 
Wellhead Protection Program 
Well Licensing Program 
Pesticides Enforcement Program 
Air Pollution Permitting Program 
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Groundwater Programs or Activities listed in Table B10., Appendix B. 
 

Guam EPA also recognizes the Guam Waterworks Authority (GWA) Stipulated Order 
for Preliminary Relief which outlines a list of mandated actions for GWA.  The list 
includes the development and implementation of a comprehensive Water Master Plan and 
the financing of water and wastewater capital improvement projects. Continued 
compliance with this Order should improve water quality as a result of infrastructure 
improvements to sewage treatment plants, pump stations, and ground water facilities.  
The completion of the Water Master Plan will also provide a strategic roadmap for the 
utility to meet quality water demand and the wastewater treatment needs of the island. 
 
5.0 Trends  
The quality of Guam’s waters will vary considerably, depending on a variety of factors 
including geology, human population density, level of coastal and urban development, 
level and types of uses of marine, surface and groundwater resources, to include 
frequency of natural disturbances, such as typhoons and earthquakes. 
 
The economy depends largely on US military spending and tourism. Total US grants, 
wage payments, and procurement outlays amounted to $1.3 billion in 2004. Over the past 
30 years, the tourist industry has grown to become the largest income source following 
national defense. The Guam economy continues to experience expansion in both its 
tourism and military sectors.4 
 
According to the Economic Forecast5 Guam stands out as one of the few places in 
today’s world that has a brighter economic future.  The coming military buildup occupied 
center stage on Guam in 2008 and 2009.  The publication writes, “…It is assured that the 
buildup will come, and parts of it are already underway, even though some uncertainty 
still exists as to the exact timing of the transfer of the III Marine Expeditionary Force 
from Okinawa, Japan.  The biggest changes since 2008 have come in the economic 
environment elsewhere. The island has felt the impact in its external investment and real 
estate sectors, and this is likely to continue to be the case. Also, Guam tourism has been 
impacted negatively over the past year. Declines in visitors from Japan and Korea, its two 
main markets, are signs of the hard times that now plague the world economy.  Over the 
longer haul, the military buildup will make Guam’s economy more resilient, similar to 
other economies that have a significant federal spending component. Various industries 
in the private sector such as tourism and construction are always subject to some kind of 
cyclical variation. Tourism may be affected by exchange rates and economic cycles in 
visitors’ own economies, for example. But the military provides an underpinning that is 
always there…”  
 
Although the agency faces significant issues of concern (i.e. the Ordot dump closure and 
the construction of a new landfill, “groundwater under the influence” concerns, impacts 
                                                 
4   CIA, The World Factbook 
5   Economic Forecast – 2009 Guam-CNMI Edition.  First Hawaiian Bank   
           http://www.guamchamber.com.gu/pdf/2009/FHB_Economi_Forecast2009.pdf 
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of the upcoming military buildup, staff shortages, and funding needs, to name a few), 
conditions of its EPA Consolidated Grant must be met and objectives of respective 
program work plans must be carried out in a timely and effective manner.  Guam EPA 
anticipates significant improvements to both the water and wastewater systems, and other 
infrastructure, despite the challenging economic situation on Guam.   
  
Agency activities and programs which support the protection and improvement of water 
quality on Guam include but are not limited to: 
 

• The continuing development of Comprehensive Monitoring Strategy 
programs and the implementation of Coastal Monitoring, Wadeable Streams 
Assessment, and Recreational Beach Monitoring, to include cooperative 
efforts with DAWR to complete the Marine Preserve Monitoring Plan;  

• The continuing effort to facilitate provisions of Executive Order 2004-04 and 
implement a comprehensive Watershed Planning Process for the Northern, 
Ugum and Talofofo  Watersheds; 

• Overseeing and enforcing (with EPA support) GWA compliance with 
provisions of the Stipulated Order for Preliminary Relief;   

• Ensuring a sustained Safe Drinking Water  Program so that potable water 
produced by GWA and other purveyors continues to meet Safe Drinking 
Water Act requirements; 

• Providing training opportunities for Agency employees and other partner 
agency personnel, i.e. facilitating technical assistance to improve Guam’s 
Certification Program for Water and Wastewater Systems operators; 

• Providing oversight for current and future Title II EPA funded Sewer 
Construction Grants projects;   

• Meeting reporting conditions/requirements, i.e. Guam’s CWA 303(d) list of 
impaired waterbodies; developing and implementing TMDLs for impaired 
water bodies; 

• Funding needed water studies/research projects.  Resulting data/information is 
important in validating the development or modification of strategic  source 
water protection programs and programs targeted to ensure the sustainability 
of the NGL; 

• Developing and/or updating environmental policy, plans, rules/regulations 
primarily to support compliance and enforcement, i.e. the updated Guam 
Pesticides Act; the development of an initial draft Erosion Control and 
Stormwater Management Regulations;  

• Maintaining regulatory oversight of local environmental restoration efforts 
undertaken by the Department of Defense (Navy and Air Force) under the 
DSMOA program; 

•  Conducting the triennial review of the GWQS; and  
• Implementing information and outreach programs that cause community 

action to protect and sustain clean air, water and land for Guam.   
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I. INTRODUCTION 
 
The purpose of the Integrated Water Quality Monitoring and Assessment Report 
 
The Clean Water Act (CWA) requires states to provide every two years an assessment of 
the quality of all their waters (section 305(b)) and a list of those that are impaired or 
threatened (section 303(d)). The U.S. Environmental Protection Agency (EPA) 
subsequently condenses all information from state reports into one summary document 
which it sends to Congress.        
 
Guam submitted its first Integrated Report (IR) in 2006, which was developed in 
accordance with 2006 Integrated Water Quality Monitoring and Assessment Report 
Guidelines (USEPA, July 2005).  All future reports shall be developed in accordance with 
updated EPA guidelines or directives. 
 
A summary of CWA reporting requirements for sections 303(d), 305(b), and 314, is 
provided below: 
 
Section 303(d) – a list of impaired and threatened waters still requiring Total Maximum 
Daily Loads (TMDLs); identification of the impairing pollutant(s); and priority ranking 
of these waters, including waters targeted for TMDL development within the next two 
years. 
 
Section 305(b) – a description of the water quality of all waters of the state (including, 
rivers/streams, lakes, estuaries/oceans and wetlands).  States may also include in their 
section 305(b) submittal a description of the nature and extent of ground water pollution 
and recommendations of state plans or programs needed to maintain or improve 
groundwater quality. 
 
Section 314 – in each section 305(b) submittal, an assessment of status and trends of 
significant publicly owned lakes including the extent of point source and nonpoint source 
impacts due to toxics, conventional pollutants, and acidification. 
 
In satisfying the above reporting requirements, Guam EPA also satisfies the 305(b) 
reporting requirement for section 106 grant funds.  Guam has the means to monitor water 
quality and annually update water quality data which is included in this submittal.   
 
This IR will: 

• report on the water quality standards attainment status of all waters 
• document the availability of data and information for each water 
• identify certain trends in water quality conditions, and 
• provide information to managers and others in setting priorities for future actions 

to protect and restore the health of our island’s water resources 
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II. BACKGROUND INFORMATION
This section discusses Guam's total waters, the Water Pollution Control Program, actions
needed to achieve objectives ofthe CWA, and special concerns and recommendations.

Table 1.
Atlas of Guam Coastal and Aquatic Resources

TQ,Plc '" V~ue

State population 178,287 1

Land Surface Area 212 square miles
Coast 116.5 miles
Sandy Beaches 35.9 miles
Coral Reef 9,080 acres
Seagrass Beds 353 acres
Watersheds (#) 20
Perennial Streams (#) 97
Streams 228.65 miles
Lakes (Reservoir) (#) 1
Lakes (Reservoir) 195 acres
Freshwater Wetlands 3,785 acres
Lacustrine Wetlands 198 acres
Estuarine Systems 915 acres
Mangroves 176 acres

A. Overview of Guam s Water Resources
The categories of water established under the Guam Water Quality Standards (§5102,
2001 Revision) are Groundwater, Marine waters, and Surface waters. Table 1
summarizes Guam's coastal and aquatic resources.

1.0 Groundwater
This water category encompasses all subsurface water and includes basal and parabasal
water, perched water, all water below the groundwater table, water percolating through
the unsaturated zone (vadose water), all saline waters below and along the perimeter of
the basal fresh water body (fre"shwater lens), and water on the surface that has been
collected with the specific intent of recharging or disposing of that water to the
subsurface by means of injection, infiltration, percolation, etc. The Northern Guam
Water lens, which is the Principal Source Aquifer, and any other groundwater resources,
as they are identified, shall continue to receive protection under the Guam Wellhead
Protection Program and other applicable groundwater regulations (GWQS).

1 Source: 2000 Census of Population and Housing: Guam; International Programs Center, U.S. Census
Bureau
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The northern half of Guam, considered the Northern Watershed, has no perennial streams
because of the- porosity and permeability of its calcareous rock formations. Rainfall
percolates rapidly through the limestone to the freshwater lens or aquifer which is in
contact with seawater below it. This fresh groundwater provides approximately 75% of
the public drinking water supply. The aquifer is estimated to have a total average daily
recharge of 111.9 million gallons and a sustainable yield of up to 60 million gallons per
day (MGD). It is divided into six sub-basins (Agana, Mangi1ao, Andersen, Agafa
Gumas, Finegayan, Yigo) containing 47 management zones.2 See Figure 2. Over 100
ponding basins associated with developments in northern Guam, collect stormwater
runoff which subsequently percolates into the lens.

2.0 Surface Waters
This category consists of all surface freshwater including (1) waters that flow
continuously over land surfaces in a defined channel or bed, such as streams and rivers;
(2) standing water in basins, such as lakes, impoundments, and reservoirs, either natural
or man-made; and (3) all waters flowing over the land as runoff confined to channels
with intermittent flow (GWQS).

The southern half of Guam contains the island's surface freshwater resources. Its
volcanic slopes are deeply channeled by 97 streams (16 are major streams) with a total
stream length of 228.65 miles. Western slope streams are short with steep gradients and
drainage areas of less than three square miles each. The eastern slopes are steep in their
upper reaches with long gently sloping streambeds that terminate in wide flat valleys.

The largest inland body of water on Guam is the Fena Reservoir constructed by the Navy
as a drinking water supply. Its watershed is 5.88 square miles in area with 195 acres of
water surface when full and 7,182 acre-feet of water storage (1949 original design: 8,300
acre-feet). It is the main drinking water source for the Navy. Fena Reservoir water is
treated (to reduce turbidity) and chlorinated.

2.1 Wetlands
Wetlands on Guam (Wetlands Map, FIGURE 4a.) have been officially estimated to
comprise less than four percent of the total land area, although more recent field based
estimates suggest a substantially greater percentage. Wetlands include swamps, marshes,
mangroves, springs, and forested river valleys and are seasonally, but more often,
permanently inundated with water or have soil that is saturated at the surface. Some
wetlands dry up completely for several months each year. Guam wetlands are identified,
for jurisdictional purposes, in accordance with the U.S. Army Corps of Engineers
(USACE) Wetland Delineation ManuaP. This manual employs the multi-parameter
approach, which requires the combined presence of hydric soils, wetland hydrology and
hydrophytic vegetation.

2 Northern Guam Lens Study, Guam EPA 1982
3 1987 Wetland Delineation Manual
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The Guam Land Use Commission/Guam Seashore Protection Commission (Title XVIII
and XIV of the Government Code of Guam) expands the federal definition to include
ponds, estuaries and surface springs, and refers to aquatic life in addition to aquatic
vegetation. Table 2 presents a breakdown of the National Wetlands Inventory of Guam
by U.S. Fish and Wildlife Service (FWS) category.

Table 2. Wetlands Inventory of Guam
FW "~ A~re:~g:ef S~ysYtem'S C;ateg~t'Y

Coral Reef 9,080 Marine
Forested Scrub-shrub 2,170 Palustrine
Emergent Wetlands 1,386 Palustrine
Open Water 713 Estuarine
Seagrass Beds 353 Marine

198 Lacustrine
Mangrove Forest 176 Estuarine
Unvegetated Shoreline 83 Marine
Open Water!Aq Bed 27 Palustrine
Other 26 Estuarine

4 Riverine

T(:j'U\4 14;"211i
Source: 1983 Natlonal Wetlands Inventory

Over 15 years of actual field delineation work has lead both local and federal wetland
experts to conclude that the NWI estimates for emergent and forested scrub-shrub
wetlands are significantly understated. A significant number of wetland systems have
been accurately delineated for Section 404 jurisdictional purposes over the 15+-year
period. Maps were digitized and added to the Inventory by the Guam Coastal
Management Program (GCMP).

Guam EPA maintains copies of jurisdictional wetland delineation maps. Wetland
delineation verifications and determinations continue to be made, mostly involving small
wetlands systems (less than 1 acre). The majority of these determinations and field
verifications are required to facilitate development activities and do not require
delineation mapping because plans are made or modified to avoid impacts.

3.0 Marine Waters
This category includes all coastal waters off-shore from the mean high water mark,
including estuarine waters, lagoons and bays, brackish areas, wetlands and other special
aquatic sites, and other inland waters that are subject to ebb and flow of the tides
(GWQS).

The entire island of Guam, classified as a coastal zone under the U.S. Coastal Zone
Management Act, is comprised of212 square miles ofland surrounded by 116.5 miles of
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legend

~wetlands

Map prepared on September 8, 2006
Information Services Branch

Figure4a.

Data set is not for use in litigation. While efforts have been made to ensure that these data are accurate and reliable
within Guam, Guam Environmental Protection Agency (GEPA), cannot assume liability for any damages, or misrepresentations,

caused by any inaccuracies in til data, or as a result of the data to be used on a particular system.
GEPA mak~s no warran , e Iessed or im. hed, nor does the fact of distribution constitute such a warran .
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shoreline. This shoreline is divided into three distinct classifications: rocky coastline,
sandy beaches, and mangrove mud flats. The rocky coastline classification outlines the
northern end of the island and isolated areas in the south. Rocky coastline represents
approximately 72.5 miles in length or 62% of the total shoreline. Sandy beaches are
scattered throughout the island and comprise 35.9 miles or 31 % of total shoreline. The
remaining 8.1 miles or 7% of shoreline are classified as mangrove mud flats and are
located primarily within Apra Harbor and in Merizo.

Shallow fringing coral reefs with outer slopes and margins supporting live coral colonies
encircle most of Guam. The width of these reefs ranges from very narrow benches (as
narrow as 10 to 20 feet) on the northeastern coast, to broad reef flats forming the popular
recreational and fishing areas in Tumon, Hagatna, Agat, and Asan Bays and on the shore
side of Cocos Lagoon. These reefs are extremely valuable in terms of marine life,
aesthetics, food supply, and recreation. Reefs also protect Guam's highly erodible
shorelines from storm waves, currents, and tsunamis. Barrier reefs occur at Apra Harbor
and Cocos Lagoon. Cocos Island Lagoon and its reefs form an atoll-like environment
approximately four square miles in area. Bound by the uplifted limestone plateau of
Orote, Cabras Island and a large artificial breakwater (built on a shallow reef platform
and adjacent submerged bank) is the much deeper lagoon ofApra Harbor.

The North Equatorial Current, driven by northeast trade winds, generally sets in a
western direction around Guam with velocities ranging from 0.5 to 1.0 knots. Guam
tides are semi-diurnal with a mean range of 1.6 feet and diurnal range of 2.3 feet.
Extreme predicted tide range is approximately 3.5 feet.

Surface sea temperatures average close to 80 degrees Fahrenheit year-round.

B. Water PoUution Control ProgJ:ams
Protecting and Restoring Guam's Waters4

, September 1999, addresses Guam EPA's
overall approach for managing water resources. Guam uses a balanced approach that
emphasizes both island-wide nonpoint source programs and on the ground management
of individual watersheds where waters are impaired and/or threatened.

The watershed approach is focused over a relatively small land area which is necessary to
address problems at a watershed scale. Guam EPA also maintains core programs which
are island-wide, covering both point and nonpoint sources of water pollution. These
programs are discussed in the following.

1.0 Watershed Approach - Executive Order 2004-04 and the 1998 Clean Water
Action Plan for Guam: Unified Watershed Assessment
In 1998, President Clinton announced a new clean'water initiative to speed the restoration
of our nation's waters. This initiative, called the Clean Water Action Plan (CWAP),
aimed to achieve clean waters by encouraging federal and non federal agencies, other

4 Document submitted to achieve compliance with update requirements for Section 319 of the federal
CWA and related NPS Program and Grants guidance dated May 1996.
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organizations and interested citizens to work in a collaborative manner to restore our
highest priority watersheds.

Guam responded to this federal initiative through Executive Order 99-09, which
re-established an interagency work group called the Water Planning Committee
(WPC)s. The 1998 WPC used an NRCS map, which delineated watersheds on Guam, to
organize the watersheds by category based on national criteria, the data available for each
watershed, and the severity of environmental impact suffered by each watershed. That
work group decided that addressing the drinking water impairment criterion (by
protecting the Island's drinking waters) was a high priority. Drawing on experience and
best professional judgment, three watersheds containing key drinking water resources
were selected as the WPC's highest priority watersheds; and these three watersheds,
Northern, Ugum, and Talofofo, were targeted for initial CWAP restoration during
1999-2000.6

1.1 Northern Watershed Restoration Strategy (NWRS)7
The NWRS established projects to document, investigate, and reduce potential
contaminant sources located within the Tumon/Yigo Sub-basin; complete an innovative
septic tank design pilot project; and conduct public education and outreach activities
designed to help restore the Northern Watershed. Unfortunately, the WPC has been
inactive since mid 2008 as the Agency prioritized its limited manpower andfunding on 1)
other core program and regulatory activities 2) intensified participation in the NEPA
process related to Guam's impending military build-up and 3) building the support
system to meet the complex demands and impacts ofthe military buildup.

Follow-up work to the NWRS has been difficult, however, the following Agency
coordinated projects were undertaken to support the restoration of Northern watershed
during the reporting period:

a. Wastewater Revolving Fund Loan Program: This is a program developed via
a Memorandum of Understanding between Guam EPA and GWA. $75,000
was granted to GWA in 2008 to design and implement a mechanism for
eligible applicants to acquire funding (via a low-interest loan). Approved
applicants will use funds to connect their home to the existing sewer system.
GWA is required to submit quarterly progress reports.

b. Guam Northern Watershed Bacteria TMDLs: U.S. EPA approved seventeen
Guam TMDLs prepared by Tetra Tech, Inc. (March 2010). The document
consolidates summarized information for seventeen Tier 1 beaches located in
the Northern Watershed which are impaired due to exceedances of Guam
Water Quality Standards for enterococci bacteria. The TMDLs will be used

5 The Water Planning Committee is now known as Watershed Planning Committee (WPC). It was
originally formed in August 1987 under §57034, Title 10, Guam Code Annotated, Public Law 17-87. The
WPC became inactive in 1989, was re-established in June 1998 then promulgated through E.O. 99-09.
E.O. 2004-04 rescinded the former executive order and restructured the WPC and its goals. A copy is
provided in Appendix D.

Clean Water Action Plan for Guam: Unified Watershed Assessment, September 15, 1998
7 See Appendix G.
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by the Agency to support development of information-based, water quality
management strategies. A copy of the document is provided in Appendix F.

1.2 Ugum Watershed Restoration Strategy8
The objective of the V gum restoration strategy is to improve the drinking water quality
and the ecosystem functioning of the V gum Watershed. Erosion is the most significant
factor interfering with the achievement of this objective. The most effective means of
preventing and minimizing soil erosion is to encourage actions which maximize
vegetative cover, particularly forest. The following priorities were identified for an
effective V gum restoration strategy:

a. Conserve and protect the ravine forest.
b. Re-vegetate badlands within the savanna grasslands.
c. Minimize fires.
d. Inform and involve the public.

Although a coordinated implementation effort via the WPC was absent during the
reporting period, efforts which support continuing restoration of the V gum Watershed
include:

• The award of an ARRA9 grant to Guam EPA. A portion of $70,000.00 will be
used to update the 1996 V gum Watershed Management Plan (December
2010);

• The availability of a Rapid Watershed Assessment compiled by the V.S.
Department of Agriculture Natural Resources Conservation Service (NRCS)
to assist local land managers, planners, and others in evaluating opportunities
to implement conservation and resource prevention measures within the
Vgum watershed. View at http://www.pia.nrcs.uSda.gov/t chnicalhwa.htrnl;

• Continuing watershed research program efforts by the Water and
Environmental Research Institute (WERI), i.e., the Natural Resources Atlas of
Southern Guam: a reference and educational tool that provides a
comprehensive picture of the natural resources found within the fourteen
watersheds of southern Guam, including the V gum Watershed.
View at http://www.lwdroguam.net);

• The implementation of a Guam Campaign for Effective Watershed
Management (A RARE Pride Campaign).
Approach: The local project manager writes "the Campaign for Effective
Watershed ManagementlGuam lO will increase the percentage of branching
coral species by reducing the number of fires on the island, thereby decreasing
sedimentation and improving water quality. This threat will be reduced
because hunters will stop using fire to disturb animals, and the community
will more diligently report fires, which is enabled by the fact that the
alternative use of bait to attract deer, the introduction of a hotline for
community members to report· fire violations, and a fire violation citations

8 See Appendix G.
9 American Reinvestment and Recovery Act
10 Elaina Todd: local project Manager
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programs will be adopted by the hunters and Southern community at large.
We will know that the campaign is having an impact when we observe
increased discussion about hunters and wildfire prevention among the target
audience. The target audience will be willing to engage in this new behavior
because a Pride campaign will change their opinion on the importance of
preventing wildfires and knowledge of how wildfires pollute the community's
water.
Strategy for success: Success of the Guam Pride campaign will be measured
highly ifhuman induced conservation threats (such as arson induced wildfires,
de-vegetation of watersheds, destructive recreational and fishing practices) are
dramatically reduced within the Piti Bomb Holes Marine Preserve and
Sella/Cetti Bay in Guam. In particular, the campaign will seek to: Reduce
illegal fires (arson) by 50% by 2011; Reduce sedimentation by 10% in
watersheds; 80% implementation of BMPs for new developments by 2011;
Plant at least 210,000 seedlings over 18 acres in the Piti/Asan watershed.
Additionally, the campaign will aim to create "community watershed
monitoring" groups as well as increase public support for watershed."

A Sediment TMDL for the Ugum Watershed was' approved by USEPA in 2006
(Appendix E) and is pending implementation.

1.3 Talofofo Watershed
The award of an ARRA grant to Guam EPA in support of watershed planning will be
used to develop a Talofofo Sub-watershed Management Plan. (December 2011). The
Agency intends to develop and include a protection and restoration strategy in accordance
with the approved Guam Coastal Nonpoint Pollution Control Program and other on-going
nonpoint source efforts. Information about the Talofofo watershed is available at
www.hvdroguam.ne~.

2.0 Point Source Pollution Control Program
The Agency implements the following specific programs designed to address known
sources of pollution (point sources) including pipes, ditches, and sanitary or storm
sewers.

(a) Permit Compliance - This program activity is implemented through site inspections
and surveillance. The Water Pollution Control Program oversees the implementation and
compliance of conditions imposed by Guam EPA Water Quality Certification (Section
401) and the National Pollutant Discharge Elimination System (NPDES) permits issued
to industrial and non-industrial facilities. Information about Guam EPA permits is
available at http://node.guarnepa.net/pel'mits/guidebook.html.

Although the NPDES permit is administered by EPA, Region 9, the Guam EPA Water
Pollution Control Program in coordination with the Environmental Planning and Review
Division is responsible for certifying all permit applications and recommending the
conditions and abatement schedules for each permit. All permittees are monitored by
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both the Water Pollution Control Program and EPA staff to verify compliance with
applicable permit requirements and compliance schedules.

There were nineteen (19) active NPDES permits on Guam in 2008-2009. See Table 3.
The discharge from these permitted facilities included effluent from wastewater treatment
plants, thermal effluent from the power plants and a number of discharges which
contained minor amounts of oil and other toxic materials. The guidelines for effluent
limitations are based on the Revised 2001 Guam Water Quality Standards.

(b) Enforcement - The Water Pollution Control Act and Guam Water Quality Standards
authorize Guam EPA to take legal action against those who pollute the waters of Guam.
Enforcement is carried out through site and sampling inspections. NPDES permittees
submit quarterly Discharge Monitoring Reports (DMRs) to EPA Region 9 for review

Table 3. Federal National Pollutant Discharge Elimination System Permits
Guam: 2008 - 2009

P~uihtQIQ. IFadlAY R.~cejivD}g W~ter-(S"~,

GU0020087 I GWA, Agana STP I Philippine Sea
GU0020141 I GWA, Northern District STP Philippine Sea
GU0020222 I GWA, Agat/Santa Rita STP Philippine Sea
GU0020273 I GWA, Umatac-Merizo STP Philippine Sea
GU0020095 GWA, Baza Gardens STP Pacific Ocean
GU0020001 I GPA, Cabras Power Plant I ApraHarbor
GUOOOO027 I GPA, Tanguisson Power Plant I Philippine Sea
GU0020141 GPA, Piti Power Plant Philippine Sea
GUOOOO035 I Guam Shipyard ApraHarbor
GUOII0019 USN, Apra Harbor STP Philippine Sea
GU0020150 Shell Agat Terminal ApraHarbor
OU0020338 Sh~ll Guam, F-l Pier ApraHarbor
GUOO20036 Mobil Oil Guam, Inc. Apra Harbor
GUOD20079 South Pacrlic Petroleum Corp. Apra Hal'bOl'
GUOO2028J Continental Micronesia Harmon Sink
GUOO20290 Guam Airport Authority Harmon Sink
GlJOp20303 Manenggon Hills Resort Ylig River
GUOO20168 I UOG, Marine Laboratory Pacific Ocean
GU0020346 Unitek Environmental-Guam ApraHarbor
Source: Guam EPA Water PollutIOn Control Program

and evaluation. Appropriate enforcement action IS applied for non-compliance to
approved permit conditions.

3.0 Nonpoint Source Pollution Control Program
In February 1987 U.S. Congress passed the Water Quality Act which required states and
territories to assess nonpoint source problems and develop management programs to
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control them. Nonpoint source pollution presents a serious threat to the quality of
Guam's surface and groundwater. And as the overall designated Agency responsible for
protecting the quality of waters in Guam, Guam EPA oversees the following activities
under its Water Pollution Control Program, the Watershed Planning Committee and NPS
319 program, and Guam's coastal NPS program, to prevent and control nonpoint source
contamination.

Table 4. Wastewater Permits 2000 - 2009
""0'htLl~

!R r,lIlifll 20,((,) ~fi,OJ ~ijd2-., Z.lltm 02:o114 ,¥21)O:51 Z~W,6 2tl0o/ :!ll.lS i06~ IN
~\ ·Il J;I~~~~T--- - T¥JJE'

Sewer 152 89 88 154 110 143 198 226 181 151 1492Connections

Septic
Tank! 398 281 171 311 163 171 203 228 260 219 2405Leaching
Field

Misc. 115 105 62 99 289 522 556 465 352 337 2902Permits

ANNUAL 665 475 321 564 562 836 957 919 793 707 6799TOTALS
Source: Guam EPA Water PollutIOn Control Program

3.1 Individual Wastewater Permits
Domestic wastewater associated with population increase is the largest potential source
of pollution to all waters of Guam. The island's most extensive population development
is occurring in the northern watershed above its federally designated sole source aquifer.

Due to economic difficulties, such development is occurring without adequate sewage
infrastructure. As a result, occupants depend on septic tank and leaching field systems
for waste disposal.

To control this nonpoint source of pollution, Section 48102, Chapter 48 of 10 Guam
Code Annotated (GCA) requires that no building shall be occupied or used as a dwelling,
school, public building, commercial building, industrial building or place of assembly
without toilet or sewage facilities of a type inspected and approved for the disposition of
human excreta and other domestic wastes.

Furthermore, in the northern area of Guam, permitted housing density has been decreased
to one residential dwelling unit per half acre of property in unsewered areas to protect the
groundwater from contamination.

Permits are required for new and remodeled buildings. To ensure the installation of
proper sewage disposal systems, the permitting process includes mandatory on-site
inspection and building plan review, permit issuance and final inspection of the
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completed disposal system. Building occupancy permits are only issued upon approval
of the structure's sewage disposal system.

During the reporting period a total of one thousand five hundred (1,500) permits were
issued by the Agency. Of this, three hundred thirty-two (332) were sewer connection
permits, four hundred seventy-nine (479) were permits for septic tank/leaching field
systems, and six hundred eighty-nine (689) were miscellaneous permits. See Table 4.

3.2 Soil Erosion and Sediment Control Program
Soil erosion is one of the island's most serious nonpoint source pollution problems
especially in the southern area. With increased local development, in particular the
movement of land development to the Southern half of the island, disturbance of Guam's
soil caused by site grading operations and by burning of natural vegetation has greatly
accelerated erosion that follows every rainfall. Erosion not only removes the productive
top soil and substrata, it leaves scars which regenerate growth with much difficulty.
Eroded top soils are transported to streams and rivers, reefs and beaches, where
recreational sites and wildlife habitats are destroyed. The fragile, filter feeding organisms
of the reef are smothered, light penetration into the water is drastically reduced and silt
covers the bottom with a soft layer unsuitable for bottom-dwelling plants and animals. As
pollution increases, the productivity decreases and the fish and other animals die or leave
the area.

Guam EPA enforces the Guam Soil Erosion and Sediment Control Regulations
(P.L. 25-152) to prevent, re4uce, and control soil erosion or other environmental impacts
to the community. Enforcement action is supported by an inspection program and an
application review and approval process for all clearing, grading, or stockpiling permits.
For most clearing and/or grading permits involving disturbed areas of one acre or more,
there must be an accompanying Erosion Control Plan (ECP) which sets specific
conditions to protect the quality and designated uses of the waters of Guam.

During 2008-2009, a total of three hundred fifty six (356) permits were issued and
subject to compliance with the Guam Soil Erosion and Sedimentation Control
Regulations. Of this total, one-hundred sixty (160) were permits for clearing; one
hundred (100) were permits for grading; and ninety-six (96) were permits for clearing
and grading. See Table 5.

3.3 Feedlot Waste Management Program
In 1986, the Guam EPA developed Feedlot Waste Management Regulations
(http://w\v\v.gl.lI3mepa.netlregs/feedlot }egs.Qdf) to control livestock operations which
generate in excess of one hundred (100) pounds of waste per day. This volume
constitutes a significant concentration of waste that would typically be generated by
facilities housing approximately 20 swine or 500 fowl. On-site visits to smaller livestock
operations are undertaken when identified; and where improper handling of wastes exists,
corrective action is recommended to the operator. The problem associated with these
smaller facilities is frequently handled through modifications in "housekeeping"
procedures. The need to develop specific control over the smaller operations has yet to
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Table 5. Clearing and Grading Permits 2000- 2009

I ~llJiViJY: 20(10 ~O.Ol 20.02 20~~ 201M 200.5 20d~ ~007 2'0'0$ 2'O'OC) Aetivity
- TOfa!S-

Clearing 55 51 41 37 57 76 90 79 105 55 646

Grading 45 57 40 32 22 33 53 54 62 38 436
Clearing

and 13 27 19 14 23 40 33 41 55 41 306
Gradin2
Annual 113 135 100 83 102 149 176 174 222 134 1388
Totals

Erosion
Control 42 29 59 19 28 41 69 51 89 51 478

Plan
Source: Guam EPA Water Pollution Control Program

be evaluated.

Improper handling, treatment and storage of wastes from livestock operations are a
concern because of the potential contamination of the island's water resources. In
southern Guam, improper control of livestock wastes results in pollutants being
transported to surface waters. Similarly in the north, such wastes may be readily
transported through the porous limestone to groundwater.

All local proposed feedlot operations are required to obtain a permit from the Department
of Public Works. The permitting process involves zoning assessment and site approval
by the Department of Land Management and assessment for proper vector control
measures by the Department of Public Health and Social Services. Guam EPA reviews
the feedlot operations permit application and the facility plans and specifications to assess
the adequacy of waste storage, disposal and treatment facilities. Once construction is
completed and Guam EPA has inspected and approved the facility, an operating permit is
issued to the proposed feedlot operator. Program staff annually monitors feedlot
operations to verify compliance with respective regulations and operation and
maintenance standards for the permitted facility.

The Agency also responds to reported complaints possibly connected to illegal livestock
operations. A notice of violation may be issued to any person found in violation of the
Feedlot Waste Management Regulations.

No feedlot operators were registered with Guam EPA in 2009.

3.4 Urban Runoff
Urban runoff is one of Guam's most voluminous nonpoint source problems which
impacts both groundwater and coastal waters. Urbanization generally increases the sheer
volume of stormwater runoff because of the large amount of impermeable surfaces
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associated with construction or land development. As a result, rainwater is not naturally
allowed to percolate into the ground.

Guam EPA continues to improve stormwater management via its permitting process
regulating any construction, land development or earth-moving operations. Project
applications are evaluated for stormwater run-off disposal and mandated to incorporate
"Best Management Practices" (BMPs). Permitted projects must implement these BMPs
to maximize on-site containment and/or treatment of stormwater prior to discharge,
especially discharges into any near shore waters of Guam. In Tumon Bay, discharges to
coastal waters have been decreased with the elimination of most existing storm drains
near shore.

During the reporting period, the Agency completed its initial draft of the Guam Erosion
Control and Stormwater Management Regulations which incorporates provisions for
stormwater management based on criteria in the Manual. ll Upon approval and adoption
(via the local administrative adjudication process), it is anticipated that effective
regulations will be applicable to and enforceable upon both public and private sector
communities.

3.5 Federal Sewer Construction Grants
The Water Quality Act of 1987, which amended the Federal Clean Water Act, provides
for the establishment of the State Revolving Fund Program which may be used for the
construction of publicly owned sewage treatment works and related facilities in rural
communities.

Under Section 201 and 601 of the Federal Clean Water Act as amended, Guam EPA
administers the use of federal funds to control point and nonpoint source pollution,
resulting from small communities that generate raw sewage discharges and/or have on­
site disposal systems, which do not function properly due to poor soil characteristics
and/or improper operation and maintenance. Guam receives its allotment of federal funds
based on its construction needs, in accordance with a construction grants priority list and
system established by the Guam EPA Board of Directors. The priority list is revised
annually to reflect impacts of each individual project on public health and the Northern
Aquifer, the island's designated sole source of drinking water. Since 1968, over $59
million has been provided to Guam by the EPA for the planning, design, and construction
of wastewater collector systems and treatment facilities, as mandated by Title II and VI
of the Federal Clean Water Act as amended. During the reporting period, the Agat
Collector System, Phase IV construction was completed. Pending are the lateral system
connections to homes in the project area.

4.0 Guam Water Quality Standards (GWQS)
Guam's Water Quality Standards are provisions of law which establish both the water
quality goals for specific waters, and the regulatory basis for treatment controls and
strategies. GWQS were initially adopted in 1975, and revised in 1987 and 1992. These

II 2006 CNMI and Guam Stormwater Management Manual
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standards were revised in 2001 and received EPA Region 9 approval in 2002. The most·
notable revisions address 1) Anti-degradation. The existing policy was revised to meet
federal requirements 2) Groundwater. Numeric water quality criteria for groundwater
were included. The criteria help clarify what water quality levels are necessary to retain
our sole source aquifer as an acceptable drinking water resource. 3) Numeric Criteria for
surface waters. Numeric criteria (e.g. microbiology, pH, nutrients, and toxic substances)
were updated and newly adopted to reflect updated federal requirements. 4) E.fJluent
limitations. Protections were included for threatened and endangered species, and for
those organisms harvested for food. Sections were added which allow schedules of
compliance for point source discharges that need time to comply with the new
requirements, establish federally required low-flow requirements for permit limit
calculations, and identify petroleum spill prevention requirements for those facilities
having a capacity of 660 gallons or greater. 5) Wetlands and water quality certifications.
Requirements related to these sections were clarified. Unnecessary or redundant language
was removed. Application forms were eliminated from the body of these standards so
that revisions to the forms can be made by Agency staff as necessary, without going
through a regulatory revision process.

[Guam's Water Quality Standards (122 page document) can be reviewed electronically at
http://www.epa.gov/watersciencelstandards/wgslibrary/territorieslguam 9 wqs.pdf]

Guam EPA intends to initiate its next Triennial Review in 2011. Priority WQS issues
under evaluation include:

• development of biological indices for water quality in all waters
• development oflocal wetland water quality standards
• re-assessment ofmarine water classifications: M-1, M-2, M-3
• new parameters for sediment quality criteria for selected contaminants
• changes to or clarification ofmixing zone standards

Guam EPA plans to seek and obtain [from EPA or other available resource Agency]
technical assistance to support its review ofthe GWQS.

5.0 Total Maximum Daily Loads (TMDLs)
A TMDL specifies the maximum amount of a pollutant that a waterbody can receive and
still meet water quality standards, and allocates pollutant loading among point and
nonpoint pollutant sources. A TMDL also includes a margin of safety to ensure
protection of the water.

EPA has approved eighteen TMDLs for Guam: a Sediment TMDL for the Ugum
Watershed prepared by Tetra Tech, Inc. and EPA for Guam EPA in October 2006; and
the Northern Watershed Bacteria TMDLs (also prepared by Tetra Tech, Inc., March
2010) for seventeen recreational beaches (See Appendix F.)
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5.1 The Clean Water Act and the 303(d) List
Under section 303(d) of the 1972 Clean Water Act, Guam is required to develop its list of
impaired waters. These impaired waters do not meet water quality standards that Guam
has set, even after point sources of pollution have installed the minimum required levels
of pollution control technology. The law requires that Guam establish priority ranking
for waters on the list and develop TMDLs for these waters.

Section 303(d) of the CWA requires each state to submit an updated 303(d) list of
impaired waters to EPA every two years. The 303(d) list provides a way for Guam EPA
to identify and prioritize water quality problems. The list also serves as a guide for
developing and implementing watershed recovery plans, to protect beneficial uses while
achieving federal and state water quality standards. The list is meant only as a means of
identifying water quality problems-not the cause ofwater quality problems.

Causes of water quality problems are determined when water quality management plans
are developed for the watersheds in which the listed segments are located. These plans
contain controls referred to as the TDML.

5.2 Guam EPA's Methodology for Developing the 303(d) List
Guam EPA compiles the 303(d) list using existing scientific data and best professional
judgment to assess water quality and to determine which waterbodies should be listed.
Guam EPA develops a draft list and presents the list for public comment. All public
comments are reviewed and evaluated in the development of the final 303(d) list that is
forwarded to the EPA for approval.

Guam EPA seeks all available information to determine if Guam's surface water is
violating water quality standards. The assessment of impaired waters for 303(d) listing
considers data submitted/generated by individuals, organizations and government
agencies, as well as Guam EPA monitoring data.

Guam EPA follows federal criteria, GWQS, and scientific protocols in developing the
list. It reviews all available data to ensure conformance with specified minimum quality
assurance requirements:

• Sampling and analysis must be conducted under a written Quality
Assurance/Quality Control Plan or by established and approved protocols

• Data must demonstrate that field instruments were operated according to
accepted methods

• Data must demonstrate that biological monitoring followed standardize
protocols

• Data must demonstrate that certain other testing methods complied with
accepted practices

EPA listing guidelines require that Guam demonstrate good cause for not placing a
waterbody on the list. If available data indicates a waterbody is not meeting water quality
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standards, and the data meets listing guidelines, then Guam EPA must assume that the
waterbody is water quality limited.

Guam EPA does not have information on all Guam waterbodies. Those without
information, or information not compatible with the EPA guidelines, are not included on
the 303(d) list. Streams and rivers with suspected problems are identified as
"Waterbodies of Potential Concern." Streams and rivers will not be placed on the 303(d)
list until sufficient data is available that indicates a violation ofwater quality standards.

Guam EPA is mandated to protect water quality by establishing standards (GWQS) to
protect beneficial uses. While there may be competing beneficial uses in a waterbody,
federal law requires Guam EPA to protect the most sensitive of these beneficial uses.
Guam EPA standards include parameters such as bacteria, pH (acidity level), turbidity,
and dissolved gas, certain toxic and carcinogenic compounds, habitat and flow
modification, and aquatic weeds or algae that affect aquatic life.

5.3 Listed Waterbodies
Once a waterbody is placed on the 303(d) list Guam EPA must develop a TMDL for that
waterbody. Guam EPA has committed to develop TMDLs on high priority listed
waterbodies within 10 years. This time frame takes into account the urgency to protect
public health, safeguard Guam drinking water sources, and the desire of landowners to
begin working on restoration efforts.

Guam EPA's comprehensive watershed approach for protecting water quality includes
developing TMDLs for both point and non-point sources. When establishing limits for
pipes (point sources), Guam EPA monitors to determine what pollutant is causing water
quality problems and in what amounts it is entering the water. The monitoring also
attempts to determine how much of the pollution comes from non-point pollution, such as
surface runoff, and how much is naturally occurring.

Guam EPA uses computer models to determine what effect point source pollution is
having on the waterbody, and how much of the pollutant can be discharged without
exceeding water quality standards in the watershed. Computer modeling is also used to
establish permit limits on the amount of pollutant each pipe can discharge.

When controlling pollution from non-point sources, several factors must combine to form
a comprehensive approach to TMDL development.

5.4 Water Quality Management Plan Development
The Clean Water Act requires the state to develop a water quality management plan to
reduce pollution on each waterbody on the 303(d) list. Water quality management plans
to restore waterbodies to water quality standards, will be developed by government
agencies in cooperation with landowners. If the land is agricultural, then the Guam
Department of Agriculture and the Natural Resources Conservation Service (NRCS) of
the U.S. Department of Agriculture may be involved to work with the landowners in the
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watershed to devise and implement a management plan. Federal agencies (such as the
u.s. Navy and the Air Force) would have responsibility to develop water quality
management plans of federal lands, with oversight by Guam EPA. The above plans
should be sent to Guam EPA for inclusion in an overall watershed plan, which Guam
EPA would then submit to EPA for approval.

5.5 Removing Waterbodies from the 303(d) list
Those watersheds that have management plans approved by EPA will have their
waterbodies or waterbody segments removed from the 303(d) list. A waterbody is
removed from the list when there is evidence that:

• A TMDL has been approved;
• Water quality standards are met;
• Water quality standards are violated due only to natural conditions (meaning

that there is no human-caused influence);
• The original listing was in error.

Guam EPA will continue to evaluate waterbodies taken off the list to ensure that
management plans are being implemented, and water quality standards achieved.

Guam's 303(d) list is presented in Table 23.

6.0 Program Coordination with Other Agencies
One of the elements of Guam's strategy for effective water quality protection and
restoration and pollution prevention is "utilizing and developing our local expertise ,,12.

The information and collaborative partnerships established by working with others will
help the island identify its resource problems and priorities, and collectively develop and
implement effective resource protection and restoration activities.

Key components of Guam's approach include:
• Interacting with other agencies and organizations and capitalizing on the

best resources possible;
• Establishing executive and legislative support to sustain the long term

commitment necessary for environmental work;
• Working closely with the military, a major island landowner, particularly

regarding land use activities and impacts resulting from significant increases
in military presence;

• Capacity building facilitated through technical assistance, workshops, and
training activities; and,

• Promoting public involvement and environmental education.

12 Protecting and Restoring Guam's Waters, (Guam EPA September 1999)
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6.1 Interacting With Other Agencies and Organizations

6.1.1 Taking the lead on maintaining the Watershed Planning Committee (WPC)13
The committee meetings and all documents prepared by the WPC are open to the public.

The WPC is made up of representatives from the following organizations and agencies:
(Mandatory)
Bureau of Statistics and Plans
Department of Agriculture
Department of Land Management
University of Guam Marine Lab
Department ofParks and Recreation
University of Guam Water and Environmental Research Institute
University of Guam College ofNatural and Applied Sciences
Guam Environmental Protection Agency (Chair)

(Membership by Invitation)
U.S. Navy, U.S. Air Force, U.S. Coast Guard, U.S. Department of Agriculture,
Natural Resources Conservation Service, U.S. Environmental Protection Agency,
U.S. Department of Commerce, National Oceanic and Atmospheric Administration,
National Park Service, U.S. Fish & Wildlife Service, Northern and Southern Guam
Soil and Water Conservation Districts

Past projects accomplished with a high level ofWPC involvement include:
• Publication of Guam's Unified Watershed Assessment (1998), which

included the delineation, categorization and prioritization of watersheds on
Guam;

• Development of restoration strategies for the two highest priority
watersheds identified in the Unified Watershed Assessment (2000);

• Initiation of implementation of restoration strategies in Guam's priority
watersheds (2001);

• Completion of a watershed executive order to promote the watershed
approach; and

• Review and comment on documents and work products relative to
strategies for managing water resources on Guam.

6.1.2 Participating in External Forums to Improve Water Resources Coordination

One of Guam EPA's priorities is to improve coordination between the highly overlapping
areas of freshwater and coral reef protection activities, coastal zone and watershed
programs, and water quality regulatory actions. This requires working with partner
agencies (e.g.; GWA, Division of Aquatic Wildlife Resources, Division of Forestry,
University of Guam Marine Lab, WERI, and Bureau of Planning's CZMP). Interactions
are increasing and improving; and through collaborative work there occurs frequent

13 Executive Order 2004-04, Appendix D.; the WPC has been inactive since mid 2008.
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opportunities for sharing expertise, ideas and perspectives, and resources. Specific
examples of collaborative work include:

• Weekly meetings between Guam EPA and GWA to discuss drinking water
and wastewater management efforts;

• Participation in program development meetings for WERI's environment
advisory board (annual planning meetings), the Marianas RC & D Council,
the Guam Soil Conservation Districts, and the local Coastal Reef Initiative
Task Force;

• Relative to the anticipated military build-up, participation in the Civilian
Military Task Force meetings and meetings of its environmental and natural
resources sub-committees;

• Meeting with government of Guam and non-governmental organizations to
discuss, promote and develop program implementation mechanisms, i.e. Hotel
and Restaurant Association (Pesticide Regulations), Rotary Club (Military
Build-up & the DEIS), legislative oversight committee, Bureau of Planning
(watershed planning), etc.

6.2 Establishing Executive and/or Legislative Support
All inter-organizational projects need external acknowledgment and support to be
effective on a long-term basis. Executive and legislative support is particularly valuable.

Executive Orders (E.O.) developed by Guam EPA which are still in effect include E.O.
2004-04 which restructured the Watershed Planning Committee and its goals and E.O.
2005-35 which adopted stormwater criteria for government of Guam projects.

Public laws passed during the reporting period ( 29th & 30th Legislature) most relative to
Guam EPA involved water rights, the new landfill and the Ordot dump, recycling,
radioactive material leakage in Apra Harbor, renewable energy, implementation of the
2009 Building Code, and cigarette littering penalties. These laws can be viewed at
http://WwW.rruamlegislaiure.com.

Of particular importance was Bill 30-164, an act to provide for an autonomous Guam
Environmental Protection Authority. A core group representing Guam EPA employees
discussed issues of concern with the members of the legislative oversight Committee.
Although amendments to the original provisions of the autonomy bill have been
proposed, one critical issue involves the identification of reliable "sustainable funding";
this would be money from federal/other sources without long-term subsidy from the
government of Guam general fund. Future discussion is expected on Bill 30-164.

6.3 Working Closely With the Military

6.3.1 Environmental Restoration Program
Under the Defense Environmental Restoration Program, the Department of Defense has
been conducting environmental restoration activities at its Navy and Air Force facilities
on Guam. These activities focus on reducing the impact of present and past
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contamination from military operations. Additionally, the Navy, through the Base
Realignment and Closure Program (BRAC), has been actively investigating and
mitigating the impact of past contamination looking toward the return of U.S.
Government lands to the people of Guam. The BRAC process involves Guam EPA and
numerous other agencies and members of the public. Meetings are publicly announced
and held twice a year, during which technical updates, work progress and relevant issues
and concerns can be addressed. Environmental concerns and requirements for military
work to proceed in accordance with local laws and regulations are frequent topics.

Air Force facilities on Guam (i.e. Andersen Air Force Base) are on the Superfund list of
sites requiring cleanup under federal CERCLA regulations. Guam EPA was an equal
player in the negotiation and implementation of the Federal Facilities Compliance
Agreement (FFCA). The FFCA set out enforceable schedules and actions that the Air
Force must undertake on Guam with oversight by both EPA and Guam EPA.

Guam and EPA environmental regulations and statutes govern Navy clean up operations
on island. The funding that the Navy expends for cleanup activities is often driven by
required compliance with these environmental regulations and statutes. Guam EPA
provides the necessary oversight to ensure compliance. Additionally, any lands that the
Navy plans to return to the people of Guam must go through a rigorous environmental
baseline survey to ensure that the property being transferred is not contaminated. If
contamination is found, appropriate cleanup work is scheduled and implemented under
Guam EPA oversight. For example, Guam EPA has overseen the design, and installation
and operation of two groundwater remediation systems at military facilities to date. The
Navy has installed an Activated Carbon filtration systein to help remediate a TCE plume
identified beneath the former Naval Air Station in Agana. Similarly, the Air Force
installed an air stripper used to remediate groundwater contaminated with TCE, PCE and
TCA. Both remediation systems are used to restore contaminated groundwater to within
Safe Drinking Water standards, which is subsequently used as a drinking water supply.

6.3.2 E-Permitting System
During the reporting period, Guam EPA and representatives of the DoD Joint Region
Marianas continued to collaborate in establishing an e-permitting system. This system
is defined as:

• An online permit tracking system to streamline the environmental permitting
process of critical DoD projects and keep efficient records of every environmental
project requirement;

• A central, highly accessible system incorporating an estimated 30 interactive
permit application forms from Guam EPA.

6.3.3 Environmental Forum
Guam EPA, Joint Region Marianas (Department of Defense, DoD) and EPA also
continue to host an Environmental Forum every six months. The goals of these meetings
are to continue important dialogue among the entities on environmental and sustainability
issues, to share various agency priorities and perspectives, to enhance mutual
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understanding, to continue development of mutually beneficial approaches, and to
facilitate partnering opportunities. A forum was held on May 19, 2008 and March 24,
2009.

6.4 Capacity building through technical assistance, workshops and training

Given Guam's small local population, limited expertise, and geographical isolation,
capacity building (building our expertise) is critical. Various forums for capacity
building are utilized including on-the-ground assistance, training, and workshops.

On-the-ground technical assistance is an important component of capacity building. It is
one of the areas that occupy the majority of Agency time. Guam EPA assistance is
intended to promote water management objectives consistent with both coastal zone and
non point source management measures. Examples include inspections of drinking water
systems, septic tank/leaching field systems, and erosion and sediment control projects.
All involve extensive interaction with and training and education of "customers" as to the
environmental or public health aspects of the particular situation, and the
regulatory/programmatic considerations.

The Agency also provides technical assistance to architects, engineers, the public and
Government of Guam agencies during the design stage and plan review process of
projects. During these phases, Guam EPA recommends and/or requires the best
management practices and management measures suitable for the sites under evaluation.
Non-regulatory groups, such as Bureau of Planning, NRCS, Conservation Districts,
Extension Services, Division of Aquatic Wildlife Resources (DAWR), Division of
Forestry, and WERI, are also engaged in capacity building, by promoting activities
consistent with coastal zone management and nonpoint source pollution objectives in
their work. Examples of a few of their relevant activities include:

• Environmental Quality Incentive Program (NRCS)
• Hosting Pacific Basin Association of Conservation Districts workshops
• Forest Stewardship programs (Division of Forestry)
• Publications of "Man, Land and Sea" (Bureau of Planning environmental

newsletter)
• Education on appropriate use of fertilizers and pesticides through meetings

with landscapers, 4-H programs, newspaper articles, and other forums (VOG­
CALS)

• Educational presentations focusing on watersheds and marine conservation
(DAWR, Guam EPA, WERI, Coast Zone Management Program, and NPS)

Workshops are also vitally important to local staff. They provide an option for training
and for sharing expertise and ideas. With the shrinking economy, Guam EPA has
increasingly looked to on-island workshops and on-line webcasts to fulfill this need.
During 2008-2009, with the assistance of EPA Region 9, Guam EPA sponsored the
Groundwater Under the Direct Influence (GWUDI) of Surface water workshops and an
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Environmental Impact Assessment Review Workshop. The Agency also continues to
proctor the Water and Wastewater Operator Certification Exams generally twice a year.

Guam EPA staff attended workshops and/or training opportunities to include:
• Guam Environmental Screening Levels Workshop
• Wetland Delineation Training
• Natural Resource Damage Assessment Training
• Human Health Risk Assessment Workshop
• LEED Workshop
• US Coast Guard Oil Spills and Incident Response Training
• GIS Workshops
• Industry Forum (related to the military buildup)
• PEACE TALK - Mediating Environmental Conflicts
• Watershed Management, Planning, & Assessment
• Nonpoint Source Monitoring

6.5 Public Involvement and Environmental Education
The government of Guam is collectively responsible for the current and future state of
water resources on Guam. Perhaps the most significant long term impact the government
can make in protecting and restoring these resources is to involve the public in this
objective, and to support environmental education. Guam EPA is actively involved in this
area in the following ways:

• The Agency solicits.public review and comment on various plans and regulations
it develops. Such action is undertaken in accordance with the local administrative
adjudication law and guidance from its Guam EPA Board of Directors;

• Guam EPA coordinates Earth Week every year in April. Typical events include
public tours of its facility for Guam's school children; public static displays;
featured themed Contests; the distribution of educational information via
newspaper, magazine, television and radio; an island pride festival/fair involving
community partners from both the public and private sectors;

• Guam EPA actively participates in numerous Island clean-up activities, i.e.
Annual Guam International Coastal Clean-up;

• When possible, the Agency subject matter experts provide environmental
presentations at schools, to real estate groups, legislators and mayors, to members
ofthe local Chamber of Commerce and other business groups, etc.;

• Agency representatives participate in public forums or public hearings especially
as they relate to environmental issues;

• Agency representatives participate in Environmental Education Committee
meetings and events.

7.0 Water Pollution Control Programs and Improved Water Quality
Guam EPA's water pollution control programs are progressively maintaining and
improving water quality on island. During the reporting period, program efforts included:
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• Guam EPA oversight of Guam's Construction Grants/Sewer Revolving Fund
project: the Replacement of Old Agat Sewer Collector Lines. The implementation of
this project confines the disposal of pollutants so they do not migrate and cause water
or other environmental pollution;

• Annual permit compliance inspections of major and minor NPDES permitted
facilities; these inspections were conducted at the Agana and Northern WWTPs
(outfall installation projects), Agat, Baza, and Vmatac-Merizo WWTPs and
associated pump stations, and the Vgum Water Treatment Plant (refurbishment
project).

• The continuing enforcement and implementation of Guam's Soil Erosion and
Sedimentation Control rules and regulations. Guam EPA recorded an estimated 409
permits for clearing, grading, and stockpiling projects since the last reporting period
in 2006.

• Guam EPA submittal of the draft Erosion Control and Stormwater Management
Regulations to the Office of the Attorney General for review and comment. These
draft regulations update and revise the current Soil Erosion and Sedimentation
regulations and incorporate stormwater management criteria adopted via Executive
Order 2005-35.

• Progress on watershed restoration activities via 1) the EPA approved list of impaired
waterbodies (not meeting GWQS) 2) EPA technical assistance for developing
TMDLs for seventeen northern watershed impaired beaches 3) the GWA
Wastewater Revolving Loan Program using $75K (Guam EPA grant funding) to help
eligible program residents connect their homes to the available village public sewer
system 4) Cooperative government agency training/workshops/projects such as the
Center for Watershed Protection Watershed Management Workshop, NOAA funded
technical assistance project in support of revising Guam's Soil Erosion and Sediment
Control regulations and incorporating stormwater management criteria 5) continuing
work by partnering agencies and organizations to initiate and implement
environmental awareness on Guam.

• Renewed program focus on feedlot operations tasks, i.e. review of disposal system
plans and issue of required permits; investigate complaints and cite illegal operations;
and collaborate with VOG and the Department of Agriculture for innovative animal
waste disposal systems. The program responded to twenty feedlot complaints and
recorded seven notices of violation (NOV).

• Meeting the growing demand and challenges of permitting and enforcement under the
Individual Wastewater Regulations, i.e. reviewing construction plans; inspecting
completed and existing wastewater disposal systems; issuing occupancy permit
clearances; initiating enforcement actions against illegally occupied buildings, etc.
The Agency recorded seven hundred ninety three (793) accepted, reviewed and
approved construction plans; 371 septic tank/leaching field inspections; about 400 site
inspections; and more than 200 grease trap inspections.
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7.1 RECOMMENDATIONS:

7.1.1 Watershed Planning Committee Support

Guam EPA should maintain and support regular meetings of the WPC. CWA Section
319 funds should be budgeted to 1) sustain the WPC and to implement watershed
planning and management processes 2) implement TMDL and watershed restoration
projects which help waterbodies meet GWQS.

7.1.2. Nonpoint Source (NPS) Pollution Monitoring

The Water Division should complete a draft strategy for the NPS Pollution Monitoring
Plan. The Comprehensive Monitoring Strategy includes "Nonpoint Source Pollution
Monitoring" as one of its ten monitoring programs. The goal of such assessment activity
is to identify nonpoint source pollutants affecting water quality. In general, NPS
Pollution Monitoring will involve:
a). Assessing water quality based on a variety ofmonitoring data contained in

• 305(b) and related plans
• permitting data
• enforcement records and existing GIS data
• Guam EPA quarterly reports
• any water quality reports
• compliance monitoring reports submitted to Guam EPA

b). Performing discrete sampling events for site specific activities, as well as
sub-watershed areas encompassing several square miles, to 'evaluate stormwater
runoff contaminants from a variety of land uses;

c). Evaluating nonpoint source Best Management Practices (BMPs) implementation to
understand the most effective combination for reducing nonpoint source pollutants.

7.1.3 Develop enforceable regulations that implement the criteria contained in the
CNMI/Guam Stormwater Management Manual

Guam EPA should complete the comprehensive review, approval, and adjudication
process for the draft Erosion Control and Stormwater Management Regulations. When
this is accomplished, the Manual and its accompanying regulations shall be the standard:
a) to protect the waters of the CNMI and Guam from the adverse impacts of urban

stormwater runoff
b) to provide design guidance on the most effective best management practices

(BMPs) for new development sites and redevelopment sites both during and post
construction; and

c) to improve the quality of BMPs that are constructed in the CNMI and Guam,
specifically in regard to their performance, longevity, safety, ease of maintenance,
community acceptance and environmental benefit.

7.1.4 Environmental Education Committee

The Agency should continue to support and participate in this active committee which
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has implemented a diversity of creative and unique environmental awareness, outreach
and information projects.

7.1.5 Update Rules and Regulations to Support Compliance and Enforcement Action
and Increase or Create Fees to Support Increasing Cost(s) ofService

In order to strengthen enforcement and compliance action, Guam EPA should invest time
and effort in revising and updating all its rules and regulations, incorporating reasonable
fee schedules proportionate to the costs of services which the Agency provides and
crafting respective legislation. Public education campaigns should be developed and
implemented to build support from policy makers and other stakeholders and to educate
the public in general.

C. 0 UBenetit, Assessment
Section 305 requires the States to report on the economic and social costs and benefits of
actions necessary to achieve the objective of the Clean Water Act. Limited information
is provided for this reporting period. Guam EPA makes note of the suggested guideline
information that should be included in future IR narratives.

1.0 COSTS
A. Capital investments in municipal and industrial facilities
B. Investments in nonpoint source measures
C. Annual operation and maintenance costs ofmunicipal and industrial facilities
D. Total annual costs ofmunicipal and industrial facilities
E. Annual costs to Guam to administer water pollution control activities

Guam Waterworks Authority
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2.0 BENEFITS
o Improvements in recreational and commercialfishing
o Extent ofstream miles, lakes acres, etc. improvedfrom impaired to meeting WQSs
o Reduced costs ofdrinking water treatment due to cleaner intake water
o Increase in use of beaches and recreational boating due to improved water

quality

D. Special tate Concel'ns and Recommendations
Significant issues that affect Guam's Water Quality Programs include:

• GWA Stipulated Order for Preliminary Relief
• Consent Decree
• Military Buildup

These key issues present increasing pressure on the Agency to oversee and/or undertake
critical environmental regulatory and enforcement tasks. The Agency's dilemma
becomes even more challenging because it is experiencing Personnel losses due to (staff)
retirement, and competition with other organizations (i.e. the Department of Defense)
offering improved employment. Lastly, the Agency is facing fmancial challenges in
managing its resources in the wake of increasing employee costs, nation-wide
competition for federal dollars, outdated fees for the cost of services Guam EPA
provides, and the overall state of Guam's economy.

1.0 GWA Stipulated Order for Preliminary Reliefl4

In fiscal year 2003 the of Government of Guam and the Guam Waterworks Authority
(jointly "Defendants") and the United States of America ("Plaintiff) agreed and entered
into a Stipulated Order for Preliminary Relief (Order) as the most appropriate way to
require the immediate implementation of short-term projects and initial planning
measures by the "Defendants" to begin to address issues of compliance at GWA's
Publicly Owned Treatment Works and three public water systems. GWA and the
Government of Guam are ordered to implement provisions under fourteen headings,
including the following I) Submittals; II) Management and Organizational Structure of
GWA; III) Operations at GWA; IV) Financial Administration at GWA; V) Construction
and Rehabilitation Projects at GWA; VI) Training at GWA; and VII) Reporting
Requirements and Notice Provisions, etc. Among the required tasks: hire a qualified
management team to include a General Manager, Chief Engineer, Chief Financial
Officer, and a Compliance Officer (to monitor progress towards implementation of the
Stipulated Order). The Order required GWA to create an interim financial plan and to
petition the Guam PUC for rate relief to fund the financial plan. The cost of the
Stipulated Order as it related to the interim financial plan is approximately $225 million.
GWA intends to borrow approximately $160 million to fund the capital projects listed in
the plan. Another requirement of the Order is to complete a Master Plan for the water
system which will culminate in the development of a final financial plan which, when

14 http://www.guamwaterworks.org/documents/2ndAmendedSO_001.pdf
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implemented, will assure that the residents of Guam will continue to receive safe, reliable
water and wastewater services for the foreseeable future.

In October 2006, the parties, through their respective undersigned counsel, jointly
requested the Court for stipulated changes in the Order. The most recent GWA quarterly
compliance report can be accessed via the Agency website at
http://www.guarnwaterworks.org/documents/OoarterlvComplianceProgressReport19.pdf.

2.0 ORDOT CONSENT DECREE
On February 11, 2004, the Government of Guam (Guam Department of Public Works
and Guam Environmental Protection Agency) entered into a Consent Decree (Civil Case
No. 02-00022) with the United States of America (U.S. Environmental Protection
Agency with the U.S. Department of Justice) in U.S. District Court, Territory of Guam.
The Consent Decree is a settlement agreement to resolve issues related to the
unauthorized discharge of pollutants from the Ordot Dump to the Lonfit River. The
historical and continuing discharge of pollutants to the Lonfit River is a violation of the
Clean Water Act (CWA).

The Consent Decree outlined a timeline that the Government of Guam agreed to follow in
completing specific tasks to correct the violation. These tasks included financing the
closure of Ordot Dump, and the siting, design and construction of a new Municipal Solid
Waste Landfill Facility (MSWLF) that is fully compliant with Subtitle D of the federal
Resource Conservation and Recovery Act (RCRA).

The complete Ordot Closure and ceasing of all discharges was initially targeted to occur
on October 23, 2007. The beginning of operations and opening of the new Landfill was
targeted for September 23, 2007. "Though the present governor is committed to
complying with the Consent Decree, the governor's efforts and those of the DPW
employees are not enough to rectify the island's solid waste crisis. On March 17, 2008,
Gershman, Brickner & Bratton, Inc. (GBB), solid waste management consultants, was
appointed as Receiver by the District Court of Guam to achieve the government's
compliance with the Clean Water Act as set forth in the Consent Decree."lS An update to
the status of the Consent Decree, the closing of the Ordot Dump and the opening of a new
Guam municipal landfill can be found at the following link: Guam Solid Waste
ReceiversWp I G~r:s.hman. Brickner & Bratton, Inc., Receiver or
www.guamsolidwastereceiver.org/courtorder.html.

3.0 Military Buildup on Guam16

Since the last IR, the Draft Environmental Impact Statement (DEIS) was released in
November 2009 for the GUAM AND CNMI MILITARY RELOCATION: Relocating
Marines from Okinawa, Visiting Aircraft Carrier Berthing, and Army Air and Missile
Defense Task Force. A copy of the document's organization is shown on the following
page. The DEIS Executive Summary provides the following introduction narrative:

15 Excerpt from GBB web site overview. http://guamsolidwastereceiver.org/courtorder.html
16 http://www.guambuildupeis.us/
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"As a result of reviews of the United States (U.S.) defense posture in the Pacific region
and the U.S. alliance with Japan, a portion of U.S. Marine Corps (Marine Corps) forces
currently located in Okinawa, Japan would be relocated to Guam. This relocation is
proposed to occur during the same timeframe as a proposed wharf construction in
Guam's Apra Harbor to support U.S. Navy (Navy) transiting nuclear aircraft carriers. A
U.S. Army (Army) Air and Missile Defense Task Force (AMDTF) is also proposed for
Guam to protect against the threat ofhitrm from ballistic missile attacks. For the purposes
of this Draft Environmental Impact Statement/Overseas Environmental Impact Statement
(EIS/OEIS), these three proposed actions are referred to as the Guam and the
Commonwealth of the Northern Mariana Islands (CNMI) military relocation.

This Draft EIS/OEIS was prepared in compliance with the National Environmental
Policy Act (NEPA) (42 United States Code § 4321, as amended); the Council on
Environmental Quality Regulations for Implementing the Procedural Provisions ofNEPA
(Title 40 Code of Federal Regulations [CFR] § 1500-1508, July 1, 1986); and the Navy
Procedures for Implementing NEPA (32 CFR § 775). It was prepared to inform decisions
based on an understanding of the environmental consequences of the proposed Guam and
CNMI military relocation and take measures to protect, restore, and enhance the
environment. The decisions to be made are whether and how to implement the proposed
actions.

Actions with the potential to significantly harm the environment beyond U.S. territorial
waters (i.e., beyond 12 nautical miles (nm) (22.2 kilometers [km]) must be analyzed
using the procedures set forth in Executive Order (EO) 12114 and associated
implementing regulations. An impact statement prepared under E012114 is identified as
an Overseas Environmental Impact Statement (OEIS). Although this document was also
initiated as an OEIS, EO 12114 is not applicable to the actions as now proposed. The
document, through this draft, remains labeled as a Draft EIS/OEIS. It will, however, be
re-titled as an EIS and developed solely under NEPA, subject to information received
during the public comment process.

The three main components ofthe proposed actions are briefly stated as follows:
1. Marine Corps. (a) Develop and construct facilities and infrastructure to support
approximately 8,600 Marines and their 9,000 dependents relocated from Okinawa to
Guam. (b) Develop and construct facilities and infrastructure to support training and
operations on Guam and Tinian (CNMI) for the relocated Marines.

2. Navy. Construct a new deep-draft wharf with shoreside infrastructure improvements
creating the capability in Apra Harbor, Guam to support a transient nuclear powered
aircraft carrier.
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3. Army. (a) Develop facilities and infrastructure on Guam to support relocating
approximately 600 military personnel and their 900 dependents to establish and operate
an Army AMDTF.

The proposed action for the Marine Corps includes personnel from the units being
relocated and the associated base support personnel that must also be present at an
installation to support the military mission.

The project locations addressed in this Draft EIS/OEIS are Guam and Tinian. Guam and
Tinian are part of the Mariana Islands archipelago. They are located within the Mariana
Islands Range Complex (MIRC), an area used by the Department of Defense (DOD) for
readiness training."



Part! L

(
I

(

Gue.Ii] .'EP,A. 20IO Intc:gnF.,,::d
2'90f29

Guam EPA submitted about 198 written comments to the DEIS to the Joint Program
Office and participated in numerous task force, environmental sub-committee, and public
meetings to help the government and the community at large determine environmental
concerns and potential environmental impacts of the planned military expansion,
including impacts projected to occur off DoD properties. Guam's comments can be
reviewed at http://www.guambuildupeis.us/.
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III. SURFACE WATER MONITORING AND ASSESSMENT
This section includes a description of Guam's monitoring program, a description of the
assessment methodology for determining a surface water's appropriate "Reporting
Category", assessment results for the reporting period, a description of the island's
wetlands program, and information on public health issues.

A. Monitoring Program
"2006 Comprehensive Monitoring Strategy"

1.0 Monitoring Program Strategy
The United States federal and Guam environmental legislation and regulations all apply
in Guam. The Guam Water Pollution Control Act (10 GCA, Chapter 47) mirrors many
of the same concerns and requirements of the Federal Water Pollution Control Act. In
addition, the Guam Environmental Protection Agency Act (10 GCA, Chapter 45) created
the Guam EPA and its Board ofDirectors in 1973.

There are Guam legal requirements for the classification of waters, establishing standards
of water quality, permitting discharging facilities, and public information functions. An
additional Guam law, the Water Resources Conservation Act (10 GCA, Chapter 46),
requires identification of Guam's significant water resources and the necessary planning,
regulation and management of these resources for their protection, conservation and
rational development.

The Guam Water Monitorihg Strategy (GWMS) was originally implemented in 1978,
with the first major adopted revision occurring in 1983.1 This monitoring strategy is
currently directed at the systematic collection of physical and chemical data from fixed
locations. The sampling frequencies are maintained at sufficient intervals to assess the
various land-use impacts on water quality.

Guam EPA and the Department of Agriculture, DAWR are the main agencies engaged in
local surface water monitoring. Other related surface water monitoring, research, and .
assessment activities are conducted in Guam by (but not limited to) the University of
Guam (UOG) Water and Environmental Research Institute (WERI), the National Oceanic
and Atmospheric Administration (NOAA), the National Park Service (NPS), and Guam
Waterworks Authority (GWA).

1 Provisions for biological monitoring were incorporated into the GWMS, but resource limitations
hindered the implementation of this program. Reinstatement of the biological program occurred
during fiscal year 1998, however river/stream monitoring was suspended (since 1998), and no
biological data was gathered for physical and chemical parameters for seven years (1999-2005). The
only portion of the GWMS that has been continuously performed is the Recreational Beach
Monitoring. The GWMS underwent a major strategy and implementation revision during fiscal years
2002-2004. The new Comprehensive Monitoring Strategy (eMS) was submitted to EPA late in
2005 and initiated that fiscal year. It was presented for the first time in this section of the 2006
Integrated Report.
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2.0 Monitoring Goals and Objectives
The goals of the CMS are to:

• Conduct a comprehensive assessment of water quality throughout the island
using a rotating basin approach;

• Complete a thorough evaluation ofmonitoring data;
• Evaluate if the quality of the waters of Guam are suitable for their designated

uses;
• Evaluate if the GWQS are appropriate and relevant to present conditions for

the waters of Guam; and
• Coordinate new approaches to improving and protecting the island's water

resources through the implementation and enforcement of CWA 319 and
CZARA 6217 programs.

The CMS was designed to compare the GWQS to the prevailing conditions within Guam
waters. This is done to insure that the quality of the waters of Guam remains high or
improves. Community planners use this data to assess if current water quality is suitable
for their intended uses. The data is also analyzed for trends in water quality to identify
possible sources of pollution and to assess the effectiveness of present treatment
practices.

As previously discussed, Guam is divided into two distinct regions, northern and
southern. Differing geological and hydrologic features create that distinction. The
Surface Water Monitoring Strategy (SWMS) outlined in the overall CMS, focuses on the
southern region of Guam where the majority of all surface water features exist.

To meet all federal and local reporting requirements the CMS includes ten distinct
individual monitoring plans. The programs developed for each of these plans are:

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

\

Status and Trends Monitoring Program

Guam Environmental Monitoring and Assessment Program

Recreational Beach Monitoring Program

Wetlands Monitoring Program

Fish and Shellfish Consumption Monitoring Program

Groundwater Assessment Monitoring Program

Marine Preserve Water Quality Assessment Program

Nonpoint Source Pollution Monitoring Program

Underground Injection Control Monitoring Program

Man-Made Impoundments Monitoring Program
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3.0 Monitoring Design
The CMS relies on a variety of approaches in conducting its monitoring and assessments.
The most common approach is to measure the chemical and physical constituents in the
water itself. The concentrations of these constituents are then compared to appropriate
standards to determine if the designated uses of the waterbody are supported. Sampling
will also be extended under the CWS to include sediment and biological tissue (macro­
invertebrate and fish). While water sampling provides a snapshot of conditions at the
time of sample collection, sediment and tissue results provide a view of conditions over a
somewhat longer time period.

3.1 Status and Trends Monitoring Program (STMP)2
The Status and Trends Monitoring Program (STMP) is the current version of the original
"Guam Water Monitoring Strategy". The GWMS was the Agency's primary water
quality monitoring program for the island (which was) approved by EPA in 1983. It has
been internally revised several times over the years.

The STMP incorporates the original GWMS monitoring stations (58 core stations) plus
additional judgmental stations (this number varies based on the targeted watersheds) to
increase spatial coverage. The sampling frequency has been standardized via a rotating
basin design which is the onlymajor change to the original program.

Two Guam water classification types are assessed: Surface Waters, which are rivers and
streams, with salinity less than 0.5 ppt, and Marine Waters, which are defined as coastal
waters with salinity greater than 0.5 ppt. These water classifications are further
subdivided into specific geographic complexes or reporting units, based on major river
drainage basins/watersheds, including associated coastal receiving waters (See Appendix
A: Figures 2a-2c and Appendix B: Table Bl).

The design of the STMP is based on a judgmental sampling design within a "Rotating
Basin" concept. Four to six resource units (watersheds) are sampled semi-annually, once
every eight years. The sampling frequency is six samples per station per index period,
resulting in a total of twelve monitoring samples per calendar year for each resource unit.
Resource units are then rotated through an eight year cycle.

The first index period on Guam is a dry season which occurs from January through June.
The second index period is the island's wet season which occurs from July through
December.

The current ranking of resource units is based on the Guam EPA's 2004 Section 303(d)
list of impaired waters. Those priority watersheds are scheduled during the first four
years of monitoring. The watershed monitoring schedule, Table 6, correlates with the
watershed locations illustrated in Figure 3, Appendix A.

2 STMP monitoring has been suspended due to funding constraints. The described framework can be
applied when monitoring resumes. STMP Monitoring for 2010 forward is not expected to be
implemented (see Table 6) unless resources are identified to support this program.
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( Table 6. Status and Trends Monitoring Program: 8-Year Monitoring Schedule*

* ImplementatIOn of thIs momtonng schedule IS subject to fundmg avaIlabIlIty.

I S;amp!e Yc;ar Watef~hed # .()J Stl:l1Lon:s

2009 Ugum/Apra 58 Core + 14 (72)
2010 Hagatna/Fonte/Piti-Asan/ Taelayag + 20 (78)
2011 Pago/Cetti + 18 (76)
2012 TumonlYigo /Toguan + 7 (65)
2013 Agat/Inarajan/Dandan/Asalonso + 18 (76)
2014 Northern/Umatac + 15 (73)
2015 Togcha/Talofofo + 28 (86)
2016 Geus/ManellNlig + 17 (75)

..

3.1.1 STMP Goals/Objectives
The overall goal of the STMP is to provide the Guam EPA with baseline water quality
data to characterize and define trends in the biological, chemical, and physical conditions
of the waters of Guam. It is designed to identify new or existing water quality problems
and to act as a triggering mechanism for focused studies, investigations, inspections and
enforcement, or other appropriate actions by the Agency.

(
The specific objectives of the STMP are to:

1) Identify, document and predict the conditions of Guam's water resources.
2) Assist in determining the status of an ecosystem's "environmental health".
3) Establish the water quality of aquatic reference sites for comparison with affected

surface water, groundwater, and ecosystems.
4) Document potential problem areas.
5) Identify water quality changes over time in pertinent waterbodies.
6) Provide information to managers, legislators, agencies and the public.

To meet its environmental goals and objectives, the STMP integrates a combination of
biological, chemical, physical, and toxic parameter indicators to monitor and assess site
specific water quality conditions, along with island-wide long term water quality trends.
Applicable parameters for the STMP are provided in Appendix C, Tables Cl- C3.

Designated uses assigned to STMP watershed monitoring stations are determined by each
station's water classification, i.e. M-l, S-3, M-3, etc. (Refer to Table 9.)

Some confirmed and possible sources of pollution in these resource units are
development (increases in impervious cover), construction (anthropogenic disturbances),
erosion, non-point (run-off) and point source (sewage) pollution, increases in feral
animal and wildlife populations, agriculture-use, aquaculture-use, and physical
disturbances to riparian vegetation and sandy and rocky coasts.
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( 3.2 Guam Environmental Monitoring and Assessment Program (GEMAP)
The Guam Environmental Monitoring and Assessment Program (GEMAP), or the island­
wide probability-based assessment, will be the primary monitoring tool for assessing and
describing the general water quality for Guam. The program is designed to assess and
determine to what extent the waters of Guam meet CWA goals and assigned designated
use classifications and water quality standards. The assessment data is then compiled (!nd
reported as a portion of Guam's biennial CWA Section 305(b) Report to Congress.

By randomly sampling surface and marine water resources, Guam EPA can assume that
all segments of the resource have equal probability of being sampled and therefore, "the
sample set is an adequate measure of the resource in that reporting unit". The advantage
of random sampling is that unbiased answers to questions can be presented with known
statistical confidence.

c

Guam EPA will be conducting probabilistic monitoring in Surface Water and Marine
Water, but with specific limitations. The surface waters will be further characterized as
all "wadeable" rivers and streams having salinity less than 0.5 ppt and monitored under
the Guam Wadeable Stream Assessment program. The marine waters will be described
as all coastal waters from the mean low water mark to a depth of 60 feet, with a depth
exemption for Apra Harbor, and having salinity greater than 0.5 ppt. These marine
waters will be monitored under the Guam Coastal Assessment program.

The sampling frequency for each resource type will be rotated every other year to achieve
complete coverage of the island during the CWA Section 305(b) reporting cycle.3 Refer
to Table 7.

M ·t . S h d IT bl 7 GEMAP 10a e . : -year om ormg c e ue
$~J.Dpte-Y~a:J; Rffs'Ou.rce Type # of Statiol1:S

2005 Marine Waters* 50
2006 Surface Waters* 38 (+ 10 repeats)
2010 Marine Waters 50 (10% 2005 repeats)
2011 Surface Waters 50 (10% repeats)
2012 Marine Waters 50 (10% repeats)
2013 Surface Waters 50 (10% repeats)
2014 Marine Waters 50 (10% repeats)
2015 Surface Waters 50 (10% repeats)
2016 Marine Waters 50 (10% repeats)
2017 Surface Waters 50 (10% repeats)

* EMAP Pilot Projects

3 The implementation of the Monitoring Schedule proposed in Table 7. (particularly for Sample Years
2011 and forward) is dependent on EMAP funding availability and the "national EMAP focus". It is
anticipated that "Wetlands" may be the national focus resource type during the next reporting period.
Consequently, Guam EPA would probably interrupt the GEMAP schedule and participate in this
"national monitoring strategy" (by applying for available grant funding and completing the scope of
work as approved by the grantor). The 2006 Surface Water Monitoring project is still in progress.
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The GEMAP is based on U.S. EPA's EMAP program that advocates a survey sampling
design using "Geographic Information System (GIS) technology to probabilistically
generate sampling locations". GEMAP utilizes this same probabilistic, stratified-random
sampling design; therefore each resource type has a specific sampling design. Initially
Guam EPA will receive 50 randomly chosen monitoring sites from EPA-ORD for both
resource types. In each succeeding assessment year, GEPA will receive 45 new stations
and repeat 5 previous stations (10%) for program Quality Assurance/Quality Control (See
Figures 4. and 5. Appendix A, and Tables B2. and B3. Appendix B).

The sampling design criterion for Marine Waters is all waters from the mean low water
mark to the 60 foot depth contour. The exemption to this criterion is Apra Harbor, a
special study area for Guam. Within Apra Harbor, a modified sampling procedure will
be utilized to allow sampling only for water column and sediment chemistry at depths
greater than 60 feet. The marine waters assessment will be conducted during the Island's
wet season, July through December, in even numbered years.

The Surface Water assessment criteria will be based on the wadeable perennial stream
channel of each river or stream. A center location will be plotted and a total reach length
of 150 meters will be delineated. The assessment will be conducted during the Island's
dry season, January through June, in odd numbered years.

All methods for sample collection, handling and processing will follow documented EPA
standard operating procedures. The Agency will coordinate the data collection and
management while adhering to all QNQC procedures throughout each step of the
project.

3.2.1 GEMAP Goals
The goals of GEMAP are:

1) To assess the physical, biological, and chemical condition of Guam's Surface and
Marine waters using standardized methods and a suite of environmental
indicators;

2) To rank the relative importance of various stressors on the affected resource
types;

3) To develop the Surface and Marine EMAP locally; and in the future, to assess
island surface and marine water quality throughout the Marianas;

4) To build partnerships among implementing agencies for more effective future
monitoring and assessment.

Data analysis and interpretation will be a joint effort between personnel from Guam EPA
and EPA EMAP to facilitate capacity building within the Agency.

3.2.2 Guam Wadeable Stream Assessment (GWSA)

The Surface Water EPA EMAP protocols were originally designed for temperate
eco-regions and biota, and not a tropical island environment like Guam's. There is no
current designated eco-region for Guam or for the Western Pacific. During the first year
of the GWSA, Guam EPA will conduct a demonstration project to adapt the temperate
assessment protocols and indicators. to those more appropriate to Guam. Once these



(

(

Part HI. Surface Water Monitoring and Assessment
Guam EPA 20 I0 Integrated Report
Page 7 of 54

adapted protocols are established (for Guam), they can be exported for use in the state of
Hawaii, the remaining U.S. Pacific Flag Islands (American Samoa and the
Commonwealth of the Northern Marianas), the Federated States of Micronesia, and the
island nation of Palau. This project would also be an opportunity for EPA to establish
protocols and collect valuable data to help establish an eco-region for tropical islands in
the Western Pacific.

Guam's 97 rivers and streams, totaling 228.65 miles, are located throughout the island's
19 central and southern watersheds (Figure 5, Appendix A).

The following is a general list of GEMAP Indicators. See Appendix C. for specific
GCA and GWSA parameters.

• general water chemistry
• EMAP physical habitat parameters/ stream discharge measurements
• periphyton community structure and abundance, biomass, chlorophyll
• fish community structure and abundance
• macroinvertebrate community structure and abundance
• fish tissue chemistry/contaminants
• rapid habitat and visual stream assessments

3.2.3 Guam Coastal Assessment (GCA)
The GCA is based on procedures and methods adapted from the 2001 State of Hawaii
EMAP (HEMAP) documents and the 2001 EPA National Coastal Assessment (NCA).
Following the HEMAP and the NCA plans ensure that the GEMAP will be consistent
with national EMAP activities while taking into account reviewed and approved
modifications for island environments. The environmental parameters to be assessed are
a subset of those recommended by the NCA program. They are outlined below and
explained in the Guam Coastal EMAP QAPP 2003.

Major modifications to the parameter list are: the substitution of the traditional fish trawls
(which are very destructive to coral reef communities) with visual census protocols in
conjunction with reef and pelagic fish standing stock coefficients; the substitution of a
species of sea cucumber or crab for the collection of fishes, for tissue analysis and as
gross pathology analyses and tissue contaminant analyses. Another unique assessment
included in the GCA, is the benthic habitat and community assessment for
macroinvertebrates, marine algae and benthic infauna, which was adapted from the
HEMAP.

The GCA parameters that are similar to the NCA are the water column nutrient, sediment
and tissue chemistry, and the identification of soft bottom community organisms.
Parameters that were added include fish biomass estimates, storm wave impact estimates,
percent cover of macroalgae, and water column analyses of bacteria. An additional
parameter under consideration for future monitoring is coral disease identification.
(Refer to Figure 4, Appendix A; Table B2, Appendix B; and Appendix C.)
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3.3 Recreational Beach Monitoring Program (RBMP)
Guam's subtropical climate allows for year-round recreation at all beaches, and fishing
from both along the shoreline and offshore. The majority of this type of recreational
activity occurs along stretches of sandy beaches or limestone plateaus easily accessible
from shore. These waters are classified as "M-2 waters" or "Good" under the GWQS.
To monitor and test for the designated use "Whole Body/Primary Contact", weekly water
grab samples are collected and tested for the approved EPA bacterial indicator. The
presence of elevated levels of these microbial organisms has been proven to indicate
diseases such as gastroenteritis, hepatitis, and cholera. The most common of these
swimming-associated diseases is gastroenteritis (NRDC, July 1996). Symptoms of this
disease include vomiting, diarrhea, headache, and fever (basic flu-like symptoms); and
those at greatest risk are the young and elderly swimmers and swimmers with
compromised immune systems.

Guam EPA uses the national standards of 35 enterococci/100mL (geometric mean
indicator density based on five (5) samples collected over a 30 day period) and
104 enterococci/100mL (instantaneous indicator density based on a single sample)
(EPA440/5-84-002). These standards translate to the probability that within the United
States, nineteen (19) swimmers for everyone thousand (1,000) will show signs of illness
(NRDC, July 1996).

The designated use "Whole-body contact/primary contact" means the use of surface
water for swimming or other recreational activity that causes the human body to come
iIito direct contact with the water to the point of complete submergence. It is likely that
ingestion of the water will occur under this designated use, and sensitive body organs,
such as the eyes, ears, or nose may be exposed to direct contact with water. "Whole­
body contact/primary contact" designated uses include, but are not limited to swimming,
wading, water-skiing, skin and scuba diving, surfing, motorized water sport activities,
and fishing.

The designated use "Limited-body contact/secondary contact" means the recreational use
of surface water causes the human body to come into direct contact with the water, but
normally not to the point of complete submergence, i.e. wading or boating. It is not
likely that ingestion of water will occur under this designated use, and sensitive body
organs such as the eyes, ears, or nose will not normally be exposed to direct contact with
the water.

Bacteriological data has been collected by Guam EPA under the Recreational Beach
Monitoring Program (RBMP) for over 20 years. The number and the location of stations
have varied over these years. As a result of the newly enacted Beach Act grant
requirements, a new inventory of Guam's beaches was conducted. The original beach
inventory yielded a total of 115 beaches. In reviewing this inventory for inclusion in the
2010 IR, several monitoring stations were found to represent the same beach. The
revised list of beaches for Guam consists of 103 beaches which are prioritized into three
tiers, using the following criteria.
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Tier 1 Beaches: Beaches that are easily accessible, higWy visited, characterized by a
high number ofpossible pollution sources, and require frequent monitoring.

Tier 2 Beaches: Beaches with restricted accessibility, beaches that are less frequented,
beaches characterized by a few pollution sources that do not require constant monitoring.

Tier 3 Beaches: Beaches classified as remote and/or very inaccessible, beaches that are
rarely visited and not usually monitored.

Of the 103 beaches, sixty-six (66) are classified as Tier 1 with the remaining thirty-seven
(37) classified as Tier 3. During the ranking procedure several beaches were technically
classified as Tier 2. However, these particular beaches were reclassified as Tier 1
because of their accessibility (by samplers) and their inclusion would not be detrimental
to the program.

All Tier 1 beaches are located in waters classified in the GWQS as Good/M-2 (Whole
Body Contact), with the exception of two beaches (Outhouse Beach/N18 and Port
Authority Beach/N-20) located in Fair/M-3 (Limited Body Contact) waters.
Excellent/M-l (Whole Body Contact) waters are located along the northern coasts of the
island which are mostly inaccessible to the public. These coasts are either under military
or private control, access is physically barred by the environment, or no public beaches
are located within these waters.

In 2005, four new monitoring stations were added to bring the official total 43. On May
19,2005, station SI-Rizal Beach was officially dropped from the monitoring list because
access was restricted. The current number of monitoring stations under the RBMP is
forty-two (42). The number ofbeaches assessed by these 42 stations is thirty-one (31).

Swimming advisories are issued based upon either an instantaneous concentration of104
MPN/100mL or a geometric mean concentration of 35 MPN/100mL, over a five week
period. All advisories are released and/or reported weekly, prior to the weekend, via
print, radio, and television media to local government agencies, private individuals, and
finally posted on theGuam EPA web site. [Advisory information can be located on-line
at: http://nQde.guamepa. net/programs/emas/beack hemll

Data collected weekly from fixed sampling sites along selected stretches of coastline is
used to advise the public against swimming in waters exceeding bacterial standards.
Weekly press releases identify those beaches (where indicators in weekly water samples
exceed water quality standards).

Trend analysis (using the weekly data) is used to characterize risks of exposure to
contaminated waters. Resulting trends allow for the ranking of beaches which enable
biologists to determine the need for further monitoring or the need to include additional
unmonitored beaches to the list.
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RBMP personnel conduct annual reviews of all prioritized and monitored beaches to
ascertain their continued inclusion in the original RBMP tier. All reprioritization
information is forwarded to EPA's Beach Watch Program during the annual Beach
Survey period.

The annual prioritizing criteria are:
• proximity to potential pollution sources
• intensity of use by the public
• ease of accessibility by the public
• public input
• best professional judgment of Guam EPA staff

Wednesdays are targeted days for sampling to allow for laboratory analysis and re­
sampling if required. Samples are collected in the morning hours to obtain microbial
concentrations prior to prolonged exposure to sunlight. This allows a more conservative
approach to public health protection.

3.4 Wetlands Monitoring Program (WMP)
Guam EPA recognizes the importance of monitoring the overall health of wetlands and
has proposed a Wetlands Monitoring Program in its comprehensive monitoring strategy.
Wetland characteristics which should be assessed and documented include wetland
delineation and mapping, hydrologic regimes, water quality, and biological integrity.
While water quality physica;l and chemical parameters for wetlands exist, the Agency has
yet to adopt wetland criteria or any method for biological assessment. Guam EPA
expects to develop and adopt wetland specific criteria within the next five years and
identify a funding source to support a sustainable Wetlands Monitoring Program.

In the meantime, Guam relies on partnering organizations for wetlands monitoring
information. WERI provides water and environmental resources information by
conducting basic and applied research in an interdisciplinary environment, training
students, and disseminating research results.

VOG graduate students are instrumental in gathering data for WERI's wetlands program.
One such project was funded by the Government of Guam (Bureau of Planning) and
aimed to develop a geochemical-sedimentation model that describes the flux of metals
and nutrients being stored and moving through a perennial palustrine wetland downslope
from a large tract of badlands. The study involved establishing hydrologic parameters,
measuring slope retreat and sediment throughput out of the badlands, and chemically
analyzing surface runoff and wetland pore waters, the latter through a gridded lysimeter
array in the wetlands. Preliminary analysis of pore waters indicate that the wetlands are
mobilizing and storing iron and manganese that enter from the badlands via groundwater
seepage and in suspension. Concentrations of those metals may exceed three orders of
magnitude beyond normal Guam river waters. Future related research will involve a)
analyzing geochemical cycling in tidal riverine and estuarine wetlands, b) quantifying
badlands denudation rates, c) studying geochemical reactions involving manganese and
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iron in the wetlands and downstream at the coast where they are co-precipitate on reef
debris. For more information about WERI wetland projects visit www:weriguam.org..

3.5 Fish and Shellfish Contaminant Monitoring Program (FSCMP)

The Guam EPA proposes the conduct of fish and shellfish tissue monitoring to assess
tissue quality for consumption and to determine the need for consumption advisories.
The tissue monitoring effort will involve the collection of fish and shellfish tissue
samples from recreational, commercial (including imported fish and shellfish), and
subsistence fish and shellfish harvesting sites (inland and along Guam's coast) for
analyses of priority pollutants.

The contaminant levels in fish will be monitored via a cooperative program among
government of Guam agencies including Guam EPA, the Department of
Agriculture/DAWR and the Guam Department of Public Health & Social Services
(DPHSS). Guam EPA will collect and analyze the samples, DAWR will determine
appropriate species for sampling and sampling locations, and DPHSS will issue
advisories needed as determined by the sampling effort.

3.5.1 FSCMP Objectives
The objectives of the Guam Fish and Shellfish Contaminant Monitoring Program
(FSCMP), based on the EPA National 3-tier Guidance, are:

• To investigate and detect the presence and build-up of toxic and potentially
hazardous substances in fish and shellfish, encompassing both fish toxicity
and public health implications.

• To determine the impact of fish contaminants upon the suitability of aquatic
environments for supporting abundant, useful, and diverse communities of
fish life in coastal areas of Guam.

• To aid in the location of sources of toxic material discharges and evaluate
long-term effects of source controls and land use changes.

Either of two standards will be used in the analysis ofwhole fish data:
1) Risk-based criteria adopted by the FSCMP; or
2) Recommended screening values (SVs) for certain target analytes for

recreational and subsistence fishers (EPA 823-B-00-007, November 2000).

Guam will also use these standards in the issuing of sport fish consumption advisories.

The partial parameter list for the FSCMP is:
• Dieldrin
• SDDT and Analogs
• Aldrin
• Endrin
• Methoxychlor
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( • Heptachlor

• Heptachlor Epoxide

• Lindane

• Benzene Hexachloride (BHC)

• Toxaphane

• Mirex

• Hexachlorobenzene (HCB)

• Polychlorinated Biphenyls,

• Chlordane

• Mercury

Whole fish data will be used primarily for detecting trends and new contaminants not
routinely analyzed. As new contaminants are identified and trends in the concentration of
routine cOntaminants are defined, the program shall adjust its sampling to meet these
changes.

(

3.5.2 FSCMP Network Design and Rationale

The design and rationale for this program are being developed and will follow the EPA
national guidance for fish and shellfish consumption advisories. If projected funding and
staffing are allocated, the FSCMP is expected to be fully developed and implemented
within the next reporting period. Projected monitoring sites and species will be based
upon the fishing areas designated by the DAWR Inshore Creel Survey. These monthly
surveys collect data on the fish species, quantity, and method-of-capture by local
fishermen island-wide.

3.6 Marine Preserve Water Quality Assessment Program (MPWQAP)
On May 16, 1997, Public Law 24-21 was implemented creating five (5) marine preserves
and making changes to Guam's fishing regulations. The names of the preserves are the
Pati Point Preserve, the Tumon Bay Preserve, the Piti Bomb Holes Preserve, the Sasa
Bay Preserve, and the Achang Reef Flat Preserve. (Figure 7, Appendix A.)

With the enactment of P.L. 24-21, DAWR was required to monitor if observable
increases in food fish density and diversity within the established marine preserves could
be seen versus non-preserve (control sites) areas. The three "control sites" are Asan Fore
Reef slope, Cocos Fore Reef and Lagoon and Pago Bay. A special sub-study area within
the Piti Bomb Holes, the Piti Underwater Observatory, began in January 2001.

The fish survey methods include "Strip Transect", Visual Timed-Swim Surveys" and
"Video Transect Techniques." Transects are situated on reef flats by habitats (sandy
bottom, seagrass beds, and coral/rubble fields) and on the fore reef slopes by depth
(-20, -30, -40, and -50 foot contours). All data collection and analyses are conducted and
completed by the DAWR. Detailed information about Guam's Marine Preserves and
respective studies conducted by the Division of Aquatic Wildlife Resources are available
at www.guamdawr.orglaguatics/mpa.
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Biologists at DAWR who monitor the preserves found that food fish density and diversity
within the five established marine preserves has dramatically increased over those in the
non-preserve areas. It was also identified that there was a lack of water quality data for
all marine preserves. To address this data gap, Guam EPA intends to assist DAWR with
the collection of water quality data at all fish survey transect sites within the marine
preserves as well as all non-preserve sites.4 Water quality monitoring stations will be co­
located with current fish survey transects. A total of 84 water quality monitoring stations
will be located at the mid-point (25 meter mark) of each fish survey transect. (Refer to
Table 8). All monitoring stations will have GPS coordinates recorded.

Table 8. Co-located Fish Transect and Water Quality Locations for MPWQA
Marin~Preserve $ite;s No.n-P.re.stwve: (Control) Sites

she ampHf!~ LQcnti~n
~,ol'

~ite I §.ampling lncaui'lD ;;#ot'
~amples Sl~itlplel;

FRS 20-30 ft 2 FRS 20-30 ft 2
40-50 ft 2 Asan Bay 40-50 ft 2

Piti Bomb Holes
Flat Seagrass I Shore Rivers 1

Preserve
CorallRubble I Flat Seagrass 1
Channel I

Cocos Lagoon
CorallRubble 1

Observatory I Channel 1
Shore Rivers 3 Shore Rivers I
FRS 20-30 ft 2

Cocos Fore Reef
FRS 20-30 ft 2

Achang Reef Flat
40-50 ft 2 40-50 ft 2

Preserve Flat Seagrass 1 Flat Seagrass 1
Coral/Rubble 1 Pago Bay Coral/Rubble 1

Shore Rivers 8 Shore Rivers 1
FRS 20-30 ft 3 FRS 20-30 ft 3

40-50 ft 3 40-50 ft 3
Tumon Bay Flat Sand 3 Tumon Bay Flat Sand 3

Preserve Coral/Rubble 3 Control Coral/Rubble 3
Coral 3 Coral 3

Shore Rivers 0 Shore Rivers TBO*
Total Samples: 40 FRS 20-30 ft 1

Fouha Bay
40-50 ft 1

Flat CorallRubble 2
Shore Rivers I

Double Reef
FRS 20-30 ft I

40-50 ft 1

Western Shoals Harbor 20-30 ft 1
40-50 ft 1

Facpi Point FRS 20-30 ft 1
40-50 ft 1

Total Samples: 42
* TBO - To Be Oetermmed

Two monitoring stations will be established for each fore reef slope site, one between the
-20 and -30 foot transects, and one between the -40 and -50 foot transects. One

4 Table 8 presents sampling locations for only three of the marine preserves. Physical constraints for Pati
Point prohibit access and regular monitoring (i.e. limited accessibility due to Department of Defense
restrictions; boat launching and tide situation hardship). Based on professional experience, the
monitoring staff finds the Sasa Bay water quality as too silted for legitimate water quality work.
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monitoring station will be established for each cluster of transects on the reef flat (e.g. 1
station for a cluster of three coral/rubble transects). Stations will also be located at the
mouth of the rivers in the preserve and non-preserve areas. DAWR will provide GPS
coordinates for each station. Stations will be monitored monthly (if possible, otherwise
quarterly) for the standard water chemistry parameters outlined below and listed in
Tables Cl. and C2. in Appendix C. Reef flat stations will be sampled at high tide.

Water quality sampling procedures follow those outlined in the Guam Coastal
Assessment Program for data comparison and analyses. The sampling procedure is as
follows: Discrete grab samples will be collected using a horizontal Van Dorn sampler or
a similar product at 0.5 meters from the surface and 0.5 meters from the bottom for
stations less than 2 meters in depth. For stations greater than 2 meters in depth, samples
will be collected at 0.5 meters from the surface, mid-depth and 0.5 meters from the
bottom. Parameters that will be analyzed are Bacteria (enterococci), Conductivity,
Nitrate-nitrogen, Chlorophyll a and Pheophytin a, Ammonium, Total Nitrogen,
Ortho-Phosphate, Total Dissolved Phosphorus, pH, Total Dissolved Solids, Total
Suspended Solids and Dissolved Oxygen. All water quality samples will be analyzed by
the Guam EPA Laboratory and adhere to all EPA and Guam EPA QA/QC requirements.

For in situ water quality measurements using a Hach Data Sonde or similar product,
stations with less than 2 meters depth readings will be recorded every 0.5 meters.
Stations with greater than 2 meters, but less than 10 meters, depth readings will be
recorded at 0.5 meters from the surface and I meter intervals until 0.5 meters from the
bottom. Stations that have a depth greater than 10 meters but less than 20 meters will
have a sampling profile of 0.5 meters from the surface and I meter intervals until 10
meters, then 5 meter interval until 0.5 meters from the bottom. Parameters that will be
analyzed are Conductivity/Salinity, Depth, Dissolved Oxygen, pH, Temperature,
Turbidity (NTU) and Transparency/clarity (Secchi Visibility).

3.7 Special Studies Monitoring 2008-2009
Outside the scope of specific annual programs are special studies performed under
ongoing environmental programs within Guam EPA or in partnerships with other
Agencies. These studies range from specific contaminant investigations to the
monitoring of non-point source watershed projects. During the reporting period such
studies included but are not limited to:

3.7.1 Guam EPA - Primary Screeningfor Chemicals ofEnvironmental Concern
in Guam's Coastal Waters, 2007 5

Project Objective: Deploy SPMDs three times over a year at eight hotspot areas around
Guam to verify the presence/absence of chemicals of environmental concern.

Historically, water quality monitoring on Guam has been carried out by the Guam
Environmental Protection Agency (GEPA) and limited to microbiological and

5 Data was used for evaluation purposes in the 2010 IR.
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physical/chemical analyses. A toxic monitoring program was incorporated into the
island's monitoring strategy but was only conducted on a project-by-project basis. This
resulted in large data gaps for Chemicals of Environmental Concern (CEC). This project
attempted to address this CEC data shortage by conducting a primary-level screening
monitoring using Semi-Permeable Membrane Devices (SPMD) in lieu of tissue samples.
The SPMDs will passively collect and estimate dissolved concentrations of CECs (e.g.
hydrophobic organic contaminants such as organochlorine and organophosphate
pesticides, and PCBs) at eight specific sites around the Island of Guam.

SPMDs have been designed to passively imitate the biological processes that take place
in aquatic organisms which bioconcentrate hydrophobic organic compounds. They are
constructed from a lay flat low-density polyethylene (LDPE) tubular membrane with pore
sizes less than loA in diameter. The membranes are then filled with one gram of
triolein, a neutral lipid commonly found in aquatic organisms, which then sequester the
chemicals. Several of these tubes are then placed in stainless steel carriers for
deployment or for long term storage in canisters filled with argon gas.

Three 30-day exposure deployments occurred once during the wet and dry seasons and
once during a transition period between seasons. After the deployment period, all
SPMDs were repackaged and sent to an off-island laboratory for dialysis and analyzed
using either GC/MS or GC/ECD techniques.

3.7.2 Water and Environmental Research Institute - 2009

Report Number 124: Watershed Land Cover Change in Guam (Authors: Yuming Wen,
Shahram Khosrowpanah, and Leroy F. Heitz)

Land cover change (LCC) has been a subject of concern for the past century, particularly
the past few decades around the world. Although many of the changes have been
recorded qualitatively through the use of comparative photography and historical reports,
little quantitative information has been available at watershed scale. It is currently
possible to detect land cover change and determine trends in ecological and hydrological
condition at watershed scale using advanced geo-spatial technologies. Satellite remote
sensing, spatial statistics, geographic information systems (GIS), and global positioning
system (GPS) can be used to identify LCC of watersheds. These technologies provide the
basis for developing landscape composition and pattern indicators as sensitive measures
of environmental change and thus, may provide an effective and economical method for
evaluating watershed condition related to disturbance from human and natural stresses.

Recent surveys indicate that land cover/use changes have a direct and enormous effect on
water quality and environmental change. Watershed water quality and ecosystem are
threatened constantly by both human impacts such as forest fires and development and
also natural phenomena such as storms and droughts. Therefore, it is critical to conduct
research on land cover change in watersheds.
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This study focused on land cover change from 1973 to 2001. Landsat MSS image of
November 14, 1973, and Landsat TM image of March 15, 2001 were available for this
study. However, the Landsat MSS image is covered by a lot of clouds and shadows. In
order to improve the land cover classification results, historical GIS data such as DLG,
DRG and air photos were used to assist land cover classification. There is no doubt that
land cover classification result is affected by the quality and resolution of source data.
That's why the land cover classification accuracy for 1973 is not as good as that of 2001.
Referencing Table 1 from this report, the following conclusions can be made.
• The watersheds in southern Guam were mainly covered by forest and grassland in
both years of 1973 and 2001.
• The area of forest increased by about 3% from 1973 to 2001, but the area of grassland
decreased by over 17% between 1973 and 2001.
• The built-up/urban area increased by over 3 times from 1973 to 2001, and most of the
increased urban areas occurred in forest and grassland.
• There were some burned areas identified from the Landsat TM image of March 15,
2001. The early time in 2001 was very dry, which might make some grassland and forest
areas very vulnerable to wildfires. The burned areas were probably caused by wildfires
set by local people for hunting deer and wild pigs. Local people have such a tradition for
hunting.
• The urban area will continue to increase in the following few years. Report Figure 15
shows a subset QuickBird image of2006, which focuses on the UOG campus. The WERI
and Marine Lab buildings are located at the lower bottom of this image. Report Figure 16
indicates that the highlighted forest area has been cleared for new residential buildings.
The U.S. Department of Defense is planning a major expansion of its facilities and
personnel on Guam. About 40,400 active military personnel and dependents will be
relocated in Guam by 2014 (ICF International, 2009). The military build-up activities will
be a potential driving force for stimulating the local economy and a major cause for more
non-urban areas lost to military build-up activities on Guam in the following years.

Land cover change in each of the Southern watersheds is discussed in the report. This
report can be viewed on-line at Jlttp:llwww:wer~guarn.()J"g/d()cs/repoJ'ts/124.pdf.

3.7.3 Other Studies and Data Sources
Environmental Baseline Survey, Ylig Bridge Replacement Project
August 2009. Duenas, Camacho, and Associates, Inc.

The following excerpt is from a summary provided by DCA, Inc. " ... The purpose of
this Environmental Baseline Survey (EBS) is to document the existing environmental
conditions within the project area for use in the development planning of engineering
design alternatives and support documentation for NEPA requirements. . . . The Ylig
River serves as the outlet point of the Y1ig Watershed, which encompasses a drainage
area of approximately 16.08 square miles (10,294 acres). The Ylig Bridge traverses the
Ylig River with a span of approximately 180 feet. The southeastern side of the Ylig
Bridge has a paved parking area and a boat ramp which is regularly used by the public.
The monthly discharge of the Y1ig River is typically the highest for the months of
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August, September, and October, with average discharge rates of 33.96mgd, 37.99 mgd,
and 35.81 mgd, respectively, for the period from 1952 to 2002)."

Ylig River water samples delivered to the WERI laboratory on May 8, 2009 resulted in
the following analysis of four parameters:

pH
turbidity
salinity
total suspended solids

Upstream

8.11
4.6

23.0
11.4

Downstream

8.33
3.5

27.0
6.6

Units

standard units
NTU
parts per thousands
milligrams per liter

(

Discharge Monitoring Reports (DMRs) 6

DMRs are required quarterly from all NPDES permittees. Reports are submitted to EPA
and Guam EPA. DMR data was not assessed this reporting period.

4.0 Core and Supplemental Indicators
Core indicators selected to represent each applicable designated use are listed in eMS
Parameters, Appendix C.

5.0 Quality Assurance Program and Quality Management Plans
The EMAS Division. Administrator serves as the Quality Assurance Officer for the
agency and coordinates the internal quality assurance program. The laboratory quality
assurance program encompasses every aspect of the laboratory analysis from container
preparation through the actual data release from the Analytical Services Laboratory to the
programs. Analytical Services has developed quality control manuals which detail the
operation of the quality assurance program. The elements of quality control addressed in
the manuals include organization and sample chain of custody; personnel training; quality
control of laboratory services, scope and application, equipment and supplies, reagents,
standards, methodology, preservation and storage, calibration, performance criteria and
quality assurance, and waste management.

The overall laboratory quality assurance program is in compliance with all USEPA
guidelines and is noted in the manuals. The Guam EPA laboratory performs replicate
analyses, positive test controls; media control tests, equipment control tests, etc., as
required by EPA Laboratory Certification and Evaluation guidelines for Microbiological

6 Defined by EPA as the forin used (including any subsequent additions, revisions, or modifications) to
report self-monitoring results by NPDES permittees. DMRs must be used by approved states as well as
by EPA.
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samples. In addition, the laboratory also participates in annual Water Supply and Water
Pollution Proficiency Testing Programs. All Guam EPA personnel who collect samples
that require field testing participate in a Proficiency Testing Program administered by
Guam EPA.
The laboratory analyses are conducted according to the List of Approved Test Procedures
in the Federal Register, Volume 49, No. 209, October 26, 1984; Federal Register,
Volume 59, No. 20, January 31, 1994; and Federal Register, Volume 67, No. 205,
October 23,2002.

The Guam EPA QNQC officer ensures that proper containers are selected for sampling
as well as the proper preservation and an adequate volume collected. Sample chain of
custody procedures are strictly adhered to in order to ensure that sample integrity is
maintained. An accurate record is needed to trace the possession of each sample from the
time of collection to analysis. Guam's quality management plans and quality assurance
program/project plans are described in the following.

5.1 Quality Assurance CQAl Program
The goal of the QA Program at the Guam EPA laboratory is to provide data which meets
or exceeds the data quality objectives associated with each project that passes through the
laboratory. This is achieved through the implementation of quality assurance and quality
control measures designed to improve the level of quality of all operations within the
laboratory, from sample acceptance to sample handling, and from analysis to reporting.
Guam EPA laboratory staff recognizes that the data they generate must be legally
defensible. To ensure data is legally defensible, the QA Program emphasizes the
implementation of quality control processes, which identify, control, correct, and prevent
quality problems, rather than simply to detect and make subsequent corrections. The QA
Program is used to demonstrate attainment of a state of statistical control, and to
demonstrate that the data generation system produces data that are scientifically valid,
traceable and retrievable.

Guam EPA laboratory implements the following practices as part of its QA program:
• Strict adherence to principles of good laboratory practice such as the use of

legible handwriting; the use of indelible black ink; and single line, initialed and
dated corrections.

• The consistent use of Standard Operating Procedures. The laboratory uses
program specific approved methodologies (e.g., approved drinking water methods
for the drinking water program). Standard Operating Procedures specific to the
laboratory instrumentation and equipment are written for each method and are
updated every two years or sooner if needed.

• The use of qualified personnel.
• Reliable and well maintained equipment.
• Appropriate calibrations and standards; including the use of traceable or certified

reference materials.
• The implementation of a comprehensive, organized and straightforward

documentation system.
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• A program of "in house" training and proficiency of the analysts on analytical
procedures, methods, and instrumentation. The documentation of training is
maintained in individual training files.

• Appropriate reagents and supplies.
• The close supervision of all operations by the Agency Laboratory QA Officer,

management and senior personnel.

5.2 Quality Control (QC) Program
QC consists of the techniques used to assess and ensure the quality of the analytical
measurement process. Laboratory personnel routinely check the quality of analytical
work through analysis of reference samples, duplicate samples, and spiked samples.
Accuracy and precision are evaluated on each analytical batch and completeness may be
evaluated for specific projects by the QA Officer. Statistically based control limits are
established for each analytical method and matrix and are used to assess the quality of
analytical results.
The Guam EPA laboratory uses the following QC assessment tools:

o Accuracy is evaluated through the use of spiked samples (matrix spikes and
matrix spike duplicates, blank spikes and blank spike duplicates, and surrogate
spikes) for each analytical batch or for each sample matrix, whichever is more
frequent. The spiked results are calculated and a percent recovery determination
is calculated by the analyst. The percent recovery is compared to the appropriate
statistically based control limits to assess method performance and the effect the
sample matrix has on the analysis.

o The use of duplicate samples (sample duplicates, matrix spike duplicates and
blank spike duplicates) enables the laboratory staff to assess the precision of the
analytical batch. The relative percent difference (RPD) between the original
sample and its duplicate is calculated by the analyst. The RPD is compared to the
appropriate statistically based control limit to assess method reproducibility and
the sample homogeneity.

In addition, the laboratory ensures all data meets the overall QA objectives with the
following QC tools:

o The use of peer and/or supervisory review of all data inputs, calculations, and
reports. A knowledgeable and well-trained analyst, supervisor or QA Officer
reviews all data prior to release.

o The use of second source checks standards to ensure reliability of the primary
source.

6.0 Data Management
Guam EPA is currently upgrading its data storage and data sharing capabilities. With the
recent purchase of several computers and networking software, the agency will soon have
a system that will greatly enhance water quality assessment efforts at a local level. By
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using a standard database platform (i.e. Microsoft Access in conjunction with a
Laboratory Information Management system) where users will be able to import, process
and export data in a variety of formats with relative ease. The networked database along
with an assortment of file transfer processes will provide extremely powerful data sharing
capabilities at the local, regional and national levels.

Prior to input into the Laboratory Information Management System, the Laboratory
QA/QC certifying officer evaluates all data with project data quality criteria and
performance specifications. Data entry and access to information is restricted to
authorized users (i.e. password protected) and two system administrators, who reside
within the laboratory.

Data management and analysis procedures emphasize the use of STORET (STOrage and
RETrieval), U.S. EPA's computerized data storage and retrieval system. Each data
processing step is accompanied by a QA/QC check to assure the availability of an
accurate database. All data are verified from original field sheets and data printouts.
Corrections are made, checked and the procedure repeated until an error-free copy is
obtained. All verified data is then forwarded to the USEPA R9 STORET representative,
who will then upload it into STORET as soon as possible.

The Guam EPA database will also be used to regularly update information into the U.S.
EPA Assessment Database and the STORET database to facilitate report generation for
all federal reporting requirements. All databases are being incorporated into a
Geographic Information System to visually display and analyze the data.

7.0 Data Analysis/Assessment
The data analysis and assessment methodology for determining attainment ofwater
quality standards is described under section IILB. Assessment Methodology.

8.0 Reporting
Guam produces water quality reports and lists called for under Sections 305(b), 303(d),
314, and 319 of the Clean Water Act and Section 406 of the Beaches Act.

9.0 Programmatic Evaluation
Guam EPA, in consultation with U.S. EPA Region 9, conducts periodic reviews of each
aspect of its monitoring program to determine how well the program serves its water
quality decision needs for all Guam waters, including all waterbody types. This involves
evaluating the monitoring program to determine how well each of the elements is
addressed and determining how needed changes and additions are incorporated into
future monitoring cycles. U.S. EPA Region 9 representatives conduct program reviews
twice annually; and teleconferencing is scheduled between Guam program managers/staff
and federal representatives as necessary.
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10.0 General Support and Infrastructure Planning
Budgetary, personnel, and logistical constraints limit the number and frequency of water­
quality samples collected as part of a water-quality monitoring program. Laboratory
chemical analyses are relatively expensive, and field personnel are not always able to
collect data during critical conditions or events (for example, during extreme high- or
low-flow conditions, spills, or during weekends and/or late-night hours). These
constraints can limit the ability of environmental monitoring programs to document
important water-quality conditions.

EMAS's current and future resource needs required to fully implement its monitoring
program strategy include:

• Funding: The initial funding for EMAP was limited to one year. An alternate
funding source must be identified to incorporate EMAP as a regular monitoring
tool under the Comprehensive Monitoring Strategy (CMS). Needed funds will be
used for off-island analytical services.

• Personnel: Additional personnel are required to effectively conduct the added
monitoring tasks under the CMS. EMAS may reorganize its current staff in an
effort to meet the mandates of the division; and in the meantime, efforts will be
undertaken to recruit additional staff. The base pay of a level one biologist is
about $31,OOO/year without benefits. EMAS is proposing that each monitoring
program be implemented by one staff.

• Training: Training and professional development have always been a priority.
As training plans become more formalized and strategic in nature, new emphasis
will be placed on minimum proficiencies at recruitment, developing program
specific skills and knowledge, cross-training, and specialized or career
enhancement training.

• Lab resources: Possible relocation of the laboratory must be considered. Such
action will severely impact the operations of the laboratory. EMAS will follow
its five year workplan and prioritize core objectives to maximize use of resources.

B. Assessment Methodology
Guam surface and marine waters have multiple "Designated Uses" ranging from aquatic
life protection (preservation, propagation, survival and maintenance), primary (whole
body) and secondary (limited) contact recreation, and drinking water use (freshwater
sources only). Assessment methodologies and specific designated-use criteria employed
in determining a waterbody's "use-support status" are discussed in this section.

1.0 Guam's Water Classification System
Tables 9, 10, and 11 summarize respective information about Guam's water
classification system and associated "Designated Uses" and "Use Support" criteria. This
information forms the basis of assessments, methodologies or determinations relative to
the extent Guam waters or specific waterbodies achieve designated uses.
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2.0 Types of Assessment Information
"Evaluated Waters" are those for which the use support decision is based on
infonnation other than site-specific ambient data. These include data on land use,
location of sources, and best professional judgment of qualified biologists. Any data over
five years old are considered "evaluated data".

"Monitored Waters" are those for which the use support decision is principally based
on current, site-specific, ambient monitoring data believed to accurately portray water
quality conditions. Minimum data collection is quarterly.

3.0 Guidelines for Use Support Determination for Guam Waters
The Guam WQS, revised and adopted in 2002, lists Enterococci and Eschericia coli as its
primary indicators for microbiological quality in marine and freshwater, respectively.
Guam EPA has been using these indicators since 1995.

Guam EPA conducts weekly analysis of 42 marine recreational sites yearly (See Figure
6, Appendix A and Table B4, Appendix B). Advisories are released weekly based on
instantaneous-and geometric mean standards (from 1986 Ambient Water Quality Criteria
for Bacteria).

Monitoring of bacteria (E. coli) levels in all other freshwater bathing areas (monitored
based on a rotating-basin approach) is not of sufficient frequency «5 samples during a
30-day period) to apply geometric mean criteria as required by the RBMP. Therefore,
freshwater microbiological, data is not used for public health advisory releases; but this
data is used to detennine use-support for recreation if five sequential samples are
collected. From these five (ormore) data points, a geometric mean can be calculated.

Because of Guam's tropical environment, the recreational bathing season is considered
year-round. In addition, recreational use even in sites designated for limited contact
recreation may be high. Therefore, waters designated for limited contact recreation
(S3 and M3 sites) utilize the "Moderate Full Body Contact Recreation" allowable
densities from the 1986 criteria. Whole body contact recreation waters (S 1, S2, Ml, and
M2) incorporate the "Designated Beach Area" assignments.

3.1 Whole Body Contact Recreation
Microbiological criteria, used to detennine use support for waters designated for whole
body contact recreation (S 1, Ml, S2 and M2), are depicted in Table 12. Criteria are
consistent with recommendations from 1997 EPA guidance.

3.2 Limited Contact Recreation
Bacterial criteria used to detennine use support for waters designated for limited
(secondary) contact recreation use (S3 and M3) are depicted in Table 13. These criteria
are consistent with recommendations from 1997 EPA guidance.
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Table 9. Categories and Designated Uses Assigned to Guam Waters

Qategon; Qnalil;1' Deseor-ipfion- Primiu'y Desi2hat.ed Uses
whole body contact recreation, aquatic life,

M-1 Excellent Marine Waters consumption
whole body contact recreation, aquatic life,

M-2 Good Marine Waters consumption
limited body contact recreation, aquatic life,

M-3 Fair Marine Waters consumption
whole body contact recreation, drinking water,

S-1 High Surface Water aquatic life, consumption
whole body contact recreation, drinking water

S-2 Medium Surface Water (with treatment), aquatic life, consumption

S-3 Low Surface Water
limited body contact, aquatic life, consumption

G-1 Resource Groundwater drinking water

G-2 Recharge Groundwater
recharge to G-l

(
Table 10. Selected Numeric Criteria for Priority Toxic Pollutants

*D I = Assumes exposure due to consumptlOn of (fresh) water plus organisms liVIng In the water
*D2 = Assumes exposure due to consumption of organisms only (e.g. marine water organisms)
X = No assigned Value

I
I Compound ~Ql!A'rtCLJrlD- 11 UJ\tlAbl IfEM-"T~J

~ Fr.esIiW~ ter (1J~iII) S:.ItwllfeI' :(",1i/'I~

I ~llttc (;; lM:j)n;i ~~ut:e, (i" nID' (J6:gs'ump'fon ( ~!J

i
I
I

I I I Ii
(Bl) (B2) (Cl) (C2) (01*) (D2*)

Copper 18 12 4.8 3.1 1300 X

Mercury 2.4 0.012 2.1 0.025 0.050 0.051

Cyanide 22 5.2 X X 700 200,000

Benzene X X X X 1.2 71

Thallium X X X X 1.7 6.3
..
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fW t·C··A lid CT bIll Na e . umenc ntena .ppJ e to ategones 0 a er
Watel" Cate.gori@ Nume-rk C.-iteria*

'"
M-l Cl, C2, D2

M-2 Cl, C2, D2

M-3 Cl, C2, D2

S-1 Bl, B2, Dl

S-2 Bl, B2, Dl

S-3 Bl, B2, D2

G-l Refer to the Guam Water Quality
Standards

G-2 Refer to the Guam Water Quality
Standards

*(Refers to columns provided in Table 10)

(

4.0 Aquatic Life Use Support (ALUS)
Four data types are used for ALUS determination: habitat, toxicological,
physical/chemical, and biologica1. Guam EPA generally conducts the physical/chemical
methods (conventional) and toxicological methods during the effective reporting period.
Habitat data and bioassessment data are generated by the DAWR, Department of
Agriculture. Guam EPA collaborates with DAWR so that available habitat and
bioassessment data is incorporated in the Agency's assessment and monitoring reports.
Guam Waterworks Authority (GWA) also conducts limited toxicant methods (priority
pollutants and metals) and limited conventional methods. Available data may similarly
be incorporated in the Agency's assessment and monitoring reports. These data are of
varying data quality levels; the Hierarchy of physical/chemical Data Levels for
Evaluation of Aquatic Life Use Attainment (1997 305(b) EPA guidance) will be used to
determine ALUS. The guideline for determining ALUS using more than one type of data
is shown in Table 14.

5.0 Physical/Chemical Methods
As previously stated, the assessment for Aquatic Life Use Support is based on
physical/chemical data collected for fresh and marine water samples. Both conventional
and toxicant data are analyzed by Guam EPA. Guam EPA has collected extensive
physical and chemical data at sites established during the early 1980s and utilizes this
collected data as ambient characteristics.

Analytical parameters evaluated by Guam EPA are listed in Table C5 in Appendix C.
All of Guam EPA Physical/Chemical data is considered "moderatelhigh quality", based
on technical comporients and spatial/temporal coverage, as defined by USEPA guidance
documents. '
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EPA guidance (Sept. 1997) states the importance of incorporating the established criteria
for conventionals and toxicants in ALUS determinations and to use the "worst case"
approach where multiple parameters are available (EPA, 1997). Table 15 and Table 16
describe the decision guidelines used for determining ALUS using Physical/Chemical
Methods (conventionals data and toxicant data). The Guam WQS provide standards for
these conventionals which are presented in Table C6 in Appendix C.

6.0 Habitat Assessment
Limited habitat assessment data has been submitted by the Government of Guam
Department of Agriculture, Division of Aquatic and Wildlife Resources. Data are
categorized as either level 1 data quality (unknown or low precision and sensitivity) or
level 2 (low precision and sensitivity).

Federal guidelines for ALUS determination using habitat assessment data are provided in
Table 17.

7.0 Bioassessment
Limited bioassessment data has been submitted by the Government of Guam Department
of Agriculture, Division of Aquatic and Wildlife Resources (DAWR). Bioassessment
data are categorized as being level 1 through level 4 data quality, depending on the
waterbody assessed.

Federal guidelines for ALUS determination using bioassessment data are provided in
Table 18.

8.0 DAWR River Classification Procedures
When available, DAWR assessment data may be used to determine if rivers/streams are
meeting their designated uses.

Local freshwater literature would be researched for information on native and introduced
species, level of development, and status of habitat. Rivers may also be inspected from
the road on a drive-by survey. Data from river surveys performed by DAWR staff would
be reviewed.

A river is considered fully supporting biologically if no introduced species were reported
from that river; partially supporting biologically if there were more native species than
introduced or if only estuarine species were seen; and not supporting biologically if there
were more introduced species than native.

Regarding habitat assessment data, a river is considered fully supporting if minimal
human impacts were evident; partially supporting if some development had occurred;
and not supporting if the river was heavily impacted (i.e. channelized and/or adjacent to
heavily developed areas).

Regarding the classification of level ofinformation for bioassessment, levels 3 and 4 are
reserved for rivers where extensive surveys have been conducted; level 2 is given to
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rivers if information was available from the local literature; and level 1 is used for
rivers assessed during the drive-by surveyor by anecdotal information. For habitat
assessment, only levels I and 2 are used because no SOPs are currently in place. Level 2
is used in cases where rivers were extensively surveyed and level 1 was used for rivers
assessed in the drive-by survey. In cases where no data is available, no assessment is
made and no level of information specified.

9.0 Human Health Consumption
Waters designated for aquatic life on Guam and elsewhere in the United States, are also
designated as protected for human consumption based on the premise that where there is
aquatic life there is likely to be human consumption as well. For fresh waters that are
designated for drinking water (S1), human consumption criteria (Table 10, Column Dl)
are calculated based on the possibility of people being exposed to contaminants by
drinking the water and from eating aquatic organisms that have been living in the same
water. For fresh waters not designated for drinking water (S2 and S3), and for marine
waters, human consumption is based on the possibility of people eating aquatic
organisms, only.

10.0 Drinking Water
The Ugum River and Fena Reservoir are the island's only supply of surface drinking
water. Guam EPA utilized the guidance provided in the federal 305(b) guidelines to
make its use determinations, which recommend tapping a variety of information types to
reach conclusions. Guam EPA's best data are provided by monitoring undertaken to meet
requirements of the SDWA -and information related to use restrictions including:

• . Closures of source waters that are used for drinking water supply;
• Contamination-based drinking water supply advisories lasting more than 30 days

per year;
• Turbidity of raw water from the river is extremely high during rainy seasons that

even the existing conventional treatment system cannot process finish water
meeting the SDWA Standards without pre-sedimentation basins.

• . Public water suppliers requiring increased monitoring due to the inability of the
Ugum Water Treatment Plant to treat water from the river meeting the turbidity
standards.

• Failure to achieve the removal and/or inactivation of Giardia and viruses via
treatment techniques consisting of sedimentation, filtration and disinfection that
require a massive protection of source water from human or animal activity that
contribute disease causing organisms in the source water.

the Assessment Framework on Table 19 was cited from the federal guidelines and
illustrates the classification, monitoring data, and use support restrictions evaluated to
make use support decisions.
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Table 12. Whole Body Contact Recreation Use Support

Le- e.loJ'
I Erst!
I=$up~01t·

Fully
Supporting

Partially
Supporting

Not
Supporting

Ma:cine W'1\t~r

'MJ,jan<IM2

Enterococci: A geometric mean of 35
enterococci per 100mL (based on 5
sequential samples) is not exceeded AND
the single sample density does not exceed
104 enterococci per 100mL.
Fecal coliform: The single sample density
does not exceed 200 cfu/l00mL AND an
arithmetic mean of effluent samples taken
during 30-consecutive days does not exceed
200 cfu/l00mL AND an arithmetic mean of
effluent samples taken during7-consecutive
days does not exceed 400 cfull00mL.

Enterococci: Geometric mean of 35
enterococci per 100mL (based on 5
sequential samples) is met AND the single­
sample criterion of 104 enterococci per
100mL is exceeded during the year.
Fecal coliform: The single sample density of
200 cfu/l00mL is exceeded during the year
AND the arithmetic mean of effluent
samples taken during 30-days consecutive
does not exceed 200 cfu/l00mL during the
year AND an arithmetic mean of effluent
samples taken during 7-days consecutive
does not exceed 400 cfu/l00mL during the
year.

Enterococci: Geometric mean standard of
35 enterococci per 100mL is not met.
Fecal coliform: Arithmetic mean standard
of 200 cfu per 100mL from 30-consecutive
days is not met during the year AND the
arithmetic mean standard of 400 cfu per
100mL from 7 consecutive days is not met
during the year

Fr.:~'SbWater
~t ang"S2

Escherichia coli: A geometric mean of 126 e. coli
per 100mL (based on 5 samples taken
sequentially) is not exceeded AND the single
sample density does not exceed 235 e. coli per
100mL.
Enterococci: A geometric mean of 33
enterococcill00mL (based on 5 sequential
samples) is not exceeded AND the single sample
density does not exceed 61 enterococci per
100mL.
Fecal coliform: The single sample density does
not exceed 200 cfu/l00mL AND
An arithmetic mean of effluent samples taken
during 30-consecutive days does not exceed 200
cfu/l00mL AND an arithmetic mean of effluent
samples taken during 7-consecutive days does
not exceed 400 cfu/l00mL

Escherichia coli: Geometric mean of 126 e. coli
per 100mL (based on 5 sequential samples) is
met AND single-sample criterion of 235
enterococci perl00mL is exceeded during the
year.
Enterococci: A geometric mean of 33
enterococcill00mL (based on 5 sequential
samples) is met during the year AND the single­
sample density of 61 enterococci per 100mL is
exceeded during the year.
Fecal coliform: The single sample density of 200
cfu/l00mL is exceeded during the year AND the
arithmetic mean of effluent samples taken
during 30-days consecutive does not exceed 200
cfull00mL during the year AND the arithmetic
mean of effluent samples taken during 7-days
consecutive does not exceed 400 cfu/l00mL
durin!?: the year.

Escherichia coli: Geometric mean standard of
126 e.coli per 100mL is not met.
Enterococci: Geometric mean standard of 35
enterococci per 100mL is not met.
Fecal coliform: Arithmetic mean standard of 200
cfu per 100mL from 30-consecutive days is not
met during the year AND arithmetic mean
standard of 400 cfu per 100mL from 7
consecutive days is not met during the year.
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Table 13. Criteria for Limited Contact Recreation Use at Bathing Areas

(

(
\..

O~l'~(' Of
~£r~at«l1 :St'

'Sup.I!'Qrt

Fully
Supporting

Partially
Supporting

Not
Supporting

Enterococci: A geometric mean of 35
enterococci per 100mL (based on 5
sequential samples) is not exceeded AND
the single sample density does not
exceed 124 enterococci per 100mL.
Fecal coliform: The single sample
density does not exceed 200 cfu/l00mL
AND An arithmetic mean of effluent
samples taken during 30-consecutive
days does not exceed 200 cfu/l00mL
AND an arithmetic mean of effluent
samples taken during 7-consecutive days
does not exceed 400 cfull00mL.

Enterococci: Geometric mean of 35
enterococci per 100mL (based on 5
sequential samples) is met AND the
single-sample criterion of 124
enterococci per 100mL is exceeded
during the year.
Fecal coliform: The single sample
density of 200 cfu/l00mL is exceeded
during the year AND the arithmetic
mean of effluent samples taken during
30-days consecutive does not exceed 200
cfu/l00mL during the year AND an
arithmetic mean of effluent samples
taken during 7-days consecutive does
not exceed 400 cfull00mL during the
year.

Enterococci: Geometric mean standard
of 35 enterococci per 100mL is not met.
Fecal coliform: Arithmetic mean
standard of 200 cfu per 100mL from 30­
consecutive days is not met during the
year AND the arithmetic mean standard
of 400 cfu per 100mL from 7 consecutive
days is not met during the year.

Fi'e-sll W:rw
~3

Escherichia coli: A geometric mean of 126 e. coli
per 100mL (based on 5 samples taken
sequentially) is not exceeded AND the single
sample density does not exceed 298 e. coli per
100mL.
Enterococci: A geometric mean of 33
enterococci/l00mL (based on 5 sequential
samples) is not exceeded AND the single sample
density does not exceed 89 enterococci per
100mL.
Fecal coliform: The single sample density does
not exceed 200 cfull00mL AND
An arithmetic mean of effluent samples taken
during 30-consecutive days does not exceed 200
cfu/l00mL AND an arithmetic mean of effluent
samples taken during 7-consecutive days does
not exceed 400 cfu/l00mL.

Escherichia coli: Geometric mean of 126 e. coli
per 100mL (based on 5 sequential samples) is
met AND single-sample criterion of 298
enterococci per 100mL is exceeded during the
year.
Enterococci: A geometric mean of 33
enterococci/l00mL (based on 5 sequential
samples) is met during the year AND the single­
sample density of 89 enterococci per 100mL is
exceeded during the year.
Fecal coliform: The single sample density of 200
cfu/l00mL is exceeded during the year AND the
arithmetic mean of effluent samples taken
during 30-days consecutive does not exceed 200
cfull00mL during the year AND the arithmetic
mean of effluent samples taken during 7-days
consecutive does not exceed 400 cfull00mL
durin~ the year.

Escherichia coli: Geometric mean standard of
126 e.coli per 100mL is not met.
Enterococci: Geometric mean standard of 35
enterococci per 100mL is not met.
Fecal coliform: Arithmetic mean standard of 200
cfu per 100mL from 30-consecutive days is not
met during the, year AND arithmetic mean
standard of 400 cfu per 100mL from 7
consecutive days is not met during the year.
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Th 0 D t TfALUSU· MtiT bl 14 D ta e . e ermma ono smg ore an ne aa ,ype

ALUS Attainment I
Fully Supporting: No impairment indicated by all data types.

Fully Supporting but No impairment indicated by all data types; one or more categories indicate an
Threatened: apparent decline in ecological quality over time or potential water quality

problems requiring additional data or verification or other information suggest a
threatened determination.

ALrJ$"N""Og-AtH!in IDtlJll
~

*Partially Supporting: Impairment indicated by one or more data types and no impairment indicated by
others.

*Not Supporting: Impairment indicated by all data types.

*A determination of Partially Supporting or Not Supporting could be made based on the nature and rigor of
the data and site-specific conditions in the results of the data types. If bioassessment (usually Level 3 or 4)

indicates impairment, then a determination of Not Supportinf( should be made.

(

Table 15. Decision Guidelines for Conventionals7 Used to Assess ALUS
in Freshwater Rivers and in Marine Waters

(

D't:..,g}'€.e of Aq,lrsfic Ufe
~

Cr-iferi~
TJse S'IPPOI't

Fully Supporting For anyone pollutant, GUAM WQS exceeded in ~ 10 percent of measurements.

For any one pollutant, GUAM WQS exceeded in 11 to 25 percent of
Partially Supportinl! measurements.

Not Supporting For anyone pollutant, GUAM WQS exceeded in > 25 percent of measurements,

Table 16. Decision Guidelines for Toxicants8 Used to Assess ALUS
in Freshwater Rivers and in Marine Waters

pe:~@·()f

~u~fic;'Ljf~ IJse C'1~j't~~

:inp;JHll"L

For anyone pollutant, no more than 1 exceedance of acute criteria within a 3-year
Fully Supporting period based on grab or composite samples and no more than 1 exceedance of chronic

criteria within a 3-year period based on grab or composite samples

Partially For anyone pollutant, acute or chronic criteria exceeded more than once within a 3-
Supportinl! year period, but in < 10 percent of samples.

Not Supporting For anyone pollutant, acute or chronic criteria exceeded in >10 percent of samples.

7 Conventionals are usual or established analytes monitored by GEPA. These include bacteria, dissolved
oxygen, water temperature, pH, Total dissolved solids, Total suspended solids, Total phosphorus, Total
nitrates, and Turbidity.
8 A toxicant is a poisonous substance, such as metals, ammonia, or pesticides.
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Table 17. ALUS Determination Based on Habitat Assessment Data

])~:gi·ee (jf Aqualic LW C!l'lfedra-
, U~~· S"'JlPQrt

Reliable data indicate natural channel morphology,
substrate composition, bank/riparian structure, and

Fully Supporting
flow regime of region. Riparian vegetation of
natural types and of relatively full standing crop
biomass (i.e., minimal grazing or destructive
pressure).

Modification of habitat slight to moderate usually
due to road crossings, limited riparian zones because

Partially Supporting of encroaching land-use patterns, and some
watershed erosion. Channel modification slight to
moderate.

Moderate to severe habitat alteration by

Not Supporting
channelization and dredging activities, removal of
riparian vegetation, bank failure, heavy watershed
erosion or alteration of flow regime.

Table 18. ALUS Determination Based on Bioassessment Data

D~~ (;l~~ Qf_~ -It '"~ Lif'e
lii't~iila

I!J~~ ,s'l1!fJp:OJif,-

Reliable data indicate functioning, sustainable
biological assemblages (e.g. fish, macro invertebrates,

Fully Supporting
or algae) none of which has been modified
significantly beyond the natural range of the
reference condition.
At least one assemblage (e.g. fish, macro
invertebrates, or algae) indicates moderate

Partially Supporting modification of the biological community compared
to the reference condition.
At least one assemblage indicates nonsupport. Data

Not Supporting
clearly indicate severe modification of the biological
community compared to the reference condition.
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u sfD"ki WDkf< DFT bi 19 Aa e " ssessment ramewor or etermlDlD2 egree 0 no n2 ater se upport
I

C.1a-SSificat'i'G)l Mo.mtot:i~1:! Data L}s\t.SuPl)cui Restrictions

Contaminants do not
Drinking water use

Full Support exceed water quality
restrictions are not in

and/or effect.
criteria

Some drinking water use
Contaminants are restrictions have

Full Support but
detected but do not occurred and/or the
exceed water quality potential for adverse

Threatened
criteria

and/or
impacts to source water

quality exists.
Drinking water use

Contaminants exceed
restrictions resulted in

water quality criteria
the need for alternative

Partial Support treatment techniques
intermittently and/or

with associated increases
in cost.

Contaminants exceed Drinking water use

Nonsupport
water quality criteria restrictions resulted in
constantly and/or closures.
Source water quality has not been assessed for

Unassessed contaminants used or potentially present
c

(

c. Assessment Results

This section provides: (1) the results of Guam's surface water assessments, including the
categorization of surface water segments based on designated use support data, (2)
probability-based survey results, and (3) Guam's list of impaired and threatened waters in
accordance with Section 303(d) of the CWA. A copy of the 2010 Assessment
Methodology narrative and monitoring data are available in Appendix H.

1.0 Five -Part Categorization of Surface Waters
The five (5) Reporting Category types for surface water are:
Category 1: All designated uses are supported;
Category 2: Available data and/or information indicate that some, but not all of the
designated uses are supported;
Category 3: There is insufficient available data and/or information to make a use
support determination;
Category 4: Available data and/or information indicate that at least one designated use
is not being supported, but a TMDL is not needed;

Category 4a: A TMDL to address a specific segment/pollutant combination has been approved or
established by EPA;
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( Category 4b: A use impairment caused by a pollutant is being addressed by the state through other
pollution control requirements;

Category 4c: A use is impaired, but the impairment is not caused by a pollutant; and
Category 5: Available data and/or information indicate that at least one designated use
is not being supported and a TMDL is needed.

1.1 2010 IR Data
Guam reporting relies on data sets from local academia and local and federal government
agencies. For this reporting period, data was solicited from the Navy, WERI, and the
Government of Guam. Projects with useable data for the 2010 IR are identified in the
following chart. Information for Current Advisory Areas (Fish and Seafood
Consumption and Closures to Wading) was also considered in the assessment.

Projects with Usable Data for the Guam 2010 IR

* (WQ = water quahty)Source: Guam EPA EMAS DIVISIon

Organization Project Waterbod~ TYlJ~ Use ~upport
Year of

D~taQualitydata
Status and Trends Marine Waterbodies Body Contact, For use

Guam EPA Monitoring Project and Rivers/Streams 2009 support
(STMP) (reaches)

Aquatic Life (WQ)*
determination

Status and Trends Aquatic Life For use
Guam EPA Monitoring Project Marine Waterbodies (benthic 2009 support

(STMP BIO) bioassessments) determination
Body Contact,

Aquatic Life (WQ),
Aquatic Life

(Concentration. of
Oil/Petroleum),

Guam Coastal
Aquatic Life For use

Guam EPA
Assessment (GCA) Marine Waterbodies (benthic 2005 support

bioassessments), determination
Aquatic Life
(TOXicants -

Sediment), Human
Health (organism

consumption)
Recreational Beach 2008 and

For use
Guam EPA Monitoring Project Marine Beaches Body Contact 2009 support

(RBMP) determination
Semi-Permeable Marine Waterbodies Aquatic Life

Evaluation
Guam EPA Membrane Device and Rivers/Streams (TOXicants - Water 2007

only(SPMD) Project (reaches) column)
Navy Nuclear Propulsion Aquatic Life

Quarterly
For use

US Navy Program (at Apra Marine Waterbodies (Radiological support
Harbor) Materials) monitoring determination

NOAA/Guam NOAA& Guam EPA Fish
Human Health Evaluation

EPA Tissue Project
Marine Waterbodies (organism 2006

onlyconsumption)
...
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The quality of each data set and project was evaluated by reviewing project objectives,
quality assurance requirements, laboratory method compatibility, analysis quality, and
Minimum Detection Limits (MDLs).

Designated use determinations are intended to identify waterbodies that meet or do not
meet established criteria and decision guidelines for the degree of use support. All
waterbodies on Guam's 305b lists (Tables 20, 21, 22) are classified under one of the five
surface water reporting categories described in Section 1.0.

1.2 Monitoring Stations

One hundred fifty four (154) monitoring stations from six (6) projects were considered
for this assessment. (See Appendix H., Table 4. Project Stations) These stations are
located within one of 66 marine waterbodies, 201 freshwater stream/river reaches, or 103
coastal/recreational beaches.

Station locations are depicted in Appendix H., Figures A.la-A.le, (Sub-Appendix A):
North and Central Marine Stations, Central and South Marine Stations, Beach Stations
and River/Stream Stations, and Benthic Visual Bioassessment Stations. These figures
also show current Advisories (Fish and Seafood Consumption and Closures to Wading).

Waterbodies were analyzed for indicators based on individual project objectives as
shown in Appendix H. Table 5. Project Indicators. These indicator tables also show
how many samples were used in this assessment.

2.0 Guam Rivers/Streams

Table 20 provides the following assessment data for one hundred thirty-two (132) fresh
water assessment units which represent two-hundred one (201) Guam rivers/streams.9

* Waterbody name * Assessment Unit ID
* Location (watershed location) * Assessed Water Size
* Water status (i.e. impaired, not assessed) * Water classification
* Surface water reporting category (see Section 1.0 above)

In summary, Table 20 provides the following information:

Total Channel Length of Guam Rivers/Streams:

9 Table 20 does not include Agana Swamp. See Table 24.

232.65 miles



Table 20. 2010 Assessment Data for Rivers -Streams

Assessment I ~~Ii." ~ ~~ I
Water Type:&

Ch'<ilinel
Miles Waterbedy Reporting

Wi! ~rb.m:IJ, N~m~ t~lj'gUi n
Umtl~ Crass fitation

Mile~
As.se-sse1L -status· ~i\te-gory

Achang River 1 GUMZRAC-2
WATERSHED:

GU I RIVER-S2 I~~ NOT ASSESSED DManell

Achang River 2 GUMZRAC
WATERSHED:

GU I RIVER-S2 I 0.30 0.00 NOT ASSESSED DManell

Agaga River GUULRAG
WATERSHED:

GU RIVER-S2 0.78 0.00 NOT ASSESSED [JCelli

1 GUAGRA-3
WATERSHED: 0 RIVER-S2 0.52 0.52 IMPAIRED DHagatna

I Agana River 2 GUAGRA-2-1A
WATERSHED: 01 RIVER-S2 10 0.67 IMPAIRED DHagatna

Agana Springs GUAGRA-1
WATERSHED: 01 RIVER-S2 10 0.00 NOT ASSESSED [JHagatna

1Aguada River GUAPRAG
WATERSHED: 01 RIVER-S3 10 1.95 ASSESSED 8Apra

I Ajayan River GUMZRAJ
WATERSHED: 01 RIVER-S2 10 0.00 NOT ASSESSED [JManell

Almagosa Spring GUFLRA-1
WATERSHED:

GU I RIVER-S1 10~ NOT ASSESSED [JTalofofo

Asalonso River!
GUINRAS

WATERSHED:
GU I • RIVER-S3 10~ NOT ASSESSED [Junnamed tributary Asalonso

1 Asan River 1 GUASRI-3
WATERSHED:

GU 1RIVER-S3 10 0.00 ESSED [JPitiiAsan

I Asan River 2 GUASRI-4
WATERSHED: 01 RIVER-S3 10 0.00 NOT ASSESSED 3

PitiiAsan

Aslinget River 1 GUINRAL-1
WATERSHED: 01 RIVER-S3 10 0.00 NOT ASSESSED 3

Dandan

Aslinget River 2 GUINRAL-2
WATERSHED: 01 RIVER-S3 10 0.00 NOT ASSESSED [JDandan

Asmafines River GUULRAS
WATERSHED: 01 RIVER-S2 IG~ NOT ASSESSED [JCelli

Atantano River 1 GUAPRA-2
WATERSHED:

GU 1RIVER-S3 IG~I ASSESSED 18Apra

Atantano River 2 GUAPEA
WATER

GU RIVER-S3 6.38 6.23 I ASSESSED 18Ap

S' ..
1

WATERSHED:
G~ ? 1" ? 1" I ASSESSED I 2

Apra

Sonya River II
,_, SHED:

1"1 M nNl NOT ASSESSED 3
fo

.N

Celli River GUULRCL
WATERSHED:

GU RIVER-S2 1.92 0.00 ,~ '~~"~~D 3
Celli

Chagame River!
GUULRL-1

WATERSHED: 0 RIVER-S2 2.50 0.00 I NOT ASSESSED 3II La Sa Fua River Umatac

I Chaligan Creek 1 I GUATRC-2 I WATERSHED: 01 RIVER-S3 10 0.00 INOT ASSESSED DTaelayag

Chaligan Creek 2 I GUATRC I WATERSHED:
GU

1
RIVER-S3 10~ NOT ASSESSED [JTaelayag

I Chaot River II GUAGRA-2 I WATERSHED:
GU I RIVER-S2 10 2.22 ASSESSED UHagatna
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Table 20. 2010 Assessment Data for Rivers -Streams

AsseSsment' ware YPei& thannel
Miles Waierbody R~:perutfg

Wate~body Name'
UnirlO

Lq,~alj· Stale
;6lassification

1~~QtJ1ln
As~essefr 'Status €aregor:t

Mn~~,

Finile Creek GUATRF
WATERSHED:

GU RIVER-S3 1.04 ~ NOT ASSESSED 3
Agat

I Fonte River 1 1GUAGRF-2
WATERSHED: 01 RIVER-S2 I 1.16 1.16 I ASSESSED I 2

Fonte

Fonte River 2 GUAGRF-1 PATERSHED: 0 RIVER-S2 2.02 0.00 NOT ASSESSED 3
Fonte

Gaan River 1 GUATRG-2
WATERSHED: 0 RIVER-S3 0.56 0.00 NOT ASSESSED 3

Agat

I Gaan River 2 1GUATRG
WATERSHED: 0 RIVER-S3 0.63 ~ NOT ASSESSED UAgat

1Geus River 1 I GUMZRG-1
TERSHED: 0 RIVER-S1 0.99 0.00 NOT ASSESSED UGeus

1Geus River 2
II

GUMZRG IWATERSHED: 01 RIVER-S2 I 0.52 0.00 NOT ASSESSED UGeus

I Geus River 3 I GUMZRG-2
WATERSHED: 01 RIVER-S3

I
0.78 0.00 NOT ASSESSED UGeus

Imong River 1 GUFLRI"2
ERSHED: 01 RIVER-S1 I 2.54 0.00 NOT ASSESSED Ulalofofo

I Imong River 2 1GUFLRI-1
WATERSHED:

GU RIVER-S1 1.93 ~ NOT ASSESSED UTalofofo

Inarajan River 1
1

GUINRI-1 IWATERSHED:
GU RIVER-S3 8.83 ~I ASSESSED' 18Inarajan

Inarajan River 2 1GUINRI-2 IWATERSHED: 0 RIVER-S3 0.86 ~ NOT ASSESSED UInarajan

La Sa Fua River GUULRL-2
WATERSHED: 0 RIVER-S2 G~ NOT ASSESSED UUmatac

1 Laelae River GUULRU·1
WATERSHED: 01 RIVER-S1 10~ NOT ASSESSED UUmatac

1 Laguas River GUAPRL
I

WATERSHED: 01 RIVER-S3 IG~ NOT ASSESSED UApra

Landfill Leachate
GUPGRL-O

I
WATERSHED: 01 RIVER-S1 IG~I IMPAIRED I 5

Stream Pago

I MIMRiver GUINRL I
WATERSHED: 01 RIVER-S2 IG~ NOT ASSESSED 3

Inarajan

Liyog River GUMZRL IWATERSHED: 01 RIVER-S2 IG~ NOT ASSESSED 3
Manell

I Lontit River 1 GUPGRL-1 I WATERSHED: 01 RIVER-S1 10 0.00 NOT ASSESSED UPago

I Lonfrt River 2 GUPGRL-2 I ERSHED:
GU RIVER-S2 1.07 tV! ".~ IRED 5

Pago

I Lonfrt River 3 IGUPGRP-1-51B
WATERSHED:

GU R 0.04 0.04 IMPAIRED 5
Pago

Maagas River 1 I GUTURM-1 I WATERSHED: 0 RIVER-S2 0.39 ~ NOT ASSESSED UTalofofo

Maagas River 2 GUTURT-2-48F
WATERSHED: 0 RIVER-S2 1.68 0.00 NOT ASSESSED UTalofofo

Madofan River GUULRMF
WATERSHED: 0 RIVER-S2 0.77 0.00 NOT ASSESSED UCetti

Part III. Surface Water Monitoring and Assessment
Guam EPA 2010 Integrated Report

Page 33a-f 2



Table 20. 2010 Assessment Data for Rivers -Streams

A§S~em Water,ypef& ¢hJlFInel
Miles Watei'hedy ~ep-ortll1~

Wat!;FboQ-Y N~me LQ9'!d n ~Ie e_[Ih in
Unit IE> G1asSifieation

M~~s
Assesg,d S1atu~ eiit~g-ory

Madog River I GUULRM I WATERSHED:

~I RIVER-S3 I 2.11 0.00 NOT ASSESSED 3
Umatac

1 Mahlac River

"

GUTURMA-1 1WATERSHED: 01 RIVER-S1 I 4.86 0.00 NOT ASSESSED 8Talofofo

ManeliRiver GUMZRML
WATERSHED:

GU RIVER-S2 2.77 0.00 NOT ASSESSED 3
Manell

Masso River 1 GUAPRM-1B
WATERSHED:

GU RIVER-S3 0.31 nnn NOT ASSESSED 3
PitVAsan

1Masso River 2

"

GUAPRM-1A 1WATERSHED: 01 RIVER-S3 I 2.99 0.00 NOT ASSESSED 8Piti/Asan

Matague River GUASRM
WATERSHED:

GU RIVER-S3 1.25 ~I ASSESSED I 2
Piti/Asan

Maulap River 1 GUFLRM-1
WATERSHED:

GU RIVER-S1 0.44 ~ NOT ASSESSED 3
Talofofo

Maulap River 2 GUFLRM-2
WATERSHED:

GU
I

RIVER-S1 IG~ NOT ASSESSED 8Talofofo

I
Namo River 1

II
GUATRN-1A I WATERSHED: 01 RIVER-S3 10~ NOT ASSESSED 8Agat

I Namo River 2 I GUATRN-2
WATERSHED: 0 RIVER-S3 0~1 ASSESSED 18Agat

Namo Riverl unnamed

I GUATRN-1 1WATERSHED:
GU RIVER-S3 0~ NOT ASSESSED 8tributary Agat

I Ascola Sito Creek GUATRT-1
WATERSHED:

GU RIVER-S3 0.97 ~ NOT ASSESSED 8Taelayag

I Pago River 1 GUPGRP-1-51A
WATERSHED:

GU RIVER-S2 0.06 0.06 I IMPAIRED 18Pago

o River 2 GUPGRP-2
WATERSHED: 01 RIVER-S3 I 4.74 ~I IMPAIRED 18Pago

1

Pago River 3 GUPGEP 1WATERSHED: 01 RIVER-S3 IG~ NOT ASSESSED 8Pago

1 Pago River 4 GUPGMPW 1WATERSHED: 01 RIVER-S3 10 o.on I ~lnT ASSESSED 8Pago

Pauliluc River GUINRAP I WATERSHED:
GU RIVER-S3 G 0.00 I NOT ASSESSED 3

Dandan

Pigua River 1 GUMZRP I WATERSHED:
RIVER-S3 G nnn NOT ASSES~l=n ~

Toguan

Pigua River 2 GUMZRP-2 I WATERSHED:
GU I RIVER-S3 10 1.50 ASSESSED 2

Toguan

Sadog Gago River IGUFLRSG-1 I WATERSHED: GU I RIVER-S1 10 0.00 NOT ASSESSED 3
Talofofo

1 Sagua River I GUATRB~ GU I RIVER-S3 I 0.58 0.00 NOT ASSESSED 3

Salinas River ~I TE GU 0.78 0.00 NOT ASSESSED 8Gvr "" II A

Sarasa River 1 GUTURS-l
WATERSHED:

GU RIVER-S2 0.05 0.00 NOT ASSESSED 8Talofofo

Sarasa River 2 GUTURT-2-48B
WATERSHED: 0 RIVER-S2 2.25 ~ NOT ASSESSED 8Talofofo
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Table 20. 2010 Assessment Data for Rivers -Streams

ASSe smelit;lt Water Type '& ~1i9rJn1l1 MHes Walerbooy '-~epcirting
W<rrJ-f ogy. Ni!JTlei LQ,tallQI'l Smt~ Ierrgth inUni 10 Cta -sifit-alton

Mi~s
Assessed 'StatUs Itategory

MalajaiSagge
GUTURT-2 I

WATERSHED:
- GU RIVER-S2 7.59 I 0.00 INOT ASSESSED 3

Tinechong River Talofofo

I Sasa River 1 GUAPRS-1
WATERSHED: 01 RIVER-S3 IG~ ASSESSED 8Apra

I Sasa River 2 GU
WATERSHED: 0 RIVER-S3 1.36 1.15 I ASSESSED 2

Apra

I Sella River GUULRS
WATERSHED: 0 RIVER-S2 2.55 0.00 NOT ASSESSED 3

Celli

I Sigua River GUPGRS I
WATERSHED: 0 RIVER-Sl 6.15 0.00 NOT ASSESSED 3

Pago

I Sumay River GUMZRSY I
WATERSHED: 0 RIVER-S2 1.06 0.00 NOT ASSESSED 3

Manell

I Storm Drain GUAGRD I
WATERSHED: 01 RIVER-S2

I
0.21 0.21 I IMPAIRED 10Northern

Taelayag Creek GUATRTA I WATERSHED: 01 RIVER-S3 I 1.37 0.00 NOT ASSESSED DTaelayag

Taleyfac River GUATRT_2l~RSHED: 0 RIVER-S3 3.85 3.79 I ASSESSED 18elayag

Talofofo River 2 GUTUETO
WATERSHED: 0 RIVER-S3 0.46 ~ NOT ASSESSED DTalofofo

Talofofo River 3 GUTUETU-48A
WATERSHED: 01 RIVER-S2 IG~ NOT ASSESSED DTalofofo

Talofofo River 1 GUTURT-2-48A
WATERSHED: 01 RIVER-S2 10~ NOT ASSESSED DTalofofo

I Togcha River 1 II GUTURTG-C I WATERSHED: 01 RIVER-S3 I 0.99 0.00 NOT ASSESSED DTogcha

I Togcha River 2 IGUTURTG-1A
WATERSHED: 01 RIVER-S3 I 0.95 0.93 ASSESSED 8Togcha

I Tcigcha River 3
II

GUTURTG-2
I

WATERSHED: 01 RIVER-S3
I

0.06 0.00 I~I~T .~~~~~~D DTogcha

I Togcha River 4
II

GUTURTG·X I
WATERSHED:

GU I RIVER-S3 10 0.00 NOT ASSESSED DTogcha

I Togcha River 5 GUTURTG-1C
WATERSHED:

GU I RIVER-S3 IG~ NOT ASSESSED DTogcha

Togcha River 6 GUTURTG-1B
WATERSHED: 01 RIVER-S3 10~ NOT ASSESSED DTogcha

Togcha River (Agat) I GUATRTO I
WATERSHED: 01 RIVER-S3 I 1.10 ~ NOT ASSESSED DAgat

I Toguan River 1
II

GUMZRT-2 I
WATERSHED: 0 RIVER-S3 0.20 0.00 NOT ASSESSED 3

Toguan

Toguan River 2 GUMZRT-l
WATERSHED: 0 RIVER-S3 1.21 0.00 NOT ASSESSED 3

I Toguan

Unnamed Creek 1 GUASRI-2
WATERSHED: 0 RIVER-S3 0.19 0.00 NOT ASSESSED DPili/Asan

Unnamed Creek 2 GUASRI-1
WATERSHED: 01 RIVER-S3 IG~ NOT ASSESSED DPili/Asan

I Ugum River 1 I GUTURU2
WATERSHED: 0 RIVER-S2 1.05 ~I IMPAIRED 18Ugum

Part III. Surface Water Monitoring and Assessment
Guam EPA 2010 Integrated Report

Page 33a-f 4



Table 20. 2010 Assessment Data for Rivers -Streams

AsseSsment WalerType &
Cnannel

Miles Walerbogy
I..,.· -

Wa _crbo.£ly Namr. ~g.9ption Stat~ 1~Q9Jh it!
~epor(j'rrg

Unr If). Clas:sffic;afIOll
Mlre:~

A~~ StalIJ5- Cate!1j0lY

I Ugum River 2
II

GUTURU-1A I WATERSHED:
GU RIVER-S2 12.57 12.57 IMPAIRED 4a

Ugum

1Ugum River 3
II

GUTURU-1B I
WATERSHED:

GU RIVER-S2 G~I IMPAIRED IGUgum

Ugum River 4 GUTUETU-48H
WATERSHED:

GU RIVER-S3 0.39 0.39 I IMPAIRED IGTalofofo

Ugum River 5 GUTURU-1C
WATERSHED:

GU RIVER-S2 2.96 I 2.96 I IMPAIRED IGUgum

I Ugum River 6 I
GUTURU-1A- WATERSHED: 01 RIVER-S2 I 4.43 4.43 I IMPAIRED IG48H Ugum

I Umatac River
I

GUULRU-2
WATERSHED:

GU I RIVER-S3 I 0.92 0.00 NOT ASSESSED UU

I Ylig River 1 I GUYNRY-1
WATERSHED:

GU I RIVER-S3 23.57 0.00 NOT ASSESSED DYlig

Ylig River 2 Y-2
WATERSHED:

GU I RIVER-S3 3.33 0.00 NOT ASSESSED UYlig

I Ylig River 3 GUYNRY-3 I WATERSHED: 0 RIVER-S3 0.41 0.41 I ASSESSED I 2
Ylig

Unnamed River 1 GUULRCR I WATERSHED: 0 RIVER-S2 0.36 0.00 NOT ASSESSED 3
Cetti

Unnamed River 2 GUINRAGB I
WATERSHED: 01 RIVER-S3 18 0.00 NOT ASSESSED 3

Inarajan

i Almagosa River GUFLRA-2 I WATERSHED:
GU I RIVER-S1 IG~ NOT ASSESSED 3

Talofofo

Unnamed River 3 GUG-35 I
WATERSHED:

GU RIVER-S2 G~ NOT ASSESSED UManell

I Unnamed Tributary 2 GUG-43A I WATERSHED:
GU RIVER 0~ NOT ASSESSED UInarajan

Unnamed Tributary 3 GUG-43B I
WATERSHED:

GU RIVER I 0.58 ~ NOT ASSESSED UInarajan

Unnamed Stream 1 GUG-55 J~ATERSHED 0 RIVER non

~ NOT ASSESSED 3
Talofofo

Intermittent Tributary 1 GUG-43C
ATERSHED:

GU RIVER I 1.17 0.00 I NOT ASSESSED 3
Inarajan

Intermittent Tributary 2 GUG-43D
WATERSHED:

GU I RIVER I 0.37 ~ NOT ASSESSED UI Inarajan

Intermittent Tributary 3 GUG-43E
WATERSHED: 0 RIVER 0.24 ~ NOT ASSESSED UInarajan

Intermittent Tributary 4 GUG-43F
WATERSHED: 0 RIVER 0.58 ~ NOT ASSESSED 3

Inarajan

I Taguag River
II

GUG-5 I
WATERSHED: 0 RIVER 0.62 O. 3

Piti/Asan

I Auau Creek
II

GUG-16 I WATERSHED: 01 RIVER 18 0.00 NOT ASSESSED 3
Agat

Bile River GUG-30
WATERSHED: 01 RIVER I 0.64 ~ NOT ASSESSED UToguan

Suyafe River GUG-36
WATERSHED: 01 RIVER I nOD ~ NOT ASSESSED UManell

Part III. Surface Water Monitoring and Assessment
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Table 20. 2010 Assessment Data for Rivers -Streams

Assessment'" Water Type & oChann~' Mfies Watertmdy Rep'1'1I1ing
WaJerbod Na.me;

UnillD
Location -Stare -elas"Stfi "at;on

tellS,t/1 in ASSl.!ssfta Statu5
- ~.

Mll~
€ategory

Asgado Creek GUG-39
WATERSHED:

GU RIVER 0.59 I 0.00 INOT ASSESSED 3
Manell

Asmaile River GUG-40
WATERSHED: 01 RIVER 10 0.00 NOT ASSESSED

UManell

Tongan Creek GUG-42
' WATERSHED: 01 RIVER I 0.86 NOT ASSESSED

UInarajan

Agfayan River GUG-43
ATERSHED:

GU I RIVER I 3.15 0.00 NOT ASSESSED
UInarajan

Unnamed Tributary 4 GUG-57B
WATERSHED:

GU I RIVER 10 0.00 NOT ASSESSED
U

Tolaeyuus River GUG-60
ATERSHED: 01 RIVER-S1 10.39

,~~

DUTalofofo

Talisay River I GUG-61 I
WATERSHED: 01 RIVER-S1

1

3.72 0.00 NOT ASSESSED
UTalofofo

Unnamed Tributary 5 I GUG-62 I WATERSHED: 01 RIVER-S1 10 0.00 NOT ASSESSED
UTalofofo

Unnamed Tributary 6 GUG-63
WATERSHED: 01 RIVER-S1 I 0.22 0.00 NOT ASSESSED

UTalofofo

Maemong River GUG-64lA"ERSHED: 01 RIVER-S1 I 2.71 0.00 NOT ASSESSED
UTalofofo

Unnamed Tributary 7 GUG-65
WATERSHED: 01 RIVER-S1

1

0.57 0.00 NOT ASSESSED
UTalofofo

Unnamed Tributary 8 GUG-66
WATERSHED: EJB 0.66 0.00 NOT ASSESSED DTalofofo

Part III. Surface Water Monitoring and Assessment
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(
Reporting Category Category Miles %of Total Miles

C2 - At least one designated use met; more 35.84 15.40%
information needed

C3 - No information available to make 167.88 72.16%
designated use determination

C4a - TMDL approved 21.58 9.28%

C5 - Waterbody impaired; TMDL needed 7.35 3.16%

Six (6) Dgum River assessment units totaling 21.58 miles are impaired, however, because
a TMDL has been developed, these river units are reported under Category 4a. 1O

S'IDA/Wj l d. dR' ISLmpalre IVeT. tream etan ssessment : lze:

11. Agana River 1 GUAGRA-3 0.52 mi I
"" naRiver 2 GUAGRA-2-IA 0.67 mi

3. Lonfit River 2 GUPGRL-2 1.07 mi

4. Lonfit River 3 GUPGRL-I-51B 0.04 mi

" T '''ill T p",('h"'te Stream GUPGRL-O 0.05 mi

c. n. o River 1 GUPGRP-I-51A 0.06 mi

'7 n. o River 2 GUPGRP-2 4.73 mi

nr::lin GUAGRD 0.21 mi

(

See Table 23 : 2010 303(d) List - - - Impaired Guam Waterbodies

Table B.4. Rivers Use Support, Appendix H. provides the base information used to
develop Table 20. Note that the population of rivers/tributaries is identified according to
assigned Guam River Identification Numbers (DOG Marine Lab Technical Report 75)11 .
The following information is also provided for each river/tributary: 12 Channel length (in
miles); Receiving Water (location into which river/tributary waters flow); Segment ID
(monitoring station I.D.); Guam Water Quality (Standards) Classification (GWQC)
which determines the designated uses for that body ofwater; sampling status entries for
each designated use; recommended reporting category; assessed miles;

to The Ugum River was de-listed in the 2006 reporting period. It has an EPA approved TMDL.
II Best, B.R. & C.£. Davidson. 1981. Inventory and Atlas of the Inland Aquatic Ecosystems of the

Marianas Archipelago. 226 pages.
12 RiverslTributaries which have "(NA)" entries under Segment ID and Segment Length (miles) do not

have an existing monitoring station at that location.
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Refer to Table 9 (page 23) for clarification about Guam Surface Water Classifications S1,
S2, S3 and respective designated uses assigned to those waters.

Table B.2, Appendix H provides rivers assessment information for the reporting period.
The pollutants for those rivers on Guam's 303(d) List of impaired waters are identified in
Table 23.

3.0 Near Coastal and Marine Waters

3.1 Coastal and Recreational Waters
Guam Coastal/Recreational waters were assessed only for the Goal: "Protect and Enhance
Public Health" and the Use: "Primary Contact/Swimming and Secondary Contact".
All other Goal and Use categories were considered "Not Applicable".

As discussed in Appendix H., Recreational beach sizes (miles) are delineated using best
professional judgment based on accessibility and existing sandy shorelines. For this
reporting period, Assessed beach size (miles) is not based on the 400 yard radius
assessment criteria. Rather, it is delineated based on the location of existing monitoring
stations within a designated beach stretch and its delineation will equal Recreational
Beach Sizes. Both Beach size and Assessment size are shown in Table BS. Guam Beach
Use Support, also in Appendix H.

Enterococcus (in Marine Waters) and E. coli (in Fresh Waters) are assessed for this
reporting period. Exceedances are based on single-sample and geometric mean criteria.
Use Support is dependent on the total number of exceedances of single sample and
geometric mean criteria. The guideline to determine degree of use support is presented in
Table 13 (page 28). 2008 and 2009 Body Contact Use Support assessment for Guam's
Tier 1&2 Beaches show:

2008 TOTAL 2008 MILES 2009 TOTAL 2009 MILES

Fi,dly ;;'J 0:i4 Fully I '0 (j
sqppnrtil1g

<-.
SUp'p.ol'tmg

riHtialiy Partl;Jl[y i -
Supporting

it 1,4-1
Supporting I '7 1,:99

Not
~6 13.&:,). Not I ~ is.it7

SllPPoltlng Supporting

42 15.46 42 15.46

Use Monitoring
43.65 =

Use Monitoring
43.65 =

Total Beach Total Beach
support Stations

Miles
support Stations

Miles

In 2009, more beach miles are Partially Supporting (1.99 miles) and fewer miles are Fully
Supporting (0 miles) or Not Supporting (13.47 miles) than the previous year.



Table 21. 2010 Assessment Data for Coastal/Recreational Waters

W~t~rl.l.!!y Nam~
P;SSllSsmBnl

L6catlo:n BWater Ty-pe
Wale) B Miles

~l~J _~tltl!js
~JIOl"'lln!t

UnliiO .£i1e, Assessed atego!),
I-

Tarague and Scout B l:J COASTAL BEJEJ NOT [JTarague and Scout Beach WATERS
Beach

M1
ASSESSED

8COASTAL BEE] NOT [JJinapsan Beach GU-GB3 Jinapsan Beach WATERS
ASSESSED

M1

8COASTAL EJG NOT
Ritidian Beach GU-GB4 -Ritidian Beach WATERS 2.21

ASSESSED 3
M1

8COASTAL EJB NOT
Uruno Beach GU-GB5 Uruno Beach WATERS 1.74

ASSESSED 3
M1

Falcona Beach
COASTAL BEJB NOT

(Urunao)
GU-GB6 Falcona Beach (Urunao) GU WATERS

ASSESSED 3
M1

South of Falcona South of Falcona Beach
COASTAL BEJB NOT

Beach (Urunao)
GU-GB7

(Urunao)
GU WATERS

ASSESSED 3
M1

8COASTAL BEJB NOT [JHaputo Beach GU-GB8 Haputo Beach WATERS
ASSESSED

M1

Intermittent Beach - Interm1ttent Beach - BCOASTAL BEJB NOT
Shark's Hole

GU-GB9
Shark's Hole

WATERS
ASSESSED 3

M1

Intermittent Beach - B Intermittent Beach - BCOASTAL BEJB NOT
Tanguisson PI.

Tanguisson PI. WATERS
ASSESSED 3

(Northern Watershed) M2

Intermittent Beach - B Intermittent Beach - North of 8COASTAL BEJG NOT
North of

NCSfTanguisson
WATERS

ASSESSED 3
NCSfTanguisson M2

B 18 COASTAL
NOT

Fafai Beach Fafai Beach WATERS 0.37 MILES 0.00
ASSESSED 3

M2

Alupang Island Beach, Alupang Island Beach, 8COASTAL
NOT

GU-GB21 WATERS 0.02 MILES 0.00 3East Hagatna Bay East Hagatna Bay
M2

ASSESSED

West of volcanic
West of volcanic headland,

COASTAL BEJB NOT
headland, GU-GB29 GU WATERS 3
Asan Bay

Asan Bay
M2

ASSESSED

COASTAL BE] NOT
Ski Beach GU-GB38 Ski Beach GU WATERS 0.00

ASSESSED 3
M3

COASTAL BE] NOT
SRF Beach GU-GB40 SRF Beach GU WATERS 0.00

ASSESSED 3
M3
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Table 21. 2010 Assessment Data for Coastal/Recreational Waters

Wa~r~~Ely Name
Assessme.l1\

L.9}E.~Iion I~-we; Water Ty~~§B Miles.-
W<llepStalJi, Reportin!'J

UI1ltlQ :Sl'zg nil fA s-~sed -- '0ale~ory

Marianas
Marianas Yacht Club Beach,

COASTAL
NOT

Yacht Club Beach, GU-GB41 GU WATERS 0.18 MILES 0.00 3
Sasa Bay

Sasa Bay
M2

ASSESSED

COASTAL
NOT

Polaris Beach GU-GB42 Polaris Beach GU WATERS 0.9 MILES 0.00
ASSESSED 3

M2

8
COASTAL

Gabgab Beach GU-GB43 Gabgab Beach WATERS 0.65 MILES 0.65 IMPAIRED 5
M2

8
COASTAL BEJB NOT

Orote Point Beaches GU-GB44 Orote Point Beaches WATERS
ASSESSED 3

M1

I GU~B451 8
COASTAL BEJB NOT DTipalao Beach Tipalao Beach WATERS

ASSESSED
M2

81 18
COASTAL B NOT DDadi Beach Dadi Beach WATERS MILES 0.00

ASSESSED
M2

81 18
COASTAL B NOT DRizal Beach Rizal Beach WATERS MILES 0.00

ASSESSED
M2

8 18
COASTAL

NOT DApaca Park Beach Apaca Park Beach WATERS 0.14 MILES 0.00
ASSESSED

M2

8
COASTAL

0.49
NOT DSalinas Beach Salinas Beach GU WATERS MILES 0.00

ASSESSED
M2

Beach North of Finile I GU~B521 8
COASTAL B NOT DRiver

Beach North of Finile River WATERS MILES 0.00
ASSESSED

M2

I GU~BB51 8
COASTAL

NOT DTaelayag Beach Taelayag Beach WATERS 0.,7 MILES 0.00
ASSESSED

M1

COASTAL B NOT DSagua Beach GU-GB57 Sagua Beach GU WATERS 0.62 MILES
ASSESSED

M1

8
COASTAL

NOT DFacpi Point Beaches GU-GB58 Facpi Point Beaches WATERS 0.66 MILES 0.00
ASSESSED

M1

Beach south of 8
COASTAL

NOT DAchugao
GU-GB59 Beach south of Achugao WATERS 0.29 MILES 0.00

ASSESSED
M1

Beach south of Agaga 8
COASTAL B NOT

GU-GB60 Beach south of Agaga River WATERS MILES 0.00 3River
M1

ASSESSED

Part III. Surrace Water Monitoring and Assessment
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Table 21. 2010 Assessment Data for Coastal/Recreational Waters

3

3

3

3

3

3

3

3

itepefllIn't)
lr.ategorY

NOT
ASSESSED

NOT
ASSESSED

NOT
ASSESSED

NOT
ASSESSED

NOT
ASSESSED

NOT
ASSESSED

NOT
ASSESSED

NOT
ASSESSED

NOT
ASSESSED

COASTAL
WATERS

M2

COASTAL
WATERS

M1

GU

GUIslet

Aba Beach

Piga BeachlTalona Beach

GU-GB80

GU-GB78

GU-GB76

GU-GB74Islet

Aba Beach

Ajmo Beach

Cocos Island

ACHANG BAY

Bile Bay Beach

Mouth of Celti Bay

Pigua River Beach

Piga BeachlTalona
Beach

Beach south of Sella
River

South of Machadgan
Point

Assessment I '''''.>,'\',n,I' JB"jw .,n,·-I W'l~ B" ~ll11SU"'ll"' ",':1 '" , taJl) r~~ ~Be:e' nlf ,ih"" "III p. --, ~12_E!> ;£.!O'~e':1se,'"

1~=A=~~=aa=C~=n~=~=rt~=i:=~r===lB'00" oorthm "m""oo RNNB~~~F ~21 MILES18 Ass"E~~ED D
1 GU.o'53 I """"."'''''''',R'" r:l ~~MT~1~i 012 1MILES 11:lF==N=O=T==l~====:1

~ ~ ASSESSED 3

IF=A=b=on=g=B=ea=ch====:1 GU-G'" I Aoo", '00" 18 ~~f:i 062 B8
B ~"C"", 8 ~f:i EJ MILES 0.00

IF====l i====ll===~i======ll====H

IFH=ea=d=o=fF=o=uh=a=Ba=y===:1 GUGe66 1 Hood of FoM" 8 ~;:i Bl==M=IL=ES==ll=0=.0=0=~FA=S=SN=E~=~=E=D==ll==3===l1
B SOOh" ""'"do" Pol. 8 ~~~i EJ MILES 0.00

l===ll====l:====~:===~1

GU-GB70 ~mo""h 8 ~~~:iBMILES 0.00

l===ll====l:====~:===~1

GU-GB71 Bile Bay Beach r:l C:;:MT~2T:i r:lL..:M=IL=ES==ll=O='O=O=~F=N=O=T===ll=====l1~ ~F ASSESSED 3

o COASTAL D
GU-GB72 PiguaRiverBeach U WA~~RS U MILES 0.00

GU-GB73 Cocos Island r:l :AMT~1T:i 1161 MILES 1L...:=0'=00=::H===NO=T=~Il===3=~11~ F ASSESSED

0071 MILES18
1F=====ll===~:======~l==ll====ll====l l====ll====ll====91

0.,,1 MILES I 0.00
1F=====ll===~:======~:==ll====ll====l l====ll====ll====91o COASTAL 0U WA~~RS 0.19 L:J 0.00

1l===A=an=g=B=ea=C=h==ll==G=U=_G=B=7=9==l1:===Aa=n=g=Be=a=Ch====l18~C=:=~=T~=r:=i=a:=0='1=2=:1 MILES 1F==0=.00=::;f:=A=ss=NE=~T=SE=D:::::;f:==3=:::::;1

I ACHANGSAY 18 ~~r:iBI MILES18
Part III. Surface Water Monitoring and Assessment
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Table 21. 2010 Assessment Data for Coastal/Recreational Waters

Watefb.o~Y'Name'
As~Wsme'nt 1 l.Q!lat.l~fI 18 W~WT;YPJ!§B Miles

Walei' 'talus R~ortln9

Unit lD Assess~j ~t~OTY

Beach to Liyog River
COASTAL

l:J~L:J
NOT DGU-GB81 Beach to Liyog River Mouth GU WATERS

Mouth
M1

ASSESSED

COASTAL EG NOT DLiyog river Mouth GU-GB82 Liyog river Mouth GU WATERS 0.18
ASSESSED

M1

8 COASTAL EJB NOT DBeach to Asgadao Bay GU-GB83 Beach to Asgadao Bay WATERS 0.04
ASSESSED

M1

Intermittent Beach, Intermittent Beach 1, 8 COASTAL BEJB NOT DGU-GB84 WATERS
Asgadao Bay Asgadao Bay

M1
ASSESSED

Intermittent Beach 1, Intermittent Beach 2, 8 COASTAL B NOT DGU-GB85 WATERS 0.12 MILESAjayan Bay Asgadao Bay
M1

ASSESSED

Intermittent Beach 2, IG~B861 Intermittent Beach 3. 8 COASTAL B NOT DWATERS 0.09 MILES
Ajayan Bay Asgadao Bay

M1
ASSESSED

I G~B871 8 COASTAL EJB NOT
Ajayan River Mouth 1 Ajayan River Mouth WATERS 0.03

ASSESSED 3
M1

Intermittent Beach 3, I G~BB81 Intermittent Beach 4, 8 COASTAL EJB NOT
Ajayan Bay Asgadao Bay

WATERS 0.19
ASSESSED 3

M1

Ajayan River I GU-GB8,1 8 COASTAL EJB NOT
Ajayan River Mouth WATERS 0.06 3Mouth 2

M1
ASSESSED

Intermittent beach 4, I GU-GB8' I Intermittent beach at 8 COASTAL EJB NOT
WATERS 0.09 3AJAYAN BAY AJAYAN BAY

M1
ASSESSED

BB 18 COASTAL EC:J NOT
Aga Beach WATERS 0.08

ASSESSED 3
M1

IGU~B921 8 COASTAL

I~~s I NOT
GUijen Rock area Guijen Rock area WATERS 0.44 0.00

ASSESSED 3
M1

I GU~BB81 8 COASTAL BEJ NOT
Atao Beach Alao Beach WATERS 0.00

ASSESSED 3
M1

Beach north of Acho
COASTAL B NOT DPoint

GU-GB94 Beach north of Acho Point GU WATERS MILES 0.00
ASSESSED

M1

COASTAL B NOT
Agfayan River Beach GU-GB95 Agfayan River Beach GU WATERS MILES 0.00

ASSESSED 3
M2

Part III. Surface Water Monitoring and Assessment
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Table 21. 2010 Assessment Data for Coastal/Recreational Waters

I B
"91---;;;;0 .... ==- -=

Wafer· ofJy, N{me
jS,s5essmp.AI

l.4f.atl~n Wa[e~Type;
Watgr Miles

i:Vat~ t~fi\!Ys:
R~HPfttv9

l:Ifiltllit :S14~
~Ril A~e~j5~a ~te·0[Yj

IGU~BM I l:J COASTAL EJG NOT DBeach at Pauliluc Bay Beach at Pauliluc Bay WATERS 0.28
ASSESSED

M2

B 8COASTAL EBB NOT
ULOMAI BEACH ULOMAI BEACH WATERS

ASSESSED 3
M2

BI 18 COASTAL

IMILES I
NOT

Perez Beach Perez Beach WATERS 0.26 0.00
ASSESSED 3

M2

Asiga Beach Area I GU-GB1~ I 8COASTAL IMILES I
NOT

Asiga Beach Area (Inarajan) WATERS 0.23 0.00 3(Inarajan)
M1

ASSESSED

IGU-GB1ro I 8COASTAL BBG NOT
Head of Paicpouc Cove Head of Paicpouc Cove WATERS

ASSESSED 3
M2

IGU-GB100 I 8COASTAL BBG NOT
Calvos Beach Calvos Beach WATERS

ASSESSED 3
M2

BI 18 COASTAL BBG NOT DJones Beach Jones Beach WATERS
ASSESSED

M2

IGU-GB114I 8COASTAL
NOT DNorth ofTogcha Point North of Togcha Point WATERS 1.03 MILES 0.00

ASSESSED
M2

IGU-Ge115I 8COASTAL
NOT DHead of Ylig Bay Head of Ylig Bay WATERS 0.18 MILES 0.00

ASSESSED
M2

Beach North of Ylig IGU-GB116I 8COASTAL
NOT DBeach North of Ylig Bay WATERS 0.07 MILES 0.00

Bay
M2

ASSESSED

8COASTAL BB NOT DNorth Pago Bay Beach GU-GB119 North Pago Bay Beach WATERS 0.00
ASSESSED

M2

Asan Memorial Beach, 8COASTAL

BG~Asan Bay Beach GUN-14
Head of Asan Bay

WATERS 0.53
M2

BCOASTAL EJGBDBangi Beach GUS-04 Beach South of Finile River WATERS 1.17
M2

Beach at Fonte River, 8COASTAL BBGB8Adelup Beach Park GUN-21
West Hagatna Bay

WATERS
M2

8COASTAL

EJBG~Inarajan Bay GUS-10 Beach at Inarajan Bay WATERS
M2

Part III. Surface Water Monitoring and Assessment
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Table 21. 2010 Assessment Data for Coastal/Recreational Waters

Beach North
olTogcha River

Dungca's Beach
East Hagatna Bay

GUS-13

GUN-D6

Togcha Bay

Dungca's Beach
- Sleepy Lagoon

w"...." N!m.· ~"""'''I ""''''''' IBBIw~"18 MiI~ w..",..", ""1"'"''''
If=-""'-=======lF

I

=G

U

.fl

U

=Si=!_1

1

P=5====lIF

I

=======11 s~r·1 ::s~~ OEJUflII :=AS=-=_S~=-sS=id=:F==-=._-=ll='=:I:p=€:a=.teg=or=Y=(I!
Beach at Pago Bay _ Pago Bay GU WA~;RS U MILES 0.96 IMPAIRED 5

11=======ll======I=======; l==~?==~l==~1

I 1

0 COASTAL DO

ll=sa=n=to=sM=e=mo=ria=IP=a=rk=l?=G=UN=-=16=~l==B=e=aCh=a=tP=iti='Ba=y=~uWA~;RS UU 0.46 IMPAIRED 5

O?C=O=A=ST=A=L~F=~O

1l===P=it=iB=a=y===l?==G=UN=-=15=~?==B=e=ac=h=a=t P=it=iB=ay=~U WA~;RS 0.62 U 0..62 IMPAIRED 5

o COASTAL 0 ~
U WA~;RS 0.27 U 0.27 IMPAIRED U

1l=======l:====~l========1o COASTAL BE] ~
u WA~;RS 0.34 MILES 0.34 IMPAIRED U

II==D=='=B==h==lF==G=UN=-D=7=~F==Du=n=gca='=s=Be=a=ch=~1J~:MT~2T; EJ.~IMILES 11:l1'MPAI~D p4a
ungcas eac East Hagatna Bay 0 0 LJ

5

5IMPAIRED

IMPAIRED0.14

0.21

MILES

MILES

0.14

First BeachGUS-18

Umatac Bay

Ipan Point Beach

Hagatna Channel

II==Fa=m=iIY=B=ea=ch===lF==G=UN=-=19=~l===F=a=m=ily=B=ea=ch==~B ~O::;i 81 MILES 1[:][ IMPAIRED []

B ~~~~~ EJI ~LES IGI'MPAIRED []

IF=_N=OG=rt~=~=gan=na=~=:=~~=h=;~=G=U=N=_2=5=~l==G=on=g=na=B=e=aC=h=' T=u=m=on=B=a=y==lB ~O:S:i 81 MILES IGI'MPA'~D c:J
1F==G=u=n=B=ea=C=h==l~=G=U=N=-2=4=~I===G=un=B=e=aC=h=, T=u=m=on=B=a=y~B c:s: 81 MILES IGI'MPA'~D 18

1,==H=ag=a=tn=a=C=ha=n=ne=1=l:==G=UN=-=11=~l========~1J ~~AMT~2~i 1:11 MILES 11:l1_'MPAI~D p4aII" -OulriggerRamp Hagatna Marina 0 0 0 LJ

IFH=a=ga=tn=a=B=oa=t=B=as=in=;~==G=U=N=-=12=~l===H=ag=a=tn=a=M=ar=in=a====lB~O:§:iBBGE[]
~ o COASTAL 0L:J HagatnaMarina U WA~;RS U MILES 0.15 IMPAIRED 4a

'F=======l~_?==========lD COASTAL

Talololo Bay L:J Head olTalololo Bay U WA~;RS

?=====l~=~?=~l===~?===~l===~1

~ o COASTALL:J Head olUmatac Bay U WA~;RS
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Table 21.2010 Assessment Data for Coastal/Recreational Waters

I IB
1--= -

Wa~r-bf;)dy.Na
·Assessmeill

!-:oCi!~i9t) wa:wr~1iyp~: W~~B MJles
Wmer:Stli!!lS

Reportin9
WJiltf!il ~iz~ 1,I1111 Assessed tllt~o~y

l:J COASTAL l:JEJ ELJInarajan Pool GUS-09 Inarajan Pools WATERS 0.07
M2

Merizo Pier
COASTAL BB-Mamaon Channel

GUS-08 Merizo Public Pier Pari< GU WATERS 0.46 IMPAIRED 5
M2

NCS Beach
COASTAL

Tanguisson Beach GUN-01
fTanguisson Beach

GU WATERS 0.25 MILES 0.25 IMPAIRED 4a
M2

Naton Beach BCOASTAL

-Guma Trankilidat
GUN-04 Naton Beach, Tuman Bay WATERS 0.18 MILES 0.18 IMPAIRED 4a

M2

Naton Beach BCOASTAL 81 MILES GI IMPAI~D I-San Vitores
GUN-02 Naton Beach, Tuman Bay WATERS 4a

M2

Naton Beach BCOASTAL 81 MLES IGI'~A'REO I-Fujita
GUN-23 Naton Beach, Tuman Bay WATERS 4a

M2

Naton Beach Naton Beach BCOASTAL 81 MILES IGI'MPA'~D I-Matapang Beach Pari<
GUN-03

Matapang Beach Pari<
WATERS 4a

M2

BCOASTAL BBGNimitz Beach GUS-05 Nimitz Beach WATERS IMPAIRED 5
M2

BCOASTAL BBGOuthouse Beach GUN-18 Outhouse Beach WATERS IMPAIRED 5
M3

BCOASTAL BBGPort Authority Beach GUN-20 Port Authority Beach WATERS IMPAIRED 5
M3

BCOASTAL BEJGagachang Beach Pari< GUS-14 Tagachang Beach WATERS IMPAIRED 5
M2

BCOASTAL BBGToguan Bay GUS-07 Toguan Bay WATERS IMPAIRED 5
M2

Togcha Beach
Togcha Beach BCOASTAL IMILES I I'MPA'~D ICJSouthern Christian GUS-17 WATERS 0.31 0.31

Academy
-aka Agat Beach

M2

Togcha Beach Togcha Beach BCOASTAL
GUS-02 WATERS 0.33 MILES 0.33 IMPAIRED 5NamoBay -aka Agat Beach

M2

Togcha Bay Togcha Beach
COASTAL BGUS-03 GU WATERS MILES 0.15 IMPAIRED 5

Agat Beach -aka Agat Beach
M2

Part III. Surface Water Monitoring and Assessment
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Table 21. 2010 Assessment Data for Coastal/Recreational Waters

Waterbadil' Name·;
MS~fiml)iil

I .kocCWoll laW"~TP'1 Water Un!t, Miles
Wa..t.l;,rfSpil\(,<;'

Rlip'!lrilng
Yj1 t 10 ~i.ze MS'eSSe.!'l Gatli!lofy

Trinchera Beach, Trinchera Beach El COASTAL
0.48GUN-08 GU WATERS MILES 0.48 IMPAIRED 4a

East Hagatna Bay East Hagatna Bay
M2

Trinchera Beach, Trinchera Beach BCOASTAL
GUN-26 WATERS 0.25 MILES 0.25 IMPAIRED 4a

Alupang Beach Towers East Hagatna Bay
M2

B Trinchera Beach BCOASTAL BB [JPadre Palomo
East Hagatna Bay

WATERS 0.42 IMPAIRED
M2

United Seamen's BCOASTAL EJEJB88Service Beach (USO GUN-17 United Seamen's Service WATERS
Beach) M2

BCOASTAL B [JWest Hagatna Beach GUN·13 Hagatna Bayside WATERS MILES 1.11 IMPAIRED
M2

West of Adelup Point, BCOASTAL 8GUN-22 Beach West of Adelup WATERS 0.41 MILES 0.41 IMPAIRED
Asan Bay

M2

Ypan Beach Park BCOASTAL 88Beach (Ipan Public GUS-12 Ipan Beach WATERS 0.30 MILES 0.30
Beach) M2

Ypao Beach, BCOASTAL IMILES I [JGUN-05 Ypao Beach WATERS 0.42 0.42 IMPAIRED
Tumon Bay

M2

Part III. Surrace Water Monitoring and Assessment
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Twenty five Tier 1 Guam Beaches remain on Guam's 2010 CWA 303(d) List of impaired
waters (carried forward from the 2008 303(d) List). Guam was able to develop EPA
approved TMDLs for seventeen impaired beaches located in the Northern Watershed.
(See Appendix F.) These beaches were removed (de-listed) from the impaired waters list
and are categorized as 4a in Table 21. Guam also 303(d) listed Gabgab Beach as an
impaired waterbody because a Fish Consumption Advisory remains in effect for that
waterbody.

Table 21 provides assessment data for one hundred thirteen (113) Guam
Coastal/Recreational Waterbodies. Forty-two (42) Tier 1 Beach Stations representing
thirty one beaches were monitored by Guam EPA. The following is a summary of Table
21 data.

c

3.2. Marine Bays

Number of Beaches
Accessible (Tier 1 & 2 beaches)

Inaccessible (Tier 3 beaches)

Number of assessed Beaches

Number of monitoring stations

Impaired (Category 5)*

TMDL available (Category 4a)

Beach miles monitored

* does .not include Gabgab Beach

103
66

37

31
42

25
17

15.46

Table 22 provides 2008-2009 assessment data for Guam's population of 66 Marine Bays.
Eleven (11) Marine Bays reported under Category 5 include:

Waterbody Name/Assessment In

1. Agat Bay IIGUG-I0B-l
2. Tipalao Bay/GUG-O IOA
3. Apra Harbor 2/GUG-008A-2
4. Apra Harbor lIGUG-008A-I
5. North Orote Peninsula

Sea Cliffs/GUG-042
6. South Orote Peninsula

Sea Cliffs/GUG-043
7. Cocos Lagoon lIGUG-20A-I
8. Cocos Lagoon 2/GUG-20A-2
9. Pago Bay/GUG003A

10. Tanguisson Beach 2/GUG-00IB-2
II. Tumon Bay/GUG-OO IC

Assessed Water Size

0.63 square miles
0.10 square miles
4.61 square miles
0.05 square miles
0.23 square miles

0.02 square miles

5.70 square miles
.34 square miles

0.70 square miles
0.40 square miles
1.98 square miles

Reason for Impaired Status

Fish Advisory
Fish Advisory
Fish Advisory
Fish Advisory
Fish Advisory

Fish Advisory

Fish Advisory
Fish Advisory
>10% samples Exceed WQS
Seafood Consumption Advisory
Waters not attaining designated uses

TOTALS: 11 Marine Bays 14.76 square miles of impaired waters



TABLE 22. 2010 MARINE BAY ASSESSMENT DATA

f$s:p, 'm< III ~nfl WA~t1EQ' IS'FA:f& Wme' ':qUill I!
~ pnrllnllWatetbody NllnYi!. Watllf -ae Unll Mile Water Status10 Lor-allnn t!l Sjllcatlon

A.!-.\l.~ C tm!QfI~

AGATBAY 1 GUG-G10B-1 II AGAT GU I M2 0.63 SQUARE 0.63 IMPAIRED I 5

AGAT BAY 2 GUG-G10B-2 I AGAT [g[J1 M2 1.91 I MILES I 1.91 ASSESSED

"
2 I

I TIPALEOBAY II GUG-G10A I AGAT 81 M2 0.10
SQUARE

0.10 IMPAIRED 18MILES

1APRA HARBOR 2 1GUG-008A-2 APRA 81 M2 4.61
SQUARE

4.61 IMPAIRED 18MILES

I APRA HARBOR 3 I GUG-008A-3 APRA 81 M3 G SQUARE EJ ASSESSED 18MILES

APRA HARBOR 1 GUG-008A-1 APRA 81 M1 10 SQUARE 01 IMPAIRED 18MILES

COCOS LAGOON 1 GUG-G20A-1 M1 5.70
SQUARE

5.70 IMPAIRED 5
MILES

GEUS GU

COCOS LAGOON 2 GUG-G20A-2 0.34
SQUARE

0.34 IMPAIRED 5
MILES

I CETTI BAY II GUG-G14A II CETTI I GU ,I< 0.65
SQUARE

0.65 I ASSESSED 2
MILES

I PAGOBAY II GUG-G03A II PAGO 181 M2 10 SQUARE
0.70 IMPAIRED 5

MILES

WEST HAGATNA BAY I GUG-002A IHAGATNA & 81 M2 10 SQUARE
O.~' SSESSED 2

FONTE MILES

EAST HAGATNA BAY 1GUG-Q01D II NORTHERN 181 M2 I 1.56
SQUARE

1.56 ASSESSED 8MILES

AGFAYAN BAY:
GUG-G17A INARAJAN GU I M2 I 0.08

SQUARE G ASSESSED 2INARAJAN POOLS MILES

1 AGFAYAN BAY 1GUG-017C INARAJAN GU I M2 I 0.08
SQUARE 0 ASSESSED 2

MILES

DOUBLE REEF I GUG-001A II· NORTHERN 181 M1 I 0.64
SQUARE 0 ASSESSED 3

MILES

TANGUISSON BEACH 21 GUG-001B-2 II NORTHERN I GU M2 0.40
SQUARE G IMPAIRED 5

MILES

TANGUISSON BEACH 1 GUG-001B-1 NORTHERN GU M1 0.29
SQUARE

ASSESSED I 2MILES

I TALEYFAC BAY 1 I GUG-012A-1 TAELAYAG GU M1 0.7 0.71 ASSESSED 2

I TALEYFAC BAY 2 I GUG-012A-2 TAELAYAG
8

M2 0.37
SQUARE

0.37 I ASSESSED 18MILES

TALOFOFO BAY GUG-G11A TALOFOFO
8

M2 0.15
SQUARE 01 ASSESSED 18MILES

TOGCHABAY GUG-G07A 1TOGCHA 181 M2 10 SQUARE 01 ASSESSED 18MILES

TUMONBAY GUG-G01C NORTHERN M2 0 SQUARE
1.98 IMPAIRED 8MILES

FOUHABAY GUG-G16A UMATAC M1 0 SQUARE
0.00 NOT ASSESSED8MILES

Part III. Surface Water Monitoring and Assessment
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TABLE 22. 2010 MARINE BAY ASSESSMENT DATA

;A'SSessmllll1 Utnl Wl\TtR BCO Wtllll~
Square Rilj)orHng,

WllleT'b y flam'!:
Il) LoGIltTon ;~"A1£' ClllSSltlllllllo"

WII#"Si~ Unll Mil WlllSr StlllU
Ga~ory·

A~

UMATAC BAY 1 GUG-016B-1 UMATAC M1 0.06
SQUARE

0.00 NOT ASSESSED 3
MILES

GU

U .~,~ -016B-2 UMATAC I M2 10 SQUARE
0.00 NOT ASSESSED8MILES

G SQUARE 8YLiG BAY I GUG-005A YLie GU M2
MILES

0.45 ASSESSED

RITIDIAN POINT BEACH
I GUG-047 NORTHERN GU M1 G SQUARE 01 ASSESSED 18AREA MILES

URUNO BEACH AREA '"" ''"' nrn NORTHERN II GU II M1 10 SQUARE G NOT ASSESSED8MILES

FALCONA BEACH AREA GUG-031 NORTHERN GU I M1 10 SQUARE G NOT ASSESSED 8MILES

HAPUTO BEACH AREA GUG-033 NORTHERN 81 M1 10 SQUARE G NOT ASSESSED8MILES

SOUTH HAPUTO BEACH
GUG-051 1NORTHERN 181 M1 18~ 0.00 NOT ASSESSED8AREA MILES

OKAPOINT GUG-041 1NORTHERN 181 M2 10 SQUARE G NOT ASSESSED CJMILES

1 ASAN BAY
II GUG-006A I PITIIASAN 81 M2 10 SQUARE 01 ASSESSED 18MILES

I PITI BAY II GUG-006B I PITIIASAN 81 M2 10 SQUARE 01 ASSESSED 10MILES

LUMINAO REEF/CALALA I GUG-037 I PITI/ASANB~G
SQUARE 01 ASSESSED IDBANK MILES

PITI CHANNEU CABRAS
GUG-045 PITIIASAN :JL M3 0 SQUARE

0.00 NOT ASSESSEDDISLAND MILES

SASABAY GUG-052 I APRA 1GU M2 G SQUARE
I 0.74 1ASSESSED 18MILES

NORTH OROTE G B SQUARE [JPENINSULA SEA GUG-042 GU M1 0.23 IMPAIRED
CLIFFS

MILES

SOUTHOROTE [J: G SQUARE [JPENINSULA SEA GUG-043 GU M2 0.02 IMPAIRED
CLIFFS

MILES

SOUTH FACPI POINT BOGSQUARE [JBEACHES/ROCKY GUG-054 TAELAYAG 0.00 NOT ASSESSED
SHORELINES

MILES

SELLA BAY GUG-053 I CETTI GU M1 0.27
SQUARE

0.27 ASSESSED 2
MILES

I TOGUAN BAY I GUG-018A TOGUAN GU M2 I 0.26 SQUARE
0.26 ASSESSED I 2MILES

I BILE BAY I GUG-030 TOGUAN I GU I M2 I 0.17
SQUARE

0.17 ASSESSED 8MILES

Part III. Surface Water Monitoring and Assessment
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TABLE 22. 2010 MARINE BAY ASSESSMENT DATA

~9.s.rnenlll"tI WATfRSHEO Wilt t IlUlltlf Rtm rrlng
W1I11ttl.lQ(fy Name IlJ locallOn

STA'{E
'€IQS:slfiClltJon

W ze J:lnll Mile W~ler laW!> 'Gategor.y,A' 'lfSSll(j

SUMAYBAY GUG-Q55 MANELL GU I M1 I 0.79
SQUARE

~ NOT ASSESSED 3
MILES

ASG -Q27 M1 0 SQUARE G NOT ASSESSED8MILES

AJAYAN BAY GUG-026 MANELL GU I M1 IB SQUARE G NOT ASSESSED 8MILES

AGABAY GUG-025 MANELL GU I M1 10 SQUARE 01 ASSESSED 18MILES

INARAJAN REEF FLAT GUG-034 INARAJAN GU I M1 10 SQUARE G NOT ASSESSED 8MILES

INARAJAN BAY GUG-017B INARAJAN GU I M2 10 SQUARE G NOT ASSESSED 8MILES

GUAIFAN POINT REEF
GUG-032 DANDAN 81 M2 10 SQUARE G NOT ASSESSED8FLAT MILES

PAULILUC BAY GUG-044 I DANDAN 181 M2 10 SQUARE G NOT ASSESSED8MILES

ULOMAI BEACH AREA GUG-057 I DANDAN I GU M2 0 SQUARE GI ASSESSED 18MILES

AY GUG-Q39 I DANDAN 1GU I M2 0 SQUARE G NOT ASSESSED 8MILES

TREEF
GUG-040 I DANDAN I GU M1 G SQUARE

0.00 NOT ASSESSED 8FLAT
I

~rASIGA POINT BEACH
GUG-Q28 DANDAN GU M1 0 0.00 NOT ASSESSED 8AREA

MATALA POINT REEF
GUG-038 I DANDAN I GU M1 0.25

SQUARE
0.00 NOT ASSESSED 8FLAT MILES

TALOFOFO BEACHES GUG-007B I TALOFOFO I GU M2 0.61
SQUARE

NOT ASSESSED 3
MILES

\J.uu

BEACH NORTH OF
GUG-029 ~ GU M2 0.53 0.00 NOT ASSESSED 3

TOGCHA POINT

TAGAC
GUG-005B 1 YLiG I GU M2 0.24

SQUARE G NOT ASSE
PARK MILES

S. FA GUG-Q49 I NORTHERN GU M2 I 0.58
SQUARE

0.00 INOT ASSESSED 3
MILES

GUG-Q46 GU
SQUARE

0.56 -ASSESSED 2
MILES

S. JANUM POINT GUG-Q50 NORTHERN GU M1 2.29
SQUARE 01 ASSESSED I 2

MILES

JANUM POINT REEF 1GUG-Q35 II NORTHERN 181 M1 I 0.09
SQUARE G NOT ASSESSED 8FLAT MILES

PATI POINT I GUG-Q48 I NORTHERN GU .. 5.35
SQUARE G NOT ASSESSED8MILES

I TARAGUE BEACH II GUG-056 I NORTHERN GU M1 3.09
SQUARE G NOT ASSESSED8MILES

JINAPSAN BEACH I GUG-Q36 I NORTHERN GU I M1 10 SQUARE G NOT ASSESSED8MILES
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Those waterbodies impaired by Fish Advisories are under continuing
investigation/restoration by the Department ofDefense. See Table 23.

• 24 marine bays were assessed and placed under Reporting Category 2;
• 31 marine bays were not assessed. These waterbodies reported under Category 3:

Table B5b in Appendix B shows applicable Categories of Causes/Stressors (i.e.
Unknown toxicity, Pesticides, PCBs, etc.) which contribute to the impairment of Guam's
Marine Bays.

Table B6b in Appendix B shows the applicable Source Categories (i.e. Industrial Point
Sources, Combined Sewer Overflows, Agriculture, etc.) which contribute to the
impairment of Guam's Marine Bays.

4.0 Wetlands

Table 24 provides a list of nineteen Guam wetlands totaling about 1,964.48 acres. The
Agana Swamp13 , Guam's largest freshwater marsh, is impaired with 6.4 acres subject to
an on-going Fish Consumption Advisory because ofPCBs in fish tissue.

No assessment data is provided for the remaining eighteen wetlands.

5.0 Results of Probability-based Surveys
Data from Guam EPA monitoring project GCA-05 which utilized probability-based
surveying was used this reporting period. The result of this coastal assessment project is
discussed in Appendix H. Guam EPA monitoring project GWSA-06 is still on-going.
The results ofthis survey will be discussed in a future integrated report.

6.0 Section 303(d) List
The Clean Water Act and EPA regulations require Guam to submit a list of water quality­
limited (impaired and threatened) waters still requiring Total Maximum Daily Loads
(TMDLs), the pollutants causing the impairment, and priority ranking for TMDL
development. Guam's 303(d) list for 2010 is provided in Table 23.

Guam EPA followed the EPA's 1997 and 2006 Integrated Report Guidance in evaluating
available data/information and identifying impaired waters. Guam EPA considered how
data was collected and analyzed and placed greater weight on data collected using
approved quality assurance/quality control plans and procedures.

The following criteria were used to identify waters as impaired:

• 10% of annual samples of conventional pollutant (e.g., bacteria, sediment, and
nutrients) exceeded currently applicable Guam numeric water quality standards;

• Numeric water quality standards for toxic pollutants were exceeded in two or
more samples collected in any three year period;

13 See under this Part III. F. Consumption Concerns, Section 3.2.2. Agana Swamp.



Table 23. 2010 Guam List of Impaired Waterbodies
[Clean Water Act, Section 303(d))

lw ~ "I'"

I'

B l~~t~f~'~~~
,- .,.. - I ---:r-""'l!1

I

I ~Arssessmemt'm~· lio,natlon IW-~terJS'p,e~~ '~hIl 1\sses:s~«(i'1n:i~?' Rl'lfh.llaots ;tB¥.!"~jtOri:{isti(l.g.
~Bri~fliW

" atefibod~ N'ame
I '~a-ssffi~litilflq' Size,' f{aii~ing,

II
I . . ""'-":J..., V'J ..... , ·~.lnPC,

! II - I I II

G Asan Memorial Beach,[j COASTAL B[J Exceeds WQS >10%01GAsan Bay Beach Head 01 Asan Bay
WATERS M-2

0,53 Enterococcus
Samples

(ASAN)

5 Beach South 01 Finile
COASTAL Bc:= Exceeds WQS >10%01EBangi Beach River GU

WATERS M-2
1,17 Enterococcus

Samples
(AGAT)

G Beach at Fonte River,
COASTAL GB[J Exceeds WQS >10%01GAdelup Beach Park West Hagatna Bay GU

WATERS M-2
Enterococcus

Samples
(ADELUP)

Inarajan Bay 5 Beach at Inarajan Bay
GU

COASTAL GBc:J Enterococcus
Exceeds WQS >10%01G(INARAJAN) WATERS M-2 Samples

Beach at Pago Bay B Pago Bay E COASTAL GBc:J Enterococcus
Exceeds WQS >10%01G(CHALAN PAGO) WATERS M-2 Samples

Santos Memorial Park B Beach at Piti Bay
GU

COASTAL GB8 Enterococcus
Exceeds WQS >10%01G(PITI) WATERS M-2 Samples

I P.~y 13 Beach at Pili Bay
GU

COASTAL GEc:J Enterococcus
Exceeds WQS >10%01E(PITI) WATERS M-2 Samples

EG Beach North
COASTAL GB Exceeds WQS >10%01ofTogcha River GU

WATERS M-2
0.27 Enterococcus

Samples
HIGH

(IPAN)

Ipan Point Beach 3 First Beach 8 COASTAL GB 0,06 Enterococcus
Exceeds WQS >10%01G(IPAN) WATERS M-2 Samples
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Table 23. 2010 Guam List of Impaired Waterbodies
[Clean Water Act, Section 303(d)]

1111 I'll "
--,

",1Vil@(aib'!ii:&:~~»i:e III ~ "-',,- 'mt1:IB' II ~IMQ;Q'il.tt&lJ, III $fi)fll "11~p~~J!t~1 W«~:9:W1111 1!!1r.@ 1111 Ass"" "111U' ''Is II ~rpQ)IIJIi!1iIJ§ II ;a1)$U~l§.r;mSt'iiJgs~~m.~..., ~
!R-'l&S\li.~~OIl SIZe,

.... ~.e:~i_.Qf c.'

.'11 JI , ,
ill . ,

Talofofo Bay

"
GUS-11 " Head ofTalofofo Bay GU

COASTAL
0.21 MILES 0.21 Enterococcus

Exceeds was >10%of
(TALOFOFO) WATERS M-2 Samples

Pi'i3r,iW
~~ri~"nnl'1.".\. ,~

HIGH

HIGH
Exceeds was >10%of

Samples
EnterococcusGUN-18

Umatac Bay

Nimitz Beach

Inarajan Pool

Outhouse Beach

Tagachang Beach

Merizo Pier
-Mamaon Channel

::JI H"'(~~~''Y GW=TA~_2GB8 ,-."" "'''d;,~~,::lO%m F9
GUS-09 Inarajan Pools U,GU COASTAL 0007 DMILES~O07 E t Exceeds was >10%of II HIGH

(INARAJAN)0 WATERS M-2OD~ nerococcus Samples

r-=:-GUS-08.' Merizo Public Pier ParkUGU COASTAL 046 DMILES 046 E t Exceeds was >10%of ~HIGH '
~ (MERIZO) 0 WATERS M-2 . D' nerococcus Samples L-

1::=======1; I Nimitz Beach [:]u COASTAL 049 BILES: 049 E t Exceeds was >10%of EIGH"
(AGAT) WATERS M-2 . . n erococcus Samples

, . J
II II II II II II II II II

I Outhouse Beach ILJU~~..~ ...~ IL46 II MILES I~ 046 I(CABRAS) WATERS M-2 . .

I' ': I I II II

, Port_""" ;1 GUN-lO II PortA"=",," G w;:'~A~21 0.46.180 'om""",,, "''"''';;~;:10%01;: HIGH

I' GT_~:'" p,"G W;:'~A~c:::r:::JC:J 'orero=- "'""'~~':lO%m G
I I

~I ToguanBay 0 COASTAL ~~I~ ExceedsWaS>10%of~I
I ToguanBay~ (UMATAC) U WATERS M-2LlLl~1 Enterococcus Samples ~
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Table 23. 2010 Guam List of Impaired Waterbodies
[Clean Water Act, Section 303(d))

;W'!~~fbbtf:tll
.....

I

\W1tIe.r~'6dy ;JIl.ani~ I ,~ss~ass,r:ii'eof,illiJ ~bt'a.(iQh I
$~~ r;)!'~lJIt&' ~,Wmlt ~sse!$s,~Ji Oifiw· 1?4'J.Ill!ilanrs I !,B.asi's·IfQT List,fng

P(,rofity

,II I
¢tas.;~i(lelt10~1 ;Size. III ~1JIiR'in~r

, I I

Togcha Beach Togcha Beach
COASTAL Exceeds was >10%01

-Southern Christian GUS-17 aka Agat Beach GU
WATERS M-2

0.31 MILES 0.31 Enterococcus
Samples

HIGH
Academy (AGAT)

Togcha Beach G Togcha Beach G COASTAL GB Exceeds was >10%01Gaka Agat Beach 0.33 Enterococcus
-Namo Bay (AGAT)

WATERS M-2 Samples

Togcha Beach
Togcha Beach G COASTAL GB Exceeds was >10%01EGUS-03 aka Agat Beach 0,15 Enterococcus

-Agat Bay (AGAT)
WATERS M-2 Samples

United Seamen's G COASTAL E B Exceeds was >10%01EUnited Seamen's Service GUN-17 Service Beach (USO
WATERS M-2

0.52 Enterococcus
Samples

Beach, PITI)

E West 01 Adelup Point,
COASTAL Exceeds was >10%01EBeach West 01 Adelup Asan Bay GU WATERS M-2 0.41 MILES 0.41 Enterococcus

Samples
(ASAN)

E Ypan Beach Park
COASTAL

MILES 8 Exceeds was >10%01
Ipan Beach Beach (Ipan Public GU WATERS M-2 0.30 Enterococcus

Samples
HIGH

Beach)

Family Beach 3 Family Beach ~ COASTAL EBC:= Enterococcus
Exceeds was >10%01

HIGH
(CABRAS) WATERS M-2 Samples

B Gabgab Beach 8 C~ST~ 0.65 B8 PCBS in fISh tissue Fish Advisory (1999) GGabgab Beach (NAVAL STATION) GU WATERS M-2

B WATERSHED: GEG MI~S [JEnterococcus, Dissolved Exceeds was >10%01GAgana River 1 Hagatna
Oxygen; PCBs in fish Samples; Fish Advisory

tissue (2001)
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Table 23. 2010 Guam List of Impaired Waterbodies
[Clean Water Act, Section 303(d)J
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I Ii 1111-

Agana River 2 GUAGRA-2-1A
WATERSHED:

GU RIVER S2 0.67 MILES 0.67 PCBs in fish tissue Fish Advisory (2001) LOW
Hagatna

WATERSHED: MARINE BAYGSQUARE
PCBs in fish tissue,

Fish Advisory (2001 &CAgat Bay 1 GUG-010B-1
Agat

GU
M2 MILES

0.63 Chlordane in fish tissue,
2002)

Dioxin in fish tissue

I
Tipalao Bay

II
GUG-010A

I
WATERSHED:

GU
MARINE BAY G SQUARE

0.10 PCBs in fish tissue Fish Advisory (1999) LOW
Agat M2 MILES

Apra Harbor 2 I GUGOOOA-2 i
WATERSHED:

GU
MARINE BAY G SQUARE c= PCBs in fish tissue Fish Advisory (1999) LOW

Apra M2 MILES

Apra Harbor 1 GUG-00BA-1
WATERSHED: E MARINE BAY B SQUARE

~ PCBs in fish tissue Fish Advisory (1999) LOW
Apra M1 MILES

North Orote Peninsula Sea
GUG-042

WATERSHED:
GU

MARINE BAY G SQUARE

~ PCBs in fish tissue Fish Advisory (1999) LOW
Cliffs Apra M1 MILES

Sooth Orolo "'0'",'. '" I GUG-043 I
WATERSHED: E MARINE BAY B SQUARE c= PCBs in fish tissue Fish Advisory (1999) GApra M2 MILESCliffs

Cocos Lagoon 1 I GUG-020A-1

I
WATERSHED:

GU
MARINE BAY G SQUARE 0 PCBs in fish tissue Fish Advisory (2006) GGeus M1 MILES

Cocos Lagoon 2

I
GUG-020A-2 I WATERSHED:

GU
MARINE BAY G SQUARE c= PCBs in fish tissue Fish Advisory (2006) GGeus M2 MILES

I
Pago Bay E WATERSHED:

GU
MARINE BAY c:J SQUARE c:J Enterococcus, Dissolved Exceeds WQS >10%of IMEDIUMPago M2 MILES Oxygen, Nitrate Samples
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Table 23. 2010 Guam List of Impaired Waterbodies
[Clean Water Act, Section 303(d)]
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Table 23. 2010 Guam List of Impaired Waterbodies
[Clean Water Act, Section 303(d)]
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• Aquatic sediment and/or fish tissue data results indicated that pollutants were
present in sediment and/or fish tissue at levels of concern or at levels that exceed
commonly applied screening guidelines;

• Coral reef assessment results found that the health of individual reef and lagoon
areas were impaired due to pollutant discharges, such as sediment runoff from the
land and groundwater discharge high in nutrients;

• Other data and information indicated that a specific water quality standard was
exceeded based on the professional judgment of Guam EPA staff.

All waterbody and pollutant listings received a priority ranking of high, medium, or low.
Waters with high priority rankings will be targeted for TMDL development within the
next two years as required by 40 CFR 130.7. Guam EPA intends to work with interested
parties and EPA to determine the schedule for future TMDL development. Guam has
eighteen EPA approved TMDLs.

For all waters identified for inclusion on the Section 303(d) impaired waters list, the
Agency set priority rankings to guide Total Maximum Daily Load (TMDL) development.
[TMDLs identify allowable pollutant loads to a waterbody, from both point and non­
point sources, that will prevent a violation of water quality standards. When TMDLs are
developed, the causes of water quality problems are identified]

TMDL Priority rankings were set based on the Guam EPA staffjudgments concerning:
• The importance ofuses to be made of the water;
• The magnitude of incidences observed;
• The fit of TMDL development work with other assessment, planning, or

pollution control activities planned by the Agency; and
• The degree of public interest in or concern about the water body.

6.1 A Comparison ofGuam's 2010 and 2008 30S(b) and 303(d) Lists
The formats of Guam's 2010 IR assessment tables, Tables 20, 21, 22, 24 and 303(d) list
of impaired waters, Table 23, were modified slightly to examine the waterbody size as
compared to how much of it was assessed during the reporting period. More waterbodies
were included in the assessment base overall.

The underlying factor in developing the IR is to align Guam's data with information
required in EPA's Assessment Data Base. Guam EPA continues to work toward
establishing a compatible electronic reporting system to assist in meeting IR deadlines.

Data from five monitoring projects were used during this reporting period compared to
data from primarily the Recreational Beach Monitoring Program for the 2008 period.
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6.1.1 Rivers/Streams

2010 Total Assessment Units From 2008 vs. New Units 2010 303(d) Listed = 8
132 97 35 6 carried over from 2008

2 * newly listed units in 2010
[These units represent 201
Guam rivers and tributaries.] Agana River 1 & Agana River 2*

Landfill Leachate Stream
Lonfit River 2 & Lonfit River 3

Pago River 1 & Pago River 2
Storm Drain*

There are two additional river assessment units listed for 2010:
1. GUAGRD (Storm Drain). The pollutants are E. coli, dissolved oxygen, nitrates, total

suspended solids, turbidity, and salinity;
2. GUAGRA-2-1A (Agana River 2). The pollutants are PCBs in fish tissue

The impaired waterbodies carried forward from the 2008 reporting period include:
• Lonfit River

There are two Lonfit River assessment units (GUPGRL-2 and GUPGRP-I-51B)
associated with the specific leachate pollutants listed in Table 23, page 37f (6).
The sizes ofthese waters are 1.07 and 3.79 miles, respectively.

• Pago River
Pago River assessment units GUPGRP-2 and GUPGRP-I-51A are impaired for
bacteria, specifically E. coli. A second pollutant, dissolved oxygen, was recorded
at levels exceeding GWQS at river assessment unit ill: GUPGRP-2.

• Landfill Leachate Stream
The 1996-1997 narrative discussing the impairments in what was known as the
PAGO RIVER COMPLEX cites that the nitrate, dissolved oxygen and E. coli
violations occurred at an upstream monitoring site, assessment unit ID:
GUPGRL-O, on the Lonfit River. This assessment unit is 0.05 river miles in size.

6.1.2 Wetlands
• Agana Swamp

Assessment unit ID: GUG-IB is forwarded from the Guam 2008 303(d) List of
impaired waters to the 2010 303(d) List. The pollutant is PCBs in fish tissue.

6.1.3 Marine Bays (and Harbors)
The impaired bay(s)/harbor waterbodies on the 2008 303(d) List (and carried forward to
the 2010 List) are Agat Bay, and Apra Harbor, Cocos Lagoon, Pago Bay, and Tumon
Bay. Four additional bays have been added to the 2010 List: Tipalao Bay, North and
South Orote Peninsula Sea Cliffs bays, and the bay at Tanguisson Beach. There are
Human Health Risk Advisories associated with these waterbodies as listed in Table 23.
The increase in the population of assessed marine bays from eighteen to sixty-six
corresponds to the increase in 2010 assessment stations for Guam's marine waterbodies.
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• Agat Bay 1
A portion of Agat Bay waters remain impaired (Agat Bay 1) as previously listed
in 2008. The size of the entire bay is 2.54 square miles but only 0.63 square miles
are impaired and subject to the pollutants (PCBs in fish tissue, chlordane in fish
tissue and dioxins in fish tissue) based on Guam EPA's 2010 assessment.

• Apra Harbor 1 & 2
The 2010 assessment of Apra Harbor waters identified three separate areas of the
bay based on water classification. Apra Harbor 2 (4.61 square miles) and Apra
Harbor 1 (0.05 square miles) remain impaired (pollutant: PCBs in fish tissue) as
previously listed in 2008. The size of the entire bay is 5.08 square miles.

• TumonBay
The size of this bay is corrected from 0.96 to 1.98 square miles. The 2008 list of
pollutants remains the same for the 2010 reporting period.

• PagoBay
The size of Pago Bay is corrected from 0.73 to 0.70 square miles. The 2010 list
of pollutants remains the same for the 2010 reporting period.

• Cocos Lagoon 1 & 2
This marine waterbody was added to the Guam 2008 303(d) List. Two
monitoring stations represent the two marine water classifications delineated in
the Lagoon and are carried forward to the 2010 List. The size of the bay is
corrected from 5.24 square miles to 6.04 square miles. The pollutant is PCBs in
fish tissue.

Total Marine Waterbodies From 2008 vs. New Waterbody 303(d) Listed =11
66 25 (18+7) 41 7 carried over from 2008

2008 List = 18 waterbodies *Agat Bay +1 4 newly listed in 2010
Apra Harbor +2 Tipaleo Bay
Cocos Lagoon +1 Tanguisson Beach 2
Taleyfac Bay +1 N. Orote Peninsula Sea Cliffs
Umatac Bay +1; Tanguisson S. Orote Peninsula Sea Cliffs
Beach +1

* Multiples represent this 2008 waterbody III 2010 Table, I.e. Agat Bay 1 & 2; Apra Harbor 1,2 & 3.

6.1.4 Coastal/Recreational Waterbodies
• 42 coastal/recreational assessment units were categorized as impaired for 2008;

26 coastal/recreational assessment units were categorized as impaired for 2010.
The decrease in the number of impaired Category 5 waterbodies was due to an
approved bacteria TMDL for 17 northern watershed beaches.

• The pollutant for these waterbodies is specifically identified in Table 23 as
Enterococcus, except for Gabgab Beach where the pollutant is PCBs in fish
tissue;

• The sizes of all coastal assessment units can be found in Table 21 for the current
reporting period.
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7.0 Clean Lakes Program
Guam does not have any publicly owned lakes. The largest open body of fresh water on
the island is the Navy Reservoir known as Fena Lake, constructed by the Navy in 1951
as a source of drinking water supply; and located in the watershed area on the eastern
slope in southern Guam, having an impoundment capacity of approximately 7,182 acre­
feet and a surface area of 195 acres. Besides rainwater in the watershed, it receives a
water supply supplement from Almagosa and Bona Springs.

The Navy Water Treatment Plant (NWTP) processes the water from the reservoir and the
springs before distribution. Water from these sources is pre-chlorinated before dosing
with aluminum sulfate and lime for coagulation. The water then flows into a clarifier
where the settled solids are discharged and the clarified water flows to filters for removal
of the remaining turbidity. After filtration, the water is chlorinated for disinfection.
The NWTP was built in the 1950's, but 2007 upgrades have been made to meet the latest
EPA water treatment standards. Plant upgrades include an ultra-violet disinfection
system that reduces the amount of chlorinated organic compounds in treated water.
Additional improvements include the construction ofballasted floc clarifiers that improve
plant performance and reduce turbidity (cloudiness) following significant weather
disturbances such as typhoons. Other modem plant features include the addition of
redundant process treatment units that allow individual units to be taken off-line for
maintenance without interruption of service, and the addition of emergency power
generation systems that allow the entire plant to remain in operation during power
outages.

Fena Lake supplies water, via the NWTP, to the U.S. Navy operations and personnel as
well as military dependents; GWA purchases water from t~e Navy for the civilian
population. Fena Reservoir's fresh water is classified as "S-l" water, designated for
drinking water (without treatment), aquatic life and human consumption.

FENA RESERVOIR, GUAM
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D. Wetlands Program
Guam Executive Order (EO) 90-13 and its predecessor EO 78-21 established the basis for
an initial integrated wetland protection and management program among a handful of
government agencies. These agencies included the Guam Coastal Management Program
(GCMP) at the Bureau of Statistics and Plans, the Division of Aquatic and Wildlife
Resources (DAWR) at the Department of Agriculture, the Department of Land
Management and the Guam Environmental Protection Agency.

1.0 Program Description
The Guam Land Use Commission (GLUC), through its Wetland Area Rules and
Regulations, is the permitting authority and the Department of Agriculture, DAWR
provides lead technical support to the Commission under the permit system. The Guam
EPA and other agencies provide technical review and recommendations to the
Commission on wetland development permit applications through their membership on
the Application Review Committee (ARC). The Agency also typically has the
responsibility to oversee the environmental impact assessment procedures which must be
part ofmany permit applications.

Guam EPA has maintained an array of program support functions in the area of wetland
protection since approximately 1978. Aside from the 401 Water Quality Certification
(permit), the Agency does not have a lead resource management or permitting role. Most
of the functions listed are undertaken in support of both the GLUC and Army Corps of
Engineers Section 404 permit systems. A substantial range of wetland development
activities may require both federal and local permits. The following list of functions is
mainly provided through the Agency's Planning and Review Division.

• Building permit and plan rev.iew
• Field inspections and delineation verification
• Field determinations
• Enforcement
• Planning
• Policy development
• Public awareness and education
• Consultation
• Section 401 WQC (federal permits only)

2.0 Wetlands Monitoring
As previously mentioned in this report, no monitoring efforts were undertaken during this
reporting period. The Agency's 2006 Comprehensive Monitoring Strategy includes a
Wetlands Monitoring Program, which is discussed under the Monitoring Program
narrative, section III.A.3.4. The Agency's stream/river monitoring program is likely to
include an initial wetland monitoring strategy which may serve as a basis for establishing
wetland water quality standards. Historically, wetlands water quality monitoring has
been conducted only in relation to construction permit performance primarily for
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sediment. Much of this type of monitoring was accomplished by visual observation
since most projects were small. The largest construction monitoring project which
examined wetland water quality occurred over 10 years ago on a l300-acre golf resort
project in central Guam.

On the issue of a "no net loss" policy, Guam has not established a formal permit and
compliance tracking system of either the GLUC or U.S. Army Corps Section 404 systems
to accurately determine policy compliance. Based on extensive knowledge of most
wetland related permits and enforcement activities, the Agency believes that a significant
number local actions have not included appropriate mitigation provisions. Furthermore,
based on just gross application numbers for wetland type development, the Section 404
permit program has far out paced the GLUC system for the same projects. The Agency
has limited involvement in U.S. Army Corps of Engineer mitigation projects at this time.

3.0. Development of Wetland Water Quality Standards
Interim wetland water quality standards, including coverage related to anti-degradation,
were established in the 1992 amendments to the Guam Water Quality Standards by
including wetlands in the definition of Guam Waters. Beneficial uses and
narrative/numeric criteria for wetlands are issues GuamEPA would like to research and
develop in the next triennial review of GWQS.

Under the Guam Water Quality Standards, the Agency's Section 401 WQC program is
involved in a number of important ways to protect and monitor wetland resources. The
following list highlights some of these provisions.

Requires wetland delineations (1987 U.S. ACE Manual)
Ecological evaluations
Environmental baseline surveys
Prohibited discharge statements
Mitigation policy statements
Public review and input

4.0. Integrity of Wetland Resources
Guam has not undertaken more than preliminary assessments of its wetland resources.
There is no ongoing or formal program to examine wetland physical, biological, or
chemical properties. The study conducted by WERI investigators in the Ugum
Watershed did describe and examine preliminary functional attributes of a Palustrine­
Riverine wetland system (Siegrist et aI, 1996). Generally, the study confmns that
wetlands are functionally important to overall water quality in the watershed by
regulating and recycling trace metals, and nutrients and regulating sediment transport
through the watershed. The study concludes and the Agency concurs that more study
effort should be directed at Guam's tropical wetland systems to better understand the
water quality implications of both disturbed and relatively undisturbed systems.
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The attainment of uses generally, is another area lacking substantive investigation to date.
The only observations and assumptions that might be offered are directly associated with
known anthropogenic disturbances and impacts reported elsewhere. Assessments point
to the fact that potential for accelerating erosion exists from activities such as poor
construction practices, illegal and unimproved road development, including off-road
activities, wild-land fires, unsustainable farming practices, and similar land disturbances.
One of two assessments, the Ugum Watershed Resource Assessment (DeMeo, et al.
1995), examined water quality as affected by erosion. According to the assessment, the
major sources of erosion are: (1) sheet and rill (2) road-surface, and (3) stream channel.
Slope road erosion exhibits the highest rates within the watershed at 27 times the rate of
soil loss from ravine forest areas. From 1975 to 1993 aerial photos document that the
length of unimproved roads doubled in this watershed alone from 33.6 to 68.8 kilometers
respectively. The Ugum Watershed is a high priority watershed with ongoing restoration
efforts as guided by GWA non-point source and watershed management initiatives of the
Guam Watershed Planning Committee. The Ugum Watershed is a critical source which
can produce nearly 2 mgd of drinking water for several southern villages. There are no
ongoing data collection efforts to compile and track the types and extent of stressors or
sources of impairment other than those mentioned above.

5.0 Extent of Wetland Resources
As introduced in the opening chapter of this report, the 1983 National Wetland Inventory
(NWI) identified just over 5,000 acres of fresh water wetlands including mangroves and
excluding marine dominated systems (i.e., coral reefs and seagrass beds). This represents
approximately 4% ofthe total island landmass and nearly all of the wetlands in Guam are
located in the island's central and southern regions. The Bureau of Statistics and Plans
developed a compilation map of the NWI and all of the official wetland delineation maps
produced in the late 1980s to the mid 1990s. The Agency does maintain a comprehensive
set (copies) of delineation maps produced since 1990.

6.0. Additional Wetland Activities
Wetlands and watershed protection must eventually be integrated. The Agency leads an
inter-agency work group called the Watershed Planning Committee which evaluates and
administers Section 319 funds for non-point restoration projects in accordance with five
year restoration strategies. The bulk of surface water non-point source abatement and
restoration efforts have centered on reforestation projects and public awareness of the
Ugum Watershed. The Ugum Watershed Management Plan and supporting Watershed
Resource Assessment provide an excellent basis for further integration at least in this
watershed.

The major impediments to substantive integration and of wetlands into any major water
quality program are programmatic in nature. Guam EPA is the lead entity for ensuring
that wetland water quality is maintained and improved throughout the island. Much of
this work has been shared with a number of resource agencies both federal and local.
The Agency does not have direct permit system decision making authority except when
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water quality certification is required for certain federal pennits. Most the 404 permit
projects are small and discrete construction events which can be managed accordingly.
Some of the challenges (or needs) to broaden programmatic effectiveness are listed here.

Comprehensive inventory and data management
Local permit system reform, including legislation
Baseline biological and water quality studies
Public awareness
Comprehensive watershed planning

Having identified the issues, challenges and opportunities to advancing wetland resource
protection specifically those aimed at the water quality components, the single most
significant impediment to improvement is actually long term project management
capacity. It is anticipated that several modest projects such as implementing a basic
monitoring strategy, developing narrative criteria and designating uses could be
accomplished at current resource levels. Long term projects and more focused leadership
to oversee water quality studies will require additional personnel.

E. D'end Ana.lysis For Surface Water

Trend analysis for surface water is not available for this report period.

( F. Public Healtb and Aquatic Lit Concerns

(
\.

1.0 Drinking Water Supplies
Guam EPA Safe Drinking Water Program was established for the implementation and
enforcement of the Guam Primary and Secondary Safe Drinking Water Regulations in
accordance with the Safe Drinking Water Act.

The major objectives are to ensure the public of a continuous supply of safe water for the
prevention and control of drinking water pollution, and to obtain full compliance with the
Safe Drinking Water Act and the Memorandum of Agreement between Guam EPA and
U.S EPA.

1.1 U.S. Navy Water System

Water Quality Report - January to December 200814

In 2008, the Navy water system did not satisfy all monitoring and reporting requirements
as set by the National Primary Drinking Water Regulations. The U.S. Navy is required to
monitor· system drinking water for specific contaminants on a regular basis. Results of
regular monitoring are an indicator of whether or not system drinking water meets health
standards. Turbidity is a measure of the cloudiness of water and is used to indicate water
quality and filtration effectiveness. It is a requirement to monitor the turbidity levels of
the water at the NWTP water filters every 15 minutes. During November 2007 to January

14 2008 U.S. Navy Water System Water Quality Report
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2008, the Navy did not complete all continuous monitoring for turbidity, and therefore
cannot be sure of the quality of system drinking water during that time. On January 16,
2008, the Navy discovered that the turbidity meter that monitors water at NWTP filter # 5
did not function properly and was defective since November 2007. The Navy repaired the
meter on January 16, 2008. Guam EPA requires the timely submittal of laboratory results
to their agency for their review. This is to ensure that the water the Navy produces meets
regulatory standards and is safe for consumption. The Navy ships some of the water
samples it takes to an off-island laboratory, and unfortunately, some results are delayed
because of this process. In 2008, the Navy did not submit some monitoring results on or
before their respective regulatory deadlines due to delays with the off-island laboratory
providing results. However, none of the delayed laboratory results yielded any
exceedances ofMCLs.

Water Quality Report - January to December 200915

In 2009 the Navy Water System met all primary drinking water standards except for the
treatment technique standard for turbidity. The Guam Primary Safe Drinking Water
Regulations set the maximum turbidity of the treatment plant's combined filtered water at
one (1) Nephelometric Turbidity Units (NTU). On April 6, 2009, one filter failed to
operate properly and allowed partially filtered water to pass through and raised the
combined filtered water turbidity to 1.5 NTU. The treatment plant operators immediately
shut down the defective filter, and within 30 minutes, filtered water turbidity fell below 1
NTU.

Turbidity is a measure of the cloudiness of water and is used to indicate water quality and
filtration effectiveness. Turbidity has no health effects. However, turbidity can interfere
with disinfection process and provide a medium for microbial growth. Turbidity may
indicate the presence of disease causing organisms. These organisms include bacteria,
viruses, and parasites that can cause symptoms such as nausea, cramps, diarrhea, and
associated headaches.

In the first quarter of 2009, the Navy was late in submitting some of its results and did
not complete all the monitoring requirements at one well before it went off line.
Therefore it cannot be sure of the quality of its drinking water at that time.

Monitoring of Navy system source water as required by Long Term 2 Enhanced Surface
Water Treatment Rule (LT2ESWTR) indicated the presence ofCryptosporidium in 1 out
of 24 sampling events. Based on the initial monitoring, no additional treatment will be
required at the Navy Water Treatment Plant.

Cryptosporidium is a microbial pathogen found in surface water throughout the U.S.
Although filtration removes Cryptosporidium, the most commonly-used filtration system
methods cannot guarantee 100% removal. Current test methods do not allow the Navy to
determine if the organisms are dead or if they are capable of causing disease. Symptoms
of infection include nausea, diarrhea, and abdominal cramps. Most healthy individuals

15 2009 U.S. Navy Water System Water Quality Report



(

(

Part III. Surface Water Monitoring and Assessment
Guam EPA 20 I0 Integrated Report
Page 47 of 54

can overcome the disease within a few weeks. However, immuno-compromised people,
infants and small children, and the elderly are at greater risk of developing life­
threatening illness. The Navy encourages immuno-comprornised individuals to consult
their doctor regarding appropriate precautions to take to avoid infection. Cryptosporidium
must be ingested to cause disease, and it may spread through means other than drinking
water.

1.2 Air Force Water System16

Andersen AFB provides drinking water to all base housing and facilities from the
Northern Guam Lens aquifer which is a groundwater source underlying the northern
portion of Guam. This northern lens was designated a principle sole-source aquifer by the
USEPA in 1978, under the provisions of the SDWA.

In the event of contamination of the groundwater aquifer or water system, base demand
may be partially met by water sharing agreements with US Navy and Guam Water
Authority, on-base treatment of local surface waters, bottled water supply, water trucks,
and rationing.

Drinking water drawn from groundwater sources such as ours is inherently better quality
than that drawn from surface water sources. This is because the ground acts as a natural
filter to remove particulates and contaminants. All of AAFB drinking water is treated
with chlorine and fluoride to ensure the health of every consumer. Chlorine acts as a
disinfectant to reduce bacterial contamination. Fluoride is added at sufficient levels as
recommended by the American Dental Association to prevent dental caries (cavities). It
is maintained at levels low enough to prevent dental and skeletal fluorosis, especially in
children.

Andersen AFB's drinking water is managed by two base agencies. Civil Engineering (36
CES/CEOIU) manages the maintenance and operations ofthe drinking water supply and
distribution system. Bioenvironmental Engineering (36 MDOS/SGOAB) monitors the
quality of the drinking water provided to consumers and addresses any related health
concerns. At Andersen AFB, Bioenvironmental Engineering monitors the contaminant
groups using EPA-certified laboratories and approved methods.

Andersen AFB is in compliance with all federal, Department of Defense and Guam
drinking water regulations. To ensure AAFB drinking water is of the highest quality,
Bioenvironmental Engineering collected many samples and had them analyzed for
various contaminants. The contaminants presented in the AAFB Consumer Confidence
Report were monitored from January to December during 2009. If a substance was not
required to be sampled during 2009, the results of earlier testing are provided. A copy of
the CCR is available from the Andersen Air Force Base web page.

16 Consumer Confidence Report January 1, 2009 - December 31, 2009, Andersen Air Force Base, Guam
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1.3 GWA Water System

GWA water is derived from several sources including ground, surface, and spring water.
Guam's principal source of potable water comes from groundwater contained in the
aquifer beneath the northern half of the island. Groundwater is pumped from this
underground aquifer into the water distribution system through the use of more than 121
wells. Surface sources used by GWA include an intake from the Ugum River and water
supplied from the Fena Reservoir (purchased from the Navy). Fena water supplies goes
to the villages of Asan, Piti, Anigua, Agat, Santa Rita and some areas of Barrigada and
Mongmong-Toto-Maite.

1.3.1 GWA Water System Quality Reports l
?

Water quality data for January 1 to December 31, 2008 and 2009 are provided in the
following pages.

1.3.2 Ugum River and Ugum Water Treatment Plant

"Water quality in the Ugum River has declined in recent years as a result of human
activities that have increased erosion and the resultant sedimentation in the streams and
near shore waters. Off-road recreational vehicles, intentionally-set fires, and agricultural
activities are the primary causes of the increased erosion and sedimentation. The
increased sedimentation is. considered especially significant in the Ugum watershed
because the Ugum Water Treatment Plant is a primary source of drinking water in
southern Guam. During the past several years the Treatment Plant has had to periodically
shut down when suspended sediment at the intake reaches excessive levels. The
treatment plant has been secured fifty two (52) times during the period of January 1 to
December 31, 2004, lasting from two hours to twenty four hours duration at any given
time. The highest turbidity level at the intake (river) during the same period is 270 NTU
and the average is 72 NTU Also, during the following year, January 1 to December
2005, the treatment plant was secured thirty five (35) times due to high turbidity at the
intake. The highest turbidity level during the same period is 3,018 NTU and the average
is 516 NTU The increased sedimentation also contributes to poor quality in-stream
aquatic habitats, a smothering ofthe coral reefs, and a decline in fish populations."l8

Improvement in water quality to the Ugum River and to the Ugum Water Treatment Plant
should occur with the implementation of the following activities:

• Implementation ofthe Ugum River TMDL
Ugum River was delisted from Guam's 2006 303(d) list of waters that do not meet
GWQS because a required Sediment TMDL was approved by EPA in 2006. The

17 2008 and 2009 GWA Water Quality Reports
18 TMDL document for Ugum Watershed, Tetra Tech,Inc. and USEPA for Guam EPA (Aug. 2006)



2008 WATER QUALITY DATA Definitions and Abbreviations:

• MClG: Maximool Conlanina1tlevel Goa~ or the level
of acontInilant in drinkilg w<tor bebw which there is
no known or expected risk fD healh. MClGs allow for
amargin of safely.

• MCl: Maxinum Contaminant level, orthe highest level
of a contaminant albwad in drinking waler. MCls are
set as cbse to the MClGs as feasible using the best
available treatment technique.

• MRDL: Maximum Residual disinfectant level, or the
level of adisin~nt that may not be exceeded at the
conSLme(s tap without an lI1acceptable possibiliy of
heatileflects.

• MRDLG: Maxinum Residual Disilfectlnl level Goa~
or the maxmum level of a disintaclanl added to the
waler treatment at which. no known or anticipated
adverse healh eflecllMlUld occur. MRDlGs allow iJr a
margi:J of safety.

• Al: AcIiJn leve~ or the concentraIiJn ofa contami:Jant
which, when exceeded triggers treatment or other
requirements that a waler system must blbw. Copper
Al =1300 ppb; lead Al =15 ppb.

• IT: Treatment Technique or a required process
infendad fD reduce the level of a contaminant in
drinking water.

• RV: Reporting Value, or that used for detennining
compliance with the MCl, and is the hlghestayerage
vaftJe for lily single source tested. For VOCs and
S<X4, RV= the highest annual average. For rocs and
radi;muclides, RV= the highest value detected. If the
RV is below the Mel, the wafer is meeti1g the health
lIld safely-based standards.

• Range: ra:Jge of values actually detected i:J SMlples
from all the waer lested

• VOC: Volalile Organic Chemical
• SOC: Synthetic Organic: Chemical
• IOC: inorgalic: Chemical
• ntu: nephelometJic IIJrbidily unls
• ppm: parts per m~iln, or milligrams per Iter
• ppb: parts per bililn, or mic:rograllS per liter
• ppt: parts permlliln, or nanogf'alls per liter
• pCIII: picocuries per liter, ameasure 01 radioactivity
• mremlyr: millirems per year. ameasure of radioactivity
• nd: not deteclabE at testing lin~s

• nla: no! applicable
• ns: no standard

The Mel for beta partcles IS 4 mremlyear. HlM'Ovor, EPA considers 50 pClnto be the I..... ' olconcern lor beta particles.

Note 1. MCl- a routine sample and a repeat sample are TC positive, and one IS also FC orE. coil positive

Disirfectlon BVDroducts and Disinfection Residualll

CONTAMiNANT (un Is) MClG MCl
NORTHERN CENTRAl SOUTHERN

Major Sources of Contaminant
Violation RV Violation RV V"lation RV

HAAS (Five Haloacatic nla 60 nd-60 22.1 nd-64 62.5 14-95 53.3 By-product of drinking wat.r
Acids) (ppb)' chlorination
Total Trthalomethanes nla 80 nd-112 74.4 5.5-110 67.3 24-66 61 By-product 01 drinking wat.r

(ppb)' chlorination

Chlorine (ppm)'
MRDlG MRDl Water additive to cnntrol microbes

4 4 nd-3.5 1.4 0.3-3.0 1.6 0.5- 3.0 12

CONTAMINANT (unIs) MClG MCl NORTHERN CENTRAl SOUTHERN Map' Sources olContaminant
VIOlation RV Violation RV V"la\jon RV

Total Colifonn (TC)
0 5% No 0.1% No 0% No 0.3% Naturaly present i1 environment

(% posili..../month)
Fecal coIifonn (FC)

0
see

No 0 No 0 No 0 Human and animal fecal waste
or E. roll Noll! 1

- .. ..

CONTAMINANT (unIs) MClG Mel
c;KUU NO WA I tK UGUM ATER FENA ItK

Major Sources of Contaminant
Ranae RV Ranae RV Ranae RV

R8Ilu/atedVOCs
Carbon Tetrachlori:le (Ppb) 0 5 nd nd nd nd nd nd Discharge from industrial activities
Tetrachloroethylene (PCE) 0 5 nd -1.5 1.5 nd nd nd nd leach ing from PVC pipes,
(ppb) discharge lrom dry cieane",
Trichloroethylene (TCE) 0 5 nd-l.4 1.4 nd nd nd nd Discharge lrom metal d.greasing
(ppb) sites
RegulatedSOCs
Chlordan. (Ppb) 0 2 nd- 3.3 1.06 nd nd nd nd Banned termilicide residue
Endrin (PPb) 0 2 nd -0.04 0.04 nd nd nd nd Banned insecticide residue
Pidoram'lool\ 0 500 nd-0.14 nd nd nd nd nd Hertlicide IUnoff
ReaulatedlOCs
Antinony (ppb)' 6 6 nd-l.6 2 nd nd nd nd Occurs naturaly

Bartum (Ppb)' 2000 2000 nd-13 13 nd-2.2 2.2 nd-62 6.2 OCQJrs naturally

Chromllm (ppb)' 100 100 nd-17 17 nd nd nd nd Erosion 01 natu",1 deposls

FkJonde (ppm)' 4 4 nd -0.62 0.62 nd - 0.05 0.1 nd-0.74 0.74 Water addili....; naturally =nng
which promoll!S slrong teeth

Nilrate-N (ppm) 10 10 nd-4.5 4.50 nd nd nd nd Runoff from tertiiz.r use; leaching

froms"""'"
R.ltdionuclidu f

Radium 226 (PCVI) 0 5 <0.5 - 5.6 2.10 nd nd nd-5 nfa Erosion of natural deposits
Gross Apha Activity (pCi/~ 0 15 nd-7.3 nla nd nd nd- 5 nfa Erosion of natural deposits
Gross Beta Activity (pCVI) 0 50· nd-l0 nla nd nd nd-4.5 nfa Decay of natural and man~made

deposits.
Microbial Contamlnantll'

PRIMARY STANDARDS: Mandatory Health-Related Standanlll

(

(

Major SOlIces 0

Contamimlnt

Soirunoff

Unregulated Contaminants (Monitoring RequIred)"

Aboutllle Data:

Additional ConsUlUenls AnalyZed

-rl2'lZI .....A~
.~--­
~~-­B:BBI -'WAlIallUCa

+secondary "axlmum Conlamlnlnlleveta - Con.._ Aceeptl..a L...tt.-

1. Data presented in these tables list the mulls of tesB done b&biI'een Jan 1 _ Dec 31, 2008. Tabfes list only the contaminants detected.
Detection does not necassarily mea-n a vio lalian or exceedence ofan Mel or Trealment Technique. GWA mon itlrs for some consliluents less
than once per year because they are not expected to vary signii:anUy iurw year ~ )eBr. Therefore, some of the waEr qualily data reported,
aIthough representative, may be more than one year otd. Ifyou have questions about this water quality report, please contact cannen M, Sian­
Denton, GWA's Monitoring Laboratory Service! A,dmlnistramr at 632-9697 or 637-2895.
2 Miaobial, Haloacetic acid (HAA5), and bfal ~halome8lane{TTHM' sampl8s were laken from the distribution system, not frOm source waters
Compliance with MeL forHAA5 and TTHM monitoring is. based M ARAcalcuJ8led quarterly, Compliance forchlorine is based on ARA
calculated monthly (highest average),

Secondary MGl monltonng helps GWA to delermme areas In need ofadjl!ltment additIonal malnianance or rehabilitation In orderto
provide a high quality water that appeals" the consumer

Unregulated OOlltammant moniimng helps EPA to deeumRe wbent ce*m contamnants occur and whether t1ere es aneed b regulate
those contaminants.

CONTAMtlANT (unils) MCLG MCl GROUND WATER UGUMWATER FENAWATER
Range Range Range

fIoblinily .. CaCO,(ppm) nla nIa 117-335 20·66 42 -115
Sodium (ppm) nla nIa 6.1-270 1Id- 6.1 nd ·27
Hanlness as CaCO, (ppm) nla nIa 164 -534 52·62 100 -120

CONTAMINANT (unils) MClG MCl GROUND "AT.I< UGUM FENAWA
Ra - Ran_ Rlnae

ChlorJde(ppm) nla 250 14 -762 9- 29 20- 31
Conductivity (mmholcm) nla 1600 346 - 2664 120 -155 195 -257

H{unns} nla 6.5- 8.5 7_18-7.59 7.09 -7.49 6.97·7.49.. .. ..

CONTAMINANT (unils) MClG MCl GROUND WAT.I< UGUM A .1< FENAWA :K

Ranae RV Rance RV Ranoe RV

6romodichlolOm_than_ (ppb) ns lIS ed-2.6 2.6 7.1 -11 11 7.4-17 17
6romol:>rm (ppb) ns lIS ed-15 15 nd -0.5 O~ nd n<I
~:~~,,:}_thane (ppb) ns ns ed-II 11.0 0,9 -4.3 4.3 2.3·2.6 2.6

n. lIS lid - 2.0 2 13 - 37 37 12 -56 56
U.....ltltdSOC.
Oieldrin(ppb) lIS ns Ad -0.04 OD4 nd n<I nd nd
Un!!t!.11/ed IOCs
SuIil1e (ppm)' ns 250 5.5-61 61 nd - 29 29 nd·26 26..



Definitions and Abbreviations:

MicrobIal Contamlnants1

• MeLG: Muimum Contaminant Le".d GClaI. or th~ t~vel

ofa cont.unin.ant in drinking water btloW' which th~u is
no known or t:lPectcd risk to health. MCLGs aUow for a
margill(lf$afc:ty.

• Mel: Muimum. Contaminant Level. or tht highest level
ofa contaminant allowed in drinking water. MCLs are set
as dose to the MCLGll as fea.siblt using the best available
treatment tel;hnique. .

• /tiROL: Maximum Residual disinfec:tant Level or the level
ofa d!$!n(c:.;twt that Illay not be exc:eeded at the
cowumer's tap without an unacceptable pOSSibility of
health eJkeu.

• MRDLG: Maximum Residual Disinfectant Level GoaL or
the maximum Icvc:l ofadisinfectant added to the walel
trealmenl at which no known or anticlpated .d\·er&e
hell1lh elfh:t would occur. MRDLGs allow for a margin of
safety.

• AI..; Ac:ti(1n Level, or th~ conc:entration of il contaminant
whkh, wh~ aceeded triggers treatment or othtr
requir~ntsthat a wakr sfstem must follow.
Copp.er AL == 1300 Wb; Lead AL == 1S ppb.

• IT: Treatment Technique or a reqUired process intended
to reduct the level ofa contaminanl in drinking water.

• RV: RepOrting Value, or that used for determining
compliance with tht MCL, and is the highest average value
for any single source tested. For VOC~ and SOC!>, RV= the
highest annual average. For IOCs and rad.ionuclid~s, RV=
the htghe,;t value detected. If the RV is below the MCL, the
water is meeting the health and saf~ty·bued standards.

• Rallle: range ofvalues actually delected In samples from
atlthe 'water ksted

• VOe, Volatlk O>ganic Ch<mkal

• SOC:S)'l\thetic Organic Chemical

• IOC: Inorganic Chemical

• ntu.: nephelometric turbidity units

• ppm: parts ~r million. or milligrams ptr liter

• ppb: parts per billion, or micrograms per liter

• ppt: puts per trillion. or nanograms per liter

• pCill: picocuries per liter. a measure of radioactivity

• mrem/.yr: millirems per year, a measure of radioactivity

• nch not ddoctable at t~$ting limits

• nJa: not applicable
• ns: no standard

Note 1. Mel 8 routine sample and a repeat samP'e are TC positive, and one IS a150 FC or E coli positive
Note 2: Fecal colifonn violation was localized to Agana Heights. It was not system wide.

DIsinfection Byproducts and Dlslnfaction ResldWllsz

CONTAMINANT (unIls) MClG MCl
NORTI£RN CENTRAl. SOUTHERN Mal« Sources of Contaminant

VloIaIlon RV lion RV VIofatlon RV
HAAS (rIVe Haloacelic

ilia 50 No 14.1 Va. 73 No 55.3 By-product of drinking water
Acld.) (ppb)' chlorination
Total Trihalomethanes

nI. 80 No 46.4 Ve. '20 No 55.3 By-product of drinking water
(ppb)2 chlorination

ChlorIne (ppm,'
MRDLG MRDL

4 4 0.8-1.7 1.7 0.7-2.0 2.0 1.5 -2.0 2.0 Water addltlve to control microbes

CONTAMINANT (uni1s) MClG MCl
NORTHERN CENTRAL SOUTHERN Major Sources of Contaminant

Violation VIOlation RV Vlo~tJon

TotaJ Colifonn (TC)
0 5%

No .1 0.9% No 10% No I0.3% Naturattj presenl in environment
(% pO$ltlveImonth)
fecal coliform (Fe)

0
see Yes 1 No 0 No 0 Human and anImal fecal waste

ar E..coH Note 1 Note 2'
-

2009 WATER QUALITY DATA
(

PRIMARY STANDARDS: Mandatory H••lth~elatedStandards

CONTAMINANT (lJnits) MCLG MCl GROUNDWATER UGUMWATER FENAWATER Major Sources of ContaminantRan e RV Ran e RV Ran e RV

Beaut'ltd voes
Tetrachloroethylene (peE) nd -1.3 1.3 nd nd nd nd Leaching from PVC pipes,
(ppb) discharge from dry cleaners

i:loroethylene (TeE) nd -3.0 nd nd nd nd Discharge from metal degreasing
sites

R!gUIf"d sacs
Chlordane (ppb) 0 2 nd -1.2 1.2 nd nd nd nd Bann6d tennittcide residue

~~Pentadiene 50 50 nd nd nd nd nd·0.055 0.055 Discharge from chemical factories

Regulfttd IOCs
Arsenlc (l'pb)l 0 10 nd-l.4 1.4 nd nd nd -1.2 1.2 Erosion of natural deposits

Barium (ppb)l 2000 2000 nd -7.3 7.3 nd -3.5 3.5 nd -12 12.0 Erosion of natural deposits
Chromium (ppb)' '00 100 nd -27 27 nd nd nd - 2.32 2.3 Erosioo of natural deposits

Fluoride (ppm)' 4 4 nd -0.16 0.16 nd nd 0.65· o.7~ 0.74 Water additive; naturally OCCltMg
"Nt'Mch promotes strong teeth

Nilnlte-N (ppm) 10 10 nd-.f..8 4.80 nd nd 0.08 -2.20 2.20 Runoff from fertilizer use; leaching
Irom sewaga

Se4enlum (ppb)l 5. ~ ~'!.d -5.7 5.70 nd lid nd nd Erosion of natural deDtlsits

BMlIRD.l/fJNB '
Radium 228 (pCi/l) 5 nd nd nd n/a 0.24 - 2.01 2.01 Erosion of natural deposits
Gross Alpha Activity (pCiII) 15 3.2-11 11.0 nd nla nd -8.3 8.30 Erosion of natural deposits
Gross Beta Activity (pCiIl) 50' 3.2 -6.5 6.5 nd n/a nd nla Decay of natural and man-made

deposits

• The MCl for bela particles 1$ 4 mremlyear. However, EPA considers 50 pCiIIlO be the level of concem for bela partIcles.

(

Unregulated Contaminants (Monitoring Required)'"

CONTAMINAHT(units) MClG MCl :DWA
RV

R UGUMWATER FENAWATER
Ran.. RV

c.GUlDWAtll.toUIiCD
urDrIW.u-.-et--­.......
f1l1II,\Ta£AftIJ.'A'8,'tD:

GUAM WATIUlWORKS Atl'I1IORlTV
~01'G1JAM

ISLA1'lD OPGUAM WATER DISt1UIn1I1ON

+.
nd

17
nd
2.•
56

nd

7.4-17
nd

2.3 -2.6
12-56

nd

11
0.5
4.3
37

nd

7.1-11
net-0.5
0.9-4.3
13-37

I.'
3

'.9
'.5

0.32

nd -1.8
nd-3.0
nd -2.9
nd-1.5

nd -0.32

n,n.
n&n.

no
no
no
n•.

.n.

Additional Constituents An.atyzed

DIeldrIn (ppb)
Un"P"ltttd IOC!
Sulfat.lo~m 1 n$ 250 3.3 - 89 89 nd - 13 13 nd - 26 26
•• Unregulated contaminant monitoring helps EPA to determine where certain contaminants occur and wtIather there
is a need to regulilte those contamil'\ilnts.

About the Data:

Sec:ondaty IIulmwn Contamlnant Levell· Consumer Acceptance Umitl-

Secondary MCL moMoring helps GWA to determine areas In need of adjustment, addlttonal matnlec'l1.llCe or
ret\abiltation in ooIeflo provide a I'l9\ qualitywater' that appeals to the consumer.

1. Data presented in these tables Jist the results of tests done btrwecn January I-December 31. 2009.
Tables list only the contaminants detected. Detection does not necessarily mean a violation or
exceedence ofan MCLor Treatment Technique. GWA monitors for some contaminants less thon
once per year b~use they are not expected to vary signlfi.Ollltly from year to year. Therefore. some of
the water quality data reported, though rc=presentative. maybe more than a rear old. Ifyou have
questions about this water quality report. please contact Carmen M. Sian-Denton. GWKs Monitoring
Laboratory Services Administrator at 632-9697 or 637-2895.

2. Microbial, Haloacetic add (HA.A5), and total trihalomethane (TTHM) samples were talcen from
the distribution system, not from source waters. Compliance wi.th MCl for HAAS and llHM
monitoring is based on ARA (annual running average) Qlculated quarterly. Compliance for chlorine
is based on ARA calculated mOllthly (highest average).

Bromodlchloromethane (ppb)
Bromofonn (ppb)
Chlorodibfomomethane (ppb)
Chloroform looM
Un!IqY"1td SOC!

CONTAMINANT (un11s) MClG MeL
GROlJN) WATER UGUMWATER FENAWATER

Ran • Ranoa -AIItlIInIty as CaCO) (PPrTl) nI. nI. 142 - 340 30-47 87-95
Sodlum(ppm) nI. nI. 2.5·380 nd-9.9 00· 7.9
Hardness as CaCO)(ppm) nta nI. 172 - 640 60-70 102-150

CONTAMINANT (.....) MClG MCL GROUND WATER UGUMWATER FENAWATER
Ra

CI>Iorido(ppm) nI. 250 17 -826 14-31 16-37
"-lPPb) nI. 1000 2.0-151) 3. nd -12
""""ueIM1y wmholan) nI, 1&lO 281 -3240 106-135 215 ·234
H (unlts) nt. 6.5-6.5 7.07-8.12 6.4-7.14 7.3 -7.55-
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implementation of this plan should bring the Ugum River into compliance with or
prevent a violation of GWQS.

• Ugum Water Treatment Plant (UWTP) Rehabilitation
In compliance with the GWA Stipulated Order for Preliminary Relief, GWA is
required to undertake this project. This $8.5M project is designed to renovate the
Ugum Treatment plant to add capacity and improve the reliability of the treatment
process during the rainy season. The refurbishment will include the conversion of
existing conventional surface water plant to a micro-filtration system; replacement of
electrical control systems; replacement of finished water pumps; installation of
SCADA equipment; and the refurbishment of the backwash waste handling system.
A design build project was awarded, the design work progressed, and construction
was completed in February 2009.

• Watershed Restoration Project
Tree planting projects in the Ugum watershed have been implemented under the
leadership of local and federal agencies and supported by community groups. These
projects have resulted in reducing erosion and run off, the conversion of badlands and
grasslands into a forest, and the restoration of watershed segments affected by' fire.
These projects have also promoted environmental awareness about the destructive
effects of fires and the positive impact of reforestation on water quality, wildlife
habitat, and coral reefs. More restorative work is expected under the coordination of

( the Watershed Planning Committee and other environmental education groups.

2.0 Beach Use

Recreational Swimming Notifications

Guam EPA and the Department of Public Health and Social Services have joint authority
regarding the closure of public beaches. West Hagatna Bay was closed during the
reporting period due to a sewage leak in the effluent pipe from the Hagatna Sewage
Treatment Plant.

For fiscal year 2008, 42 Tier 1 beaches were monitored for the U.S. EPA approved
enterococci indicator, (weekly, year round). This resulted in approximately 2,184
samples analyzed and 762 swimming advisories issued.

In fiscal year 2009, the same 42 Tier 1 beaches were monitored for the U.S. EPA
approved enterococci indicator (weekly, year round). This resulted in approximately
2,182 samples analyzed and 752 swimming advisories issued. (Refer to Tables B7a-d
and B8a-d, Appendix B).

Swimming advisories are issued based upon either an instantaneous concentration of104
MPN/lOOmL or a geometric mean concentration of 35 MPN/lOOmL, over a five week
period. All advisories are released and/or reported weekly, prior to the weekend, in
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local print, radio, and television media, to other local government agencies, private
individuals, andposted on the Guam Environmental Protection Agency official web page.
(http://.l1ode.guamepa.net/pr02Tamsfemas/beach.html)

3.0 Consumption Concerns

3.1 Seaweed Consumption Advisories
There has been a fish/seaweed consumption advisory for the Tanguisson Beach area since
1991. In that year, three people died and two more became ill after consuming seaweed,
Graci/aria tsudae, collected from this beach. Samples of the seaweed were sent to Japan
for toxicological analyses. It was determined that polycavernosides were the toxic agents
responsible for the deaths and illnesses. The exact source of this toxic substance has yet
to be identified. Therefore, this beach has been permanently included in Guam EPA's
weekly advisories which warn the public to avoid the harvesting and consumption of
seaweed, fish or marine organisms from this location.

3.2 Fish/Shellfish Consumption
There have been no reported cases of shellfish contamination from local harvests.
Officially, there are no designated shellfish collection areas for the island of Guam. All
historic shellfish areas have been decimated by either over harvesting or habitat loss.
Newly created fish preserves are expected to allow local recovery of previously over
harvested shellfish. The Guam EPA proposes the conduct of fish and shellfish tissue
monitoring to assess tissue quality for consumption and to determine the need for
consumption advisories. (See page 11.)

3.2.1 Grote Peninsula
A seafood consumption advisory was issued in October 2001 by the Guam Department of
Public Health for Agat Bay, based upon contaminated fishes located on the Orote
peninsula. The consumption advisory remains in effect for the Orote peninsula and
GabGab Beach (located on the Naval base). The consumption advisory was issued for
all reef fish in this area due to elevated levels of polychlorinated biphenyls (PCBs),
chlorinated pesticides, and/or dioxins.

2009 ReefFish Samplingl9

Fish sampling was conducted in December 2008 and January 2009 to collect samples of
the same fish species from the same nine locations sampled previously in 2001 in
accordance with the Fish Sampling Work Plan dated November 2008.

Preliminary data evaluation shows that fish collected at the seawall area in 2001 and 2009
have similar PCB concentrations, which are about 10 times or more greater than samples
collected from the areas north and south of the seawall. To the north and south of the
seawall area, fish collected in 2009 have lower PCB concentrations than those collected
there in 2001. PCBs are the largest contributors to unacceptable risks in the advisory

19 Fact Sheet No.8, November 2009. Fish Tissue Sampling Results Update, Orote Landfill COMNAVMARIANAS,
GUAM
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area. Concentrations of dioxins/furans and the pesticide dieldrin are generally about the
same or slightly higher in 2009 than those in the 2001 fish samples. Evaluation of the
remaining chemical test results were in progress at the time the reference fact sheet was
issued.

The Navy continues to work closely with regulators in evaluating 2009 fish sample
results and the risks to the reef fish and the risks to fish-eating seabirds and humans from
consumption of the fish. The updated risk assessment results will be compared to those
of 2001 fish sampling study to decide whether any recommendation to changing the
Seafood Consumption Advisory is appropriate.

Apra Harbor Fish Samplinio
Fish species from approximately 14 discrete sampling locations were collected from
specific sites in both the inner and outer Apra Harbors on Guam. The whole body fish
tissue was then subjected to chemical analysis to measure the concentration of a broad
range of chemical contaminants of concern to Guam EPA. The general classification of
contaminants sampled and analyzed for included pesticides, heavy metals, and a group of
persistent organic pollutants - most notably the polychlorinated biphenyls or PCBs.
Based upon the analytical results, human health risk estimates were then calculated based
upon hypothetical consumption of those contaminated fish. The fish consumption rates
(or amount of fish consumed per day) were based upon previous work that Guam EPA
conducted to better understand the amounts and types of fish which are customarily
consumed by village residents and subgroups living on Guam. The trends and risk
estimates of the analysis thus far are extremely preliminary and subject to quality control
confirmation. A map showing the advisory area is provided on the next page.

3.2.2 Agana Swamp
The Fish Advisory in effect for the Agana Swamp is related to polychlorinated biphenyl
(PCB) contamination from the Agana Power Plant (former U.S. Navy facility). The US
Navy conducted an investigation and cleanup of the Agana Power Plant located in
Mongmong, Guam. This included the removal of PCB contaminated soil from the
upland facility as well as the off site contaminated areas. Off-site contamination was
found in storm water drainage areas, storm water outfall areas and associated slope
leading into the Agana Swamp, and in the sediments of the Agana Swamp. A fish tissue
investigation was conducted. Also during that time the U.S. military conducted tests to
try and identify PCB sources to the Agana Swamp and river not related to the Agana
Power Plant. That study identified Agana Springs as a possible PCB source.

The U.S. Navy, with environmental oversight from Guam EPA and USEPA via the
BRAC process, removed all PCB contaminated soil and sediment associated with the
Agana Power Plant activities. Based on the analysis of the fish tissue investigation, it
was determined that a fish advisory should be implemented for the Agana Swamp in
2001 and that advisory remains in effect. A testing conducted by the Navy in October
2006 shows that some of the fish in the swamp and river are now testing higher for PCBs

20 Information provided by Patrick Wilson, Ph.D., M.P.H., Senior Regional Toxicologist, USEPA R-9
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/
\ than back in 2000. The Navy and local officials have different opinions about why that

occurred. The Navy has requested the U.S. Army Corps of Engineers to consider the
Agana Springs site as a formerly used defense site to address further investigation and
cleanup ofPCBs in soil and sediment.

Meanwhile, the Navy has suggestions in place regarding theconsurnption of catfish and
eel from the Agana Swamp area. The recommendation is that people can eat one fish per

(
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adult per month. No such recommendations exist for eating shrimp or snails or fruits and
vegetables. Guam EPA DSMOA representatives note that there is a cancer risk because
of the PCBs.
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3.2.3. Cocos Lagoon
In 2005 a fish advisory was issued after numerous fish samples tested positive for
harmful PCBs. The fish consumption advisory remains in effect for fish caught in the
Cocos Lagoon. Public Health epidemiologist Dr. Robert Haddock noted that theoretically
there is some statistical risk of developing cancer, but probably very small. It would only
occur in people that ate a lot of fish every week from this area. Officials did not feel
there was enough information to close Cocos Lagoon to fishing as additional studies
would be conducted to narrow down the geographic range that may be contaminated.

An environmental site investigation was conducted at the former u.s. Coast Guard
(USCG) Long Range Navigation (LORAN) station at Cocos Island, Guam.21 Potentially
hazardous materials are believed to have been disposed in the vicinity of the former
LORAN station during its operation in the years between 1944 and 1963. This
investigation included assessment of soil, sediment, sea water, groundwater and biota in
the vicinity of the site. This investigation was conducted as a follow-on investigation to
the preliminary investigation conducted by Environet, Inc. (EI) in 2005.

Field work for this project was conducted between July 25 and August 15, 2006. The
primary objective of this project was to further delineate polychlorinated biphenyl (PCB),
metals and petroleum contamination at the former LORAN Cocos Island site in order to
provide a more comprehensive evaluation of potential PCB, petroleum, and metals
contamination in relevant matrices (soil, sediment, sea water, ground water and biota).
The results of this investigation will be used to determine if additional characterization
and remediation with regard to the former LORAN Cocos Island facilities is necessary to
protect human health and the environment.

The following recommendations were provided in the report.

PCBs in Site Soils
It is recommended that the PCB-impacted soil (i.e. soil containing concentrations greater
than the TSCA cleanup level of 1.0 mg/kg) be removed and/or treated in order to
eliminate the potential PCB source from the site. Biota sampling indicated that PCBs
were present in biota collected adjacent to the site and thus the impacted soils at the site
eould be a potential source of PCBs detected in the biota. [Action has been undertaken to
remediate the PCB-impacted soil.]

PCBs in Biota Specimens
It is recommended that the USCG work with the GEPA to possibly modify the current
fishing advisory placed on Cocos Lagoon based on the results of this report. It is also
recommended that additional biota specimens be collected from the near-shore area of the
lagoon along the entire shoreline of Cocos Island from areas not previously sampled

21 Final Report, Environmental Site Investigation, Former LORAN Station Cocos Island, Cocos Island,
Guam. Prepared by Element Environmental, LLC for the USCG under Contract No.
HSCG86-06-R-6XA125.
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during this investigation or the preliminary investigation in order to expand on the biota
data generated during this investigation and to further delineate the PCB-impacted biota.

TPH-diesel in Site Soils and Groundwater
Results of the investigation indicate that diesel is present in site soils and groundwater
beneath the site. Additional soil and groundwater sampling and analysis are.
recommended in order to further delineate the extent of the diesel contamination,
particularly in the area to the west southwest of Piezometer # 10 and #14 installed during
this investigation.
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IV. GROUND WATER MONITORING AND ASSESSMENT 
A summary of Guam’s ground water monitoring and protection programs, ground water 
quality, ground water contamination sources, and groundwater/surface water interactions 
is provided in this section.   
 
A. Overview of Ground Water Contamination Sources 

 
1.0 Hydrogeology 
Guam is comprised of two sub-equally sized hydrogeologic provinces.  In the southern 
half of the island, fresh groundwater occurs in weathered volcanic rock of low 
permeability, unconsolidated sediments within river drainages, and along the eastern 
coast’s fringing limestone formations.  The water table in the southern province reaches 
elevations of hundreds of feet above sea level in the volcanic rock and unconsolidated 
sediments.  Other than a few springs, groundwater production in southern Guam is 
restricted to the narrow fringing limestone along the eastern coast, where the water table 
rarely reaches elevations greater than a few feet above sea level.  Brackish to saline 
groundwater occurs along the southern and western coasts of the southern province 
within fractured limestone, artificial fill, and unconsolidated marine and estuarine 
sediments. 
 
The northern half of the island is comprised of a limestone plateau bounded on the west, 
north and east by near-vertical cliffs and fringing reefs and on the south by the Adelup 
Fault that stretches from Adelup to Pago Bay.  Groundwater in northern Guam is 
contained within the aquifer termed the “Northern Guam Lens” (NGL).  This aquifer was 
designated a “principle source aquifer” in 1978 by the U.S. Environmental Protection 
Agency, and is essentially the groundwater source for the island.  The aquifer is 
contained within a fractured carbonate complex ranging in age from Tertiary to 
Pleistocene (Tracey, 1962).  The carbonate rock sequence has been significantly altered 
by tectonic and geochemical processes that have resulted in the formation of multiple 
stages of porosity and permeability.  The resulting aquifer is therefore comprised of 
primary porosity and dissolution features of varying scale, both of which have been 
modified and/or enhanced by fracturing.  
 
Guam’s northern limestone plateau was deposited subaqueously as a result of down 
faulting along the Adelup fault and is underlain by nearly impermeable volcanic rock that 
is exposed at the surface in southern Guam.  The limestone plateau reaches thicknesses of 
approximately 1000 feet and extends below sea level over most of its extent.  As a result 
sea water has intruded into the island producing a layer of saltwater that overlies the 
volcanic rocks and extends into the limestone plateau.  Guam’s fresh groundwater is 
contained in a modified Ghyben-Herzberg lens system underlying most of northern 
Guam, having been formed by infiltrating rainfall that collected on top of the more dense 
saltwater. The NGL has been estimated to be capable of supplying 60 million gallons per 
day (60 MGD) of fresh water (Camp, Dresser, and McKee, 1982).  The aquifer is divided 
into six sub-basins, containing 47 management zones (Camp, Dresser and McKee, 1982). 
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The NGL has been formed from surface recharge in northern Guam percolating through 
soils to the underlying limestone where it accumulates in a lens, which “floats” on and 
displaces the denser seawater.  Analysis of the Dynamic Responses of the Northern 
Guam Lens Aquifer to Sea Level Change and Recharge (Wuerch, Cruz and Olson, 2007) 
has documented the dynamics of fresh water lens response to short- and long-term 
recharge events.  The study  was designed to more clearly define  the percentage of 
recharge that remains in storage within the NGL and is available for production as 
drinking water. The moderate to high permeability of the limestone permits the ready 
flow of fresh water toward areas of discharge along the coast.  Mixing of fresh and 
saltwater at the base of the lens produces a transition zone in which groundwater becomes 
progressively more saline downward and seaward.   
 
Groundwater that occurs in the manner described above is called “basal” groundwater, 
and results in a water table that rarely exceeds approximately ten feet elevation.  Most 
groundwater in the NGL is present under these conditions.  Where infiltrating 
precipitation encounters the volcanic basement at elevations greater than approximately 
ten feet, the resulting groundwater rests upon the impermeable volcanic rock and 
“parabasal” conditions exist.  Groundwater under these conditions can be produced 
without significant threat of salt water intrusion.  The NGL is the selected aquifer for this 
assessment due to the abundance of excellent drinking water it contains, the large demand 
placed on the water from this unit, and its obvious vulnerability. 
 
2.0 Sources of Ground Water Contamination  
Table B9, Appendix B identifies the following ten contaminant sources as the greatest threat 
to Guam’s ground water quality.  “Professional judgment” was used to complete the 
respective table.  Each source of groundwater contamination is associated with factors 
considered in its selection and a contaminant(s).   

 
 animal feedlots    
 fertilizer applications` 
 pesticide applications 
 underground storage tanks 
 landfills 
 septic systems/cesspools 
 hazardous waste generators 
 fuel pipelines and sewer lines 
 salt water intrusion 
 urban runoff 

 
The two most common factors considered in the selection of these contaminant sources 
were human health and/or environmental risk (toxicity) and location of the sources 
relative to drinking water sources.  The common contaminant in six of the ten sources 
was “nitrate”.     
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2.1 “Protecting and Restoring Guam’s Waters” – water resources protection and 
restoration, and pollution prevention approach 

In September 1999 Guam EPA documented its overall approach for managing water 
resources on Guam.  This document, entitled “Protecting and Restoring Guam’s 
Waters”, identified the most significant threat to Guam’s water quality as development 
without adequate infrastructure support.  It further stated that such development 
“leads to a high density of septic systems over a high permeability substrate, an 
insufficient and poorly maintained sewage treatment system, erosion problems from 
poorly managed construction projects, over-pumping groundwater production wells, and 
groundwater impacts from inadequate environmental practices of poorly managed light 
industries.” 
 
This document identified its list of on-island sources of water pollutants which included: 

• inadequate domestic waste water treatment (sewage treatment plants and septic 
tanks/leaching fields) contributing to elevated levels of bacteria and nitrates in our 
groundwater; 

• urban storm water runoff, particularly in the north, contributing to nutrients in 
 our near shore waters; 

• unconfirmed sources contributing to elevated levels of TCE and TCA (solvents 
and degreasers), PCE (dry cleaners and degreasers); thallium (insecticides); and 
EDB (pesticides) in groundwater; 

• aquaculture facilities and golf courses contributing to elevated nutrients and 
 pesticide levels; 

• accidental spills of pollutants and hazardous materials from sites with 
inadequate spill prevention control countermeasure plans; 

• leaking above and under ground storage tanks and associated pipelines; 
• construction without adequate erosion and sediment control measures; 
• wildfires, and off-road vehicle use, particularly evident in the south, causing 

excess siltation, turbidity and sedimentation; 
• leachate from landfills and agricultural runoff; 
• past activities on military sites; 
• recreational water craft, including jet-skis, which are damaging marine life; and 
• inadequate enforcement. 

 
The only difference between these two lists (of sources of water pollutants) was “salt 
water intrusion”.   
 
B. Overview of Guam’s Ground Water Protection Program  
 
Guam EPA manages different environmental programs which serve to protect ground 
water resources.   Most programs are fully established but undergo continuous revision 
based on changes in statutes or regulations or to maintain effective control measures.  
Table B10, Appendix B summarizes the status of ground water protection programs in 
Guam.  Related information is available at www.guamepa.net.  Information about Guam’s 
key ground water protection programs are presented in the following. 
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1.0 Northern Guam Lens Study  
It has been long recognized that the NGL supply needed protection and on April 26, 1978 
the groundwater lens in northern Guam was defined as a “sole source aquifer,” by the 
EPA Administrator under Section 1424(e) of the Safe Drinking Water Act (SDWA), 
Federal Register citation 43FR17867.  

 
In order to properly protect this “sole source aquifer”, it was necessary to define the range 
or extent of the aquifer, the types of protection and/or controls needed, and the type of 
management system needed to monitor, control, develop, and protect this resource. 
 
In 1979 Guam EPA initiated the Northern Guam Lens Study (NGLS), which was 
completed in December 1982. This study sufficiently defined the range or extent of the 
aquifer and the types of protection and/or controls needed.  It also outlined the framework 
necessary for Guam EPA to implement the type of management system needed to 
monitor, control, develop, and protect this resource.   This 21-year old study is still in 
use. 
 
The Northern Lens Study concluded the following: 
a. The aquifer and its recharge areas cover almost the entire northern half of the 
island and are divided into six major sub-basins based on the volcanic subsurface 
topography.  These sub-basins are further divided into 47 management zones, which 
could provide an estimated sustainable yield of 59 million gallons a day. 
 
b. The lens contains very high quality water but needs to be protected against both 
contamination from percolation of surface pollution through the very permeable soils and 
salt-water intrusion due to over-pumping of the lens. 
 
c.   The management system defines the necessary data to be collected, construction 
practices, the operation and maintenance practices needing modification, and the required 
legislative and legal measures that should be developed to properly implement the 
program. 
 
2.0 Ground Water Legislation, Statutes, Rules, and/or Regulations  
The statutory authority for water resources management programs fall under the 
provisions of 10 GCA, Chapter 46 (Water Resources Conservation Act).   This and other 
pertinent regulations can be found at http://node.guamepa.net/regs/chapter46.html.   
 
Public Law 24-247 (August 1998) established the Guam Hydrologic Survey (GHS) as a 
permanent program to be created and administered by WERI.  Among the five points 
detailed as the mission of the GHS, the program is to locate, inventory, and evaluate all 
hydrologic data pertaining to Guam and consolidate the data into a single computer-based 
data library form which information can be easily accessed and retrieved.  This public 
law also provides matching funds for WERI to administer the joint WERI-USGS 
Comprehensive Water Monitoring Program (CWMP) on Guam (as mandated by PL     
24-161 regarding data collection on salt water intrusion, water lens thickness in the 
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northern part of Guam, stream flow data in the southern part of Guam and related 
matters).   
 
Funding levels reported were: 
                                    GHS                    CWMP 

Appropriations        $204,200                $173,948 
 

       2009                 $192,307                $163,817 
 
A copy of the status reports for both years can be found at www.weriguam.org. 
 
 http://www.weriguam.org/pdf/status-reports/ghs-guam-monitoring-fy2009-project-synopsis.pdf 
 http://www.weriguam.org/pdf/status-reports/ghs-guam-monitoring-fy2008-project-synopsis.pdf 
 
3.0.   Wellhead Protection Program 
Provisions for wellhead protection were adopted as part of the reauthorization of the Safe 
Drinking Water Act (SDWA), signed into law in June 1986.   The legislation established 
a nationwide program to encourage states to develop systematic and comprehensive 
programs within their jurisdiction.  Such programs were intended to protect water supply 
wells and well fields from all sources of anthropogenic contamination.  Water Resource 
Development and Operating Regulations were adopted January 25, 1985 and amended 
August 2, 1990. (www.guamcourts.org/CompilerofLaws/GAR/22GAR/22GAR002-7a.pdf)  
Section 7130. Wellhead Protection for Public Water Supply Well contains regulations 
intended to safeguard the public health, safety, and welfare by providing established 
standards.  
 
4.0     Underground Injection Control (UIC) Well and UIC Permitting Program 
The only type of injection well in Guam is the Class V well used primarily for drainage 
of storm water runoff.  All injection wells in Guam have been issued permits and are 
inspected annually.  At present, there are four hundred eighty-two (482) permitted wells.  
There are sixty-one (61) permittees with a general breakdown of ownership as follows: 
 
                                    1.    Andersen Air Force Base (USAF)                                 104 
   2.    Guam International Airport Authority (GovGuam)         28 
                                    3.    Department of Public Works (GovGuam)                       48 
   4.    Agana Shopping Center                 28 
   5.    Guam Memorial Hospital Authority (GovGuam)            13 
                                    6.    Guam Okura Hotel                                                           20 

                        7.    Atkins Kroll (Toyota)                                                      10 
                                    8.    Hyatt Regency Hotel                                                        52 
   9.    Westin Resort                                                                   18 
                                  10.    Other permittees (with <10 UIC systems)                     161                                     
  
The Guam EPA Water Resources Management Program conducts annual compliance 
inspections to 

 verify if the site or location of injection wells conform with its operating permit 
requirements and conditions; 
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 assure adequate maintenance of the wells to prevent groundwater contamination; 
and  

 identify discrepancies or deficiencies between the inspected well and its permitted 
requirements and conditions. 

 
A UIC permit is required for anyone who has constructed a well used primarily for 
drainage of storm water runoff.  The permit provides a means of tracking all injection 
wells and insuring, through inspection, that such wells are properly maintained.  Recent 
concern has developed over the proliferation and extensive use, in the last 10 years, by 
commercial establishments to contain stormwater runoff within its boundaries.  These 
drainage systems, because of their configuration and purpose, are now considered 
injection wells requiring a UIC permit. 
   
4.1  Underground Injection Control Monitoring  
Guam EPA’s UIC program has a Permit-driven water quality monitoring requirement for 
UIC well/system owners.  As of this reporting period, there were sixty-one UIC well 
owners operating a total of 396 individual wells/systems located over the northern Guam 
lens. 

Table 25.  UIC Sampling Parameters 
 

  Chemical  MCL (mg/l)   Chemical  MCL (mg/l) 
 

  1. MBAS ........................ 0.5  11. Lead................................. 0.015 
  2. Oil and Grease*.......... N/D  12. Benzene............................ 0.005 
  3. NO3-N......................... 10.0  13. Ethylbenzene.................... 0.7 
  4. Endrin......................... 0.002   14. Xylene.............................. 10.0 
  5. Lindane....................... 0.0002  15. Toluene............................ 1.0 
  6. Toxaphene.................. 0.003  16. Boron............................... 5.0 
  7. 2, 4-D**. ..................... 0.07           17. COD................................. 50.0 
  8. 2, 4, 5 -TP Silvex*** ..0.05                            18.  pH..................................... 6.5-8.5 
  9. Heptachlor.................. 0.0004                      19. MTBE ............................. 0.02 
             10. Methoxychlor............. 0.04   
 
  *  Not Detected using 0.05 ppm MDL   ** 2,4 - Dichlorophenoxyacetic Acid 
  MCLs are based on the most current Guam Water Quality Standards. 

 
The UIC well/system owners are required to perform water quality monitoring sampling 
semiannually on 19 chemicals.  The owners are required to grab the first set of samples 
during the first significant rainfall between the months of April and July which represent 
the end of the dry season and the onset of the rainy season.  This sampling event is 
scheduled during this period as a way of capturing the illusive first flush.  The second set 
of samples is grabbed between the months of October and December which are the last 
three months of the rainy season.  The 19 chemicals of concern and their respective 
MCLs are listed in Table 25.  
                
5.0 Ground Water Assessment Monitoring 
An ambient ground water monitoring system has been established for Guam ground 
water under Guam EPA.  Pump rates and chloride concentrations of all production wells 
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are currently being monitored. Guam EPA proposes to establish a monitoring well 
network that would allow the Agency to monitor lateral and vertical salinity trends within 
the aquifer. 
 
This assessment monitoring program is an annual evaluation of groundwater chemical, 
physical and yield characteristics to track trends within the Northern Aquifer – the 
principal potable water supply resource for the island.  The program is a judgmental 
sampling design which incorporates a sampling frequency based on Guam’s two index 
periods.  The sampling frequency is one sample event per production well (Total of 110) 
per index period, resulting in a total of 220 samples per calendar year for each resource 
unit.   Resource units are then rotated through a four year cycle.    
The first index period on Guam is a dry season, which occurs from January through June.  
The island’s wet season, July through December, makes up the second index period.   
 
The goal of this program is specifically to provide the Guam EPA with baseline water 
quality data, to characterize and define trends in the, chemical, physical and yield 
conditions of the island’s primary groundwater supply. It is also designed to identify new 
or existing water quality problems and to act as a triggering mechanism for focused 
studies, investigations, inspections and enforcement, or other appropriate actions by the 
Agency. 
 
The specific objectives of this program are to: 
1) Identify, document and predict the conditions of Guam’s water resources; assist in  
    determining the status of the aquifer’s “environmental health”. 
2) Document potential problem areas; 
3) Identify water quality changes over time in aquifer subbasin water bodies; 
4) Provide information to managers, legislators, agencies and the public; 
5) Determine the proportion of the state’s water bodies that meet water quality criteria. 
 
To meet its environmental goals and objectives, this program integrates a combination of 
chemical, physical, and yield indicators to monitor and assess site specific water quality 
conditions and aquifer long term water quality trends. 
 
The general list of Indicators is listed below, with a complete list in Table C5, Appendix 
C. 

• General water chemistry ( chlorides, nitrates) 
• Organic and Inorganic Constituents 
• Physical Parameters ( Water Level, Yields )  

 
Another component of this plan is the Production Well chemical monitoring required as 
part of the Safe Drinking Water permits for a Public Water Supply System (PWSS).  The 
schedule presented in Table 26 is an example of Organic and Inorganic Monitoring.  
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Table 26.  Groundwater Source & Water Distribution System: 
              Organic & Inorganic Sampling Schedule 

 
 

2011 GWA/Earth Tech Production Wells GWA Water Distribution System 

1st Quarter A-1, A-2, A-3, A-4, A-5, A-6 Agana Heights Mayor’s Office 

2nd Quarter D-2, D-3, D-4, D-5, D-6, D-7 GWA Laboratory, Dededo 

3rd Quarter F-2, F-3, F-4, F-5 F-6, F-7 Northern District Sewage Treatment Plant 

4th Quarter M-12, M-14, M-15, M-17a, M-17b, M-18 Mangilao Mayor’s Office 

2012 GWA/Earth Tech Production Wells GWA Water Distribution System 

1st Quarter A-7, A-8 A-9, A-10, A-11, A-12 Sinajana Mayor’s Office 

2nd Quarter D-8, D-9, D-10, D-11, D-12, D-13 Merizo Mayor’s Office 

3rd Quarter F-8, F-9, F-10, F-11, F-12, F-13 Finegayan Elementary School 

4th Quarter M-20a, M-21, M-22, M-23, MJ-1, MJ-5 Inarajan Middle School 

2013 GWA/Earth Tech Production Wells GWA Water Distribution System 

1st Quarter A-13, A-14, A-15, A-17, A-18, A-19 Piti Mayor’s Office 

2nd Quarter D-14, D-15, D-16, D-17, D-18, D-19 Umatac Mayor’s Office 

3rd Quarter F-15, F-16, F-17, F-18, F-19, F-20 Tamuning Mayor’s Office 

4th Quarter NAS-1, Y-1, Y-2, Y-3, Y-4, Y-5 Santa Rita Spring 

2014 GWA/Earth Tech Production Wells GWA Water Distribution System 

1st Quarter A-21, A-23, A-25, A-26, A-28, A-29  Barrigada Mayor’s Office 

2nd Quarter D-20, D-21, D-22a, D-23a, D-24, D-25 Agueda Johnston Middle School 

3rd Quarter GH-501, H-1, HGC-2, M-1, M-2, M-3 Toto Mayor’s Office 

4th Quarter Y-6, Y-7, Y-9, Y-10, Y-12, Y-14 Yigo  Mayor’s Office 

2015 GWA/Earth Tech Production Wells GWA Water Distribution System 

1st Quarter A-30, A-31, A-32, AG-1, AG-2a, D-1 Asan Mayor’s Office 

2nd Quarter D-26, D-27, D-28, EX-5a, EX-11, F-1 Yona Mayor’s Office 

3rd Quarter M-4, M-5, M-6, M-7, M-8, M-9 Talofofo Elementary School 

4th Quarter Y-15, Y-17, Y-18, Y-19, Y-20, Y-21a, Y-22 Upi Elementary School, Yigo 

 
. 
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Table 27.  Man-Made Impoundment Area WQM Schedule. 
 

Cycle SIA Name Site 
No. Location 

Cycle 
Sampling 

Year 

Plus One Site 
Each from Other 

Four Cycles 

I GHURA 501 43 Behind Dededo Transfer Station 2011 2012 

Potts Junction 12 Rte 9; 500 Feet West of Well HGC-3 2011 2013 

Marianas Terrace 36A Gayinero Street, Yigo 2011 2014 

Airport road Extension 72A Route 10A (South Side) 2011 2015 

II GHURA 502 20 Route 3 (Astumbo Gardens) 2012 2011 

Ypaopao Estates 42B Behind PUAG Pump Station 2012 2013 

Hatsuho Golf Course 12E Route 3 (Near Club House) 2012 2014 

Harmon Sinkhole 71 Route 10A (Near Hotel Mai’Ana) 2012 2015 

III Agana Hts. Injection Wells 79 F. Xavier Dr./Salamon Dr., Agana Hts 2013 2011 

Guam Community College 76A Sesame Street, Mangilao 2013 2012 

GHURA 503 15 Route 3 (Fern Terrace) 2013 2014 

Guam Intl. Airport Terminal 72 Route 10A (Across Airport Parking 
Lot) 

2013 2015 

IV Barrigada 76 Gas Station 74 Route 10 & Route 8 Intersection 2014 2011 

GHURA 35  48B Near Northern Public Health Center 2014 2012 

Macheche Subdivision 55A Macheche Avenue, Dededo 2014 2013 

GHURA 505  41 Atsadas Street, Yigo 2014 2015 

V Sinajana Baseball Field 79B Chalan Guma’ Yuus, Sinajana 2015 2011 

Latte Heights 56A Gardenia Ave. & Carnation Ave.  2015 2012 

GHURA 506 38 Near Simon Sanchez High School 2015 2013 

Dededo Public Park 47A Rte. 1 & Ysengsong Rd. Intersection 2015 2014 

 
performed by the PWSSs.  This data is also used to track trends and provide data for 
more detailed investigations.  
 
6.0 Man-Made Impoundment Monitoring  
The Man-Made Impoundment Monitoring Plan primarily evaluates chemical data 
sampled from man-made impoundments very much like the UIC plan and focuses on 
surface impoundment impacts to groundwater. Table 27 presents the locations and a 
proposed schedule for surface impoundment (i.e. ponding basins) sampling.  It is 
proposed that this monitoring program be extended to include the surface impoundments 
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of Southern Guam that affect surface water quality of receiving streams and other water 
bodies 
 
C. Summary of Ground Water Contamination Sources 
 
The top ten contaminant sources presenting the greatest threat to Guam’s ground water 
quality were identified earlier in this section and reference can be made to related 
contaminant information in Table B9, Appendix B.  Guam EPA includes the following 
narrative on major contaminant sources and groundwater locations most at risk on Guam. 
 
1.0 Septic Systems1 
Septic systems are currently in use throughout Guam for wastewater collection and 
disposal in the areas not sewered.  It is estimated that 41% of the island residents use 
individual wastewater disposal systems (IWDS) as reflected in GWA’s customer count 
list.   
 
There are parts of Guam that are more sensitive to the affects of septic systems than other 
parts of the island.  The Northern Region and the northern portion of the Central Region 
are located over an aquifer in an area of limestone formations that provides an 
environment for the septic-treated wastewater to filter down to the island’s groundwater 
source.2  In this area, rainwater and water from other sources percolates through the 
limestone aquifer rapidly.  Any pollutants, such as nitrates resulting from septic system 
wastewater treatment, eventually make their way to the aquifer. 
 
GWA’s customer count shows that approximately 42% of all the septic systems on island 
are located in the Northern Region (Dededo, Yigo and Mangilao) and approximately 44% 
are located in the Central Region (Agana, Sinajana, Mongmong-Toto-Maite, Agana 
Heights, Tamuning, Barrigada, Chalan Pago-Ordot, Yona, Asan, Piti, and Santa Rita). 
Approximately 13% of the island’s septic systems are located in the southern region of 
Guam. 
 
2.0 CERCLA3 Sites Overlying the NGL 
The Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA), commonly known as Superfund, was enacted by Congress on December 11, 
1980. This law created a tax on the chemical and petroleum industries and provided 
broad Federal authority to respond directly to releases or threatened releases of hazardous 
substances that may endanger public health or the environment. Over five years, $1.6 
billion was collected and the tax went to a trust fund for cleaning up abandoned or 
uncontrolled hazardous waste sites. CERCLA: 

                                                 
1 Volume 3, Chapter 6: Septic Systems & Unsewered Areas.  October 2006  Final Water Resources  
         Master Plan  
2 PUAG’s Rural Island-wide Wastewater Facilities Plan delineates Guam regions as Northern,  
        Central and Southern.  
3  EPA website  



Part  IV.  Ground Water Monitoring and Assessment 
Guam EPA 2010 Integrated Report 
Page 11 of 15 

  

• established prohibitions and requirements concerning closed and abandoned                         
hazardous waste sites;  

• provided for liability of persons responsible for releases of hazardous waste at  
      these sites; and 
• established a trust fund to provide for cleanup when no responsible party could  

be identified. 
 

The law authorizes two kinds of response actions: 

• Short-term removals, where actions may be taken to address releases or 
threatened releases requiring prompt response.  

• Long-term remedial response actions, that permanently and significantly reduce 
the dangers associated with releases or threats of releases of hazardous substances 
that are serious, but not immediately life threatening. These actions can be 
conducted only at sites listed on EPA's National Priorities List (NPL). 
 

CERCLA also enabled the revision of the National Contingency Plan (NCP). The NCP 
provided the guidelines and procedures needed to respond to releases and threatened 
releases of hazardous substances, pollutants, or contaminants. The NCP also established 
the NPL. 
 
There are CERCLA sites, which overlie the NGL: Andersen Air Force Base (AAFB), 
Tiyan (the former Naval Air Station, Agana), and the Navy Construction Battalion (CB) 
Landfill. 
 
AAFB 
Andersen Air Force Base was listed on the National Priority List (NPL) in October 1992.  
Groundwater beneath the site has been investigated in accordance with the Federal 
Facility Agreement (FFA) since that time.  Prior to NPL listing, groundwater was 
investigated under the Department of Defense, Installation Restoration Program (DOD, 
IRP) beginning in 1986.  Active information about AAFB as a superfund site is available 
at http://yosemite.epa.gov/r9/sfund/r9sfdocw.nsf/ViewByEPAID/gu6571999519?OpenDocument 
 
2.1 AAFB Main Base TCE Groundwater Contamination - Building 18006 
Building 18006 has been operational since the 1960’s. AAFB started looking at this site 
after its status was converted from an Area of Concern (AOC) to an Installation 
Restoration (IR) site in the beginning of CY 2005.  This was done to access funding to 
start an investigation into whether Building 18006 may be contributing to the 
groundwater TCE contamination. 
 
In fiscal year 2008, AAFB began the Remedial Investigation (RI) and feasibility study 
(FS) proposed plans for Building 18006.  Regulatory issues delayed the signing of the 
ROD for Building 18006. In fiscal year 2010 under the IRP, AAFB will begin the RI/FS 
for Building 18006, finalize the ROD, and transfer environmental restoration 
responsibilities to Navy Base Guam.   



Part  IV.  Ground Water Monitoring and Assessment 
Guam EPA 2010 Integrated Report 
Page 12 of 15 

  

   
2.2 Air Force Marbo Groundwater Impacted by TCE and PCE 
The groundwater table beneath the Andersen Air Force Base MARBO Annex ranges 
from approximately 281 to 400 feet below ground surface. There are water production 
wells within the MARBO Annex area.  This water is blended with water from other 
production wells and is distributed to various villages.  As a consequence of past Air 
Force activities at MARBO Annex, the groundwater beneath the Annex area has been 
impacted by trichloroethylene (TCE) in the northern portion and tetrachloroethene (PCE) 
in the vicinity of the former MARBO Laundry facility. This contamination was first 
detected in MARBO groundwater when appropriate groundwater sampling and analysis 
was initiated some 30 years ago.  As a result, Andersen Air Force Base has been 
identified as the responsible party for the groundwater contamination and has since 
implemented some actions to address the situation. 
 
In November of 2009, the United States Air Force (USAF) updated the original selected 
remedy, Natural Attenuation with Wellhead Treatment, for MARBO Annex Groundwater 
at AAFB, by amending certain aspects of the June 1998 MARBO Annex OU Record of 
Decision.  The amended selected remedy is Long-Term Groundwater Monitoring with 
Contingency for Wellhead Treatment. 
 
Since the implementation of 1998 selected remedy, semi-annual groundwater sampling 
and analysis has shown that natural attenuation has not been effective in reducing TCE 
and PCE concentrations in the deep portions of the freshwater aquifer.  Therefore, the 
USAF concluded that specific fundamental changes are needed to modify the MARBO 
Annex Groundwater remedy of Natural Attenuation with Wellhead Treatment selected in 
the 1998 ROD.4  
 
Navy Environmental Restoration Program 
2.3.   Tiyan – former NAS Agana 
Groundwater beneath Tiyan has been investigated since 1986 under the DOD, IRP.  
Groundwater contamination beneath Tiyan has been detected in the form of TCE and 
PCE.  One production well (NAS-1) exists on the former base and a water sample 
collected in January 1991 exceeded the MCL for TCE.  Subsequent groundwater 
sampling of monitoring wells under the BRAC has shown the presence of an extensive 
area of contamination of PCE and TCE.   
 
In July 1993, the (Base Realignment and Closure) BRAC Commission recommended 
closure of Naval Air Station (NAS) Agana.  The installation was closed on March 31, 
1995.   
 
All cleanup work on BRAC sites is complete and the sites are in long-term management 
(Action conducted after cleanup to monitor effectiveness of the remedy and ensure site 
restrictions remain in place).  All former NAS Agana property has been transferred, 
                                                 
4  November 2009 AMENDMENT: Proposed Plan MARBO Annex Groundwater,  
      MARBO Annex Operable Unit, AAFB, Guam  
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except for the Agana Power Plant. 
 
Contamination in NAS-1 is currently being remediated through wellhead treatment 
through activated carbon filtration.  
  
  
2.4   Construction Battalion Landfill – IRP Long-term Management Site 
In 1998, a soil and synthetic liner system was completed.  The site is now in long-term 
management.  A five year review is planned for 2012.  Annual reviews and landfill cover 
maintenance are ongoing.5   
 
3.0  Ground Water Conditions in the Vicinity of the Orote “Landfill” 
The Orote “Landfill” was an uncontrolled Navy dump throughout its operational history.  
Contaminants initially detected in soil and buried waste at the facility include PCBs, 
dioxins (including 2,3,7,8 TCDD) and furans, polychlorinated aliphatic hydrocarbons, 
volatile organic compounds (including TCE, PCE, TCA, DCA, and BTEX), metals, and 
pesticides.  These same contaminants have also been detected in groundwater in 
monitoring wells in and around the dump, coastal fresh water springs and marine waters, 
and marine sediments and organisms (including fish). 
 
In 2001 the beach area immediately adjacent to the dump was cleaned up of metallic 
debris, a sea wall was constructed to minimize further erosion of contaminated soil and 
buried waste, and an impermeable cap was constructed over the dump in an attempt to 
isolate contaminated waste from the groundwater and marine water beneath and adjacent 
to the dump.   
 
Subsequent sampling of groundwater, spring and marine waters, and off-shore biota 
indicate that the contaminants persist in the local environment.  A study of the effects of 
storm-induced waves, tides, and heavy rains on the water table in the vicinity of the 
capped dump has demonstrated that groundwater rises into buried waste and probably 
remobilizes contaminants thought to have been isolated from the groundwater and marine 
environment by the cap and seawall.  It was also determined that storms cause temporary 
reversals of the water table and groundwater flow direction, thus continuing to disperse 
contaminants away from the dump through the groundwater pathway. 
 
The site is now in long-term management.  Fish sampling data evaluation is ongoing.  
Cap and seawall maintenance is ongoing.  Groundwater monitoring is planned.  
  
4.0 Other CERCLA Sites  
There are several CERCLA sites located in the Southern Guam hydrogeologic province 
not over the NGL: the Ordot Landfill and numerous sites belonging to the Navy. 
 
4.1       Ordot Dump 
The Ordot Dump is listed on the NPL, but no groundwater contamination resulting from 
                                                 
5  Fact Sheet 1: Navy’s Guam Environmental Restoration Program – Site Status Update , November 2009  
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activities at the site has been documented.  However, leachate impacts to the Lonfit River 
have been documented resulting in the impairment and 303(d) listing of this waterbody. It 
is suspected that the Lonfit River is hydraulically connected with the southern-most 
extension of the NGL; therefore, impacts to the NGL from Ordot leachate are possible. 
 
4.2      Navy’s Guam Environmental Restoration Program 
The Environmental Restoration Program is organized into three programs based on the 
site type and location.   Appendix I. provides Fact Sheet 1 dated November 2009.  This 
document describes the status categories of the environmental cleanup sites on Guam by 
program. 
 
 
D. Summary of Ground Water Quality 
 
The overall ground water quality of the NGL is good, however, it is significantly 
vulnerable to contaminants, including chloride contamination induced from over 
pumping of water supply wells.  These threats increase the NGL‘s contamination 
potential.     
 
During the last quarter of 2005 Guam EPA under the lead of its Safe Drinking Water 
Program, investigated requirements of “Ground Water Under the Direct Influence of 
Surface Water” because of the contamination of several GWA ground water wells and 
possibly U.S. Navy wells.  Staff suspected that these wells were potentially influenced by 
surface water or raw sewage from leaking sewer pumps or sewer pipes.  The Agency has 
formulated draft guidance to determine the source, if the groundwater is under the 
influence of surface water.      
 
The preservation of the Northern Guam Lens Aquifer is a priority because of its 
designation as Guam’s Sole Source Aquifer and because of the magnitude of incidences 
observed in which the levels of pollutants (Bacteria, Nutrients, Chlorides, and Toxic 
Contaminants) exceeded Guam Water Quality Standards. The Agency will facilitate 
assessment, planning, or pollution control activities necessary to improve water quality 
such that it complies with local standards.  The degree of public interest in or concern 
about the water body is extremely high. 
 
 
E. Summary of Groundwater-Surface Water Interactions 
 
Guam EPA has a growing awareness of ground water-surface water interactions and their 
contribution to water quality problems.   
 
Another aspect of groundwater is spring discharge along the coast in the inter- and sub-
tidal zones.  These springs comprise the discharge of the NGL aquifer.  A completed 
study has characterized the chemistry of discharge from selected springs into Tumon 
Bay.  The study consisted of sampling eight Tumon Bay springs during four discrete 
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sampling events.  Total discharge estimated for the seven springs is 17 million gallons 
per day.   

The two-year study consisted of four sample rounds (of eight springs along the Bay) 
during both the wet and dry seasons.  Chemicals detected above Guam EPA water quality 
standards included Tetrachloroethene, Trichloroethylene, Aluminum, Antimony, Arsenic, 
Magnesium, Chloride, Sulfate, Oil & Grease, Total Coliform and Fecal Coliform.  
Pesticides Dieldrin, Alpha-Chlordane, and Gama Chlordane were also detected in spring 
discharge; however no Guam EPA water quality standards currently exist for these 
compounds.  The study was funded with Clean Water Action Plan money through the 
Watershed Planning Committee.   

Guam EPA intends to use the results of the spring discharge study and information from 
the recent Northern Watershed Bacteria TMDL to prioritize and mitigate documented 
impacts on Tumon Bay and other northern beaches.    
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Figure 1. Guam Location Map
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Table B1. STMP Stations
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Agat Agat Bay ATMO M2 0,5 13.389833 144.656500 Marine

Agat Tipaleo Bay ATMST M2 ,0,10;20 13.416328 144.645467 Marine

Agat Agat Bay ATMN M2 0 13.400667 144.663167 Reef Flat

Agat AQat Bay ATMS M2 0 13.386833 144.656167 Reef Flat

Agat Finile Creek ATRF S3 0 13.379736 144.662900 River/Stream

AQat Gaan River ATRG S3 0 13.375283 144.657964 River/Stream

Agat Gaan River ATRG-2 S3 0 13.378028 144.652408 River/Stream

Agat Namo River/unnamed tributary ATRN-1 S3 0 13.389275 144.680997 River/Stream

AQat Namo River ATRN-1A S3 0 13.393000 144.668667 River/Stream

Agat Namo River ATRN-2 S3 0 13.397131 144.668225 River/Stream

Agat Salinas River ATRS S3 0 13.382903 144.658681 River/Stream

Aqal ToCJcha River (Aqatl ATRTO S3 0 13.393000 144.663667 River/Stream

Apra Apra Harbor APMA M2 0 13.430717 144.673953 Marine

Apra Apra Harbor APMCO M3 0,5,10 13.458667 144.665167 Marine

Apra Apra Harbor APMD M2 0 13.445500 144.658833 Marine

Apra Apra Harbor APME M2 0 13.450833 144.671167 Marine

Apra Apra Harbor APMJ M2 0 13.456500 144.663667 Marine

Apra Apra Harbor APMO M3 a 13.463500 144.655667 Marine

Apra Apra Harbor APMS M2 0.10,20 13.442667 144.665167 Marine

Apra Apra Harbor APMW M2 0,10,20 13.448667 144.630500 Marine

Apra Atantano River APEA S3 0 13.426922 144.677123 River/Stream

Apra BiQ Gautali River APRA-1 S3 '0 13.425667 144.688167 River/Stream

Apra Atantano River APRA-2 S3 0 13.414928 144.681997 River/Stream

Apra AQuada River APRAG S3 0 13.438539 144.681686 River/Stream

Apra LaQuas River APRL S3 0 13.444433 144.685700 River/Stream

Apra Sasa River APRS-1 S3 0 13.446000 144.698833 River/Stream

Apra Sasal River APRS-2 S3 0 13.451500 144.686500 River/Stream

Asalonsp Asalonso River/unhamed tributary INRAS S3 0 1:3.329919, '144.761775 R.iverfStream,

Cetti CettiBay ULMC M1 0,5,10 13.315667 144.656667 Marin'e

Cetti Agaga River ULRAG S2 0 -13.333475 144.648'6'75 Riverislream

Cetti Asmafines River ULRAS S'2 0 13.329142 144.652433 River/Stream

Cetti Cetti River ULRCL S2 0 13.316733 ~44.657819' Rrv~r'Stream

Cetti unnamed river ULRCR S2 0 13.314394 144.65791'7 RI\ierlStream

Cetti Madofan River ULRMF S2 0 13.336155, 144.646858 RiverlStream

Cetti Sella River ULRS S2 0 13.32?394 144.653200 RM~r/Stream
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Damdan Aslinget R'iver INRAL-1 S3 0 13.302900 144.75636.7 Ri:verIStt:~m

Dandan AslinQet River INRAL-2 S3 0 '13:289000 144.754000 RlvertStream
Dandan Pauliluc River INRAP S3 0 13.286217 144.755192 RiVer/Stream
Fonte West H~gatlla Bay AGMZ M2 0,1,'0,2013.481992 144.729631 Ma.rlne
Fonte West HaQatna Bay AGMF M2 0 13'.480333 144.731333 Reef Plat
Fonte FOrlte River AGRF-:1 S2 0 13.466922 144.741858 River/Stream
Fonte Fonte RIver AGRF-2 S2 0 13,477658' 144.731725 River/Str~m

Geus Cocos LaQoon MzMB7 M1 0,5:10 13.261.000 144:664'833 Marine
Geus COCOS Lagoon MZMCL M1 0,5 13.246333 144.6,50167 Marfne
Geus Cocos Lagoon MZMCN M20,5 ~ 3.264933 144.665708 Marir]e
Geus Cocos LaQoon MZMcw M1 0 13.244167 144.671000,Marine
Geus Cocos Lagoon MZMG M2 0,10"20 13.260667 144.-672000 Marine
Geus COCOS Lagoon MZMM M2 0,10,20 '13.268667 144.662333 Marine
Geus Geus River MZRG S2 0 13.~70667 144.679333 River/Stream
Geus Geus River MZRG-1 S1 0 13,276517 144.683028 River/Stream
Geus GeLis River MZRG-2 S3 0 13..262631 144.675308 Ri:.'er:/St~~m

Hagatna West Hagatna Bay AGML M2 0,10 '13.481833 144.752000 Marine
Hagatna West Hagatna Bay AGMX M2 0,10,20 13.485833 144.746833 MarIne
Hagatna West Hagatna Bay AGMX1 M2 :0,1Q,20 (variable') (VaMable) Marine
Hagatna West Hagatna Bay AGMX2 M2 0,10,20 (variable) I(variable) Marine
Hagatna West HaQatna Bay AGMB M2 O. ·1$.478167 144.742667 Reef Flat
Hagatna West Hagatna Bay AGMI M20 13.481333 144.7;(\,6833 Reef Flat'
Hagatna Hagatna Springs AGRA1 S2 0 13,463086 144.760686 River/Stream
HaQatna Hagatna River AGRA-2 S2 0' 13.472517 144.759542 RIver/Stream
HaqatnCl Haqatna River AGRA-3 S2 10 13'.476831 144,.754639 f{jver/Strea'm
Inarajan Agfayan Bay B8M1 M2 0 13.261'833 144'.738667 Reef Flat
Inarajan AQfayan Bay B8M2 M2 0 13,267500 144.740167 Reef Flat
Inarajan unnamed river INRAGB S3 13.270531 144.735692 l'<:r.verfStream
Inarajan Inarajan River INRt1 53 13.279414 144.740256 RiverlStream
Inarajan Inaraian River INRI2 S3 13278117 144.746139 Rive[{Stream
Inaraian Laolao River INRL S2 0 13.284831 144.7"37561 R.i.ver/Stream
Manell Achang River MZRAC S2 0 13.262831 144.685558 River/Stream
Manell Achang River MZRAC-2 S2 13.256131 144.684489 River/Stream
Manell Ajayan River MZRAJ S2 0 13.251506 144.717944 River/Stream
Manell Liyog River MZRL S2 0 13.247383 144.707417 River/Stream
Manell Manell River MZRML S2 13.256792 144.688094 River/Stream
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Manell 5LJrnay River MZRSY S2 13.248114 144,700022 River/Streani

Northern East Hagatna Bay AGMA M2 0,2 13,49'2572 144.768400 Marine

Northern Double Reef DRM M1 0 13.597333 144.836000 ly1arifile

Northern Double Reef DRM 13:596667 144.832500 Marine

Northern Tanguisson Beach TANG M2 0,10,20 13.553000 144.808167 Madne

Northern East Hagatna Bay AGMD M2 0 13.488500 144.773833 Reef Flj3t

Northern East Hagatna Bay AGMP M2 0 13'.478000 144.757167 Reef Flat

Northern East HaQatna Bay AGMQ M2 0 13.481167 144.755833 Reef Flat

Northern East Hagatna Bay AGMR M2 0 13.496144 144.769639 Reef Flat

Northern East Hagatna Bay AGMS M2 0 13.494833 144.773167 Reef Flat

Northern East Haqatna Bav AGMT M2 0 13.4.79333 144.764333 Reef Flal

Northern (oDI~n storm drain;) AGRD 52 0 13A87119 '/44.774983 RiverfStream

Pago Pago Bay PGMPE M2 0,10,20 13.416333 144.792333 Marine

Pago Pago Bay PGMPM M2 0,5,10 13.420683. 144.787431 Marine

PaQO Pago Bay 13.420000 144.782500 Marine

Pago Pago Bay 13.420833 144.775556 Marine

Pago Pago Bay PGML M2 0' 13.419833 144.785000 Reef Flat

PaQO PaQo Bay PGMR M2 0 13.423431 144.793336 Reef Flat

Pago Pago River PGEP 53 0,1,2 13.420011 144.778353 RiverfStream

PaQo Pago River PGMPW 53 0,1..2 13.421739 144.783947 RiverfStream

Paqo Landfill Leachate 5team PGRL-O S1 0 13.435353 144.748114 RiverfStream

Pago Lonfit River PGRL-1 51 0 13.435528 144.746858 RiverfStream

PaQo Lonfit River PGRL-2 520 13.436603 144.755450 RiverfStream

Pago Pago River PGRP-1 52 a 13.436972 144.756322 RiverfStream

Pago Pago River PGRP-2 53 0 13.422856 144.775075 RiverfStream

PG\Cjo 5iquCl River I PGR5 S'I 0 '13.436028 '144.755669 RiverfStream

PiliiAsan Masso River AP.RlVl-1A 53 a 13~457167 144.695167 RivedStream

Piti/As,all Masso River APRM-1B 53 a 13.460378 14'4.692281 RiverrStr~am

Plti/Asan unnamed creek ASRI-1 53 Q. 13'.476564 144.723569 River/Stream

Piti/Asan Unnamed creek ASRl-2 53 0 1'3'.472231 144.717478 Rivec/Stream

Piti/Asal7l Asan River ASRI-3 53 0 13.470386 144-712961 Ri,verfSlream

Piti/Asan Asan River ASRI-4 63 0 13.472392 144.713.594 ~iverJStream

Piti/Asan Mataque River ASRM 53 13.471139 144.706839 RivedStream

Taelayag Taleyfac Bay ATMA M1 0 13.347500 144.640667 Marine

Taelayag Taleyfac Bay ATMNC M2 0,5 13.366333 144.647333 Marine

TaelayaQ Talevfac Bay ATMTC M2 0,5 13,362833 144.647833 Marine
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Table B1. STMP Stations
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Taelayag

Taelayag
Taelayag
Taelayag
Taelayag
Taelayag
Taelayag
Taelavaq
Talofofo
Talofofo
Talofofo
Talofofo
Talofofo
Talofofo
Talofofo
Talofofo
Talofofo
Talofofo
Talofofo
Talofofo
Talofofo
Talofofo
Talofofo
Talofofo
Talofofo
Talofofo
Togcha
Togcha
Togcha

Togcha
Togcha
Togcha
Togcha
Togcha
Togcha
TOQcha

Agat Bay
Taleyfac Bay

Chaligan Creek
ChaliQan Creek

Sagua River
Pagachao Creek
Taleyfac River

Taelava!:J Creek
Talofofo Bay
Talofofo Bay
Talofofo Bay
Talofofo Bay

AlmaQosa SprinQ
unnamed tributary

Imong River
Imong River
Maulap River

Maulap River
Sadog Gago River

Bonya River
Talofofo River
Talofofo River
Maagas River
Mahlac River
Sarasa River
TCllofofo River
Togcha River
Togcha River
Togcha River
Togcha River
Togcha River
Togcha River
Togcha Bay
Togcha Bay
Togcha Bay
Togcha Bay

ATMB
ATMP
ATRC

ATRG-2
ATRSG
ATRT-1
ATRT-2
ATRTA

TUMBIO
TUME
TUMM
TUMW
FLRA-1
FLRA-2
FLRI-1
FLRI-2

FLRM-1
FLRM-2

FLRSG-1
MLRB

TUETO
TUETU
TURM-1

TURMA-1
TURS-1
TURT-2

TURTG-1A
TURTG~1B

TURTG-1C
TURTG-2
TURTG-C
TURTG-X

TOG-M
TOGRF-1
TOGRF-2
TOGRF-3

M2
M2
S3

S3
S3
S3
S3
M2
M2
M2
M2
S1
S1
S1
S1
S1
S1
S1
S1

S1-S3
S2
S2
S1
S2
S2
S3
S3
S3
S3
S3
S3
M2
M2
M2
M2
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o
o
o

o
o
o
'0

0,10,20
[O,10,20
o
o
0,
'0
o
o
o
o
b
0,10.,20

0.1.2

o
o
o
o
o
o
0,5
o
o
o

13.375886
13.366833
13~367014

'13.372867
13.346467
13.3,55672
13.361500
13,354925
13.337500
13.336667
13.337333
13.337667
13.346594
13.347281
13.333706
13.339225
13.358581
13.355297
13.334397
13.368528
13.339000
13.335586
13.358850
13.355294
13.330533
13.34'1592
13.36824.4
13.369103
13.365667
13.369544
13.369917
13.368344
13.365700
13.384667
13.381167
13.377833

1-44,651900 IReef Flat
144.6500001 Reef Flat,
144,6614971River/Stream

144:6526441 ~iver/Stream

144,6421'171River/Stream
144.653742IRiver/Stream
144.-6498331River/Stteaill
144.6458641River/Stream
144.771 0001Marine
144.7713331Marine
144.7690001Marine
144.7641671Marine
144.6823081River/Stream
144.6960831River/Stream
144.6962111River/Stream
144.7012221River/Stream
144.6835861River/Stream
144.6984691River/Stream
144.6852581River/Stream
144.6898971River/Stream
144.7619561River/Stream
144.758664'1River/Stream
144.711 0641 River/Stream
144.732450 IRiver/Stream
144.713850'1River/Stream
'I 44.7,47386,1River/Stream
144.753n25lRiver/Stream
144.754189IRiver/Stream
144.7680001River/Stream
144.7542531River/Stream
144.763797IRiver/Stream
144.753536,1River/Stream
144.773358 IReef Flat
144.776333IReef Flat
144.775167IReef Flat
144.773500IReef Flat
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T0gchi3
TQgcha
TOQcha
Tqguan
Toguan
Toguan
Toguan

-~

Table B1. STMP Stations
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Tog~ha BqY' I TOGRF-4 I M2 10 I 13.3680001 144.7.70S00IReefFlat
Togcha Bay I TOGRF-5 I M2 10 I '13.36'66671 144.7T13331~eefFlat:

Togcha Bay I TOGRF-6 I M2 10 I 13.3620001 144.7721671Reef Flat
Plgua River I MZRP I S3 10 I 13.2740S31 144.674453IRiverlSlream
Pigua RJver I MZRP-2 I S3 I I 1-3.2753811 144.664492IRivMSlream

Togualil River I MZRT-1 I S3 10 I 13.2863001 144..665114IRiver/Slream
Toguan River I MZRT-2 I S3 10 I 13.2856941 144.6,62436IRiverlSlrearn

TumonlYigo'Subbasin
TumonlYigo Sub-basin
TumonlYigo Sub-basin
TumonlYigo Sub-basin
TumonlYigo Sub-basin
TumonlYigo Sub-basin
TumonlYigo Sub-basin
TumonlYigo Sub-basin
TumonlYigo Sub-balsin

U!!ll-lm
.Ugurn
Ugum
Ugum

Umatac
Umatac
Umatac
Umatac
Umatac
Umatac
Umatac
Umatac
Urnatac

Ylig
Ylig
Ylig
Ylig
Ylig

Tumon Bay reef slope I GBMT I I I 13.5247671 144';$018.561:Mariile
Tumon Bay I TUMN 1 M2 10,S I 13.5175001 144:7993331Marine<
Tumon Bay I TUMS I M2 10,S 1'13.5111671 144J938.331I'0a(ihe
Tumon Bay I TS1 I M2 1- I 13.5204721 144':804611 IReef Flat
Tuman Say I TS2 I M2 1- I 13.50~4561 144.7894S01ReefFlal
Tumon Bay I TMDI I M2 10 I 13.5085001 14fl:.797833IReef Fla\
Tumon Bay ,I TMGB I M2 10 I 13.5246671 144.803S001Reef Flat
Tuman Bay I n,4SV 1 M2 10 I 13.51p833l 144.8.036671Reef Flat
Tumon Bav I TMYB 1 M2 10 I 1,3.5060001 144.787667IRe,efFlat
Ugum River I TURU-1A I S2 10 I 13.3225581 144.7361S3IRiverJSlr-earn
Ug.u.m 'RIver I TU.RU-1 B I S2 10 I 13.3243061 144.7375111 RiverIStre~Jl1

Ugum River I TURLJ-1C I S2 10 I 13.32966.71 144.750000IRiver'/Stream
LJgum River I TURU2 I 10 1 13.3364721 144-.752211IRiverIStream
Fouha Bay 1 ULMF I M1 105,10 I 13.3060001 144.656167tllilarine

Umatac Bay 1 ULMUE I M2 10 I 13.2979361 144.6624641Martne
UmatacBay I ULMUE-T/B·I M2 10 I 13.2982941 144.6593061Marine
Umatac Bay I ULMUW I M2 10,5,10 I 13.2964831 144.659917IMarir,e

Chagame River/La Sa Fua River I ULRL-1 I S2 10 I '13.3104.421 144.672978IRJ\lerJStream
La Sa Fua River 1 ULRL-1 I S2 10 I 13.-3061641 1.44.658S89IRIver/Streaill

Madog River I ULRM I S3 10 I 13.2962781 144.669,539IRiver/Stll;lam
Laelae River 1 ULRU-1 I S1 10 I 13.3001501 144,668556IRiver!Slream
Umatac River I ULRU-2 I S3 10 I 13.2981671 t44.665500IRlverlStre.am

YllgBay I YRF-1 I M2 10 I 13.3913331 144.774667IReefpiat
Ylig Bay I YRF-2 I, M2' 10 I 13.39:45471 144'.774275IReefFiat

'Ylig River I YNRY-1 1 S3 10 I 13.39951.41 144.7,5-3283IRilrerIStream
YIIg River I YNR¥-2 I S3 101 13.3941~671 144.764833IHiverJSlrealr)
Ylig <River I YNRY-3 I S3 10 I 13.394000.1. 144.77033~'I'Riv'ef/Stream
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Table B2. 2005 Guam Coastal Assessment Stations
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Watershed .Station Location Latitl;Jd~..o:d. j.,ongitud'e<D.d.',Fl'iIIAP Statiori 10 .'- -::~ -''''''h''~~ _.~

GU04 0001 NORTHERN Pagat·Point 13.504430 144.892312
GU04 0002 APRA Mouth of Inner Harbor 13.447234 144.665594
GU04 0003 CETTI Cetti Bay 13.314444 144.655556
GU04 0004 TAELAYAG Agat Marina Channel 13.368331 144.644471
GU04 0005 TUMONNIGO Tumon Bay - Okura reef flat 13.519375 144.805056
GU04 0006 APRA Sasa Bay Mangrove 13.454981 144.680773
GU04 0007 MANELL Aga Bay - Inarajan 13.246053 144.726841
GU04 0008 APRA Apra Harbor - near Dry Dock 13.448391 144.657518
GU04 0009 NORTHERN East Hagatna Bay - ABT 13.484975 144.769508
GU04 0010 APRA Sasa Bay 13.448812 144.674139
GU04 0011 GEUS Cocos Lagoon - Outside 13.256783 144.651585
GU04 0013 FONTE West Adelup Park 13.479183 144.727217
GU04 0014 AGAT Gaan Point Agat 13.389859 144.654985
GU04 0015 YLiG Ylig Bay 13.389359 144.780495
GU04 0016 AGAT Tipalao Bay 13.416300 144.645833
GU04 0018 APRA North Inner Harbor 13.417889 144.671814
GU04 0019 MANELL Southeast Cocos Lagoon 13.243023 144.680069
GU04 0021 NORTHERN South of Alupang Island 13.490731 144.766854
GU04 0022 TAELAYAG Facpi Point 13.343755 144.638013
GU04 0023 TALOFOFO Talofofo Bay Bridge 13.338886 144.761994
GU04 0025 NORTHERN Tanguisson Point 13.562906 144.817621
GU04 0026 PITI/ASAN Piti Bomb Holes 13.469646 144.701335
GU04 0027 TOGUAN Bile Bay 13.275522 144.661618
GU04 0028 APRA Apra Harbor-off Seaplane Ramp 13.460556 144.657778
GU04 0029 TOGUAN Mamatguan Point 13.286739 144.653697
GU04 0030 AGAT AgatBay-DadiBeach 13.410556 144.658333
GU04 0031 APRA South Inner Harbor 13.429375 144.671331
GU04 0032 APRA Apra Harbor Mouth 13.454483 144.625467
GU04 0033 NORTHERN Mangilao Golf Course Terrace 13.454993 144.836858
GU04 0034 APRA Mouth of Sasa Bay 13.448590 144.668726
GU04 0035 GEUS South Cocos Lagoon 13.243877 144.663089
GU04 0036 APRA Apra Harbor - Kilo Wharf 13.445583 144.634889
GU04 0037 TUMONNIGO Tumon Bay - Matapang 13.510086 144.799111
GU04 0038 APRA Port Authority Dock 13.460508 144.667089
GU04 0039 DANDAN Ulomai Beach - Inarajan 13.283376 144.762569
GU04 0040 APRA Apra Harbor - Deep 13.452371 144.652364
GU04 0041 NORTHERN East Hagatna Bay - Reef margin (Linda's Cafe) 13.482017 144.759517
GU04 0042 PITI/ASAN Asan Cut 13.478518 144.717726
GU04 0043 GEUS Cocos Lagoon - mid 13.253750 144.670733
GU04 0044 APRA Apra Harbor - West Jade Shoals 13.454506 144.657834
GU04 0045 HAGATNA West Hagatna Bay 13.478894 144.740850
GU04 0046 AGAT Agat Bay Channel 13.397725 144.660802
GU04 0047 TOGCHA Togcha Bay 13.368867 144.771100
GU04 0049 PAGO Pago Bay Reef Margin 13.422239 144.793942
GU04 0050 APRA South Sasa Bay 13.446559 144.677716
GU04 0051 NORTHERN Ritidian Point 13.653732 144.858006
GU04 0052 APRA Inner Apra Harbor (West) 13.431937 144.665148
GU04 0053 CETTI Sella Bay 13.325719 144.648765
GU04 0054 AGAT Rizal Beach 13.403577 144.654103
GU04 0055 TUMONNIGO Ypao Beach 13.504954 144.787812



Table B3. 2006 Guam WSA Stations
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1 GWSA05-001 Pigua River Toguan Bile Bay 13.274239 144.671391
2 GWSA05-002 intermittent tributary Inarajan Agfayan River 13.262059 144.730170
3 GWSA05-003 Sa~me River Talofofo Talofofo River 13.341807 144.717151
4 GWSA05-004 SiQua River PaQo PaqoRiver 13.427974 144.745426
5 GWSA05-005 Cetti River Cetti Cetti Bay 13.316709 144.657729
6 GWSA05-006 unnamed tributary Dandan Tinaqo River 13.303382 144.734084
7 GWSA05-007 Finile Creek AQat AQatBay 13.378802 144.663886
8 GWSA05-008 Lontit River PaQo PaQo River 13.439857 144.716363
9 GWSA05-009 unnamed creek Taelayag Ascola Sito Creek 13.361307 144.655729

10 GWSA05-010 unnamed tributary Ugum Bubulao River 13.325978 144.704480
11 GWSA05-011 Paulana River Apra Atantano River 13.412762 144.695991
12 GWSA05-012 Asgado Creek Manell Asgadao Bay 13.248421 144.710328
13 GWSA05-013 Geus River Geus Cocos Lagoon 13.279308 144.685665
14 GWSA05-014 Bonya River Talofofo Morrow Lake 13.365453 144.709864
15 GWSA05-015 Ylig River Vliq Yliq Bay 13.387752 144.740040
16 GWSA05-016 Yliq River Yliq Yliq Bay 13.399268 144.753694
17 GWSA05-017 Toguan River TOQuan TOQuan Bay 13.285711 144.666017
18 GWSA05-o18 unnamed tributary Inarajan Agfayan River 13.272378 144.728375
19 GWSA05-019 unnamed tributary Talofofo Sagge River 13.342864 144.729031
20 GWSA05-020 Laquas River Apra Apra Harbor 13.446390 144.690587
21 GWSA05-021 unnamed tributary Cetti Sella River 13.326391 144.655409
22 GWSA05-022 Tinaqo River Dandan Pauliluc River 13.303217 144.741882
23 GWSA05-023 Namo River Aqat Aqat Bay 13.392632 144.669234
24 GWSA05-024 Lonfit River Paqo Paqo River 13.443894 144.729237
25 GWSA05-025 unnamed river Manell Sumay Bay 13.257801 144.695086
26 GWSA05-026 unnamed tributary Talofofo Maulap River 13.352654 144.688161
27 GWSA05-027 Paulana River Apra Atantano River 13.415075 144.699665
28 GWSA05-028 Asalonso River Asalonso Talofofo Bay 13.327557 144.760892
29 GWSA05-029 unnamed tributary Inaraian Dante River 13.283020 144.704946
30 GWSA05-030 UQum River Uqum Talofofo River 13.317153 144.725830
31 GWSA05-031 unnamed tributary Yliq YliQ River 13.411920 144.720888
32 GWSA05-032 intermittent tributary PaQo PaQo River 13.417858 144.760026
33 GWSA05-033 Madog River Umatac Umatac River 13.296645 144.670703
34 GWSA05-034 Nelansa River Inarajan Yledigao River 13.294260 144.717260
35 GWSA05-035 unnamed tributary Talofofo Mahlac River 13.369047 144.727115
36 GWSA05-o36 Aquada River Apra Apra Harbor 13.438062 144.699746
37 GWSA05-037 ChaQame River Umatac La Sa Fua River 13.323283 144.673909
38 GWSA05-038 intermittent tributary Talofofo Sadoq Gaqo River 13.332034 144.690674
39 GWSA05-039 Atantano River Apra Apra Harbor 13.420016 144.680797
40 GWSA05-040 Fonte River Fonte West Agana Bay 13.469120 144.740707



Table B4. Guam Recreational Beach Monitoring Program (RBMP) Stations
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1 N-01 Northern Tanquisson Beach Ocean 13.5438333 144.8085000
2 N-02 TumonlYigo Sub-basin Naton Beach - San Vitores Ocean 13.5158333 144.8055000
3 N-03 TumonlYigo Sub-basin Naton Beach - Mataoanq Beach Park Ocean 13.5596667 144.8110000
4 N-04 TumonlYigo Sub-basin Naton Beach - Guma Trankilidat Ocean 13.5053333 144.7948333
5 N-05 TumonlYigo Sub-basin Yoao Beach Ocean 13.5041667 144.7890000
6 N-06 Northern Dunaca's Beach - Sleeov Laaoon Ocean 13.4933333 144.7748333
7 N-07 Northern Dunqca's Beach Ocean 13.4880000 144.7740000
8 N-08 Northern East Haqatna Bav - Trinchera Beach Ocean 13.4793333 144.7650000
9 N-09 Hagatna Padre Palomo Ocean 13.4778333 144.7570000
10 N-10 Hagatna Haqatna Channel Ocean 13.4816667 144.7531667
11 N-11 Hagatna Hagatna Channel - Outriqqer Ramp Ocean 13.4791667 144.7510000
12 N-12 Hagatna Haqatna Boat Basin Ocean 13.4776667 144.7496667
13 N-13 Hagatna Haqatna Bavside Park Ocean 13.4770000 144.7468333
14 N-14 Piti I Asan Asan Bay Beach Ocean 13.4726667 144.7156667
15 N-15 Piti I Asan Piti Bay Ocean 13.4695000 144.7055000
16 N-16 Piti I Asan Santos Memorial Ocean 13.4650000 144.6926667
17 N-17 Piti I Asan United Seamen's Service Ocean 13.4641667 144.6891667
18 N-18 Apra Outhouse Beach Ocean 13.4641667 144.6560000
19 N-19 Apra Familv Beach Ocean 13.4638333 144.6476667

22 S-02 Agat Toacha Beach - Nama Ocean 13.3998333 144.663660
23 S-03 Agat Toqcha Beach - Aqat Ocean 13.3981667 144.6620000
24 S-04 Agat BanqiBeach Estuary 13.3820000 144.6540000
25 S-05 Taelayag Nimitz Beach Ocean 13.3651667 144.6493333
26 S-06 Umatac Umatac Bay Ocean 13.2985000 144.6626667
27 S-07 Toguan Toquan Bav Estuary 13.2853333 144.6621667
28 S-08 Geus Merizo Pier - Mamaon Channel Ocean 13.2678333 144.6643333
29 S-09 Inarajan Inaraian Pool Ocean 13.2718333 144.7475000
30 S-10 Inarajan Inaraian Bav Estuary 13.2753333 144.7488333
31 S-11 Talofofo Talofofo Bav Estuary 13.3361667 144.7630000
32 S-12 Togcha Ipan Public Beach Ocean 13.3596667 144.7715000
33 S-13 Togcha Toqcha Bay Estuary 13.3676667 144.7698333
34 S-14 Ylig Taqachana Beach Ocean 13.4050000 144.7811667
35 S-15 Pago Paao Bav Estuary 13.4238333 144.7856667
36 N-21 Fonte Adelup Beach Park Estuary 13.4785100 144.7316000
37 N-22 Fonte Adelup Point Beach (West) Ocean 13.4789700 144.7289000
38 S-17 Agat Toqcha Beach - SCA Ocean 13.395669 144.661702
39 N-23 TumonlYigo Sub-basin Naton Beach - Fuiita Ocean 13.5115642 144.8021156
40 N-24 TumonlYigo Sub-basin Gun Beach - Nikko Hotel Ocean 13.5234420 144.8033110
41 N-25 TumonlYigo Sub-basin Goqnqa Beach - Okura Hotel Ocean 13.5199250 144.8061720
42 N-26 Northern Trinchera Beach - Aluoana Beach Ocean 13.4823360 144.7700190
43 S-18 Talofofo First Beach Ocean 13.3423170 144.7715750



Table 85a. Total Sizes of Waters Impaired by Various Cause/Stressor Categories
Type of Waterbody: Rivers and Streams (reported in miles).

Caus~lStressc:>r Cate~0ry' Size of Waters Impaired

Cause/Stressor Unknown ~

Unknow~nToxicity ~

Pesticides ~.

Priority Organics ·
Non-priority Organics ·
PCBs 6.4 Acres
Dioxins ~

Metals 1.11
Ammonia 1.11
Cyanide -
Sulfates ·
Chloride ·
Other Inorganics ·
Nutrients 1.37
pH -
Siltation ·
Organic Enrichment/low DO 5.00
Salinity/lOS/Chlorides 1.32
Thermal Modifications *
Flow Alterations -
Other Habitat Alterations ~

Pathogen Indicators 6.17
Radiation *
Oil and Grease ·
Taste and Odor *
Suspended Solids 1.32
Noxious Aquatic Plants (Macrophytes) ·
Excessive Algal Growth ·
Total Toxics ·
Turbidity 0.21
Exotic Species ·
Other (specify) Temperature 1.11

Notes: zero (0) = Category applicable, but size otwater in category is zero
dash (-) = Category applicable no data available
asterisk (*) = category not applicable



Table B5b. Total Sizes of Waters Impaired by Various Cause/Stressor Categories
Type of Waterbody: Marine Bays (reported in square miles).

C~uselStressorC~teg.ory Size of Waters Imp'aired

Cause/Stressor Unknown ·
Unknown Toxicity 0.40
Pesticides 1.98
Priority Organics 2.61
Non-priority Organics 1.98
PCBs 11.68
Dioxins 0.63
Metals 1.98
Ammonia ·
Cyanide ·
SUlfates ·
Chloride ·
Other Inorganics ·
Nutrients 0.70
pH ·
Siltation ·
Organic Enrichment/low DO 0.70
Salinity/TDS/Chlorides ..
Thermal Modifications *
Flow Alter.ations -
Other Habitat Alterations ~

Pathogen Indicators 0.70
Radiation *
Oil and Grease -
Taste and Odor *
Suspended Solids -
Noxious Aquatic Plants (Macrophytes) ..
Excessive Algal Growth ..
Total Toxies ..
Turbidity ·
Exotic Species -
Qther1§P~)!<I~)

Secchi Visibility -
Notes: zero (0) = Category applicable, but size of water in category is zero

dash (-) =Category applicable no data available
asterisk (*) = category not applicable



Table BSc. Total Sizes of Waters Impaired by Various Cause/Stressor Categories
Type of Waterbody: Recreational Beaches (reported in shoreline miles).

Gal:Js'e/str-essor 6ategery
Size of Waters Imp'aired

~2(tOJt ~ 2{)O9

Cause/Stressor Unknown - -
Unknown Toxicity - ·
Pesticides - -
Priority Or-ganics - -
Non-priority Organics - -
PCBs 0.65 0.65
Dioxins - -
Metals - •

Ammonia - -
Cyanide - -
Sulfates - -
Chloride - -
Other Inorganics - -
Nutrients, - -
pH - -
Siltation - ·
Organic Enrichment/low DO - -
Salinity/TDS/Chlorides - -
Thermal Modifications * *
Flow Alterations - -
Other Habitat Alterations - -
Pathogen Indicators 13.81 13.47
Radiation * *
Oil arid Grease - -
Taste and Odor

'/( '/(

Suspended Solids - -
Noxious AquatIc Plants (Macrophytes) - -
Excessive Algal Growth - -
Total Toxic!:; - •

Turbidity - -
Exotic Species - -
Other (specify) - -

Notes: zero (0) = Category applicable, but size of water in category is zero
dash (-) = Category applicable no data available
asterisk (*) = category not applicable



Table B6a. Total Sizes of Waters Impaired by Various Source Categories
Type of Waterbody: Rivers and Streams (reported in miles)

-

Source Category Siz~d Impaired

Industrial Point Sources -
Municipal Point Sources 6.92
Combined Sewer Overflows -
Collection System Failure 0.21
Domestic Wastewater Lagoon *
Agriculture ·
Crop-related sources *
Grazing-related sources *
Intensive Animal Feeding Operations *
Silviculture *
Construction 0.21
Urban Runoff/Storm Sewers 5.53
Resource Extraction *
Land Disposal 1.16
Hydromodification *
Habitat modification (non-hydromod) -
Marinas and recreational Boating *
Erosion from Derelict Land -
Atmosphe_rlc Deposition -
Waste Storage/Storage Tank Leaks -
Leaking Underground Storage Tanks -
Highway maintenance and Runoff ·
Spills (Accidental) -
Contamjnated Sediments ·
Debris and Bottom Depo_sits ·
Internal Nutrient Cycling (Primary lakes) *
Sediment Resuspensian -
Natural Sources 0.21
Recreational And Tourism Activities ·
Salt Storage Sites *
Groundwater Loadings *
Groundwater Withdrawal *
Other Specify -
Unknown Source -
Sources Outside State JuriSdiction

...

Note:
asterisk (*) =category not applicable
dash (-) = Category applicable no data available
zero (0) =Category applicable, but size of water in category is zero



Table B6b. Total Sizes of Waters Impaired by Various Source Categories
Type of Waterbody: Marine Bays (reported in square miles)

Source Catggory 5-iZed ItTlp~ired

Industrial Point Sources .
Municipal Point Sources .
Combined Sewer Overflows -
Collection System Failure -
Domestic Wastewater Lagoon *
Agriculture -
Crop-related sources *
Grazing-related sources *
Intensive Animal Feeding Operations *
Silviculture *.
Construction -
Urban Runoff/Storm Sewers 0.70
Resource Extraction *
Land Disposal '"
Hydromodification *
Habitat modification (non-hydromod) -
Marinas and recreational Boating *
Erosion from Derelict Land -
Atmospheric Deposition -
Waste Storage/Storage Tank Leaks 6.04
Leaking Underground Storage Tanks -
Highway maintenance and Runoff -
Spills (Accidental) -
Contaminated Sediments -
Debris and Bottom Deposits -
Internal Nutrient Cycling (Primary lakes) *
Sediment Resuspension -
Natural Sources -
RecreatiQnal And Tourism Activities 1.98
Salt Storage Sites *
Groundwater Loadings -
Other Specify: Leachate from dump 0.70
Other Specify: Groundwater seeps/springs 1.98
Unknown Source 6.04
Sources Outside State Jurisdiction *

Note:
asterisk (*) = category not applicable
dash (-) =Category applicable no data available
zero (0) = Category applicable, but size of water in category is zero



Table B6c. Total Sizes of Waters Impaired by Various Source Categories
Type of Waterbody: Recreational Beaches (reported in shoreline miles)

=~~ ~

SO'uree Category Sized Impaired
=

Industrial Point Sources -
Municipal Point Sources -
Combined Sewer Overflows -
Collection System Failure .
Domestic Wastewater Lagoon *
Agriculture .
Crop-related sources *
Grazing-related sources *
Intensive Animal Feeding Operations *
Silviculture *
Construction -
Urban Runoff/Storm Sewers 9.65
Resource Extraction *
Land Disposal *
Hydromodification *
Habitat modific_ation (non-hydromod) -
Marinas and recreational Boating *
Erosion from Derelict Land -
Atmospheric Deposition -
Waste Storage/Storage Tank Leaks -
leaking Underground Storage Tanks -
Highway maintenance and Runoff -
Spills (Accidental) -
Contaminated Sediments -
Debris and Bottom Deposits -
Internal Nutrient Cycling (Primary lakes) *
Sediment Resuspension -
Natural So~rces -
Recreational And Tourism Activities -
Salt Storage Sites *
Groundwater loadings *
Groundwater Withdrawal *
Other Specify -
Unknown Source 0.65
Sources Outside State Jurisdiction *

Note:
asterisk (*) = category not applicable
dash (-) = Category applicable no data available
zero (0) = Category applicable, but size of water in category is zero



'able B7a. FY08 Guam RBMP (Northern) Advisory Summary.
Number of Number of Numberor NumberJif Number or NumGeroJ Nurnbol' or Nu'mberor

Total
Advlsorfes ' D'ayS on AdvlsoriEis Days on AdvlsClries Day~ oil Advisories Elay~ on

Number of
Total Number of

F.leld 10 Site Location
Oct-O~

Advisory
J~n-M~r

Advi,~o'ry Apr-Jun 'Advisory
Jul-Se~'

Advisory Advisories
Days on

2007 Oct-Dec< 2008 Jan-Mar 2008 Apr.Jun 2008
Jul-Sept

2008
Advisory 2008'

2007"' 200B' 2008" 2008"
NOl Tanaulsson Beach I 2 I 11 10 I 67 I 7 48 I 3 I 22 22 I 148

I N02 Natan Beach - San Vitores I 1 I 6 7 I 46 I 12 I 83 I 10 I 71 I 30 206
N03 Naton Beach - Matapanll Beach Park I 1 I 6 I 4 I 28 I 0 I 0 I 0 I 0 I 5 34
NOli Naton Beach· Guma Trankllldat 0 I 0 I 0 I 0 I 0 I 0 I 0 0 0 0
Nos ypaoBeach 0 I 0 I 1 I 7 I 1 I 7 2 I 15 4 29
N06 Dungca's Beach· Sleepy Lagoon 3 I 22 I 3 14 0 I 0 0 I 0 6 I 36
N07 Dungca's Beach I 8 I 56 I 10'" 67" I 3 I 23 1 I 7 12 I 86
N08 East Hagatila Bay - Trinchera Beach J 9 I 58 I 12 84 I 6 I 40 I 5 I 36 32 I 218
N09 Padre Palomo Park Beach I 10 I 70 I 12 81 I 6 I 44 I 9 I 61 37 I 256
N10 l-laQ6tn~ Channel
N11 H~R6ti\n Channel - QUlrlllAer Ramo

CIOStlre' (s,~e r.bl~ 1d ) CIOllure· (se" Table 1d,\
N12 Haf,UltlUl So'" Baaln
N13' HllQ4tl1ll Bav~ldi1 Pm

I NH Asan Bav Beach I 12 81 I 11 I n I 8 I 58 I 9 I 61 40 277
N16 Pltl Bay I 5 37 9 63 I 5 I 32 I 0 I 0 19 132
N16 Santos Memorial Park I 13 88 11 77 I 7 I 49 I 11 I 77 42 291
N17 United Seamen's Service I 0 0 0 0 I 0 I 0 I 0 I 0 0 0
N18 Outhouse Beach 0 0 0 0 I 0 I 0 I 3 I 22 3 22
N19 FamilY Beach 0 I 0 0 0 I 1 I 4 4 I 29 5 33

I N20, Port Authorltv Beach 0 I 0 0 0 I 0 I 0 0 I 0 0 0
N21 Adeluo Beach Park 10 I 70 5 I 36 I 1 7 4 I 26 20 138

1 N2'2 AdeluD Point Beach (West) I 0 I 0 8 I 56 I 0 0 1 I 7 9 63
N23 Naton Beach - Fullta I 0 I 0 1 I 7 I 1 7 0 I 0 2 14

I N24 Gun Beach I 3 I 20 1 I 7 I 0 0 0 I 0 4 27
I N25 GOlInal1 Beach I 2 I 14 1 I 7 I 1 7 6 I 43 10 71

I N2,6
East Hagatila Bay - A1upang Towers I 11 76 12" I 84'· 3 21 8 I 56 22 153

Beach
I Subtotal I 90 I -' 96 I -' 62 76 I 324 i

'able B7b. FY08 Guam RBMP (Southern) Advisory Summary.

Field 10 Site Location

Number of
Advisories

qct-Dec
2.007

Number'of
Days-on
Advisory
Oct:p-ec

2007'

Number ot
Advrsorlei;
~an·Mar

200S

Number of
Days'on
Advl.sory
Jan-Mar
2008 •

Number of
Advfs.ories
~pr-Jun

200S

Number of
D~ys on
AdYl~ory

Apr.Jun
2008+

Number of
Advisories
Jul-Sept

-2008

Number 01
Days on
Advisory
Jul:Sept

2008'

TO.till
Number 01
Advisories

2008

T6~1 N~mber of
D;lYs on

Advisory 2008'

130 I

501
-S02
S03
S04
,505
S.06
S07
S08
S09
S10
S11

,S1'2
'S13
,S14

517

S18

Rlzal Beach I
Toacha Beach - near Namo River I
Togcha Beach - Aaat Park Beach I

Bangl Beach
Nimitz Beach
Umatac Bay
Toauan Bay

Merlzo Pier at Mamaon Channel
Inaralan Pool
Inaralan Bay
Talofofo Bay I

Ipan Public Beach I
ToachaBay I

Taaachana Beach I
PagoBay

Lonflt RIY~r 5wlMIIlIng Hollf lsulnmer
statlonl

Togcl1a Beach· near Southern Christian
Academv

First Beach
Subtotal

9 I
7 I
12
11
9
13
11
10
12
13

8
o
10

10 I
4 I

63
48
84
78
61
88
n
70
84
88
9

51
o

70

70

30

I

I

I

5
7
13
6
5

13
8
3

10
12

o
o
o

6

o
89

I
I

I

Site Rotlred
35 0
49 8
88 11
42 6
35 5
88 11
53 I 13
21 I 0
67 I 2
81 I 5
7 I 0
013
015
010

Sile Retired

42 I 10

o 0
I 79

I o
53
76
42
35
76
90
o
13
33
o
21
36
o

70

o

I
I
I

3
10
12
11
9 I
13 I
13
8
13
13

3
2

10

9
o I

21
71
82
75
61
90
90
54
90
90
7
19
14
68

61
o

SIti1 Reflrod
17 119
32 221
48 330
34 237
28 I 192
50 I 342
45 I 310
21 145
37 254
43 292
3 23
14 91
7 I 49
20 I 138

511 Retired

35 243
4 30

438

e c. FY08 Guam RBMP (Combined) Advisory Summary.

I RBMP Area Number ot AdvisorIes Number of'Advls'orles, Nunib~r of AdVI~o.ri~~' Numb~rof Advisorlll,s To~1 Number of Advlsorle,s

i Oct.ee'c 2.007' Jan-Mar 2008" Apr.Jun ..200S'· Jul-SepI2,OOS' 200S

Northern Subtotal 90 96 62 76 324
Southern Subtotal 140 89 79 130 438

Total 230 185 141 206 762

abl B7

able B7d. FY08 Guam EPA/Guam Dept. of Public Health Closure Summary.

~---------!~(~I.:~,-~,~]-,-, , - -., . - I~II~'" ,,-,-,-.---- ,I,·, ""j-=',:;:':- ~. --', --~

~, .. , -~ I_"I'~('I"i~ '_'_. ~~_:_ ~~~-_-_-~
West Ha atna Bay 1

Dungca's Beach 0 0 0
East Ha atfla Bay· A1u ang Towers Beach 0 0 0

4
1 3

3

"Note:

'Closure:
"Closure:

'Note: 1st Q FY08 =OCtober - December 2007 (92 days) 3rd Q FY08 =April· June 2008 (91 days)
2nd Q FY08 =January - March 2008 (91 days) 4th Q FY08 =July· September 2008 (92 days)
2nd Q FYOe 'Number of Days on Advisory' values were adjusted to renact actual calendar days In the quartGlr.
West Hagatila Bay Is currently closed dUG to a sewage leak In the effluent pipe from the Hagatfla Sewage Treatment Plant.
Dungca's Beach and East Hagatna Bay at Alupang Beach "owers were closed 3/25-27/2008 due to sewage overilows (Spill report attached).



e , FY09 Guam RBMP (Northern) Advisory Summary.

I
Numlier 01 Numlierof

Number of Numbclrof
Tolal

Number pf Number of Numbor of DaYJ> on Number of Days on Total Numbar~
FieJr:lID Site Location Aovisol'ies

1)0),5 Q.n
Advlsorfes

Days on
Advlsones Advisory Advlsones- Advi.ory

Number of
DaY'! on

1st Gl FY09
Advisory

2n·d Q FY09
Advi;;oly

3rd 0 FY09. 3rd Q 41h'(jI FY09 "lhO
Advis9riJ>s

Advisory FY09'I 1stQ FY09' 2~d Q FY09'
FY09' FY09'

FYOg

J
N01 Tanlluisson Beach 3 22 5 42 9 62 5 36 I 22 I 162
N02 Naton Beach - San Vltores 1 I 5 I 0 0 I 7 48 10 I 70 18 123
N03 Nalon Beach - Mataoano Beach Park 0 0 I 0 0 5 35 I 1 7 6 42
N04 Naton Beach - Guma Trankllldat I 0 I 0 0 0 2 14 I 0 0 2 14

I NOS Ypao Beach I 0 I 0 0 0 1 7 2 14 3 21
N06 Dunoca's Beach - S!eeov Laaoon I 0 0 2 I 14 3 21 8 56 13 91
N07 Dunaca's Beach 8 50 5 I 42 7 50 11 77 I 31 219 I
!'lOa East Haaatila Bay - Trinchera Beach 10 68 I 0 I 0 10 70 10 69 30 I 207

I !'l09 Padre Paloma Park Beach 8 51 I 6 I 47 8 55 9 I 63 31 I 216
I toI10 Hll~ati\" Channa!

N11 HanalOll Channp{. Olllffllp.er Ramp
CIOSUE9 (5"" Table 111.) ClOsure' (56 Table ld.)I N12 Hallatiia Boal Basin

I Nt3 11ml~lii. aavslde Park
I N14 Asan Bav Beach I 9 I 65 4 I 35 6 43 I 11 76 30 I 219
I Nt5 PiliBav 12 82 0 I 7 2 12 6 41 20 I 142
I N16 Santos Memorial Park 11 75 4 I 35 2 14 11 76 28 I 200
I N17 Unlled Seamen's Service 1 7 1 I 7 0 0 1 7 3 I 21
I N18 OUlhouse Beach 0 0 0 I 0 0 0 1 I 7 1 I 7
I N1g Familv Beach 3 18 0 I 0 0 0 1 I 7 4 I 25
I N20 Port Authoritv Beach 1 7 I 0 I 0 1 7 7 48 9 I 62
I N21 AdeluD Beach Park 7 50 I 0 0 0 0 I 7 I 48 14 I 98
I N22 AdeluD Point Beach tWest 6 45 I 0 0 0 0 1 I 7 7 I 52
I N23 Naton Beach· Fu ita 0 0 I 0 0 2 14 1 I 7 3 I 21
I N24 Gun Beach 0 0 I 1 I 7 5 35 2 I 14 8 I 56
I N25 GOllnlla Beach 1 7 I 1 I 7 6 42 9 I 63 17 I 119

tt2"& Easl Hagalila Bay - Alupang Towers
10 64 I 3 I 28 2 14 10 I 69 25 I 175

Beach
I Sublolal 91 I 32 I 78 124 325 I

Tabl B8a

S)Ad'RBMP(So he , uam ut ern VISOry ummary.

Number of Num!'er of
Numbllrof Number pf

lolal
Number of Number pI Numbei' of Days On Number of Day. on Total Number pf

Field 10 SitecLo"catioll Advisories
Days 0'1

Advlsor.ies"
Days on

Advisories Advisory Adviserie.s AdvisOry
Number of

Days" onAdvisory Advisory AdvlS.Qries
1st a FY09

1st Q"FY09'
-2nd a PY09

2-n"d Q FYQ~'
3id Q FY09 3ri! Q 4th Q Fy09 41hQ

FY09
AdVisory FYO~'

FYQ9' FYO.ll*

"S01 Riml Be""h I SileR tJred SIIa RetIred
S02 Toacha Beach· near Namo River I 11 I 68 I 9 I 70 I 6 I 42 I 10 69 36 I 249 I
S03 Toacha Beach· Allat Park Beach I 2 I 14 I 6 40 I 8 I 54 I 11 77 27 I 185 I

I S04 e,,"giBeach I 13 I 86 I 9 70 I 6 I 41 I 12 I 83 40 I 280
I 505 Nimitz Beach I 7 I 53 I 9 70 I 6 I 42 I 13 I 91 35 I 256
I 506 Umatac Bay 14 91 I 4 35 5 35 I 9 I 62 32 I 223
i 507 Toauan Bay 14 91 I 6 49 12 83 13 I 91 45 314

508 Merizo Pier at Mamaon Channel 13 84 I 10 I 77 9 62 13 I 91 45 I 314
509 Inara an Pool 1 8 I 0 I 0 3 21 10 69 14 98
S10 I Inara'an Bay I 13 I 86 10 I 75 7 50 13 91 43 302
511 Talofofo Bav I 14 I 91 10 I II I 2 13 12 83 38 264

I S12 Ipan Public Beach I 0 I 0 1 I 7 I 0 I 0 I 0 0 1 I 7I

! 51"3 TOllcha Bav I 3 I 22 0 0 I 2 I 14 I 11 76 16 I 112
I 514 Toaaohana Beach 0 I 0 I 1 7 I 0 I 0 I 0 I 0 1 I T
I 515 Pano Bav 8 I 58 I 0 0 I 4 I 28 I 9 I 62 21 I 148

I 516 Lonfil Rivor $wfllUlllnp Holo (summe,
Silo Rotltod Shu R fired

I ""Iallon)

I S17 Togche Beach· near Southern Christian
4 30 I 3 I 21 11 75 IACAdemv 13 91 31 217

I S18 First Beach 0 0 I 0 I 0 0 0 2 I 14 2 14
I Sublolal 117 78 ~ 81 151 i 427

Tabl B8b FY09 G

, FY09 Guam RBMP (Combined) Advisory Summary.

RaMP Areil
Number of Advisort~: Number of AdviSories Hum!!or of Advlsori<:s Number of Ar:!visorfe.s Total Numb;r of Advl~ones

1st ~ FY09' 2nd'Q FYOt 3rd Q FY09' 4!h QFY09' FYOjl

Northern Subtotal 91 32 78 124 325
Southern Subtotal 117 78 81 151 427

Total 208 110 159 275 752

TableB8c

SD t f P bll H Ith CIEPAIG .
c:==

-'~-----~I-------'------- -- - - - --- --- ---- - -,'" ""~
I , ,,- :..' ,'.. • -"," " ~. '

I I . ~". ' I I " '. ','." ,'. •

.~ J~_~~._~ ..~__- ._-_ -_"" - .. -' :.'.::

Table B8d, FY09 G

West Ha alna Ba 1 1 365
'Note: 1st Q FY09 =October· December 2008 (92 days) 3rd Q FY09 =April· June 2009 (91 days)

2nd Q FY09 =January - March 2009 (90 days) 4th Q FY09 =July· September 2009 (92 days)
'Closure: West Hagatiia Bay is currently closed due to a sewage leak in the effluenl pipe from the Hagatila Sewage Treatment Plant.



Table B.9 Major Sources of Groundwater Contamination 2008-2009

Contaminant Source
............ ",. Te~~~~:.;st-Il

Sources (;,I) (1)

.....

Factors'Considered in
Selecting a

Contaminant Source 12/

Contaminants (3)

WArilliiJflilllif!i~~~

Agricultural chemical facilities

Animal feedlots

Drainage wells

Fertilizer applications

Irrjgation practices

Pesticide applications

On-farm agricultural mixing and
loadina brocedures .

Land application of manure
(unreQula:tedJ

~m~~~,i~-Xi>'~7;t~~:'~::·

uind application (regulated or
permitted)

Material stockpiles

. Storage tanks (above ground)

.. --.
"..-- ....._. r' .: ...-.._..... -. : __ ._:-_:

,/ A.C.D E.J

./ A,C,D E

,/ A.C.D A.B

Storage tanks (underground)

Surface impoundments
waSte piles

A~C.D~E D

Deep injection wells

Septic systems

.. . . .
Hazardous waste generators
Hazardous waste site.s

Lan:le industrial facilities

Material transfer operations

Minina and mine drainage
Pipelines and sewer lines

Salt stora~e and road salting
Salt water intrusion
Spills

Transportation of materials
Urban runoff

Small-scale manufacturing and
repair shops

Other sources (please specify)

/
./ A.C.D

A.C.E

A.C.D

E.P

A.C.D.E

A B.C D.E.R_II

C

E ..J.K.L

A 'D ,. n.ll



Table B.IO Summary of Guam Groundwater Protection Programs 2008-2009

II·' .--.L ,-

Check' -llmplementatio~1 i... UU"••__ •__ • ..._~
Responsible

Programs or Activities .(01) 111 S~atus (2) State Agency .(31.

'Active"SARATitle III Program f --

Ambient ground water mohitoring !wstem

Aauifer vulnerability assessment

Aauifer mapping V' GEPA. WERI

.Aquifer characterizati'on .; GEPA. WERI

Comprehensive data management system. 1 WERI

EPA-endorsed Core Col'tlprehensive State
Ground Water Protection Proaram (CSGWPP)

Ground water discharge permits / GEPA

Ground water Best Management Practices ./ GEPA•. WPC

Ground water legislation ./ GEPA
Ground water classification 1/, GEPA

Ground water aualitv standards r/ GEPA

Interagency coordination for ground water
/I orotection initiatives AAFB.GEPA*

Nonooint source controls ./ GEPA

Pesticide State Management Plan / GEPA
PolIl!tion Prevention Proaram / GEPA

Resource Conservation and Recovery Act
/(RCRA) Primacy GEPA

Source Water Assessment Programl4l

State Suoerfund ./ GEPA

State RCRA Program incorporating more
/

•
strinaent requirements than RCRA Primacy GEPA

State septic system reaulations / GEPA*

Underground storage tank installation
reauirements

Underaround Storage Tank Remediation Fund

Underground Storage Tank Permit Program ./ GEPA

Underground Injection Control Program -./ GEPA

Vulnerability assessment for drinking
/'water/wellhead protection ( GEPA

Well abandonment regulations / GEPA

Wellhead Protection Program (EPA-approved) /' GEPA

Well installation regulations /' GEPA

.Other prograOl!U~r activities (please specify).
~ ... "

Watershed--Planning Committeeactiv1ties''''v .--... --_. --. " .. : ... ':.._'.
GEPA*
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Table C1. CMS Physical/Community
Parameters

x

x
x

x
x

x
x
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x:

)(

:x

·x
:x
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GWSA 'ir.SCMIP I MPWQAGCA

f Iii .._.------

'SliMP
(~ivers)

STMP
(Marine)

x-
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- ",. ...

~ -=~ ~ IrI :1
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X
X
X

X-
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X
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Table C1_ CMS Physical/Community
Parameters

x

x

~

x

GWS-AIIFSCMP
1

1MPWQAGCA
Sl1MP
(Rivers)

x

x
x
x

STMP
(Marine)

-_.._-,

I ~.
X X
X ~

X
X

ecies I I - X

'PJfr1ysJirc:all,l(Co1mlml,Ul,:njl"~1'



II

II

Table C2. CMS Water
Parameters

W1A.TE'R I STMP I ST/1IP IBII ISCA II GWS:A: II FSCMfi> II MPWQA, ,II' '/,,: l, I' -.'
(Marine) (~ivers) I

X I X f['f I,
}(

II JX X
I r

X
X X X

X X ~ X' '

X ---x X
X X X I - X

-
X I I XX

X IX I' X I XI
X

X I I_I" }6 II 1\ II X
X
X I' X I -I X

-

X I ~ I X
X X X X

-I
XI

X f X I I. X
,

X
X
x:,

I -I:

X

I .1X II I_r X I X
X
>C

I. 1

X
I "I II

X
X

I
x: .1 X ;;1 X

II I
X

X X X :x X
)(
-
X
~

X



Table C2. CMS Water
Parameters

. E l~~:') I ::~:)I- IGWSAIfr.SCMP II MPWQA' I '/ ~ • I _ 'WATlR GCA

VMateli'G.-alumn'JP~ r!!..met.~fr~i:': f~~I)Jt.Ln~y~,'
Ma"or Cation - Ma nesium, dissolved 'X
Major Cation - Potassium, dissolved X
Major Cation - Sodium, dissolved X
N tot, Total dissolved nitrogen X X X
NH3, Ammonium -,r- -X
NH3, Ammonium (Wet Deposition) X

--

N02, Nitrite X X X X
N03, Nitrate nitrogen X X _J~ X
P -P04, Orthophosphorus X X- X ~ XI

P tot, Total dissolved phosphorus X X
-- X

pH, closed system X
pH, Electometric Method X X X X
Silica, dissolved in Fresh water

~

X
Total Filterable Solids/Dissolved Solids X X
Total NonfilterablelTotal Sus ended Solids X X _X I X X
True Color X

1Tr:~Gq :Mqt~"§; --'--'--,._--_....-
Arsenic X X
Cadmium X X
Chromium III X
Chromium IV X X
Copper X X
Lead X X
Mercul"V X X



Table C3. CMS Tissue
Parameters

)(

J(

_x_x

x
x
x -

X
-

X )(.
\ -

)( x

seA G-WSA FSClVfp,

x x ~
)( )( ~ -

-x:-
x

x

x.

x

x

x

x

x
)(

x

x

x
x

x

x

x
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STMP
(~arine)TIS'StU.E



Table C3. CMS Tissue
Parameters

GCA 6W,~A ~S<CMP

X

[

[

I -
~
L _

STMP
(Marine)



Table C3. CMS Tissue
Parameters

----

TISSUE: STMP STMP
GCA GWSA FSCMP

(Marine) (Rivers)

-X.
X .X
X )[ }§
X .x
X X )(

.x X
X
X X_

X X

Tissue Chemistry

Percent Li id Determination X X-_ X -X--



Table C4. eMS Sediment
Parameters

S,EDIMENT STMP
(Marine)

STMP
(Rive~)

GCA GWSA FSeMP>



Table C4. eMS Sediment
Parameters

S;eIOIMENIT

ChlQrinate.d lesticjd~s' other than DDT
Aldrin
Alpha-chlorodane
Dieldrin
Endosulfan I
Endosulfan "
Endosulfan sulfate
Endrin
He tachlor
He tachlor epoxide (breakdown of
Hexachlorobenzene
Lindane ( amma-BHC)
IMirex
Toxaphene
Trans-Nonachlor

!SDT and Metabolites
12,4' -DOD
44' -DOD
2,4' -DOE
4,4' -DOE
2,4' -DDT
4,4' -DDT

lno.f .anics
Aluminum
Antimon
Arsenic
Cadmium
Chromium
Co er
Iron
Lead
Man anese
Mercu
Nickel
Selenium
Silver
Tin
Zinc

STMP
(Marine)

STMp
(Rivers)

GOA

T-
-~-

-x
x

GWSA, FSCMP

L



Table C5. Analytical Parameters

Pafam.etEfrs ~ Methj)j:t iiUmb~r
~ .

pH EPA 150.1
Total Non-filterable Solids EPA 160.1

Total Filterable Solids EPA 160.2
Temerature EPA 170.1

Turbiditv EPA 180.1
*Seleinum EPA 200.9
*Arsenic EPA 206.3
*Barium I EPA 208.1

*Cadmium EPA 213.2
Calcium I EPA 215.1

*Chromium EPA218.2
Cobalt EPA 219.2

*Copper I EPA 220.2
*Lead I EPA 239.2

Mercury EPA 245.1
Nickel EPA 249.2
Silver I EPA 272.2

Sodium I EPA 273.1
Chloride I EPA 325.3

Nitrate-nitrogen EPA 352.1
Dissolved Oxygen EPA 360.2

Biochemical Oxygen Demand I EPA 405.1
Chemical Oxygen Demand I EPA410.1

*Endrin EPA 505
*Lindane EPA 505

*Methoxvchlor EPA 505
___0.

I*Toxaphene EPA 505
PCB's EP'A 505

***2,4-0 (Esteron 99) EPA 515.1
***2,4,5-TP Silvex EPA 515.1

VOC's I EPA 524.2
Carbarvl (Sevin) EPA 531.1

Glysphosate EPA 547
**Diazinon

.-
EPA 8140

**Malathion EPA8140
**Naled (Dibrom) I EPA 8140

Ch lorophvll A SM 10200-H I
Salinity (ppt) SM 2520A

Nitrite-nitroaen SM 4500-N02
Total Phosphorus SM 4500-P

Conductivity I SM 9050
Fecal coliform I SM 9131 I

Enterococci coliform SM 9230
Note: * (asterisks) - Denotes Drinking Water Parameter

** Methods are not set up for Extraction



Table C6. Parameters for Phvsical and Chemical Monitoring of Rivers and Marine Waters

P:A.RAMfITERS' $W(aS' "I
Marine

I SUJifa.ee)"at~r
.III IIWater IM1'lSl IM21S2 M3/S3'

MARINE five sequential single sample geometric mean of 35
MARINE five sequential single sample geometric mean of 35

CFUl100mL and instantaneous/single sample of 276
CFUl100mL and instantaneous/single sample of 104 CFUl100mL;

Enterococci (24 or 48hr.)
FRESHWATER five sequential single sample geometric mean of 33

CFU/100mL; FRESHWATER five sequential single sample
geometric mean of 33 CFU/100mL and instantaneous/single

CFU/100mL and instantaneous/single sample of 61 CFU/100mL
sample of 108 CFU/100mL

FRESHWATER ONLY Five sequential single sample geometric FRESHWATER ONLY Five sequential single sample
-- E. coli mean of 126 CFU/100mL and instantaneous/single sample geometric mean of 126 CFU/100mL and instantaneous/single

maximum of 235 CFU/100mL. sample maximum of 406 CFU/100mL.

Fecal coliform (shellfish harvesting & Median of 14 fecal coliform/100mL and 10% of water samples taken from growing area should not exceed 43 fecal coliform/100mL.
qrowinq areas)

I
pH I Marine, Estuarine: 6.5 - 8.5 range (also, in deeper than euphotic zones, not >O.2pH from ambient) Freshwater: 6.5 - 9.0

Ortho-phosphate (P04-P) I not> 0.025 mg/L II not> 0.05 mg/L II not> 0.10 mg/L

Nitrate-nitrogen (N03-N) I not> 0.10 mg/L II not> 0.20 mg/L II not> 0.50 mg/L

MARINE (M-1, M-2, M-3): 0.02 mg/L (table IV GWQS)

Ammonia-nitrogen
FRESHWATER (S-1 ,S-2,S-3): 1hour average cone. not> CMC more than once every 3 years AND 30day average cone. not> CCC

more than once every 3 years AND the average cone. over 30days not> CCC AND ambient cone. averaged over 4days not>
2xCCC.

Dissolved Oxygen
Not decreased to < 75% saturation at any time [OR at 30degC Fresh water not < 5.6 mg/L; Marine and Wetlands Water not < 4.6

mg/L at 26degC Fresh water not < 6.2 mg/L; Marine and Wetlands Water not < 5.0 mg/L]

B Salinity/Chlorides/Sulfates Marine, estuarine, wetlands: not> +10% of ambient Freshwater only: max CI and S04 = 250 mg/L; TDS not> 500 mg/L or 133% of

Total Dissolved Solids ambient; Salinity not> +20% of ambient.

Residue (TSS)
TSS: not increased from ambient TSS: not> +10% ambient

TSS: not> +25% ambient and not> 40 mg/L
and not> 5 mg/L and not> 20 mg/L

Turbidity
not> 0.5 NTU over ambient (except

not> 1.0 NTU over ambient (except when due to natural conditions)
when due to natural conditions)

Secchi Visibility (Vertical or Horizontal) not < 5m from ambient (except when due to natural conditions)

I Water Temperature
not changed more than 1.0uC or 1.8uF from ambient (Thermal effluent not meeting this standard shall be considered as having an

adverse effect on aquatic life).

I Radioactive Materials Discharges at any level into any waters are strictly prohibited. I
1) Shall not detect a visible film, sheen or result in visible discoloration of the surface with a corresponding oil or petroleum product

Oil or Petroleum Products odor, 2) Shall not cause damage to fish, inverts or objectionable degradation of drinking water quality, 3) shall not form an oil deposit
on the shores or bottom of the receiving body of water.

Toxic Substances (water column,
General: 1) All waters shall be maintained free of toxic substances in concentrations that produce detrimental physiological, acute or chronic responses

in human, plant, animal or aquatic life. 2) All waters shall be maintained free of toxic subs in cone. that produce contamination in harvestable aquatic
sediment, drinking water consumption, life to the extent that it causes detrimental physiological, acute or chronic responses in humans or protected wildlife, when consumed. 3) The survival

organisms consumption) of aquatic life in marine and surface waters subjected to a waste discharge, or other controllable water quality factors, shall not be less than that for the
same water body in areas unaffected by the waste discharge. Numeric criteria: see Appendix A in 2001 GWQS.
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EXECUTIVE ORDER NO. 2004- 09

ESTABLISHING THE WATERSHED PLANNING COMMITTEE
AND REQUIRING THE IMPLEMENTATION OF A

COMPREHENSIVE WATERSHED PLANNING PROCESS

WHEREAS, Guam's surface and groundwater resources provide drinking
water, world-class recreational opportunities, diverse coral reef ecosystems and marine
resources, all of which are dependent on clean water; and,

WHEREAS, watersheds are the land areas over which water drains, including
wetlands, streams, rivers, estuaries, and karst limestone formations which contribute to
a body of water such as a reservoir, an aquifer or the ocean. Because watershed!: ".re
complete hydrological units they represent the most appropriate environmental context
in which to manage water resources; and,

WHEREAS, nonpoint source pollution is caused by rainfall moving over and
through the ground. As the water moves it picks up and carries away natural and
human-made pollutants, finally depositing them into lakes, rivers, wetlands, coastal
waters and even underground sources of drinking water or aquifers. These pollutants
include fertilizers, pesticides, oil, grease, toxic chemicals, sediment, bacteria, and
nutrients; and,

WHEREAS, nonpoint source pollution management, as mandated by Section
319 of the Federal Water Pollution Control Act (WPCA) and Section 6217 of the
Coastal Zone Act Reauthorization Amendments (CZARA), requires enforceable
programs to protect and restore water resources thrl/ugh a Comprehensive Watershed
Planning Process and the systematic implementation of Restoration 'Strategies and
projects to achieve protection and restoration objectives; and,

WHEREAS, Executive Order 99-09 amplified the Water Planning Committees',
(WPC) work as well as described and endorsed the "watershed approach" for managing
water resources by prioritizing watersheds of impaired water bodies, engaging
stakeholders, determining the need for and the developing legislation to further the
mandates and initiatives related to WPC work, and identify other support functions to
the WPc.

NOW, THEREFORE, I, FELIX P. CAMACHO, Governor of Guam,
Pursuant to the authority vested in me by the Organic Act of Guam, do hereby declare
that:
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(1)

(2)

(3)

(4)

Executive Order 99-09 is repealed in its entirety.

The Water Planning Committee shall henceforth be known as the Watershed
Planning Committee (WPC).

Participation by the following WPC Government of Guam member agencies is
mandatory:

Guam Environmental Protection Agency (GEPA), Chair
Bureau of Statistics and Plans (BSP)
Department of Agriculture (DoAg)
Department of Land Management (DLM)
Department of Public Works (DPW)
Guam Waterworks Authority (GWA)
Port Authority of Guam (PAG)
Department of Education (DoE)
Department of Parks and Recreation (DPR)
University of Guam Marine Laboratory (Marine Lab)
University of Guam Water and Environmental Research Institute (WERI)
University of Guam College of Natural and Applied Sciences (CNAS)

The WPC will maintain a standing policy that membership by invitation for
Federal Government agencies and community-based organizations, is
encouraged: .

US. Navy (USN)
US. Air Force (USAF)
US. Coast Guard (USCG)
US. Department of Agriculture, Natural Resources Conservation Service

(NRCS)
US. Environmental Protection Agency (USEPA)
US. Department of Commerce, National Oceanic and Atmospheric

Administration (NOAA)
National Park Service (NPS)
US. Fish & Wildlife Service (FWS)
Northern and Southern Guam Soil and Water Conservation Districts (SWCD)

The Committee will develop and incorporate a Guam Comprehensive
Watershed Planning Process (CWPP), under the direction of the GEPA in
cooperation with the Bureau of Statistics and Plans, Guam Coastal Management
Program (GCMP), to serve as the programmatic basis for developing Watershed
Management Plans. In addition, the Committee will develop a plan for the
implementation of the cwpp throughout the entire coastal zone over a period of
15 years.

Watershed Management Plans will address nonpoint source pollution control
through the assessment and prioritization of pollutant sources and by identifying ,
opportunities for and the implementation of appropriate Management Measures
to reduce nonpoint pollution. Furthermore, where appropriate, the government
of Guam member agencies of the WPC will apply all relevant enforceable
polices to control identified sources. This planning approach expands upon
existing WPC planning work which has produced Watershed Restoration Action
Strategies.
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Strategies.

(5) A major focus of the CWPP is to include the systematic assessment and
identification of opportunities to reduce nonpoint source pollution in accordance
with Coastal Zone Act Reauthorization Amendments (CZARA), Section 6217
(g) Guidance as well as to refine the Guam Nonpoint Source Pollution Control
Program as authorized by Section 319 of the WPCA. Pursuant to these
requirements, the CWPP will be responsible for identifying and assessing, on a
watershed basis, all relevant existing sources of nonpoint pollution and
opportunities for reducing said sources, including those from Urban,
Agricultural, and Hydromodification activitie&.

(6) The Committee will formulate and identify Critical Coastal Areas in Guam that
need additional measures to protect against current and anticipated nonpoiilt
pollution problems. The Committee will develop a process to identify,
implement, evaluate, and as necessary, revise additional management measures
to mitigate problems that may occur in these identified areas of concern.

(7) All departments, agencies and instrumentalities of the government of Guam will
comply with the intent, regulatory requirements, and guidance for incorporating·
Management Measures in the conduct of their business, including but not
limited to, current operations and existing development, redevelopment,
restoration activities, and future development, in accordance with the Guam Soil
Erosion and Sedimentation Control Regulations (GSESCR), 6217 (g) Guidance
for the Guam Coastal Nonpoint Pollution Control Program (GCNPCP), and all
other applicable rules which directly or indirectly support efforts to control
nonpoint source pollutiori. All departments will consult with the Guam
Environmental Protection Agency early in the process of development planning
to determine the scope and extent of requirements necessary to comply with the
GCNPCP, GSESCR, and other applicable rules.

(8) The 'Vv'PC will develop a final strategy and time-line for implementing the
CWPP throughout Guam within 180 days of the effective date of this Executive
Order. A pilot Watershed Management Plan project will be undertaken to
implement the CWPP in one watershed prior to full implementation of the
process.

(9) The WPC Environmental Education Subcommittee, with GEPA serving as the
lead agency, is directed to prepare an Environmental Education and Awareness
Strategy to address a comprehensive range of environmental and natural
resource issues, including watershed protection and the framework for a single
entity to coordinate education and awareness activities for the island, which
shall be completed and submitted to the Governor's Office for review not more
than 270 days from the effective date of this Order. The Department of
Education shall fUlly participate on the WPC as a member of this subcommittee.

(10) Guam's "Northern Watershed," which consists of six (6) sub-basins, and the
Talofofo Watershed, which includes the Ugum Watershed, remain the island's
Priority Watersheds for the planning and implementation of Watershed
Restoration Strategies and Management Measures. These watersheds are the
source of approximately eighty percent (80%) of Guam's drinking water supply.
The economic significance of these resources cannot be overstated and therefore
they must be diligently managed for sustainability.
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. I Maga'Lahen Guillian
Governor of Guam

Through the implementation of the CWPP and the collection of relevant water
quality monitoring data, the WPC will assess the need for additional or amended
legislation or additional management measures to enhance the watershed
management approach, the CWPP, and/or existing regulatory framework that
controls nonpoint source pollution. Any such need or amendments to existing
rules and regulations shall be identified, legislation developed and forwarded to
the Office of the Governor for appropriate action.

Whenever appropriate, theWPC will coordinate its activities with other
committees and groups that focus on similar natural resource issues, such as the
Coral Reef Initiative Coordinating Committee (CRICC).

(11)

COUNTERSIGNED:

~A-N-)----
I Segundo Maga'Lahen Guilhan
Lt. Governor

SIGNED AND PROMULGATED at Hagatfia, Guam this~ day of March
2004.

(12)
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Sediment TMD'L
Ugum Watershed, Guam USA

Prepared By

... tetra Tech, Inc. and U.S. Environmen~1 Protection Agency for

Guam Environmental Protection·Agency

October 16, 2006 . .



EXECUTIVESU~ARY

6714779402 . TO: 4159473562

· .

Section 303(d) of the Clean Water Act requires States and authoriiled Tribes to identify polluted
· Waters for which technology-based .efiluent limitations ate not stringent enough to achieve

applicable water quality standards, and to assign priority rankings based on the severity of
poJlution and intended uses of these waters. .The Clean Water Act also requires preparation of
pollutant comrolplans called Total M_um Daily Loads (lMDLs) all waters and pollutants on .
·the Section 103(d) list. ,TMDLs iden~ the pollutant reductions needed to restore gOO(1 water'
quaJityin a water body and allocate pollutant control responsibility among different contributing ,
sources.

The Ugum Watcrshod is located in southern Guam directly south of'1he Talofofo and Pfma
Watersheds and c:ovc::t$ an area of approximately 18.9 square kilometers (7.33 square miles;
4,691 acics) of rolling hills with areas ofvery steep slopes. Water qualitY in the Ugum Ri-yerhas

,declined in r~cent years as a result of human actiVities that have increased sedimentatiQn in the
·streams and near shore waters. ,As reqUiredby Section 303(d) of the Clelm WatetAct, a TMDL
has: been developed to address the sediment-related imp~irm.en:ts observed in the Ugum. River.

'Available water quality data and information on potential pollutant Sourcesin'the' watershed
were reviewed to develop the' 'TMDL. The applicable water quality standard for turbidity was

·applied as the TMDJ., endpoint, aneidstmg sediment study was used for the source assessment.
and a reJatively simple linkage analysis was u..~ed to relate the .two and determined necessary
sediment reductionS. The analysis indica~ sediment yield in the watershed needs to be i'ed\K:ed

,by approxiril~ely 25% to meet the appliCable Water quality standards. .Load allocations that will . '
. be sufficient to attain the necessary reductions in sediment presented. as i~ an implemen~on

strategy for reducing erosion in the Watershed." ,.

TMDLs are ,usually expressed in terms afmass load per day. For sediment TMDLs, longer term
average sediment loading rates may also be an appropriate measure ,as thore is substantial short
tcnn variability in sediment loading that is less important in tem1sof sediment effects in the
River than longer term sediment loading rates. Therefore, the TMDLs are e~preS5ed' both in
tenns of average daily and,annualniass loads. Attainment of the average daily and annualload '
reductiolis identified thrOugh the TMDL should bo suffiejent to result in attainI:nentofthe related
turbidity standards. . .

The TMDL is set equal to the esthn~ted loading capacity ofUgum River for·sediment load. This
loading capacity. is the amol,int of sediment the River can assimilate and meet the applicable
water quality standards. .The sum. of sediment loads from. all significant sediment sources may ,
not ex~eed the' TMDL or loading capacity. Therefore, the TMDL is also expressed as the sum. of
wasteload allocations (WLA) to point sourceS (e.e. wastewater treatment plants) plus the sum of
load allocations (LA) to nonpoint sources (e.g.~ erosion from streambank.s or fields) and natural
.backgro\lU~ plus a required margin of Safety to account for uncertainty in tlierMDL analysis.
,& there are no point sourceS that discharge sednnent to Ugum River, thewasteload .allocation jJ

zero. .A 10% margin of safety is subtracted from the overall TMDt. All of thcremaining
I;lllowable load is allocated to nonpoint sourees tb10ugh the LA. The resulting TMDt for Ugum
River is as follows: .

2
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."

TMDL~LWLA+ELA~MOS

46118 tpy 1IllI 0 Lpy +41000 1py + 5118 tpy. or '
126 averago tons/day = 0 tpd + 112 tpd +- 1~ tpd

Under the Clean Wat~r Act, TMDLs,ar~tob~ implem~nted through, other existing pollution
Control programs that address point and nODPoint sowCc.~. For nonpoint sources, which are the

'only sources Deeding attention in the Ugum. Riv~r watershed, Guam. ~PA intends to work with
local landownerS and manasers to identify appropriate land management practice.. that will
reduce sediment erosion from land surfaces. gullies, ,road surfaces, and potentially stream banks.
These practices will ,be implemented on a voluntary basis, but Guam EPA is interested· in \'
w()rking with landowners to identify the bC$t lOCations to implement·suchpracuees1Uld assi,~ting,

in funding implementation work by cooperating landowners."!e expect to build upOn the
watcrshedplannina process thatis cUlT~ntly underway in the w~tershedand believe substantial
proaress. ean be made in addressing sediment impairment through the voluntary watershed'
managementprocess..

3



1.0 INTRODUCTION

6714779402 TO: 4159473562

Section 303(d) of the Clean Water Act requires States, Territories, and authorized Tribes to
identify polluted watel'li for which tecbnoloiY~based effluent limitations are not stringent enough
to achieV'e applicable water quality standards. and to assign priorit}trankings based on the

. severity of pollution and intended uses of thes~ 'Waters. The Clean Water Act and EPA
regulations also require developmen~. ofpOllutant control plans called the Total Maximum Daily
Loads (TMDL.~) for all watersonthc Section 303(d) liSt. The requirements of a 1MDL are
descn'bcd in 40 CFR. 130;2 and 130:7 and Section 303(d) of the cWA. as· well as in VaD()US .

.guidance documents (e.g.) USBPA, 1991). . .. ". -

TMDLs are usually c"Ptessed in terms of mass load 'Per day. For sediment 'lMDL$, longer term
average sediment loading rates may also be an appropriate measure as there is substantial short
term variability in sediment "loading· that is less important. U1 terms of sediment effects in the .
Rivcr than longer terin sediment \oading raics. Therefore. the TMDLs areexPIes.."ed both in
terms of average daily and annual mass loads.·Attainmetlt·ofthc ayeragc daily and annualloa~

reductionsidentitlcd through theTMDL should be sufficient to result in. attainment of the related .!

turbidity staridards.. . . ..
. .. . . .... .' .. . .

The TMDL is set equal to the estimated loadmg capacity of UgUm· River for sediment load. This
loading capacity is theamoimt·of sediment the River can assintiJate and meet the applieable
water quality standarcb. The sum of sediment Joads tiOItt all signifloant sediment sources may

;not cx~d the. TMDL. Theref(,l1'e, the TMDL is also expreSsed as the sum of .wa.~tcload
allocationS (WJ..A) to point sources (e.g. wastewater trea~ent plants) plus the, sUm of load
allocations (LA) to nonpoint sow"ces (e.,., erosion trom streambanks or fields);· plus a required
margin of safety to account for tmccrtainty in the TMDLanalysis. A TMDL ill o:ftenexpressed
using the follow:ingequation:· . .

. " .

TMDL ... tWLA + ELA +Margin of Safety·

where WLA =waste load allocation· and LA = load allocation. A TMDL is also reqUired to be"
developed wiLh se8S0llal variations and must include a mirgin of safety. lhat addresses the
uncertainty in the analysis. TMDLs are implemented through a c:ombinatioQ ofreguJatory and.
volUlitary approaches, depending upon the type of source at issue. For Ugwn Rivet, nonpoint
sources are of roncem, and Guam EPA intends that they be iniplementedtbrough cooperative,

.voluntar}".actions by land oWners arid. managers to address key sedimenlloading sources jn the
watershed. The onloing watershed planning -process .should proVide ·the best vehicle for
targeting such actions. " .

1.1 Background

The· Ugum watershed is located in southern Guam directly south ofth~. Talofofo and Fena
Watersheds (Figure 1). The Ugum watershed stretches from Mount Bolanos which rises to 378,5
meters (1,241 feet) and fonns the western limits oithe watershed to the Talofofo River near the
Pacific Ocean in the east Mount Bolanos includcs the headwaters of the Atate and BubuJao
river systems whic~f1oW into the Ugum River.

4
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Note: This map and data are for planning purposes only. Not
for use in litigation cases. Guam EPA dose not assume
responsibility for any inaccuracies in the data presented.
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The Ugum watershed covcrsan. area ofapproximately t8.9 square kilometers (7.33 square miles;
4.691 a<,.-ros) of rolling hills with areas of vety steep slopes.. The 37 kilometers of rivers and
-streams in the Ugum watershed spread :from the mou,nt.ains to sea level wbere the Ugum River
drains inm the Talofofo River only _1,300 meters (4.275 feet) inland from Talofofo Bay.

. WatJ:rquality in the UguDlRiver has declined in recent years as a result of human activities 1hat
have increased erosion artdthe resultant sedimentation in the streains and near shore: waters. .
Off-road recreational vehicles, intentionally-set flI'es, and agric~lturaJ activities arc thepdmary
cause of the inc~cd-erosion and sedimentation. The increased sedimentation is cODsidered
especially sigDificant in the uginn watershed because the Ugum Water Treatment -Plant is a
primary source ofdrinking water in southeinGuam. During the p~tsevera1 yCal5 tbe Treatment

_Plant has had to periodically shut down when suspended sediment at the intake reaches excessive
. levels. The trc~tJnent plailt bas been secured fafty two (52) times during the period of january 1
to December 3t~ 2004~ lasted from two hours to twcntyfoUl hc:mrs duratioD:at anygiven time.
The highest turbidity lev~l at the intake (river) <hiring the same period is 270 NTU and the·
average is 72 NTU. Also, during the following year. January 1 to December 200S, the treatment
plant was secured thirty; five "(35) tiines duc to friih tUrbi.dity at the intake. The highest turbidity
level during the same period is 3,018 'NTU -~d the average is 516 NTU. The increasCd ­
sedimentation also contributes to poor quality in.~aquatic babi1ats, a smothering .of the
coral reefs, and a decline in fish pOpulations. - .

The following_ text from the Ru()'UrceAs.se,'$ment (NRCS, 1995) suminarizessom:e oftile effects
of soil erosion in the Ugum watershed: -..

"Soil- erosion affects the pr~uetivity of the laild. aggravates driJikill8 water treatinent ­
syS~mSs and negatively impacts aquatic -life in the watershed's $treams and dOYmst1'earn
coastal -areas. When erosion leaves behind unproductive soils in ,the Ugum Watershed.
vegetation changes, from fOreSttosavanna grasslan~ ot from savanna grassland to badlands;

-The ecology,- of the-land chariges in this process, and water quality and wHdIife habitat
sUffers: . This change in vegetation type directly affects the uses of the- watershed. ,The
(relatively undisturbed) ravine forest in the Ugqm contributes to the stability of the
watershed. ItS forcststructure·l'rotcctl$ the soil surface from the direct impaots of intensive

- .'tropical- rainstorms. and· minimii.es sediment. runotl'. Becat1S~ these forests arc typj¢ally.
located next to~rsheds~,thcy SeJv6 as catchments to filter erodingscdimeDtsfrom­
~vann.a grasslands and badlands, which occupy ridge tops and road ridges ofthe ~a; When
these fQrests are -replaced by savanna grasslands, theyno·-lol1gCl~ provide these benetitl$.
And, while the 'COVer ofgrasses appearS to fully occupy the site·from a distance, the "dominant
grass species in_ the watctshedaQtUa11y has a clumped dlstribution with significant areaS of
exposed soil surfaces between the individual plant clumps. During periods of intense tropieaJ
rainfall, the exposed soil surface· is susceptible to sheet and rill erosion. The continual
erosion and intel\lle leaching result in an overall lOWering of soil and water quality in these
areas. II
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1.2 Applicable Water Quality Standards

The Ugum River is. currently claSsified as. a Surfa~ Water 2 (S-2); g-2 wat~rs ar:c medium .
. quality tleshwatets that support recrea~oD, diinking water (if ma~d)~ aquatic life, and
aCsth~tic.s. The applicable turbidity. standard forS~2 water is as·follows:

"Turbidity values at any point shall notexcecd 1.0 NlU over ambient conditions except when
.due to natural conctitions.ttReference: Section 5103(b)(7) of the Guam Water Quality
Smnduds. .

, 2.0 TMDL TARGET AND WATER QUALITY ASSESSMENT

This section discusses available: water quality data for the watershed and explains the numeric
. target or goal set to protect Uguut River from the adverse effects of elevated sediment levc~.

2.1 Discussion orInstream· Water Quality·

2.1.1 Inventory ofAvailable Water Quality MODitorillg Data

. There are thr" sources of water quality data for the Ugum River watershed (Table 1). As
mentioned previously, hi~rical data are available for the TURU2 station, an old USGS Gauging.
station located on uglitn RiVet. There are also data $.vailable for the TURUI station, which is ..

. located above the Talofofo Falls on Ugum Riv~. Water quality data are alsO available :from the
Guam Waterworks Ugum ·Treatmcnt Plant .. Sample cQIJection and preservation for all ofthe~e

data were conducted according to EPA Meth(ld 180. t. .

J

Table 1. Summary otAvailablc Water OualityData SoW'Ccs for the Ugum River·
Naill&: IPeriod ofReeoJ'd . .Responsible Alene)' Parameten ·Numberof

- Mo.itorat Obllei'Vatiou

TURUl· Otl22180to GBPA .Turbidity
,
122

10/25/90
TURU2 2119/80 to 10/2S190 OEPA Tm-bidlty 52
Ugum 1995~ 1996· Guam Waterworks Turbidity 256 (1995)
Treatment 150 (1996)
Plant -

Ugum 1/2002-312004 Guam Waterworks Turbidity
~

792
Tr~tment

Plant·

7
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. 2.1.2 Analysis of Instream Water Q..aJity MODitorill1 Data .

Theaver~e- turbidity value for the nJRU2 monitoring' site was 9.lNTU(nephelometric
. turbidity units)•. The average turbidity value for the nJR,Ul monitoring site was 7.6 NTU. An
analysis of precipitation records' ~hoWs that very few of the historical observations at either:
'fURUl or TIJRU2 wet:e taken dwing or shortly after significant rainfaJJeve~ts. '

More <:Qinplcte Wate~ quality observations arcavai1able for a River site at the Guam. WaterworkS
Ugum Treatment Plant. FOT the most part. the pl.ant conducts sampling at its intake pipe every
two hours l

. . These values were averaged by day for lhis analys'is to corrCspondto the previous
. tu(bidity data and available precipitation data. The results indicated that the average turbidity .

val\1e for 1995 waS l5 NTU. The average turbidity value for 2002-2004 was 12 NTU (see Table'
2). During the wet season period (July-November), the average turbidity vatue for 2002~2004
was 21 NTU with a maximum value of 240 NTU.

Table 2. Summary of the T..rbidi~ Test Results from the Ullum W.ter TreanneDt P
. Statistical Data:

_.
All Data ,Wet Season....

" , ' (July1 to November 30) ,
#Sampl~ 792 306
Samples with NTU>{Z.s 26% 48%,'
Arithmetic Mean (N11J) 12 21
Upper S% Confidence Lover 48 57 '
tNI1J). .
Lower 5% Confidence (NTU) 2.1 , 3.4..*Raw mtake water samples collected from January 1,2002 through March 8,2004; No data for

De~. 9 through Dec. 14, 2002. '.' '"
•• Wet season data for 2002 and 2003 only.

. 1'0 assess the degree to which' precipitation influenced turbiditY values, the daily precipitation
, and turbidity values were compared~ (Rcc~Dt flow data for the Uguni RiVer were not available
',' So it was not possible tocond.uct a similar analysis of the relationship between turbidity and
tlow.) The '1996 precipitation data consiSted, ofthe .verage daily values from several neatby rain '

, &tations (Windward Hill::;, Talofofo, and thelnarajan Agrlculturalstation). AU available 'J 996
tW'bidity data were used to assess the impaet of rainfalls on the turbidity. ,As expected. a
statistical testindica~ that there was a significant relationship betWeen these two variables at a
95% contidcn~ interval. This suggests that incJ:eases in turbidity arc related to rainfall-induced
sediment erosion. ,.,

.' .<

,

2.2 Selection of a TMDL Target and Critical Condition
'.

To develop a'lMDL his necessary to have a quantitative expres,sion of the desired wa~r quality
'conditions. For Ugum River, GulD.J water quality standards include numeric criteria for turbidity

. I

IThere wcreapparently days when the Water was, not liamplcd at the plant or the values were not
recorded: Then were also no data available at the plant for the fD'st several months of 1996.

8
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. (the degree of water clarity). which is closely related to suspende4 sediment levels in the water
body. As discussed in grcat~T detail below, a nwnerie target. was dev~loped ba.'1ed on the
applicable turbidity criteria (no turbidity increase greater than 1 NTU abOve am"ient natural
conditions). This necessitated the 'estimation of ambient natural turbidity conditions iJi the
watershed. .

The 1980 to 1990 tinle period was used to define ambient ,conditions as referenCed in the wat~r
quality sUmd!U'd because there was significantly less itctivity in the watershed.comparcct to the '

. present. Since 19.90 a numbElt of factors have changed which have. resulted in increased human
impact to the watershed: These include the following: the use ofoff-road recreatioilal vehicles .
hasincreQ~; thc::re have been an increased number of fires; the GuarD 'Wateiworl<s Ugum .
Treatment plant w~ built; and a safantour and tourist facility at Talofofo Falls have begun

. operations (thus increasing overall traffic in the wat~rshed). . .
. ..... . ..\

The mean of the turbidity observations for the 1980 to 1990 lime period is 9.1 NTU. However,
there is a concern that this value Drlght be artificially low because it. iDcJudes very few
obs~ations taken during wet weather events (when turhidity values ar~ expected to be higher).
For example, there was only OIl;C obserVation taken on a day when· the raiDfatl· was greater than
0.511 (com;idered a significant rainfall event for this portion of Guam (Lander,' 1999». The
maximum. turbidity'valuethat was observed was 42 NTU,· (Turbidity values as high as 150 NTU

..during wet weather events have ~n observed in.recent years).. Because' of this concern, a
statistical analysis of the av~i1a:ble data was pelfonned to identify the likely range of ambient
.turbidity values.' , .

The SlTJlpJe mean of the TIlRU2 data is merely an. estimate of the. ~'tme" population mean of
tUrbidity values. Variability exists between each data point aDd tJte sample mean and lhis ,
variability can bem.easured by astatistic called the standard errorof1he mean (SEm~ =Standard.
deviation/square root of the number of sam'pIes). Usin8 the' standard. error, .it is 'po~sibteto
express a confidence interval (or raitge of values) that:, at a certain confidence level, may include
the true pOpulation mean fOr turbiditY. Thisoonfidenceinterval is thcprOOuct of the standard
error value and the appropriate. ''tJt value from a statistical distribution called the Student ~ r. Th~ , .'
confidence intervalis'thcil added or subtracted front. the sample mean to determine the lower ~d .
upper confidence limits. . . .

T~ble 3 below show$ the calculatio~s for, upper and lower confidence limits. for the turbhlity ,
observations at the 5%. 2% and 1% significance levels. For example. at the 5% confidence limit
(95% confidence Urteriral) the limits are 1J.7 and 6.S (upper and lower respectively) and We

. wO\lld assert that there is only a .5% chance that the true population mean is outside this interval.

9
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Table 3. TURU2 Turbidi
Sam Ie Mean 9.1

. Standard Deviation 9;5
umber,ofSam les S2
tandard Errol', 1.32.
e es ofFreedom S1

value (TABLE):
%
%

1%
:'\'lin () ,
,:\11,'\)\ 42

* Samples ~re collected from 1980 to 1991; Statistical ~lysis from Field
and Laboratory Methods forOe~eralBCoiogy3rct ed., Browcr,et al, (1990). •
C.L. -Confidence level .. ,

. .

Becau..;e, of th~ concern over the relatively few wet weather samplifig obse~ons, a decision
· was made to choose a value from:the uWer end ofthc 5% eoilfidence int<;rval as a conServative
. indication ofthe true average turbidity observed at nJRU2. The ambient average tUrbidity value .

for the 1980 - 1990 periods for the Ugum Rivet was therefore estimated to be approximately
11.5 NTU. The applicable numeric criteria for turbidity, used as the numeric:: target fOl'the

·1MDL~ are therefore: .' .

Ambient natural turbidity + 1 NYU = Cr~teria Value = TMDL Numeric Target
1J.5 NTU +1 NYU =U.S NTU

. . . .

Another'pOtcntiallyuseful,supplemental indicator of'the impairment of the ugtim River would
be the avel'aKe turbidity values that ocwr during wet weather events.. For example,·anothtr way
to CXptC$$ the TMDL endpoint would be to say that the average turbidity values observed. during ,

, wet ,weather events ne.ed to decrease by X%. These eventS represent the critical condition in the .
watershed because it is during periods 9{ hiSh rainfall that turbidity valo.es teach excesSive levels
and the treatment plant is forced to shut down. As has been indicated previously, however, there

· are only limited historicaldata available for wet weather turbidity values in the Ugum Watershed.
This' unfortUn~tely made the adoption olan appropriate wet weather turbidity endpojntdiffi~l~ ,

3.0 SOURCE ASSESSMENT

The purpose of the source assessment is to ,demonstrate that· all pollutant sout'c;;c::s, have been "
considered, and significant sources estimated~' in order to help determine the degree ofpollu~t
reductions needed to meet numeric targcts and allocation ofpollutant allowances among sources.
In order to develop' individ\lal allocations, exis~ and· potential .sources· must first be
characterized. The description of source" for this TMDL is taken primarily from R.esource
Assessment, UgUm Watershedj Of.tam, which was prepared by the Natural Resources'
Conservation Setvice~ Pacific Basin, Agana, Guam (NRCS, 1995).

10
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There are no point sources in the watershed, thcre(ore~ poiJ?tsource loads ~re estimated to be
zero.
'. . .

3.2 Assessment of·Nonpoint Sources.

As discussed in section 1.1. soilerosjoJ1 in the watershed has cauSed changes.in vegetation type
that inorease the tendency of eroded soils to reach waterways. BecauSe the Ugum watershed

. soils have a very high clay content (40%) much of the. soil that is eroded. ends up in the Ugum
River and is carried to TalMofoBay and the sWT()Ul1ding. coral reefs (NRCS, 1995). This
contributes to poor quaJityin-stream aqUatic habitats, asmothering of the coral r~fs· and· a
decline in fish populatio.ns. , . .

. Major typC$ of soil erosion active in the watershed include sheet and rill. road surfacc~ Toad cut,
and NtreaIn bank erosion (NRCS. 1995). A modified version oftbe Universal Soil Loss EquatiOtl.
(USLE) method wa.o; used to estimate mean annual soil 10$s from Sheet-and rill ero~"on. The
AI\;Jtin Rill eros.ion method (NRCS~ 1967) was used to estimate erosion from the toad surfaces,
and the Direct Volume method was used·to dettmiineaverage annuB.lsoilloss from road cuts
'and the strearo banks. Detailed· infonnatlon regarding th~ application of these method.... to the
Ugumwatersbedis aVllilable mResQurce Assessment,Ugum.Watershed, Guam (NRCS, 1995).

Table 4 shows the estimated erosion rate from various soUrces in (he watershed. Major sources
. oferosion. in the· Ugum Watershed are sheet and rill erosion from foreSt, savanna graSslands•.
..agricuJture~ and badlands, and erosion from road sUrfaCes. .S~ channel erosi~ is also a

signiticlintsource in the watershed. Pet aCre. the. sloped road sudacc erosion (roadS .which go.
across the contour lines). comprises th~ highest erosion rate within the:: Watershed; badland··
erosion is the second highest.. However, the greatcsttotal amoWlt oferosion is frc>m the savanna
grassland.. Close to half (49%) of the total erosion in the watershed. is derivc~:d from the savanna·
grassland due to its moderate erosion rate and large relative area (42%) in the watershed:

The sediment load (the amount of eroded sediment that actually ~ches"water body channels)
.. was determined by.multiplying the erosion rate for each source by the comspOriding sedunent .
.delivery ratio. The sediment delivery ratio was calculated using th~ Slope Contiriuity Procedure
developed by Flaxman (1974). A sediment delivery ratio of 5S percent for shCct and tiJJ erosion
.was calculated for the upper w~rshed (due to steeper slopes) and a ratio of 35 percent WllS

calculatedfor the lowet watershed. The sediment delivery ratio for the stream bank erosion was
90pctcc~ the stream bank is steep and mQst of the bank erosion will land in the riv.er. Overall,
.the sediment load was estimated to equal 44% of the amount of sediment er~ed in the·
wa:t~rshed. . .. .

11
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... Table 4. Estimates·ofSediment Eroded from Various Sources·· .

Source: NRCS, 1995.

Source Erosion Rate Aoreage Total (TonslYear)
(TonslacrelYear)

Road Surface·SloDinst 324 26 (0.55%) 8.424 (6.5%) .
Badlands 243 100(2.1% 24.300 (19%)
Road Surface.LeveJ 7S 23 (0.49% 1,725 (1.3%)
Grasslands 32 1.<J72 (42%) 63.104 (49%)
A21'icultural Lands 20 17 (0.36%) 340 (0.26%).
l"orest 12·· 2,569(55%) 30,828 (24%)
Total 4.707 )"28..721

.. . -

The NRCS sediment JIJalysisalso presented ~edinient yield estimates by sub watershe4.. The
Ugum watershed was divided into five sub watersheds for this PUlPose (Figure 2).

. " .. .

The total e~timated sediment load per sub watershed is shown in Table 5: The sediment load to
each sub watershedwas routed tbroU¥h the larger Ugum watershed 10 the confluence With the·
Talofofo River. The transport of sedimcn~depends on the velocitY of the water and th~ particle.
size of the sediment. .ParticJes may· be transported suspended in the water or boun~ed ·and rolled
along the stream,.bottom. As velocity. decreases the heavier particles f~l from suspension or stop

.moving along the bottom. Sediment accumulates in the stream along the snambanks or in the
channel durlrJe low flows. During high flows the· systems tends to be fJushedout. but some
sediment is deposited on the flood plain )Vhen the stream tloods over the banks. T? complete the
sedunent routijlg. the sediment load to the uppermost silb watershed must be IOUtc4 through the
ne~t sub watershed downstream. The results ofthis routine are added to the sediment yield from .

. the second sub watershed.. Tbis total is then routed through the next lower sUbwatcrshed and the
process eontinlic.s for ~ch tributary until the. end of thc.watershed is reached. The 'transport
through the, stream$ and rivers was ~sumed to d~posit )00% of the gravels,. 100%·ofthe sands.
and 50% of the fines. These percentages WClC btLsed ·on observation of the ~ani and 'river .
bottoms and professional judgment (NRCS~ ]995). Overall, NReS estimated that 47% of
sediments discharged. to waterways in the· watersheds are yielded from ·themouth· of the
watershed.

]2
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Fig1.1re 2 Ugwn Sub..Watersheds
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Table S. Total SedimeutyleJd per Slib watershed In the Vgum WaterMbed
(fODS per Year)

Sub watersbed Cut and Rilil Roads Stream bank Total'
erosion

BubuJao 17396 1301 290 , I 18~8'

Ugurn 8909 1511 297 , 10717

UpperUgum 9069, 1175 241 10485

Atate 7505 245 140 7890

N. Bubulal) 6868 327 68 1263

Total 49741 4559 1036 SS34Z'
I . .
~ut and Rill • Includes total oferosion from fo~st. savanna grassJands,agnculture, badlandl;.

SOUTee; NRCS~ 1995. ' '"

Table 6, indicates that the total estimated sediment yi~ld fi'6ltI. the Ugum Watershed is
approximately 1.5,770 tOns/yr.

,Table 6. S~ilDentRoutlDIl for tbe Uftum Wat~rshed (TonslYear)
Sub watenlled Gravel, sand' Fines Total Sedflilent
Prom N. BDb~ 182' , , ]090 'S993 7265
Deposited in Bubulao 182 ' 1090 2991, '4268
Watershed
SubtotIJ Routed SedirDetlt 0 0 2997

"

2991
From Bubulao Watcnhed 760' 2849 15383 . 18992
ToUl!Urn Watershed ' 760 2849 18380 ' 21988

I .... -

FromAtate 395 1184 6315 7893
DepOsited, in U"per URum 395 1184 3157 4736
Subst&l Rooted Sediment ., '

,,-

0 0- 3157 " 3157 i

-
From UpperUlUm S35 1605 85'59 10699
Watenhed r'

To UJl.1un Watershed 535 1605 11116 13856
I

From BubuJao ' I 760 I '-, -,2849 18380 21988,'
From Upper. Urum 535 1605 11116-, ' 13856
Subtotal Routed Sediment 1295 4454 30096 35844
Deposited in Ugwn 1295 4454 15048 20196 '
Watershed

,Subtotal Routed SedIment 0 0 15048 15048
From Unm Wa(enhe4 429 1929 8361 10719
Total Sediment Yield 4~9 1929 23409 25761,

.. _.
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··4.0 LINKING TIlE SOURCES TO THE NUMERIC.TARGET

4.1 . Linkage Framework .

. One of the cs~ential steps in developmg a TMDL is to establish a link or relationship betw~ the
numeric instream targets that have .been chosen and the predicted loadings to determine how··

: much reduction in sCdUnent loading is necCledto. attain the .applicable targets· and associated.
water quaHty standards. _Once this link has been established, it is possible to determine the
capacity ofthe waterbody to assimilate sediment loadings and still support designated· uses.

For this TMDL it was decided to assume a directrclationBhip between the estimated sediment·
loadings and the existing instrelUll. turbidity vaJues~ For' eXample, it was assumed that a 10010 .
reduction in. sediment loadirtgs would result in aeorrCspcmding J0% reduction in instre~
turbidity leveis.. ThiS relatively simple approach·!s discussed in EPAili Protocol for Dcve)opini

. .Sediment 1MDLs (EPAt 1999) and was determined to. be an acceptable· technique· given the.
relalively .limited available monitoring data and the commitment to implementation and future
monitoring (ie.• monitoring will be used. to determine whether the )t)ad reductions result in the
desired effect on instream. water quality (and thus vafidate the direct rela~onship). The approach

. is summarized below; . - . .. . : .. . . , .
". I

. Existini'~ 1lId2i.di.tY valu~ ~

Desired jnstrcam turbidity valuQ..'i
ExiB1iq~ ,.ent loadings
Tai'I~t sediment loadings -

The. exiSting· instream tutbidity values were calculated as· the average of the turbidity values
recorded by the Uglim treatment plant during 1995. theSe data. were used because tht.y match
the titne period of the resource as~essment study. We note the 2002-2004 data are fairly close in

. that average ~easured turbidity values for the entire period were. slightly lowerlhan the 1995
. .. average, and somewhat higher for tile wet season periOd .CuJTent conditions in the watershed are

cOil$idcred to be essentially similar to those that exist~ in 1995. The ~veraseturbidity value [or
the 1995 sampling obserVations was 15 NTIJ. " ., .. . .

As presented in section 2.2, the numeric target representing desi~ in..~ turbidity values. is
. 12.5 NrtJ. . ' . .

As described above, dlc existing· sedimcn~ ·loadings were based Qn the detailed resource
asscssinents'tudy- This study estim~ted that 55,342 tons/year are being deposited into tributaries
in the Ugum watershed. This value was therefore· used to estimate the target sediment loadings
that would be needed to reduce turbidity to the desired target. .

.. " ;

Existing instream turbidity values (15 NTU) .. z

DesiTed instream turbidity values (12.S.NTV)
Existing sediment loadingS (S5~342 tonsiE .
Target sediment loadings (46.118 tonslyr)

The total loading capacity of the UIUDl River is therefore estimated to be 46.118 tons or
sedimcntper year. This equates to an.averag~ of 126 tons per day.

15
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. . .

5.0. TMDL AND ALLOCATIONS

As described in Section 1, the TMDL isrcquired to include a margin of safety to account for
uncertainty in·the·analysis. Its purpose is to account for any uncertainty or lack aCknowledge
concerning the relationship between pollutant loading and water quality. The MOS can either be
implicit (e.g., iDcotpe)tated into the TMDL analysis through conservative assumptions) or
explicit (e.g.• expressed itt the TMDLas a Poition ofthe loadings). .

An explicit MOS of 11% was selected for this 1MDL. Therefore, ·11% of the estitnated loading
capacity is being held in reserve as a margin of safety, yielding an estimated allowable sediment
load of 41,045 tons/year (46,118 tons/year III 0.89). This eqUates to an av~agc~ly load of 112

,tpd (126 tpd '" 0.89). As discussed below, allowable sediment loads from the land to the
tributary streamS in the watershed, are higher than the allowable scdimentyield at the bottom of
the watershed because a substantial. proportion of .disehatgcd sediments remain· in· stream
channel, stream bank. or floodplain areas. Section 5.2 c;lCplain$ how the allowable sediment
loads were calculated to derive the load allocations.· . .

5.1 Wasteload Allocations ...

There arc rio· point sources of sediment hi the Ugum watershed an<f. therefore the wasteJoad
allocation for this TMDL is s~t at zero.

5.2 Load Allocations . . '

. ~ .

Load allocations.aFe defined' as the portion ofa receiv"ing \vater's loading capacity ~t· is .
attributed either to ,existing. or future nonPQint sources of pollution: or to natu.r:a} ba.ck¥J'Ound
sources. The load altQCa1:ions for the Ugum River sediment TMDL arc grouped by the type of
erosion and by subwatel'$hed. .

. .' . . . :

As discussed in Section 3.2, the amount of eroded sedim~l actually yielded from the watershed
· is approximately 47% of the total sediment load ·because subStantia} amounts of cOar,ler
sediments are deposited. in· stream channels and.on streambanks an4 floodplains. Adjusting for

· this difference in sediment loads to stream. channels in the wa~rshed and the resulting sediment
.yield at the bottom of the watermed, the resulting allowable sediment load is estimated at 41,045
tons/year (rounded to 41,000 tons/year for alloeatiol1 pwposeS)~ This equates to approximately·
112 tons per day. The' allooations were ealelllated by reducing by approximately 25% of the .
current estimated loads· by subwatershed and source category as presented in Table S. These .

.estimates indicate a needed rc<:J,uction of approximately 25% in sediment loads to Ugum
· watershed tributary streams. Tables 7 and 8 present the resulting annual load allocatjons arid

daily load allocations, respcdively. .

16
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Table 7. AnDUal Load AlJocadODS to Meet tJae TMDL (TonslYear)

Subwatenhed Cut find Rlll1. Roads Stream· bauk Total
.(lrOSiOD

Btibcilao 13000 700 300 14000

Ugum. 6000 100 300 7000

UpperUgum 7000· 800 200 .8000

Atate 5950· ISO 100 6200

N. Bubulao 5650 300 SO 5800
Total 41,000 ..

Table 8~ Dailv Load AllocatioDs to Meet the TMDL IToD$lDaV)

Subwatcr,bed Cut and Rill' Roads Stream ·baDk Total
erosioD ..

Bubillao 36 1.9 0.82 38

Ueun:' 16 1.9 0.82 19
-

UpperUgum 19 2.2 0.55 22

Atatc 16 0,41 0.27 17

N.Bubulao .. . 15' 0.82 0.14 16

Total. 112

.' "..

5.3 Seasonality and Critical Conditions

As mentioned previously, the critical conditions for the se4iment impairment are the wet
weather> f stann events. The analysis ofthc data showed a statistically significant, positive .
correlation between precipitation and observed turbidity values at the Guam W~orks Uguni .
Treatment Plant. The best management practices tha.t are expected to be used to jrnpJement this .
TMDL willrcduce loads during the wet weather'events (e.g., the conversion otbadlands to fore8l

. Will: ttl~that much less· surface erosion will occur during heavy rainfalls).. m addition, once
additional wet weather data arc collected they could be used to set a suppJemenUil.• we[ weather
TMDL endpoint. The current lack of data precluded the use of such an endpoint for the fitst
phase ofthe TMDL.. .

17
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6.0 IMPLEMENTATIONRECQMMENDATIONS

·the lMDL illlalysis indicates that loads to waterways in Ugtim River watershed would need to
be reduced by approximately 25% to attain the TMDL arid remedy the unpac1s of excessive
sedimentation on the river. It range ofoptions is necessary for achieving the desired reduction in
current sediment loadings. The venous options need: to be bascdOD the practicality qf
impl~mcntation and the degree to whicb they would have a significant impact on the overall
sediment yield (e.g., reducing theronoff frOm land in closer proximity to the stream and reducing .
runoff from upland lUCas). A waterShed approach will be used to identify a.. feasible, practical .
·action plan ~o have the results necessary for reductio~ ofcwrentsediment loadings in the. Ugum..

Guam's Watershed Planning Committee has alreadt initiated restoration action activities ,that
include implementation of reforestation and soil erosion activities in the UgwD Watershed. To
date, a total, of 300 acres· of erasslands arid badland areas have been planted With seedlini-~ of
.acacia trees and 30 acres of ground cover and erosion control fabrics in various areas of the
·Uguni Watershed to address soil erosion 'and sediment loading to the Uguin Riv.er•. 'I'Jie Ugum
Watershed subcommittee is continuing with its reforestation ,and soil erosion activities wit}1

,additional tree .plantings al1dp~cement' ofsoil erosion fabrics. . .

·In addition, undc:r fue. Section 6217 of the National Oceanic and Atmospheric A~inistnltio~' s
(NOAA) Coastal Zone· Management A~ Guam is required to· develop· a Coastal. Nonpoint ..
Pollution Control Program (Mel» to include management ro~asures to control· nonpoint ..
SOUTCes of pollution. Guam's approved CNPCP Will include the preparation and impJementation
of comprehensive watershed plans which Will' inclUde the Ugum Watershed as a priority
watershed. 'The eoJi1prehen.qive watershed plan for the Ugum Wa(m"Shed will. include the
development of control strategies ,to prevent and minimize, ncmpoirtt poiIuti~n and achieve

.enhancem.ent of water quality SUCh as the control .of ~r6sion and sediment loading to, the Ugwn
River. The Watershed plan will evaluate sediments and otherpol1~ relating to, agriC1uJtural .
practices. urban areas (storm water, ro8.ds, highways arid ~ridges.etc.), hydromOdification issUes,
10.88 of aquatic ecosystems, and any other source or potential source that may UCCut in the
watershed. The Ugum Watershed Plan will include the development of a. strategy for
implementing awatershed action plail toaddI'eS$ 'soil erosion and sCdiment loadmg to the Ugum .
River..

.~ "

Implementation of this option will result in the reductionscdiment loading and reduced erosion
runoff AdditionaJoptions for obtaining the necessary load teductiODS will be identlfied.uthe
actionpl~, strategy progresses.· An· adaptive management· approach will. be used whereby

.. continued monitoring of the Uglim River will provide: iIlsight regardina the effectiveness of the
ProPOsed implementationand ideas for future rc~oration. .

.6.1 Follow-up MonitQring

The comprehensive watershed plan will include the development of a long tenn monitoring plan
for evaluatini the overall effectiveness of the action plan m.p~ ...enting and col1'ecting surface
water quality impacts from nonpoint pollution (gediment).The long term monitoring program

18
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.. ,

shaH provide intOl'lnation on trends related to sediment runoff and determine whether the
nQnpoint pollution eontrol strategies in the action plan are effective., The long tenn inonitoring
progrartl will.be developed and implemented as part oithe UawnWatershtKi Action Plan.

lnaddition, Guam's CNPCP includes a NOnPoint Source Monitoring Strategy that will be Used
as a basis to evaluate the performance of nonpoint source management measures quantitatively

-and qualitatively to detennine the success of NPS managemeni measures in reducing poUution
loads _and improving water qu81ity. The monitoring strategy approach iri~ludes ~eline

monitoring, ,trend monitoring (designated -use support 4:eterminations and~tcrshcd trend
assessments), ,investigative monitoring (for problem areas initially identified in baseline
monitoring or incompatible uses exist), effectiveness monitoring (for' selected management
~easures) and hnpJementation monitoring (management practice tracking techniques). '

Ugum River turbidity monitoring· data from the. ~am Waterworks Authority Ugwn WatJ;r
Treatment Plant will be used to track the effectiveness of upstream best management practices,
such as tree planting and installation of erosion co~1 .m~ure5. The Guam WaterWorks ..
Authority monitors for turbidity on an hourly, day·to-day basis to track trends in river turbidity~
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1. Overview 
 
Data collected through Guam’s Recreational Beach Monitoring Program (RBMP) 
has served as the basis to place a number of locations on their §303(d) list.  
Guam’s Integrated Report indicates that a priority action is to work towards 
developing TMDLs for impaired Tier 1 beaches.  This TMDL report summarizes 
information for seventeen beaches located in the Northern Watershed and 
describes the approach used to develop TMDLs for these impaired waters.  
These seventeen beaches, identified in Table 1-1, are listed as impaired due to 
exceedances of Guam’s Water Quality Standards for enterococci bacteria. 
 
Table 1-1.  Waterbodies covered under the Guam Northern Watershed Bacteria TMDLs. 
  

Waterbody ID Name Impairment 
GUN-01 Tanguisson Beach Enterococci 
GUN-24 Gun Beach Enterococci 
GUN-25 North San Vitores / Okura Enterococci 
GUN-02 San Vitores Enterococci 
GUN-23 Fujita Enterococci 
GUN-03 Matapang Beach Park Enterococci 
GUN-04 Guma Trankilidat Enterococci 
GUN-05 Ypao Beach Enterococci 
GUN-06 Sleepy Lagoon Enterococci 
GUN-07 Dungca's Beach Enterococci 
GUN-26 Alupang Towers Beach Enterococci 
GUN-08 Trinchera Beach Enterococci 
GUN-09 Padre Palomo Park Enterococci 
GUN-10 Hagåtña Channel Enterococci 
GUN-11 Paseo Outrigger Ramp Enterococci 
GUN-12 Hagåtña Boat Basin Enterococci 
GUN-13 Hagåtña Bayside Park Enterococci 

 
 
These TMDLs will address the enterococci impairments.  The report begins with 
a short summary of the setting and general water quality concerns including 
applicable standards.  An important part of TMDL development is to build on 
existing knowledge.  This involves a review and analysis of data collected from 
project area beaches.  Included are groupings for beach TMDLs based on 
location, physical characteristics, and potential sources.    Potential sources that 
affect water quality at RBMP sites are summarized and TMDL allocations are 
provided. 
 
These TMDLs use a hydrology-based framework, combining RBMP data with 
flow and precipitation information.  This provides an expanded analysis of the 
monitoring data, which allows patterns to be examined, based on estimates of 
flows conditions (e.g., wet versus dry).  Knowledge of conditions most likely to 
cause water quality problems supports a meaningful transition to implementation 
efforts. 
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2. Setting 
 
Guam has a tropical oceanic climate with warm temperatures and high humidity.  
The subtropical weather allows for year-round recreation at all beaches.  The 
majority of recreational activity occurs along stretches of sandy beaches or 
limestone plateaus easily accessible from the shore that are classified as “M-2 
waters” or “Good” under Guam’s Water Quality Standards. 
 
Data has been provided from 17 RBMP stations for the purpose of developing 
bacteria TMDLs.  These sites are situated along Guam’s northwestern shoreline 
(Figure 2-1).  Basic station information is summarized in Table 2-1.  With the 
exception of Tanguisson Beach (GUN-01), the stations are grouped by the major 
water where they are located (e.g., Tumon Bay, East Hagåtña Bay, West 
Hagåtña Bay). 
 
Information from the Recreational Beach Monitoring Program has been the basis 
for issuing health advisories at project area beaches, as well as including these 
waters on Guam’s §303(d) list.  Potential causes include wastewater related 
sources (septic systems, sewer line breaks, sanitary sewer overflows, treatment 
plant discharges), storm water (surface runoff from developed land, roads, 
construction areas), and recreation related sources (marinas, boat discharges). 
 

 
Figure 2-1.  Location of Northern Guam TMDL project area beaches. 
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Table 2-1.  Northern Guam TMDL project area beaches. 
  

Village Water Beach Site 
ID 

Shore 
Access

(mi) 
Station Name Features 

Harmon Northern Tanguisson GUN-01 0.25 Tanguisson Beach Tanguisson 
Beach Park 

Tamuning 
- Tumon 

Tumon 
Bay 

Gun GUN-24 0.23 Gun Beach  

Gognga GUN-25 0.14 North San Vitores / 
Okura  

Naton 

GUN-02 0.39 San Vitores 

Matapang 
Beach Park, 
Cushing Zoo 

GUN-23 0.29 Fujita 

GUN-03 0.30 Matapang Beach Park 

GUN-04 0.40 Guma Trankilidat 

Ypao GUN-05 0.46 Ypao Beach Ypao Beach 
Park 

Tamuning 
East 

Hagåtña 
Bay 

Dungca's 
GUN-06 0.46 Sleepy Lagoon 

 
GUN-07 0.46 Dungca's Beach 

Alupang 
Towers GUN-26 0.02 Alupang Towers Beach  

Trinchera GUN-08 0.46 Trinchera Beach Padre Palomo 
Memorial Park Padre 

Palomo GUN-09 0.46 Padre Palomo Park 
Beach 

Hagåtña 
West 

Hagåtña 
Bay 

Hagåtña 
Channel 

GUN-10 0.15 Hagåtña Channel 

Agana Marina GUN-11 0.15 Paseo Outrigger Ramp 

GUN-12 0.12 Hagåtña Boat Basin 

Bayside GUN-13 0.31 Hagåtña Bayside Park  

 
 
3. Applicable Water Quality Standards 
 
Criteria have been developed that form the basis of Guam’s beach advisory 
program.  These criteria are based on the applicable water quality standards.  
Guam’s waterbodies are classified into categories based on designated uses. 
These categories for marine waters are M-1 / Excellent (whole body contact 
recreation), M-2 / Good (whole body contact recreation) and M-3 / Fair (limited 
body contact recreation).  All beaches in the Northern Watershed TMDL project 
area are classified as M-2.  
 
The applicable standards for whole body contact recreation and the rationale 
supporting the criteria are described in ”Recreational Beach Monitoring Plan: 
Guam Coastal Waters”  (Guam EPA, 2003).  Guam uses the enterococci 
bacterial indicator to establish criteria that protect for contact recreational uses.  
For M-1 and M-2 waters, Guam’s water quality standards state that: 
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“Concentrations of enterococci bacteria shall not exceed 35 
enterococci/100 mL based upon the geometric mean of five (5) sequential 
samples taken over a period of thirty (30) days.  No instantaneous reading 
shall exceed 104 enterococci/100 mL”. 

 
 
Recreational swimming and wading occurs year round on Guam’s beaches.  
Guam EPA issues swimming advisories based upon either an instantaneous 
concentration of 104 MPN/100mL or a geometric mean concentration of 35 
MPN/100mL, over a five week period.  Advisory procedures are described in the 
RBMP Plan.  Guam’s “2006 Integrated Report” indicated that for calendar year 
2004, 864 swimming advisories were issued, while in calendar year 2005, 535 
swimming advisories were issued. (Guam EPA, 2006, Tables B7a-c and B8a-c, 
Appendix B). 
 
 
4. Water Quality Data 
 
An important step in the TMDL development process is the review of water 
quality conditions, particularly data and information used to list segments.  
Examination of water quality monitoring data is a key part of defining the problem 
that these TMDLs are intended to address.  This section provides a brief review 
of available water quality information including a summary of the spatial 
distribution for the bacteria monitoring data.  The discussion also considers 
seasonal patterns and trends in order to help identify potential analytical methods 
that can strengthen the TMDL development process for Guam’s Northern 
Watershed beaches. 
 
 
4.1 Available Information 
 
The importance of Guam’s beaches for water contact recreation has provided 
long standing support for the RBMP.  Data has been collected by Guam EPA 
under this program for over 20 years.  As a result of the Beach Act, an inventory 
of 113 beaches was conducted.  Of these, 73 were prioritized into three tiers.  
Tier 1 includes beaches that are easily accessible, highly visited, characterized 
by a high number pollution sources, and require frequent monitoring. 
 
Guam’s Northern RBMP monitoring stations identified in Table 2-1 are all 
classified as Tier 1.  Data collected weekly from these sites is used to make 
beach advisory decisions, as well as to assess status and trends.  Table 4-1 
provides an inventory that summarizes locations sampled each year since 1997. 
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Table 4-1.  Inventory of Northern Watershed recreational beach TMDL project monitoring data. 
  

Station 
ID Station Name 

Data Coverage 

97 98 99 00 01 02 03 04 05 06 07 

GUN-01 Tanguisson Beach X X X X X X X X X X X 

GUN-24 Gun Beach         X X X 

GUN-25 North San Vitores / 
Okura         X X X 

GUN-02 San Vitores X X X X X X X X X X X 

GUN-23 Fujita     X X X X X X X 

GUN-03 Matapang Beach Park  X X X X X X X X X X 

GUN-04 Guma Trankilidat X X X X X X X X X X X 

GUN-05 Ypao Beach X X X X X X X X X X X 

GUN-06 Sleepy Lagoon X X X X X X X X X X X 

GUN-07 Dungca's Beach X X X X X X X X X X X 

GUN-26 Alupang Towers Beach         X X X 

GUN-08 Trinchera Beach X X X X X X X X X X X 

GUN-09 Padre Palomo Park X X X X X X X X X X X 

GUN-10 Hagåtña Channel X X X X X X X X X X X 

GUN-11 Paseo Outrigger Ramp   X X X X X X X X X 

GUN-12 Hagåtña Boat Basin X X X X X X X X X X X 

GUN-13 Hagåtña Bayside Park X X X X X X X X X X X 

 
 
 
4.2 Spatial Distribution 
 
Sites included in the Northern Watershed TMDL project area represent an array 
of settings.  Each has a unique set of features that includes effects from a range 
of different sources.  A logical starting point for developing these beach TMDLs is 
to examine the spatial distribution of enterococcus concentrations using the 
RBMP information.  Figure 4-1 shows the spatial distribution for sites (from north 
to south) grouped by major water.    In particular, Figure 4-1 displays the 
frequency of advisories for each beach, based on monitoring data collected 
between 1997 and 2007.  Figure 4-2 provides a summary of the data distribution 
for each beach over the same period using the “box and whisker” format. 
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Figure 4-1.  Spatial distribution of Northern Guam Watershed TMDL project area beach advisories. 
   
 

 
Figure 4-2.  Spatial distribution of Northern Watershed TMDL project beach monitoring data. 
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The “box and whisker” format allows analysis of general patterns by displaying 
the data distribution.  The top of the “whisker” is the 90th percentile, i.e. ninety 
percent of all data are at or below that level.  The “box” depicts the 75th percentile 
(top) and the 25th percentile (bottom).  Half of all observed values fall within this 
range.  The line through the “box” is the median (or 50th percentile), while the 
bottom of the “whisker” represents the 10th percentile. 
 
Several patterns emerge from this visual display that warrant further analysis.  
For instance, Hagåtña Bay clearly has the highest concentrations.  Tanguisson 
Beach, located at the northern end of the project area, also experiences elevated 
levels.  Within Tumon Bay, three sites on Naton Beach (San Vitores, Fujita, and 
Matapang) deserve a closer look. In addition to potential sources, factors to be 
considered in a more detailed analysis include seasonal variation and trends. 
 
 
4.3 Seasonal Variation 
 
TMDL development must consider temporal (e.g., seasonal or inter-annual) 
variations in discharge rates, receiving water flows, and effects on designated 
uses.  These considerations are particularly important because point and 
nonpoint sources can discharge at different rates during different time periods 
(see USEPA Pathogen Protocol for more detail). 
 
Seasonal changes often relate to typical amounts of rainfall. In Guam, the wet 
season normally extends from July to November and dry season from January to 
May, with transitional periods between. Annual average rainfall varies from about 
110 inches in the higher areas to about 80 inches along the shores. 
 
 
4.3.1 Seasonal Patterns in Beach Monitoring Data 
 
Figure 4-3 depicts an example display of seasonal patterns at one of the project 
area monitoring sites.  While general patterns may be apparent, there is also a 
noticeable amount of variability.  Some of this variability is likely attributed to 
different source areas that affect each site.  In addition, samples taken during the 
dry season could coincide with rain events.  This would result in measured 
bacteria concentrations that reflect wet-weather sources.  Similarly, wet season 
samples could have been collected following a dry period. 
 
Methods exist to improve the analysis of wet- versus dry-weather patterns.  One 
option is to display concentration measurements against precipitation data.  
However, adjustments would need to be made to account for runoff processes 
and lag time.  These adjustments can be made through use of a rainfall-runoff 
model.  This approach allows screening tools to be utilized that enable a look at 
the role of hydrologic conditions.  In particular, patterns in observed bacteria 
levels can be examined in terms of surface runoff or stream flow. 
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Figure 4-3.  Seasonal variation at Tanguisson Beach. 
 
 
4.3.2 Stream Flow and Seasonal Variation 
 
Water quality at some beaches is severely influenced during heavy rainfall 
events either by excessive runoff from land or by storm drains.  Guam EPA has 
identified beaches that receive additional monitoring after a rainfall event greater 
than two inches in a 24-hour period, including a number in the TMDL project 
area.  In fact several beaches in the project area have signs posted advising the 
public of the risk associated with elevated bacteria levels associated with 
excessive rainfall and the proximity of storm drains at those sites. 
 
Water quality parameters can often be related to stream flow rates, particularly 
for samples associated with storm events.  The connection between beach 
advisories and rainfall is an example, where sites are affected by surface runoff 
or located near storm drains.  Seasonal variation in flow can be a key part of 
TMDL development.  Routine flow monitoring of storm runoff has not been 
conducted in the project area.  This is largely due to the lack of perennial streams 
that discharge to Northern Watershed beaches. 
 
The U.S. Geological Survey (USGS) operates a flow gage on the Pago River, 
which is located in the general proximity (Figure 4-4).  In some situations, flow 
information from nearby sites can be used as an indicator of general hydrologic 
conditions.  Although the data is collected outside the immediate project area, the 
information may be of utility in examining water quality patterns in the Northern 
Watershed beaches. 
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Figure 4-5 illustrates the seasonal variation in flow for the Pago River.  There is 
definitely a seasonal pattern that shows the difference between wet- and dry-
seasons.  Information from this gage could be used to explore potential 
relationships between observed bacteria levels and hydrologic conditions. 
 
 

 
 
Figure 4-4.  Location of Pago River stream gage. 
 

 
 
Figure 4-5.  Seasonal variation of flows for the Pago River. 
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4.3.3 Flow Duration Curves 
 
Flow duration curves provide a way to address the inherent variability associated 
with hydrologic information (e.g., seasonal variation, year-to-year variation).  
Duration curves describe the percentage of time during which specified flows are 
equaled or exceeded (Leopold, 1994).  Flow duration analysis looks at the 
cumulative frequency of historic flow data over a specified period.  Duration 
analysis results in a curve, which relates flow values to the percent of time those 
values have been met or exceeded.  Low flows are exceeded a majority of the 
time, whereas floods are exceeded infrequently. 
 
Duration curves provide the benefit of considering the full range of flow 
conditions. Development of a flow duration curve is based on daily average 
stream discharge data.  A typical curve runs from high flows to low flows along 
the x-axis, as illustrated in Figure 4-6  for the Pago River.  Note the flow duration 
interval of sixty associated with a stream discharge of 5.6 cfs (i.e., sixty percent 
of all observed stream discharge values equal or exceed 5.6 cfs). 
 
Flow duration curve intervals can be grouped into several broad categories or 
zones.  These zones provide additional insight about conditions and patterns 
associated with the impairment.  A common way to look at the duration curve is 
by dividing it into five zones, as illustrated in Figure 4-6:  one representing high 
flows (0-10%), another for moist conditions (10-40%), one covering mid-range 
flows (40-60%), another for dry conditions (60-90%), and one representing low 
flows (90-100%).  This particular approach places the midpoints of the moist, 
mid-range, and dry zones at the 25th, 50th, and 75th percentiles respectively (i.e., 
the quartiles). The high zone is centered at the 5th percentile, while the low zone 
is centered at the 95th percentile. 

 
 
Figure 4-6.  Flow duration curve for Pago River. 
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4.3.4 Water Quality Duration Curves 
 
Ambient monitoring data, taken with some measure or estimate of flow at the 
time of sampling, can be used to develop water quality duration curves.  Using 
the relative percent exceedance from the flow duration curve that corresponds to 
the stream discharge at the time the sample was taken, the water quality value 
can be plotted in a duration curve format. 
 
By displaying ambient water quality data and the daily average flow on the date 
of the sample (expressed as a flow duration curve interval), a pattern develops.  
This pattern describes the characteristics of the water quality impairment.  Values 
that plot above the criterion or numeric target indicate an exceedance of the 
water quality criterion, while those below the load duration curve show 
compliance. 
 
The pattern of impairment can be examined to see if it occurs across all flow 
conditions, corresponds strictly to high flow events, or conversely, only to low 
flows.  Impairments observed in the low flow zone typically indicate the influence 
of point sources, while those further left generally reflect potential nonpoint 
source contributions.  This concept is illustrated in Figure 4-7.  Data may also be 
separated by season (e.g., wet versus dry).  For example, Figure 4-7 uses a “+” 
to identify those samples collected during the wet season (July – November). 
 
The utility of duration curve zones for pattern analysis can be further enhanced to 
characterize wet-weather concerns.  Some measure or estimate of flow is 
available to develop the duration curves.  As a result, stream discharge 
measurements on days preceding collection of the ambient water quality sample 
may also be examined. 
 
Rapid increases in the daily average flow can serve as an indicator of storm 
events.  This concept is illustrated in Figure 4-7 by comparing the flow on the day 
the sample was collected with the flow on the preceding day.  Any one-day 
increase in flow is assumed to be the result of surface runoff due to a storm 
event.  In Figure 4-7, these samples are identified with a shaded diamond. 
 
Figure 4-7 illustrates the utility of water quality duration curves in assessing 
Guam’s Recreational Beach Monitoring Program data.  A definite pattern exists 
between enterococci measurements at this site and flow conditions associated 
with the Pago River gage.  For example, the highest bacteria levels are generally 
associated with storm events (indicated by the shaded diamonds) and high flow 
conditions.  Several of the high flow exceedances did occur during the dry 
season. 
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Figure 4-7.  Water quality duration curve for San Vitores Beach site. 
 
 
The duration curve framework provides a way to address variability issues 
described earlier relative to dry- versus wet season type analysis.  Another 
observation is the high levels in the dry condition and low flow zones.  These are 
likely associated with dry weather source areas and delivery mechanisms, which 
warrant further investigation. 
 
 
4.3.5 Trends 
 
The 2006 Integrated Report describes actions that have been taken to improve 
water quality at several sites.  Figure 4-8 presents a year-by-year summary of the 
RBMP data for one site.  This provides a useful way to examine trends at each 
site relative to both central tendency and annual variation.  One important factor 
to consider in looking at the graph is that a change in analytical methods 
occurred starting with samples collected in September 2000.  Data notes indicate 
that after September 2000, the IDEXX test was used to determine enterococcus 
concentrations. 
 
This type of analysis is useful in looking at specific sites where efforts to address 
beach advisories have been implemented.  For example, a focus on patterns 
such as trends in geometric means or 90th percentiles provides a visual analysis 
that can be used to evaluate program effectiveness. 
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Figure 4-8.  Trend analysis for Padre Palomo Beach site. 
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5. Source Assessment 
 
Source assessments are an important component of water quality management 
plan and TMDL development.  These analyses are generally used to evaluate 
the type, magnitude, timing, and location of pollutant loading to a waterbody 
(USEPA, 1999).  Source assessment methods vary widely with respect to their 
applicability, the ease of use, and acceptability.  This document contains a 
detailed discussion of potential bacteria sources to Northern Guam Beaches. 
 
Assessment reports prepared by Guam EPA have identified a number of 
pollution threats to these beaches.  Included are concerns such as storm water 
runoff, sewer line blockages and breaks, point source effluents, sanitary system 
overflows, septic systems, marina and recreational boating, debris and bottom 
deposits, and seeps connected to storm water ponding basins.  For purposes of 
this assessment, potential sources have been grouped into three general 
categories that include: 
 

• Waste Water 
• Storm Water 
• Recreation and Other 

 
The intent of these groupings is two-fold.  The first is to examine potential source 
area and delivery mechanisms.  This supports informed decisions regarding the 
most appropriate technical approach for connecting water quality data to TMDL 
targets.  For example, storm water sources are driven by rainfall and the 
resultant runoff.  Elevated bacteria levels under high flow conditions reflect this 
pattern where storm water is a significant source. 
 
The second reason for grouping categories is to align sources in a way that looks 
ahead to those water quality management programs and implementation efforts 
best suited to address the problems. 
 
 
5.1 Waste Water Sources 
 
This group includes those sources associated with the generation, conveyance, 
treatment, and discharge of domestic and industrial waste water.  Potential 
threats identified in Guam EPA assessments are: 
 

• Septic systems 
• Sewer line blockages and / or breaks 
• Sanitary system overflows (SSOs) 
• Publicly owned treatment works (POTWs) 
• Industrial point sources  (e.g., GPA effluent) 
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Domestic waste water associated with population increase is the largest potential 
source of pollution to all waters of Guam (GEPA, 2006).  There are a number of 
potential opportunities for waste water sources to contribute bacteria to Northern 
Guam recreational beach waters.  Transport and delivery mechanisms include: 
 

• Groundwater transport of leachate from failed septic systems either directly 
or indirectly to coastal waters 

• Leaking from blockage or breakage of sewerage mains that result in either 
direct or indirect discharge to coastal waters 

• Inadequate treatment or lack of disinfection from POTWs 
 
These processes tend to be more common in areas with higher population 
densities, such as residential or commercial zones.  Due to economic difficulties, 
development in many areas has occurred without adequate sewage 
infrastructure.  As a result, a number of residential and commercial buildings 
depend on septic tanks and leaching field systems for waste disposal.  Guam 
EPA has identified buildings in the TMDL project area that are not sewered 
through Geographic Information System (GIS) data layers (Figure 5-1). 
 
 

 
 
Figure 5-1.  Location of unsewered buildings in Northern Guam Beach TMDL project area. 
 



Guam Northern Watershed Bacteria TMDLs 
 

December 16, 2009 -16-

Residential septic systems treat human wastes using a collection system that 
discharges liquid wastes into the soil through a series of distribution lines that 
comprise the drain field.  Bacteria naturally die-off as the effluent percolates 
through the soil to groundwater.  Septic systems are designed to effectively 
remove bacteria when properly installed and maintained. 
 
A septic system failure occurs when there is a discharge of waste to the soil 
surface where it becomes available for washoff into surface waters (both directly 
or indirectly through the network of storm drains and ditches).  Failing septic 
systems can deliver high bacteria loads to surface waters, depending on the 
proximity of the discharge to drainage systems and the timing of opportunities for 
pollutant delivery (e.g., rainfall events).  Septic system failures typically occur in 
older systems that are not adequately maintained with periodic pump outs. 
 
In more densely populated areas, residential and commercial buildings have 
been connected to wastewater collection systems.  Efforts to phase out septic 
systems has resulted in reduced bacteria loads from these sources.  However, 
portions of the collection system suffer from sewer line blockages or breaks.  
This results in sanitary system overflows (SSOs) or direct discharge to coastal 
waters.  SSOs and sewer line breaks can also result in indirect discharge to 
coastal waters by conveyance through the storm drainage or ditch network. 
 
Several point sources with NPDES permits discharge in areas that may affect 
water quality at Northern Guam recreational beaches (Table 5-1).  The Guam 
Waterworks Authority (GWA) owns and operates two wastewater treatment 
facilities that affect these TMDL waters, shown in Figure 5-2.  GWA is currently 
under a Stipulated Order to address several problems that contribute to beach 
advisories.  Included in the Order are renovations and upgrades to the WWTPs, 
as well as actions to correct problems associated with portions of the 
conveyance system.  Permitted facilities identified in Table 5-1 will receive waste 
load allocations (WLAs).  The Government of Guam will receive load allocations 
(LAs)  to address nonpoint sources. 
 
Table 5-1.  Point sources with NPDES permits that may affect Northern Guam Beaches. 
  

NPDES ID Facility Name Receiving Water 
GU0020087 Agana WWTP Philippine Sea 
GU0020141 Northern District WWTP Philippine Sea 
GU0000027 GPA Tanguisson Power Plant Philippine Sea 
GU0020281 Continental Micronesia   Harmon Sink 
GU0020290 Guam Airport Authority    Harmon Sink 
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Figure 5-2.  Location of WWTPs in Northern Guam Beach TMDL project area. 
 
 
 
5.2 Storm Water Sources 
 
This group includes those sources associated with bacteria delivered to Northern 
Guam Recreational Beach waters as a result of storm water runoff.  Potential 
threats identified in Guam EPA assessments are: 
 

• Storm water runoff (nonpoint source) 
• Storm water runoff (associated with permitted areas) 
• Highway / road / bridge runoff 
• Highway maintenance and runoff 
• Construction 

 
Urban areas are generally characterized by higher percentages of impervious 
land due to conversion of natural surfaces to pavement, concrete, and buildings.  
Higher percentages of impervious area, if not properly managed, result in greater 
surface runoff due to the reduced ability of water to infiltrate into the ground 
during rain events. 
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As water flows across the land and paved surfaces, debris and pollutants such 
as bacteria are entrained.  Bacteria subsequently flow with the water into storm 
drains and ditches that lead to local coastal waters.  Harmful bacteria and viruses 
carried by runoff from developed land to local waters can threaten human health 
and contribute to recreational beach closures.  Studies have shown that bacteria 
levels are typically high in urban runoff (USEPA, 2001).  Bacteria delivered to 
coastal waters from developed land may be a significant source of pollution to 
Northern Guam’s Recreational Beaches. 
 
 
5.3 Recreation and Other Sources 
 
This group includes sources related to recreational activities and other concerns 
that could deliver bacteria to Guam’s Northern recreational beaches.  Potential 
threats identified in Guam EPA assessments are: 
 

• Marina and recreational boating 
• Boat discharges 
• Recreation and tourism activities 
• Debris and bottom deposits 
• Contaminated sediments 
• Spills 
• Seepage from storm water ponding basins and infiltration chambers 

 
Unsolicited discharge of untreated wastewater to coastal beaches can occur from 
recreational sources, notably boats and marinas.  Moored boats may be transient 
and may not pose a constant threat to water quality.  Frequency of use in the 
area and number of boats that may discharge their holding tanks directly to 
coastal waters are major factors that affect the pollution threat from these 
sources. 
 
Bacteria discharges from boats in marinas may have a more significant effect on 
coastal waters based on their sheltered locations and reduced freshwater and 
tidal inflows.  Figure 5-3 shows the location of a major marina identified in Guam 
EPA GIS data files. 
 
Another concern is seepage from storm water ponding basins and infiltration 
chambers (Figure 5-4).  The largest and most studied is the Harmon Sink.  The 
Sink, located 1 to 3 km south of Tumon Bay and 2 to 4 km east of Agana Bay, is 
surrounded by Guam’s densest industrial and urban areas.  The Harmon Sink 
collects storm water from a surrounding industrial park and the adjacent airport.  
In recent years, the Sink has also received large discharges of sewage from 
failing lift stations.  There has been concern that contaminants entering the Sink 
may be carried to recreational beaches by groundwater discharging in the 
coastal zone. 
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Figure 5-3.  Location of marinas in Northern Guam Beach TMDL project area. 
 
 

 
 
Figure 5-4.  Location of storm water ponding basins in Northern Guam Beach TMDL project area. 
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The University of Guam Water and Environmental Research Institute (WERI) 
conducted a dye trace study to help characterize groundwater transport from the 
Sink to the adjacent coastal zone (Moran and Jenson, 2004).  Dye receptors 
were placed at seeps and springs in both East Hagåtña and Tumon Bays. 
 
Dye from the Harmon Sink surface injection was detected earliest at two 
locations on East Hagåtña Bay (within 4 to 6 days).  The study hypothesized that 
the relatively fast transport to East Hagåtña Bay is controlled by relatively open, 
regional-scale fracture pathways.  Dye was detected much later (day 17) and at 
much lower levels at the Tumon Bay site (Ypao Beach).  The approximate flow 
path from the Harmon Sink to each site is shown in Figure 5-5.  The wider arrow 
from the Harmon Sink illustrates the direction that the faster transport seemed to 
occur, based on reported study results. 
 
 
 

 
 
Figure 5-5.  Harmon Sink dye study flow paths. 
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5.4 Summary 
 
In addition to describing pollution threats, reports prepared by Guam EPA 
provide an indication of those beaches that may be affected by various source 
categories.  Table 5-2 summarizes pollution threats identified in the §305(b) 
report for the TMDL project area beaches.  Table 5-2 provides a transition into 
the linkage analysis, where the water quality data is evaluated in a way that 
considers potential sources. 
 
Table 5-2.  Pollution threats for northern Guam TMDL project area beaches. 
 

Water Beach Site Name 
Pollution Threats 

Wastewater Storm 
Water 

Recreation 
& Other 

Northern Tanguisson N-01 Tanguisson Beach W1, W3, 
W4, W5 S1 O2, O3, O4, 

O5, O6 

Tumon 
Bay 

Gun N-24 Gun Beach W1 S1, S5 R3 
Gognga N-25 San Vitores / Okura W1, W2 S1, S5 R3 

Naton 

N-02 San Vitores Beach 

W1, W2, W3 S1, S4, S5 R3 N-23 Fujita 
N-03 Matapang Beach Park 
N-04 Guma Trankilidat Beach 

Ypao N-05 Ypao Beach W1, W2, W3 S1, S4, S5 R3 

East 
Hagåtña 

Bay 

Dungca's N-06 Sleepy Lagoon W1, W2, W3 S1, S2 R4, O1 N-07 Dungca's Beach 
Alupang N-26 Alupang Towers Beach W1, W2, W3 S1, S2, S3 R4 

Trinchera N-08 Trinchera Beach W1, W2, W3 S1, S2, S3 R4, O1 Palomo N-09 Padre Palomo Park 

West 
Hagåtña 

Bay 

Hagåtña 
Channel 

N-10 Hagåtña Channel 
W1, W2, 
W3, W4 S1, S2 R1, R2 N-11 Paseo Outrigger Ramp 

N-12 Hagåtña Boat Basin 
Bayside N-13 Hagåtña Bayside Park 

Pollution Threat 
Codes 

Wastewater 

W1 Septic Systems 
W2 Sewer line Blockage / Break 
W3 SSO 
W4 POTW 
W5 Industrial point source (GPA effluent) 

Storm Water 

S1 Storm Water Runoff 
S2 Storm Water Runoff (permitted) 
S3 Highway / Road / Bridge Runoff 
S4 Highway Maintenance and Runoff 
S5 Construction 

Recreation & 
Other 

R1 Marina and Recreational Boating 
R2 Boat Discharge 
R3 Recreational & Tourism Activities 
R4 Recreational & Tourism Activities (RUMP) 
O1 Debris & Bottom Deposits 
O2 Contaminated Sediments 
O3 Spill (Oil Underground) 
O4 Atmospheric Deposition 
O5 Squatters 
O6 Wildlife 
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6. Technical Approach and Linkage Analysis 
 
Developing TMDLs requires a combination of technical analysis, practical 
understanding of important watershed processes, and interpretation of watershed 
loadings and receiving water responses to those loadings.  In identifying the 
technical approach for development of the bacteria TMDLs for Guam’s Northern 
Beaches, the following core set of principles was identified and applied: 
 

 The TMDLs must be based on scientific analysis and reasonable and 
acceptable assumptions.  All major assumptions have been made based 
on available data and in consultation with appropriate agency staff. 

 
 The TMDLs must use the best available data.  All available data in the 

watershed were reviewed and were used in the analysis where possible or 
appropriate. 

 
 Methods should be clear and as simple as possible to facilitate 

explanation to stakeholders.  All methods and major assumptions used 
in the analysis are described.  The TMDL document has been presented 
in a format accessible by a wide range of audiences, including the public 
and interested stakeholders. 

 
An essential component of TMDL development is establishing a relationship 
between numeric indicators intended to measure attainment of beneficial uses 
and source loads.  The linkage analysis examines connections between water 
quality targets, available data, and potential sources. 
 
 
6.1 Pattern Analysis 
 
The seventeen beaches that are the focus of this TMDL report represent an array 
of situations, as evidenced by information presented in the data summary and 
source assessment.  One way to capitalize on the wealth of ambient beach 
monitoring information is to examine patterns associated with potential source 
area and delivery mechanisms.  The duration curve method provides one option 
for building a framework that supports pattern analysis. 
 
For instance, use of the Pago River gage to identify duration curve intervals 
demonstrated the connection between high flow conditions following storm 
events and elevated bacteria levels at beach monitoring sites.  Although duration 
curve intervals based on flow conditions highlight advantages of the method, 
data gaps at the Pago River gage prevent full use of the RBMP monitoring 
information.  One way to address this issue is to utilize precipitation data to 
determine duration curve intervals. 
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A simple rainfall – runoff model, such as the P8 – Urban Catchment Model (P8-
UCM), can be combined with northern Guam precipitation data to develop 
duration curve interval estimates.  This approach accounts for the lag between 
the onset of a storm event and actual delivery to beach waters from potential 
source areas, as opposed to simply using rainfall data alone. 
 
Figure 6-1 displays data from a site presented earlier (Figure 4-7).  Duration 
curve intervals are based on estimates using P8-UCM and precipitation 
information rather than flow data from the Pago River gage.  In this case, the 
patterns are very similar to the previous example (Figure 4-7) as indicated by the 
“box and whisker” plot in each duration curve zone.  However, the use of P8-
UCM supports a more robust analysis of the monitoring information by including 
data for samples taken when Pago River flows were not measured. 
 
In this situation, the largest geometric means occur under high flow conditions.  
The same pattern exists for the upper range of the “box and whisker” plot (e.g., 
the 90th percentile).  In considering the potential threats identified for this site 
(Table 5-2), the most likely dominant source under high flow conditions is storm 
water runoff.  Thus, targets identified in the TMDL for this site should support a 
focus on source control efforts to address bacteria delivered to recreational 
beach waters that result from storm water runoff. 
 
The duration curve framework provides the opportunity to connect water quality 
data with TMDLs and subsequent implementation efforts.  In order to take 
advantage of this approach, all duration curves used for the Northern Guam 
Beach TMDLs were created using the P8-UCM model. 
 
 
6.1.1 Spatial Patterns 
 
The geometric mean and 90th percentile are used to compare patterns between 
the different flow zones, as demonstrated by Figure 6-1.  These values enable a 
comparison of patterns between each of the beach monitoring sites.  In addition 
to being a criteria value for enterococci in Guam’s water quality standards, the 
geometric mean provides a measure of central tendency; an important factor to 
guide long-term program implementation efforts.  The 90th percentile, on the 
other hand, complements the geometric mean by providing a measure that 
reflects recurring shorter-term problems (e.g. sewer line breaks or spills). 
 
Using these measures, the next step in the linkage analysis is to examine 
patterns at all 17 TMDL beach sites.  Table 6-1 summarizes the geometric 
means associated with each duration curve zone for the RBMP monitoring sites 
in the project area.  Table 6-2 provides a summary of the 90th percentiles for the 
same sites.  This information was developed using all data regardless of season.  
Similar to the situation observed in Figure 6-1, the greatest values for each site 
occur under high flow conditions. 
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Figure 6-1.  Water quality duration curve for San Vitores Beach site. 
 
 
Table 6-1 enables a comparison of patterns between duration curve zones by 
site.  It also highlights sites and duration curve zones that exceed Guam’s 
geometric mean criteria (those cells are shaded).  Similarly, Table 6-2 highlights 
sites and duration curve zones where the 90th percentile exceeds Guam’s 
instantaneous maximum criteria. 
 
Examining the geometric mean on a year round basis, for example, the majority 
of the exceedances occur in Hagåtña Bay during high flow conditions.  This 
analysis identifies the area and conditions where bacteria sources have the most 
long-term, chronic effect.  Efforts to achieve Northern Guam Beach TMDL targets 
based on the geometric mean should focus on storm water discharges to 
Hagåtña Bay. 
 
In addition, the data indicates that storm water sources are also a concern in 
Tumon Bay.  For instance, the geometric mean at Naton Beach (site GUN-02) 
under high flow conditions exceeds the 35 #/100 mL criteria.  The Naton Beach 
concern becomes more evident when comparing the 90th percentile values 
against the instantaneous criteria (Table 6-2). 
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Table 6-1.  Northern Guam TMDL beach data summary (Geometric Mean – year round). 
 

Water Beach Site 
ID 

Duration Curve Zone 
High Moist Mid Dry Low 

Northern Tanguisson GUN-01 32 13 15 17 17

Tumon 
Bay 

Gun GUN-24 18 17 13 11 10
Gognga GUN-25 23 13 12 13 11

Naton 

GUN-02 46 17 15 13 11
GUN-23 27 14 15 13 14
GUN-03 27 15 15 12 12
GUN-04 17 12 13 12 12

Ypao GUN-05 19 13 14 12 12

East 
Hagåtña 

Bay 

Dungca's GUN-06 57 17 15 14 13
GUN-07 226 44 31 25 27

Alupang 
Towers GUN-26 129 28 21 24 12

Trinchera GUN-08 107 34 40 32 27
Padre Palomo GUN-09 102 28 21 16 14

West 
Hagåtña 

Bay 

Hagåtña 
Channel 

GUN-10 50 16 15 14 13
GUN-11 96 23 19 22 18
GUN-12 223 74 37 31 20

Bayside Park GUN-13 126 35 22 21 15
 

Note:  
 
Shaded cells indicate those zones where the geometric mean criterion was exceeded.  This is 
indicative of potential long term, chronic problems under those conditions. 
 

 
 
Table 6-2.  Northern Guam TMDL beach data summary (90th percentile – year round). 
 

Water Beach Site 
ID 

Duration Curve Zone 
High Moist Mid Dry Low 

Northern Tanguisson GUN-01 133 31 51 64 69

Tumon 
Bay 

Gun GUN-24 86 79 50 10 10
Gognga GUN-25 91 37 20 31 19

Naton 

GUN-02 386 74 49 31 21
GUN-23 212 56 74 47 21
GUN-03 190 78 38 20 25
GUN-04 52 30 30 24 20

Ypao GUN-05 109 38 41 24 31

East 
Hagåtña 

Bay 

Dungca's GUN-06 635 63 62 52 39
GUN-07 4,611 522 352 205 205

Alupang 
Towers GUN-26 7,717 196 158 141 20

Trinchera GUN-08 933 249 325 299 154
Padre Palomo GUN-09 717 130 84 84 58

West 
Hagåtña 

Bay 

Hagåtña 
Channel 

GUN-10 560 69 73 48 40
GUN-11 2,268 129 83 96 74
GUN-12 1,802 1,687 370 171 87

Bayside Park GUN-13 1,681 266 84 150 46
 

Note:  
 
Shaded cells indicate those zones where the 90th percentile exceeded the instantaneous 
maximum criterion.  This is indicative of recurring short term problems under those conditions. 
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6.1.2 Seasonal Patterns 
 
Developing duration curve intervals based on P8-UCM also enables a closer look 
at factors, such as seasonality.  This provides the opportunity to examine 
patterns that may be associated with other potential bacteria sources.  For 
example, bacteria delivered through seeps connected to storm water ponds are 
more likely to affect beach monitoring data during the wet season.  Similar to the 
analysis of spatial patterns, the geometric mean and 90th percentile serve as the 
primary measures for examining seasonality.  This is illustrated in Figure 6-2. 
 

 
 
Figure 6-2.  Wet versus dry season comparison for Naton Beach – San Vitores site. 
 
 
The effect of storm water runoff is evident for both the wet and dry seasons 
under high flow and moist conditions.  However, the wet season patterns under 
dry conditions indicate a concern relative to achieving the 90th percentile.  
Bacteria delivered under dry conditions are not typically associated with surface 
runoff from storm events.  However, this could be the result of seepage from 
storm water ponds described in the source assessment. 
 
The following tables summarize seasonality information for all RBMP sites. 
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Table 6-3.  Northern Guam TMDL beach data summary (Geometric Mean – dry season). 
 

Water Beach Site 
ID 

Duration Curve Zone 
High Moist Mid Dry Low 

Northern Tanguisson GUN-01 45 14 15 17 16

Tumon 
Bay 

Gun GUN-24  16 11 10 10
Gognga GUN-25  11 11 12 11

Naton 

GUN-02 36 17 15 12 11
GUN-23 23 15 13 12 14
GUN-03 21 18 15 12 12
GUN-04 15 13 13 11 12

Ypao GUN-05 28 13 15 11 12

East 
Hagåtña 

Bay 

Dungca's GUN-06 63 18 16 13 13
GUN-07 348 44 32 25 25

Alupang 
Towers GUN-26  27 21 22 12

Trinchera GUN-08 141 42 41 33 27
Padre Palomo GUN-09 48 24 19 14 13

West 
Hagåtña 

Bay 

Hagåtña 
Channel 

GUN-10 34 15 14 14 13
GUN-11 92 19 19 21 17
GUN-12 268 72 33 30 19

Bayside Park GUN-13 191 37 23 21 15
 

Note:  
 
Shaded cells indicate those zones where the geometric mean criterion was exceeded.  This is 
indicative of potential long term, chronic problems under those conditions. 
 

 
 
Table 6-4.  Northern Guam TMDL beach data summary (Geometric Mean – wet season). 
 

Water Beach Site 
ID 

Duration Curve Zone 
High Moist Mid Dry Low 

Northern Tanguisson GUN-01 28 13 15 15 

Tumon 
Bay 

Gun GUN-24 19 18 17 18 
Gognga GUN-25 24 15 14 25 

Naton 

GUN-02 50 17 13 16 
GUN-23 29 14 18 21 
GUN-03 29 14 15 15 
GUN-04 18 12 13 16 

Ypao GUN-05 17 13 13 21 

East 
Hagåtña 

Bay 

Dungca's GUN-06 55 16 13 17 
GUN-07 198 44 30 24 

Alupang 
Towers GUN-26 96 28 21 35 

Trinchera GUN-08 99 30 37 31 
Padre Palomo GUN-09 129 30 26 22 

West 
Hagåtña 

Bay 

Hagåtña 
Channel 

GUN-10 56 16 16 16 
GUN-11 98 25 19 29 
GUN-12 210 76 44 33 

Bayside Park GUN-13 110 34 20 20 
 

Note:  
 
Shaded cells indicate those zones where the geometric mean criterion was exceeded.  This is 
indicative of potential long term, chronic problems under those conditions. 
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Table 6-5.  Northern Guam TMDL beach data summary (90th percentile – dry season). 
 

Water Beach Site 
ID 

Duration Curve Zone 
High Moist Mid Dry Low 

Northern Tanguisson GUN-01 205 37 48 64 68

Tumon 
Bay 

Gun GUN-24  19 19 10 10
Gognga GUN-25  19 10 26 19

Naton 

GUN-02 201 76 55 31 20
GUN-23 227 59 33 20 21
GUN-03 138 96 34 20 22
GUN-04 29 33 31 20 20

Ypao GUN-05 511 41 54 20 31

East 
Hagåtña 

Bay 

Dungca's GUN-06 2,025 84 79 30 40
GUN-07 5,676 354 313 164 182

Alupang 
Towers GUN-26  400 158 135 20

Trinchera GUN-08 985 264 334 325 157
Padre Palomo GUN-09 332 121 62 50 37

West 
Hagåtña 

Bay 

Hagåtña 
Channel 

GUN-10 199 48 40 32 37
GUN-11 626 94 75 84 59
GUN-12 1,490 1,447 368 178 71

Bayside Park GUN-13 1,613 243 85 145 48
 

Note:  
 
Shaded cells indicate those zones where the 90th percentile exceeded the instantaneous 
maximum criterion.  This is indicative of recurring short term problems under those conditions. 
 

 
 
Table 6-6.  Northern Guam TMDL beach data summary (90th percentile – wet season). 
 

Water Beach Site 
ID 

Duration Curve Zone 
High Moist Mid Dry Low 

Northern Tanguisson GUN-01 122 31 55 51 

Tumon 
Bay 

Gun GUN-24 88 86 118 91 
Gognga GUN-25 92 76 28 430 

Naton 

GUN-02 400 65 35 141 
GUN-23 161 41 103 277 
GUN-03 202 41 51 78 
GUN-04 52 27 30 97 

Ypao GUN-05 72 31 35 175 

East 
Hagåtña 

Bay 

Dungca's GUN-06 543 55 37 115 
GUN-07 1,487 576 353 212 

Alupang 
Towers GUN-26 4,896 135 132 218 

Trinchera GUN-08 879 235 273 159 
Padre Palomo GUN-09 1,273 133 130 195 

West 
Hagåtña 

Bay 

Hagåtña 
Channel 

GUN-10 717 99 77 93 
GUN-11 2,325 158 83 187 
GUN-12 3,582 1,695 361 145 

Bayside Park GUN-13 1,621 267 58 204 
 

Note:  
 
Shaded cells indicate those zones where the 90th percentile exceeded the instantaneous 
maximum criterion.  This is indicative of recurring short term problems under those conditions. 
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6.2 Relationship to Other Indicators 
 
Guam EPA’s beach monitoring data can be combined with field observations of 
wind, tide, and water clarity conditions to examine patterns by duration curve 
zones.  As part of the RBMP, Guam EPA staff noted field observations for 
several indicators that can be incorporated into the data analysis.  These include 
observations such as tidal stage and presence or absence of turbidity. 
 
The combination of patterns with some of these observations could be related to 
potential source areas and delivery mechanism that might affect bacteria 
concentrations at any particular beach of interest.  For example, the presence or 
absence of turbidity may also be an indicator of either storm water runoff or 
suspended material associated with wind action.  This approach to the analysis 
provides information that might prove useful in guiding implementation efforts 
intended to address documented problems.  The intent is to make the greatest 
use of the ambient monitoring data in a way that can help identify potential 
solutions to beach closures. 
 
Figure 6-3 provides a spatial summary of the presence or absence of turbidity 
information reported by Guam EPA staff.  This shows the percent of time at a 
given location where turbidity was present at the time the bacteria sample was 
collected.  As can be seen, there are certain areas where turbidity seemed more 
prevalent (e.g., N01: Tanguisson Beach, N02: San Vitores Beach, N12: Hagåtña 
Boat Basin)  
 

 
Figure 6-3.  Spatial analysis of turbidity field observations during bacteria sampling events. 
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As an example, Figure 6-4 shows the difference between bacteria levels when 
turbidity was present or absent during sample collection under the various flow 
conditions.  The increased levels when turbidity was present under high, moist, 
and mid-range flow conditions likely reflects the effect of bacteria transported 
with fine particles during storm events.  However, the effect of bacteria 
associated with resuspension of bottom sediments should also be considered as 
a possible source when wind and wave action could affect beach water quality.  
This potential effect could be examined by evaluating bacteria levels at other 
sites during similar conditions. 
 
 

 
Figure 6-4.  Turbid versus non-turbid sample comparison for Dungca’s Beach site. 
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7. TMDL Development 
 
These TMDLs are designed to address bacteria impairments on seventeen water 
quality-limited segments located in the Guam’s Northern Watershed.  Section 
303(d)(1)(C) of the Federal Clean Water Act requires that TMDLs must be “… 
established at a level necessary to implement the applicable water quality 
standards with seasonal variations and a margin of safety which takes into 
account any lack of knowledge concerning the relationship between effluent 
limitations and water quality”. 
 
Federal regulations provide further definition regarding the structure and content 
of Total Maximum Daily Loads.  TMDLs are defined as the sum of the individual 
waste load allocations (WLAs), load allocations (LAs), and the margin of safety.  
TMDLs can be expressed in terms of “… mass per time, toxicity, or other 
appropriate measure” [40 CFR §130.2(i)].  WLAs are the portion of the receiving 
water’s loading capacity allocated to existing or future point sources [40 CFR 
§130.2(h)].  LAs are the portion of the receiving water’s loading capacity 
allocated to existing or future nonpoint sources or to natural background sources 
[40 CFR §130.2(g)].  Conceptually, this definition is denoted by the equation 
 

TMDL =   Σ WLAs + Σ LAs + MOS 
 
Under the current regulatory framework for development of TMDLs, calculation of 
the loading capacity for impaired segments identified on the §303(d) list is an 
important step.  EPA’s regulation defines loading capacity as “the greatest 
amount of loading that a water can receive without violating water quality 
standards”.  The loading capacity provides a reference, which helps guide 
pollutant reduction efforts needed to bring a water into compliance with 
standards. 
 
 
7.1 Options Considered 
 
The loading capacity of the Northern Guam Beaches for enterococcus is the 
amount that can be assimilated in the listed segments without exceeding the 
water quality criteria.  Based on USEPA protocols for TMDL development, as 
well as bacteria TMDLs established in other states and territories, several options 
were identified.  These include: 
 

 Load-based approach (mass per unit time) 
 Concentration-based method 
 Reference method with exceedance day frequencies 
 Tidal prism method 
 Concentration-based duration curve approach 
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The following factors were considered in reviewing each option and selecting a 
method for determining the loading capacity and allocation method: 
 

 Ability of the method to adequately assess the loading capacity 
 Availability of adequate data to apply to the method 
 Ability of the method to account for seasonal variation 
 Degree of uncertainty associated with the method 
 Ease of determining compliance 
 Equity of the methodology 

 
 
7.1.1 Load-Based Approach (mass per unit time) 
 
A load-based approach is defined in terms of a mass per unit time.  For bacteria 
TMDLs, the most common expression of loading capacity using this approach is 
counts per day.  Determination of a load-based approach requires an estimate of 
the volume of water or the amount of flow available to assimilate the pollutant 
load.  For a pollutant in a typical river or stream, where flow is only in one 
direction, the loading capacity, or allowable loading over a given time interval, is 
determined by calculating the product of flow rate, the water quality criterion 
concentration (e.g. 35 counts per 100 mL), and a unit conversion factor. 
 
For hydrologically complex waters, such as coastal beaches, several challenges 
exist relative to the load-based approach.  First, there is a high degree of 
uncertainty in estimating loads associated with determining the appropriate 
receiving water volumes at each beach location.  In addition, flow is in more than 
one direction due to effects of tides, which also adds to the uncertainty in 
identifying a loading capacity for each listed segment.  Finally, determining 
compliance with these TMDLs would not be a simple task because of the amount 
of information needed to determine loads associated with each sample event. 
 
 
7.1.2 Concentration-Based Method 
 
Another common approach used for development of bacteria TMDLs is the 
concentration-based method.  Basically, the loading capacity is defined in terms 
of maximum allowable concentrations.  For the Northern Beaches, TMDLs using 
this method would be based on simply attaining the enterococcus concentrations 
defined in Guam’s water quality standards.  In other words, enterococcus 
concentrations must not exceed Guam’s water quality criteria in order to meet the 
TMDLs. 
 
This approach addresses most of the factors being considered.  Because the 
loading capacity is equivalent to the numeric criteria, evaluating compliance with 
the TMDLs is straightforward.  There is also adequate data to apply the method.  
The only uncertainties are those associated with the monitoring program itself.  
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Although seasonal variation is accounted for implicitly, a concentration-based 
approach adds only limited value to relating TMDL targets to those conditions of 
greatest concern (e.g., wet-weather versus dry-weather).  For this reason, it is 
often difficult to connect concentration-based TMDLs with implementation 
programs needed to solve water quality problems. 
 
 
7.1.3 Reference Method with Exceedance Day Frequencies 
 
The State of California has utilized an “exceedance day frequency” to identify 
loading capacity targets for several beach TMDLs.  The focus of this approach 
recognizes that under certain conditions, natural background loads exert a major 
effect on water quality criteria violations.  Numeric targets are expressed as 
allowable exceedance days of the single sample criteria.  Allowable exceedance 
days are based on an analysis of conditions at a reference site. 
 
Advantages of the method include ease of determining compliance.  The 
approach used in California also accounts for seasonal variation by identifying 
different summer and winter targets.  The approach basically allows for 
exceptions under which the single sample criteria may be exceeded.  Data from 
reference beaches are needed that describe situations where natural conditions 
are the only sources.  In the case of the Northern Guam Beaches, each site 
included in these TMDLs is affected by some potential anthropogenic source.  
Furthermore, the method does not account for the 30-day geometric mean 
component of the water quality standards.  A separate analysis is needed to 
demonstrate that the geometric mean criteria will also be achieved using and 
“exceedance day frequency” approach. 
 
7.1.4 Tidal Prism Method 
 
The tidal prism approach used to develop TMDLs for recreational beaches in the 
U.S. Virgin Islands. This concept behind the tidal prism method centers on that 
amount of water moved in and out of an impaired segment between ebb and 
flood tides.  This provides an estimate of volume per unit time, which enables a 
loading calculation.  The method then uses load estimates from land-based 
sources to develop components of the TMDLs (e.g., loading capacities and 
allocations).  In short, the tidal prism method estimates the volume of the 
segment, and then adjusts for tidal flushing, freshwater inflow, and bacteria loads 
to the waterbody. 
 
The major advantage of this method is that targets are expressed as loads; 
consistent with the strict statutory definition of a TMDL.  However, disadvantages 
are quite similar to those associated with a load-based approach.  Most notably, 
the need for additional data, uncertainties associated with developing load 
estimates, and difficulties related to determining compliance. 
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7.1.5 Concentration-Based Duration Curve Method 
 
This approach is a variation of the concentration-based method.  Again, the 
loading capacity is defined in terms of attaining the maximum allowable 
enterococcus concentrations simply defined in Guam’s water quality standards.  
In addition, TMDL targets are expressed in terms of flow conditions using either 
stream gage data or model estimates (as described earlier in the data analysis 
section).  These flow estimates can be used to identify whether elevated bacteria 
levels occur during rainfall events (and are likely watershed-driven) or during dry 
conditions. 
 
The advantage of this approach is that both seasonal and flow variations are 
explicitly considered.  This addresses one of the disadvantages of the plain 
concentration-based approach (i.e., conditions of concern are explicitly 
identified). There is no uncertainty in the calculation of loading capacities (again, 
simply the water quality criteria concentrations). 
 
 
7.1.6 Selected Approach 
 
The approach used to develop these Northern Guam Beaches bacteria TMDLs is 
the concentration-based duration curve method.  The framework provides a way 
to assess the loading capacity because it is derived directly from Guam’s water 
quality criteria.  In addition, the method takes full advantage of Guam’s RBMP 
information, using the data to examine patterns associated with flow conditions.  
The approach also accounts for seasonal variation and determining compliance 
with the TMDLs is relatively straightforward.  There is equity in the method in that 
all sources are expected to meet the concentration-based targets. 
 
Finally, the concentration-based duration curve method supports a meaningful 
transition into implementation programs.  Because water quality data is used to 
examine flow-related patterns, monitoring information can be used to determine 
source areas and delivery mechanisms associated with these different 
conditions.  This, in turn, can be used to identify those actions most likely needed 
to address water quality problems. 
 
 
7.2 TMDL Components 
 
Table 7-1 presents an example TMDL for one of the beach locations, identifying 
the loading capacity and allocations.  These concentration-based values apply 
across all flow zones. 
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Table 7-1.  Northern Guam Watershed TMDL summary (Site GUN-01: Tanguisson Beach). 
 

TMDL Component Enterococcus Concentration 
(# / 100 mL) 

Geometric Mean  
   TMDL 35 
Future Growth 35 
Waste Load Allocation 35 
Load Allocation 35 

Instantaneous Maximum  
   TMDL 104 
Future Growth 104 
Waste Load Allocation 104 
Load Allocation 104 

 
 
 
7.3 Margin of Safety 
 
The Clean Water Act requires that each TMDL be established with a margin of 
safety.  The statutory requirement that TMDLs incorporate a margin of safety is 
intended to account for any uncertainty or lack of knowledge concerning the 
relationship between pollutant loading and water quality.  The MOS also 
accounts for uncertainty in available data or in the actual effect controls will have 
on loading reductions and receiving water quality. 
 
A margin of safety is expressed as unallocated assimilative capacity or 
conservative analytical assumptions used in establishing the TMDLs (e.g., 
derivation of numeric targets, modeling assumptions or effectiveness of proposed 
management actions).  The margin of safety may be implicit, as in conservative 
assumptions used in calculating the loading capacity, WLAs, and LAs.  The 
margin of safety may also be explicitly stated as an added, separate quantity in 
the TMDL calculation.  The MOS may also be a combination of both. 
 
These TMDLs use an implicit MOS, through inclusion of two conservative 
assumptions.  First, the TMDLs do not account for mixing in the receiving waters 
and assumes that zero dilution is available.  Realistically, influent water will mix 
with the receiving water and become diluted below the water quality standard, 
provided that the receiving water concentration does not exceed the TMDL 
concentration.  Second, the goal of attaining standards at the point of discharge 
does not account for losses due to die-off and settling of indicator bacteria that 
are known to occur.  In addition, the concentration criteria accounts for seasonal 
variations and critical conditions. 
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8. Individual Beach Assessments and TMDLs 
 
An important part of the transition from TMDL targets to program implementation 
is information derived from site-specific analyses.  In particular, an in-depth 
evaluation of monitoring data relative to potential sources that may affect water 
quality at each station adds value to the overall process.  Individual beach 
assessments can be used to guide development of strategies that address 
documented problems. 
 
The purpose of this section is to present a beach-by-beach analysis and the 
TMDL for each location.  Connections between observed water quality patterns, 
factors that affect each site, and potential solutions are highlighted.  Figure 8-1 
displays the Northern Guam Beach TMDL project area.  Each of the seventeen 
monitoring sites is identified in relation to key bays, notably Tumon and Hagåtña. 
 
 

 
 
 
Figure 8-1.  Location of monitoring sites in the Northern Guam Beach TMDL project area. 
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Individual assessments provides brief background material on each beach 
including a longitudinal graph, which highlights bacteria levels at that site 
compared to other project area monitoring stations.  Summary graphs are 
presented using monitoring data to examine patterns.  Information is related to 
potential sources through the use of additional maps.  Table 8-1 summarizes the 
list of GIS coverages provided by Guam EPA that were considered in developing 
individual beach assessments. 
 
 
Table 8-1.  Geographic Information System data layers considered in individual beach assessments. 
 

Data Category Description 

Coast Guam coast line 

Contours Elevation contours (10 meter intervals) used to characterize topography 

Beach TMDL Sites Location of Recreational Beach Monitoring Program stations 

WWTP GWA Waste Water Treatment Plant locations 

Marinas Location of Guam marinas under jurisdiction of Port Authority of Guam 

Streets Streets mapped in GEPA data base as of October 2008 

Buildings Buildings identified in GEPA data base as of June 2006 

Sewered Buildings Buildings in data base identified as connected to sewer 

Non-sewered Buildings Buildings in data base identified as not connected to sewer 

Main Sewer Main sewer lines under jurisdiction of Guam Waterworks Authority (GWA) 

Lateral Sewer Lateral sewer lines identified by GWA 

Pump Station Location of GWA sewer pump / lift stations 

Fittings Loaction of GWA sewer fittings 

Manhole Sewer manholes 

SIA Ponding Basins Surface Impoundment Areas identified by Guam Dept. of Public Works 
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8.1 Tanguisson Beach  (GUN-01) 
 
Tanguisson Beach is the northernmost beach in the TMDL project area (Figure 
8-2).  Relative to the other sites, it is fairly isolated.  Access is through 
Tanguisson Park, and the beach itself is situated behind the Tanguisson Power 
Plant.  Although less frequently visited by bathers compared to the other 
beaches, the location is used for fishing. 
 

 
 
 

 
 
Figure 8-2.  Location of Tanguisson Beach relative to other Northern Guam TMDL sites. 
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The frequency of beach advisories at Tanguisson Beach between 1997 and 2007 
was low (10%) compared to other RBMP sites in the Northern Beach TMDL 
project area (Figure 4-1).  Enterococci concentrations at Tanguisson Beach were 
basically in the same range as other project area monitoring stations (Figure 4-2 
and Figure 8-2).  The geometric mean of all individual samples was 16 counts 
/100mL, while the 75th and 90th percentiles were 24 and 63 counts /100 mL 
respectively.  Although bacteria concentrations are lower than other RBMP sites, 
this beach is still impaired.  Water quality improvements are clearly needed, 
though they will not be as significant as those required at other project area 
locations. 
 
A key part of the data analysis for individual beaches is to examine water quality 
patterns by season and relative to flow conditions (e.g., runoff dominated versus 
base flows).  Figure 8-3 shows the seasonal variability of bacteria concentrations 
at Tanguisson Beach.  The highest concentrations were observed between 
January and April, indicating the importance of dry season sources at 
Tanguisson Beach. 
 

 
Figure 8-3.  Seasonal variation at Tanguisson Beach. 
 
 
Effect of Flow Conditions.  A useful approach for relating water quality 
information to potential source areas is to examine bacteria levels in terms of 
hydrologic conditions.  Figure 8-4 shows enterococci monitoring data collected at 
Tanguisson Beach using a duration curve framework.  Although there is 
significant variability in the data, which is characteristic of bacteria monitoring 
information, a definite pattern exists. 
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As indicated by the “box and whisker” plots in Figure 8-4, the highest bacteria 
concentrations occur under high flow conditions.  This is not unexpected because 
water quality at most beaches is strongly influenced by storm water runoff during 
heavy rainfall events.  The magnitude of the increase is slightly higher than that 
observed at other Northern Guam RBMP sites.  However, the 90th percentile 
exceeds the instantaneous maximum criterion in the high flow zone.  This 
indicates that sources associated with periodic short term problems (e.g., sewer 
overflows during heavy rains) may be a concern under these conditions. 
 
One interesting observation at Tanguisson Beach is the increase in bacteria 
concentrations moving across from the moist condition zone to the low flow zone.  
This pattern is often indicative of the influence of point source loads.  This is 
again consistent with seasonal patterns noted earlier relative to the potential 
effect of the Northern District WWTP at Tanguisson Beach. 
 
Incorporating seasonality into the analysis allows a closer look at patterns that 
may be associated with certain source categories.  For example, bacteria 
delivered through seeps connected to storm water ponds are more likely to affect 
beach monitoring data during the wet season.  In contrast, bacteria contributed 
from more continuous sources (e.g., leaky sewer lines or failing septics) will exert 
a greater effect during the dry season.  Comparisons between the geometric 
means, the 75th and 90th percentiles for each duration curve zone serve as 
primary measures for examining seasonality.  This is illustrated in Figure 8-5. 
 
The effect of storm water runoff is evident for both the wet and dry seasons 
under high flow and moist conditions.  One interesting observation is the higher 
bacteria concentrations during the dry season across the moist, mid-range, and 
dry zones.  As mentioned above, this is likely due to the effect of the Northern 
District WWTP which would tend to be more pronounced when wet weather 
sources are less of a concern. 
 
 
Relationship to Other Indicators.  In addition to seasonal patterns, the 
relationship of bacteria concentrations to other parameters can be incorporated 
into the data analysis.  Guam EPA staff noted field data for several indicators at 
the time of bacteria sample collection as part of the RBMP.  These include 
observations such as tidal stage and presence or absence of turbidity. 
 
The combination of patterns with some of these observations could be related to 
potential source areas and delivery mechanism that might affect bacteria 
concentrations at any particular beach of interest.  For example, the presence or 
absence of turbidity may also be an indicator of either storm water runoff or 
suspended material associated with wind action.  This approach to the analysis 
provides information that might prove useful in guiding implementation efforts 
intended to address documented problems. 
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Figure 8-4.  Water quality duration curve for Tanguisson Beach site. 
 
 

 
Figure 8-5.  Wet versus dry season comparison for Tanguisson Beach. 
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Figure 8-6.  Turbid versus non-turbid sample comparison for Tanguisson Beach site. 
 
Figure 8-6 shows the difference between bacteria levels when turbidity was 
present or absent during sample collection under the various flow conditions.  
The increased levels when turbidity was present under high, moist, and mid-
range flow conditions likely reflects the effect of bacteria transported with fine 
particles during storm events.  The effect of bacteria associated with 
resuspension of bottom sediments might also be the result of wind and wave 
action, which could affect beach water quality. 
 
Potential Sources.  The Source Assessment (Section 5, Table 5-2) summarized 
potential sources that may affect bacteria concentrations at Tanguisson Beach.  
Included are wastewater sources (septic systems, SSO, WWTP, GPA Power 
Plant), storm water runoff, and other sources (squatters, wildlife, debris and 
bottom deposits, atmospheric deposition).  In addition, GEPA staff identified 
specific potential sources that could affect water quality at Tanguisson Beach 
(Table 8-2). 
 
Figure 8-7 provides a closer look at the Tanguisson Beach monitoring site 
relative to upland areas that potentially contribute bacteria during storm events.  
For example, roads can provide a general indication of the urban drainage 
network and accompanying storm drains. 
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Figure 8-7.  Location of Tanguisson Beach relative to potential source areas. 
 
 
Table 8-2.  Beach specific potential source summary (Site GUN-01: Tanguisson Beach). 
  

Site ID Type Source Name 
(notes) 

GUN-01 

Wastewater 
GWA Northern District WWTP Sewage outfall 

GWA Northern District (new) WWTP outfall 

Cooling water GPA Tanguisson outfall 

Squatters Squatters 

 
 
Figure 8-8 shows unsewered buildings in the upland area adjacent to Tanguisson 
Beach.  Sewer line blockages and breaks, as well as SSOs, could also contribute 
to elevated bacteria levels.  Figure 8-8 shows the location of both sewer mains 
and pump stations, as indicators of potential water quality problems associated 
with wastewater conveyance systems. 
 
Figure 8-9 shows an air photo of the area adjacent to Tanguisson Beach.  This 
provides a different perspective, which highlights the remoteness of Tanguisson 
Beach in comparison to other project area monitoring locations. 
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Figure 8-8.  Location of Tanguisson Beach relative to potential unsewered buildings. 
 

 
 

Figure 8-9.  Air photo of Tanguisson Beach vicinity. 
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This beach is at a relatively remote location, is situated within a park, and has a 
low population density.  For this reason, the influence of storm water runoff and 
septic tanks is not expected to be as dominant as at other sites.  The major 
source of concern at Tanguisson Beach is the Northern District WWTP.  This 
point source would tend to exert a greater influence during the dry season, 
consistent with the observations noted on Figure 8-4 and Figure 8-5. 
 
 
Trends.  Figure 8-10 presents a year-by-year summary of the enterococcus data 
for the Tanguisson Beach site.  This provides a useful way to examine trends 
relative to both central tendency and annual variation.  This type of analysis is 
useful in looking at specific sites where efforts to address beach advisories have 
been implemented.  For example, a focus on patterns such as trends in 
geometric means or 90th percentiles provides a visual analysis that can be used 
to evaluate program effectiveness.  With respect to trends, it should be noted that 
a laboratory analytical method change occurred in September 2000.  The IDEXX 
test was used to determine enterococcus concentrations on all samples collected 
after September 2000. 
 
 

 
Figure 8-10.  Trend analysis for Tanguisson Beach site. 
 
 
Linkage Analysis.  The numeric target for this TMDL is Guam’s concentration-
based criteria for enterococci bacteria (i.e., a geometric mean of 35 counts / 100 
mL and an instantaneous maximum of 104 counts / 100 mL).  The relationship 
between this target and potential sources at Tanguisson Beach is demonstrated 
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through an analysis of water quality monitoring data at this site.  Seasonal 
patterns, for example, show that the highest concentrations are observed 
between January and April, indicating the importance of dry season sources at 
Tanguisson Beach.  This is consistent with the presence of point source loads 
identified at this location. 
 
The connection between storm water sources and exceedances of numeric 
targets is also confirmed by examining the effect of flow conditions.  At 
Tanguisson Beach, the highest bacteria concentrations occur under high flows.  
In short, the technical analyses presented in this assessment of Tanguisson 
Beach describe the relationship between water quality patterns and potential 
sources at this location.  The loading capacity and allocations are all 
concentrations set at the criteria values for enterococci bacteria.  This TMDL will 
clearly meet water quality standards and protect recreational uses at this beach. 
  
  
TMDL Components.  Table 8-3 presents the TMDL for Tanguisson Beach, 
identifying the loading capacity and allocations expressed as concentration-
based values for enterococcus.  This TMDL uses an implicit MOS, through 
inclusion of two conservative assumptions.  First, the TMDL does not account for 
mixing in the receiving waters and assumes that zero dilution is available.  
Second, the goal of attaining standards at the point of discharge does not 
account for losses due to die-off and settling of indicator bacteria that are known 
to occur. 
 
Table 8-3.  Northern Guam Watershed TMDL summary (Site GUN-01: Tanguisson Beach). 
  

TMDL Component Enterococcus Concentration 
(# / 100 mL) 

Geometric Mean  
   TMDL 35 
Future Growth 35 
Waste Load Allocation 35 
Load Allocation 35 

Instantaneous Maximum  
   TMDL 104 
Future Growth 104 
Waste Load Allocation 104 
Load Allocation 104 

 
 
A hydrology-based framework using duration curve zones allows the TMDL to 
evaluate monitoring data in a way that reflects major watershed processes 
indicative of different flows.  This approach enables numeric targets in the TMDL 
to consider watershed processes, such as hydrology and source assessment 
information including land use. 
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Table 8-4 identifies reductions for each duration curve zone by season using the 
TMDL targets.  These estimates can serve to guide problem solving discussions 
on appropriate management strategies (based on knowledge associated with 
likely source areas, delivery mechanisms, and appropriate control measures that 
correspond to particular hydrologic conditions). 
 
Table 8-4.  Needed reductions to meet TMDL targets (Site GUN-01: Tanguisson Beach). 
  

Needed Reductions Flow Conditions 
(expressed as percentage) 

High Moist Mid Dry Low
Dry Season 

Based on geometric mean 22% --- --- --- --- 
Based on instantaneous maximum 49% --- --- --- --- 

Wet Season 
Based on geometric mean --- --- --- --- --- 

Based on instantaneous maximum 15% --- --- --- --- 
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8.2 Gun Beach  (GUN-24) 
 
Gun Beach is located on the northern most point of Tumon Bay past the last 
hotel (Figure 8-11).  Relative to the other sites on Tumon Bay, it is fairly isolated 
being located at the end of the road.  It is named for the anti-aircraft gun found 
next to the cliff wall at the northern end of the beach.  Relative to most other 
beaches in the project area, Gun Beach is fairly secluded. 
 

 
 
 

 
 
Figure 8-11.  Location of Gun Beach relative to other Northern Guam TMDL sites. 
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The frequency of beach advisories at Gun Beach between 2005 and 2007 was 
low (10%) compared to other RBMP sites in the Northern Beach TMDL project 
area (Figure 4-1).  Enterococci concentrations at Gun Beach were among the 
lowest of all project area monitoring stations (Figure 4-2 and Figure 8-11).  The 
geometric mean of all individual samples was 13 counts /100mL, while the 75th 
and 90th percentiles were 10 and 50 counts /100 mL respectively.  Although 
bacteria concentrations are lower than other RBMP sites, this beach is still 
impaired.  Water quality improvements are clearly needed, though they will not 
be as significant as those required at other project area locations. 
 
A key part of the data analysis for individual beaches is to examine water quality 
patterns by season and relative to flow conditions (e.g., runoff dominated versus 
base flows).   Figure 8-12 shows the seasonal variability of bacteria 
concentrations at Gun Beach.  The highest concentrations were observed 
between July and October, indicating the importance of wet season sources at 
Gun Beach. 
 

 
Figure 8-12.  Seasonal variation at Gun Beach. 
 
 
Effect of Flow Conditions.  A useful approach for relating water quality 
information to potential source areas is to examine bacteria levels in terms of 
hydrologic conditions.  Figure 8-13 shows enterococci monitoring data collected 
at Gun Beach using a duration curve framework.  Although there is significant 
variability in the data, which is characteristic of bacteria monitoring information, a 
definite pattern exists. 
 
As indicated by the “box and whisker” plots in Figure 8-13, the highest bacteria 
concentrations occur under high flow conditions.  This is not unexpected because 
water quality at most beaches is strongly influenced by storm water runoff during 
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heavy rainfall events.  The magnitude of the increase appears to be lower than 
that observed at other Northern Guam RBMP sites. 
 
Incorporating seasonality into the analysis allows a closer look at patterns that 
may be associated with certain source categories.  For example, bacteria 
delivered through seeps connected to storm water ponds are more likely to affect 
beach monitoring data during the wet season.  In contrast, bacteria contributed 
from more continuous sources (e.g., leaky sewer lines or failing septics) will exert 
a greater effect during the dry season.  Comparisons between the geometric 
means, the 75th and 90th percentiles for each duration curve zone serve as 
primary measures for examining seasonality.  This is illustrated in Figure 8-14. 
 
As noted earlier (Figure 8-3), dry season bacteria concentrations observed at 
Gun Beach are extremely low.  This pattern is consistent across all flow zones.  
However, Figure 8-14 shows that during the wet season, measured values are at 
comparable levels in the high, moist, mid-range, and dry zones.  This seems to 
indicate that seeps connected to storm water sources may be affecting water 
quality at this site. 
 
 
 
Relationship to Other Indicators.  In addition to seasonal patterns, the 
relationship of bacteria concentrations to other parameters can be incorporated 
into the data analysis.  Guam EPA staff noted field data for several indicators at 
the time of bacteria sample collection as part of the RBMP.  These include 
observations such as tidal stage and presence or absence of turbidity. 
 
The combination of patterns with some of these observations could be related to 
potential source areas and delivery mechanism that might affect bacteria 
concentrations at any particular beach of interest.  For example, the presence or 
absence of turbidity may also be an indicator of either storm water runoff or 
suspended material associated with wind action.  This approach to the analysis 
provides information that might prove useful in guiding implementation efforts 
intended to address documented problems. 
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Figure 8-13.  Water quality duration curve for Gun Beach site. 
 
 

 
 
Figure 8-14.  Wet versus dry season comparison for Gun Beach. 
 



Guam Northern Watershed Bacteria TMDLs 
 

December 16, 2009 -52-

 

 
 
Figure 8-15.  Turbid versus non-turbid sample comparison for Gun Beach site. 
 
 
Figure 8-15 shows the difference between bacteria levels when turbidity was 
present or absent during sample collection under the various flow conditions.  
The increased levels when turbidity was present under high and moist conditions 
likely reflect the effect of bacteria transported with fine particles during storm 
events.  The effect of bacteria associated with resuspension of bottom sediments 
might also be the result of wind and wave action, which could affect beach water 
quality. 
 
 
Potential Sources.  The Source Assessment (Section 5, Table 5-2) summarized 
potential sources that may affect bacteria concentrations at Gun Beach.  
Included are wastewater sources (septic systems), storm water (overland runoff, 
construction), and other sources (recreation & tourism activities).  In addition, 
GEPA staff identified specific potential sources that could affect water quality at 
Gun Beach (Table 8-5). 
 
Figure 8-16 provides a closer look at the Gun Beach monitoring site relative to 
upland areas that potentially contribute bacteria during storm events.  Figure 
8-16 includes roads, which can provide a general indication of the urban 
drainage network and accompanying storm drains.  Figure 8-16 also identifies 
major storm water ponding basins, including the Harmon Sink. 
 



Guam Northern Watershed Bacteria TMDLs 
 

December 16, 2009 -53-

 
 
Figure 8-16.  Location of Gun Beach relative to potential source areas. 
 
 
 
Table 8-5.  Beach specific potential source summary (Site GUN-24: Gun Beach). 
  

Site ID Type Source Name 
(notes) 

GUN-24 

Storm drain 
runoff 

Ponding Basin (possibly natural) 

 Low depression in natural topology results in runoff ponding 
area. 

Harmon Sinkhole 

 
Guam International Airport Authority storm water flows to 
Harmon Sinkhole via concrete channel (includes failing oil / 
water separator). 

Sewage 
overflow 

Harmon Sinkhole 

 Receives sewage overflow from Mamajanao Pump Station. 
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A review of GIS information shows a number of unsewered buildings in the 
upland area adjacent to Gun Beach.  This information is shown in Figure 8-17.  
Sewer line blockages and breaks, as well as SSOs, could also contribute to 
elevated bacteria levels.  Figure 8-17 shows the location of both sewer mains 
and pump stations, as indicators of potential water quality problems associated 
with wastewater conveyance systems. 
 
 

 
 
Figure 8-17.  Location of Gun Beach relative to potential unsewered buildings. 
 
 
Figure 8-18 shows an air photo of the area adjacent to Gun Beach.  This 
provides a different perspective, which highlights the secluded nature of Gun 
Beach in comparison to other project area monitoring locations. 
 
In addition to previous assessments and GIS information, Guam EPA staff 
identified other potential sources that could affect water quality at Gun Beach.  
Specifically, there is a low depression in natural topology in the immediate 
vicinity.  This feature could result in a runoff ponding area that may collect storm 
drain runoff. 
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Figure 8-18.  Air photo of Gun Beach vicinity. 
 
 
Trends.  Figure 8-19 presents a year-by-year summary of the enterococcus data 
for the Gun Beach site.  This provides a useful way to examine trends relative to 
both central tendency and annual variation.  This type of analysis is useful in 
looking at specific sites where efforts to address beach advisories have been 
implemented.  For example, a focus on patterns such as trends in geometric 
means or 90th percentiles provides a visual analysis that can be used to evaluate 
program effectiveness.  With respect to trends, it should be noted that a 
laboratory analytical method change occurred in September 2000.  The IDEXX 
test was used to determine enterococcus concentrations on all samples collected 
after September 2000. 
 
 
Linkage Analysis.  The numeric target for this TMDL is Guam’s concentration-
based criteria for enterococci bacteria (i.e., a geometric mean of 35 counts / 100 
mL and an instantaneous maximum of 104 counts / 100 mL).  The relationship 
between this target and potential sources at Gun Beach is demonstrated through 
an analysis of water quality monitoring data at this site.  Seasonal patterns, for 
example, show that the highest concentrations are observed between July and 
October, indicating the importance of wet season sources at Gun Beach.  This is 
consistent with the presence of potential storm water sources identified at this 
location. 
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Figure 8-19.  Trend analysis for Gun Beach site. 
 
 
The connection between storm water sources and exceedances of numeric 
targets is further confirmed by examining the effect of flow conditions.  At Gun 
Beach, the highest bacteria concentrations occur under high flows.  Water quality 
conditions that reflect this pattern are strongly influenced by storm water runoff 
during heavy rainfall events.  In short, the technical analyses presented in this 
assessment of Gun Beach describe the relationship between water quality 
patterns and potential sources at this location.  The loading capacity and 
allocations are all concentrations set at the criteria values for enterococci 
bacteria.  This TMDL will clearly meet water quality standards and protect 
recreational uses at this beach. 
  
  
TMDL Components.  Table 8-6 presents the TMDL for Gun Beach, identifying the 
loading capacity and allocations expressed as concentration-based values for 
enterococcus.  These concentration-based values apply across all flow zones.  
This TMDL uses an implicit MOS, through inclusion of two conservative 
assumptions.  First, the TMDL does not account for mixing in the receiving 
waters and assumes that zero dilution is available.  Second, the goal of attaining 
standards at the point of discharge does not account for losses due to die-off and 
settling of indicator bacteria that are known to occur. 
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Table 8-6.  Northern Guam Watershed TMDL summary (Site GUN-24: Gun Beach). 
 

TMDL Component Enterococcus Concentration 
(# / 100 mL) 

Geometric Mean  
   TMDL 35 
Future Growth 35 
Waste Load Allocation 35 
Load Allocation 35 

Instantaneous Maximum  
   TMDL 104 
Future Growth 104 
Waste Load Allocation 104 
Load Allocation 104 

 
 
A hydrology-based framework using duration curve zones allows the TMDL to 
evaluate monitoring data in a way that reflects major watershed processes 
indicative of different flows.  This approach enables numeric targets in the TMDL 
to consider watershed processes, such as hydrology and source assessment 
information including land use. 
 
Table 8-7 identifies reductions for each duration curve zone by season using the 
TMDL targets.  These estimates can serve to guide problem solving discussions 
on appropriate management strategies (based on knowledge associated with 
likely source areas, delivery mechanisms, and appropriate control measures that 
correspond to particular hydrologic conditions). 
 
Table 8-7.  Needed reductions to meet TMDL targets (Site GUN-24: Gun Beach). 
  

Needed Reductions Flow Conditions 
(expressed as percentage) 

High Moist Mid Dry Low
Dry Season 

Based on geometric mean --- --- --- --- --- 
Based on instantaneous maximum --- --- --- --- --- 

Wet Season 
Based on geometric mean --- --- --- --- --- 

Based on instantaneous maximum --- --- 12% --- --- 
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8.3 North San Vitores / Okura Beach  (GUN-25) 
 
North San Vitores / Okura Beach (also known as Gognga Beach) is one of 
several beaches located on Tumon Bay (Figure 8-20).  It is situated at the 
northern end of the bay, adjacent to the Aurora Resort.  All of Tumon Bay is 
protected by a natural reef that stretches out about one mile from the beach 
shore.  This portion of the project area is highly used for swimming, wind-surfing, 
snorkeling, kayaking and other popular water activities. 
 

 
 

 
 
Figure 8-20.  Location of North San Vitores / Okura Beach relative to other Northern Guam sites. 
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The frequency of beach advisories at North San Vitores / Okura Beach between 
2005 and 2007 was low (7%) compared to other RBMP sites in the Northern 
Beach TMDL project area (Figure 4-1).  Enterococci concentrations at North San 
Vitores / Okura Beach were among the lowest of all project area monitoring 
stations (Figure 4-2 and Figure 8-20).  The geometric mean of all individual 
samples was 13 counts /100mL, while the 75th and 90th percentiles were 10 and 
37 counts /100 mL respectively. 
 
Although bacteria concentrations are lower than other RBMP sites, this beach is 
still impaired.  Water quality improvements are clearly needed, though they will 
not be as significant as those required at other project area locations. 
 
A key part of the data analysis for individual beaches is to examine water quality 
patterns by season and relative to flow conditions (e.g., runoff dominated versus 
base flows).  Figure 8-21 shows the seasonal variability of bacteria 
concentrations at North San Vitores / Okura Beach.  The highest concentrations 
were observed between July and October, indicating the importance of wet 
season sources at North San Vitores / Okura Beach. 
 

 
Figure 8-21.  Seasonal variation at North San Vitores / Okura Beach. 
 
 
Effect of Flow Conditions.  A useful approach for relating water quality 
information to potential source areas is to examine bacteria levels in terms of 
hydrologic conditions.  Figure 8-22 shows enterococci monitoring data collected 
at North San Vitores / Okura Beach using a duration curve framework.  Although 
there is significant variability in the data, which is characteristic of bacteria 
monitoring information, a definite pattern exists. 
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As indicated by the “box and whisker” plots in Figure 8-22, the highest bacteria 
concentrations occur under high flow conditions.  This is not unexpected because 
water quality at most beaches is strongly influenced by storm water runoff during 
heavy rainfall events.  The magnitude of the increase appears to be fairly 
consistent with that observed at other Northern Guam RBMP sites. 
 
Incorporating seasonality into the analysis allows a closer look at patterns that 
may be associated with certain source categories.  For example, bacteria 
delivered through seeps connected to storm water ponds are more likely to affect 
beach monitoring data during the wet season.  In contrast, bacteria contributed 
from more continuous sources (e.g., leaky sewer lines or failing septics) will exert 
a greater effect during the dry season.  Comparisons between the geometric 
means, the 75th and 90th percentiles for each duration curve zone serve as 
primary measures for examining seasonality.  This is illustrated in Figure 8-23. 
 
As noted earlier (Figure 8-21), dry season bacteria concentrations observed at 
North San Vitores / Okura Beach are extremely low.  This pattern is consistent 
across all flow zones.  However, Figure 8-23 shows that during the wet season, 
measured values are at elevated levels in the high, moist, mid-range, and dry 
zones.  The higher wet season values in the dry zone are particularly interesting.   
This seems to indicate that seeps connected to storm water sources may be 
affecting water quality at this site. 
 
 
Relationship to Other Indicators.  In addition to seasonal patterns, the 
relationship of bacteria concentrations to other parameters can be incorporated 
into the data analysis.  Guam EPA staff noted field data for several indicators at 
the time of bacteria sample collection as part of the RBMP.  These include 
observations such as tidal stage and presence or absence of turbidity. 
 
The combination of patterns with some of these observations could be related to 
potential source areas and delivery mechanism that might affect bacteria 
concentrations at any particular beach of interest.  For example, the presence or 
absence of turbidity may also be an indicator of either storm water runoff or 
suspended material associated with wind action.  This approach to the analysis 
provides information that might prove useful in guiding implementation efforts 
intended to address documented problems. 
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Figure 8-22.  Water quality duration curve for North San Vitores / Okura Beach site. 
 
 

 
 
Figure 8-23.  Wet versus dry season comparison for North San Vitores / Okura Beach. 
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Figure 8-24.  Turbid versus non-turbid sample comparison for N. San Vitores / Okura Beach site. 
 
Figure 8-24 shows the difference between bacteria levels when turbidity was 
present or absent during sample collection under the various flow conditions.  
The increased levels when turbidity was present under high and moist conditions 
likely reflect the effect of bacteria transported with fine particles during storm 
events.  The effect of bacteria associated with resuspension of bottom sediments 
might also be the result of wind and wave action, which could affect beach water 
quality. 
 
 
Potential Sources.  The Source Assessment (Section 5, Table 5-2) summarized 
potential sources that may affect bacteria concentrations at North San Vitores / 
Okura Beach.  Included are wastewater sources (septic systems, sewer line 
blockages & breaks), storm water (overland runoff, construction), and other 
sources (recreation & tourism activities).  In addition, GEPA staff identified 
specific potential sources that could affect water quality at North San Vitores / 
Okura Beach (Table 8-8). 
 
Figure 8-25 provides a closer look at the North San Vitores / Okura Beach 
monitoring site relative to upland areas that potentially contribute bacteria during 
storm events.  Figure 8-25 includes roads, which can provide a general indication 
of the urban drainage network and accompanying storm drains.  Figure 8-25 also 
identifies major storm water ponding basins, including the Harmon Sink. 
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Figure 8-25.  Location of North San Vitores / Okura Beach relative to potential source areas. 
 
 
Table 8-8.  Beach specific potential source summary (Site GUN-25: Gognga Beach). 
  

Site ID Type Source Name 
(notes) 

GUN-25 

Runoff Okura Sinkhole 

Storm drain 
runoff 

Guam Aurora Resort (formerly Guam Hotel Okura) 

Harmon Sinkhole 

 
Guam International Airport Authority storm water flows to Harmon 
Sinkhole via concrete channel (includes failing oil / water 
separator). 

Sewage 
overflow 

Harmon Sinkhole 

 Receives sewage overflow from Mamajanao Pump Station. 

 
A review of GIS information shows a number of unsewered buildings in the 
upland area adjacent to North San Vitores / Okura Beach.  This information is 
shown in Figure 8-26.  Sewer line blockages and breaks, as well as SSOs, could 
also contribute to elevated bacteria levels.  Figure 8-26 shows the location of 
both sewer mains and pump stations, as indicators of potential water quality 
problems associated with wastewater conveyance systems. 
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Figure 8-26.  Location of N. San Vitores / Okura Beach relative to potential unsewered buildings. 
 
 

 
 
Figure 8-27.  Air photo of North San Vitores / Okura Beach vicinity. 
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Figure 8-27 shows an air photo of the area adjacent to North San Vitores / Okura 
Beach.  This provides a different perspective, which highlights the high density of 
roads and buildings in the area adjacent to North San Vitores / Okura Beach. 
 
In addition to previous assessments and GIS information, Guam EPA staff 
identified other potential sources that could affect water quality at North San 
Vitores / Okura Beach.  Specifically, the Okura Sinkhole and storm drain runoff 
from the Guam Aurora Resort (formerly the Guam Hotel Okura) could exert an 
influence on bacteria concentrations at this monitoring site. 
 
 
Trends.  Figure 8-28 presents a year-by-year summary of the enterococcus data 
for the North San Vitores / Okura Beach site.  This provides a useful way to 
examine trends relative to both central tendency and annual variation.  This type 
of analysis is useful in looking at specific sites where efforts to address beach 
advisories have been implemented.  For example, a focus on patterns such as 
trends in geometric means or 90th percentiles provides a visual analysis that can 
be used to evaluate program effectiveness.  With respect to trends, it should be 
noted that a laboratory analytical method change occurred in September 2000.  
The IDEXX test was used to determine enterococcus concentrations on all 
samples collected after September 2000. 
 

 
Figure 8-28.  Trend analysis for North San Vitores / Okura Beach site. 
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Linkage Analysis.  The numeric target for this TMDL is Guam’s concentration-
based criteria for enterococci bacteria (i.e., a geometric mean of 35 counts / 100 
mL and an instantaneous maximum of 104 counts / 100 mL).  The relationship 
between this target and potential sources at North San Vitores / Okura Beach is 
demonstrated through an analysis of water quality monitoring data at this site.  
Seasonal patterns, for example, show that the highest concentrations are 
observed between July and October, indicating the importance of wet season 
sources at North San Vitores / Okura Beach.  This is consistent with the 
presence of potential storm water sources identified at this location. 
 
The connection between storm water sources and exceedances of numeric 
targets is further confirmed by examining the effect of flow conditions.  At North 
San Vitores / Okura Beach, the highest bacteria concentrations occur under high 
flows.  Water quality conditions that reflect this pattern are strongly influenced by 
storm water runoff during heavy rainfall events.  In short, the technical analyses 
presented in this assessment of North San Vitores / Okura Beach describe the 
relationship between water quality patterns and potential sources at this location.  
The loading capacity and allocations are all concentrations set at the criteria 
values for enterococci bacteria.  This TMDL will clearly meet water quality 
standards and protect recreational uses at this beach. 
  
 
TMDL Components.  Table 8-9 presents the TMDL for North San Vitores / Okura 
Beach, identifying the loading capacity and allocations expressed as 
concentration-based values for enterococcus.  These concentration-based 
values apply across all flow zones.  This TMDL uses an implicit MOS, through 
inclusion of two conservative assumptions.  First, the TMDL does not account for 
mixing in the receiving waters and assumes that zero dilution is available.  
Second, the goal of attaining standards at the point of discharge does not 
account for losses due to die-off and settling of indicator bacteria that are known 
to occur. 
 
Table 8-9.  Northern Guam TMDL summary (Site GUN-25: North San Vitores / Okura Beach). 
 

TMDL Component Enterococcus Concentration 
(# / 100 mL) 

Geometric Mean  
   TMDL 35 
Future Growth 35 
Waste Load Allocation 35 
Load Allocation 35 

Instantaneous Maximum  
   TMDL 104 
Future Growth 104 
Waste Load Allocation 104 
Load Allocation 104 
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A hydrology-based framework using duration curve zones allows the TMDL to 
evaluate monitoring data in a way that reflects major watershed processes 
indicative of different flows.  This approach enables numeric targets in the TMDL 
to consider watershed processes, such as hydrology and source assessment 
information including land use. 
 
Table 8-10 identifies reductions for each duration curve zone by season using 
the TMDL targets.  These estimates can serve to guide problem solving 
discussions on appropriate management strategies (based on knowledge 
associated with likely source areas, delivery mechanisms, and appropriate 
control measures that correspond to particular hydrologic conditions). 
 
 
Table 8-10.  Needed reductions to meet TMDL (Site GUN-25: N. San Vitores / Okura Beach). 
 

Needed Reductions Flow Conditions 
(expressed as percentage) 

High Moist Mid Dry Low
Dry Season 

Based on geometric mean --- --- --- --- --- 
Based on instantaneous maximum --- --- --- --- --- 

Wet Season 
Based on geometric mean --- --- --- --- --- 

Based on instantaneous maximum --- --- --- 76% --- 
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8.4 San Vitores Beach  (GUN-02) 
 
San Vitores is part of the stretch known as Naton Beach; a strip of beach along 
the northern most chain of hotels on Tumon Bay (Figure 8-29).  This area is also 
known as tourism central for the Tumon area; an extremely popular location for 
tourists looking to participate in water activities such as kayaking, beachcombing, 
and snorkeling. 
 

 
 

 
 
Figure 8-29.  Location of San Vitores Beach relative to other Northern Guam TMDL sites. 
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The frequency of beach advisories at San Vitores Beach between 1997 and 2007 
was typical (13%) of many RBMP sites in the Northern Beach TMDL project area 
(Figure 4-1).  Enterococci concentrations at San Vitores Beach were basically in 
the same range as a number of other project area monitoring stations (Figure 4-2 
and Figure 8-29).  The geometric mean of all individual samples was 16 counts 
/100mL, while the 75th and 90th percentiles were 20 and 66 counts /100 mL 
respectively. 
 
A key part of the data analysis for individual beaches is to examine water quality 
patterns by season and relative to flow conditions (e.g., runoff dominated versus 
base flows).  Figure 8-30 shows the seasonal variability of bacteria 
concentrations at San Vitores Beach.  The highest concentrations were observed 
between June and December, indicating the importance of wet season sources 
at San Vitores Beach. 
 

 
Figure 8-30.  Seasonal variation at San Vitores Beach. 
 
 
Effect of Flow Conditions.  A useful approach for relating water quality 
information to potential source areas is to examine bacteria levels in terms of 
hydrologic conditions.  Figure 8-31 shows enterococci monitoring data collected 
at San Vitores Beach using a duration curve framework.  Although there is 
significant variability in the data, which is characteristic of bacteria monitoring 
information, a definite pattern exists. 
 
As indicated by the “box and whisker” plots in Figure 8-31, the highest bacteria 
concentrations occur under high flow conditions.  This is not unexpected because 
water quality at most beaches is strongly influenced by storm water runoff during 
heavy rainfall events.  The magnitude of the increase appears to be higher than 
that observed at other Tumon Bay monitoring sites.  In fact, the geometric mean 
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exceeded the criterion under high flow conditions, which indicates potential need 
to address storm water sources.  This concern is reinforced by the fact that the 
75th percentile in the high flow zone is close to the instantaneous maximum 
criterion value.  This indicates that sources associated with periodic short term 
problems (e.g., spills into the storm drain system or sewer overflows during 
heavy rains) may also be a concern under these conditions. 
 
Incorporating seasonality into the analysis allows a closer look at patterns that 
may be associated with certain source categories.  For example, bacteria 
delivered through seeps connected to storm water ponds are more likely to affect 
beach monitoring data during the wet season.  In contrast, bacteria contributed 
from more continuous sources (e.g., leaky sewer lines or failing septics) will exert 
a greater effect during the dry season.  Comparisons between the geometric 
means, the 75th and 90th percentiles for each duration curve zone serve as 
primary measures for examining seasonality.  This is illustrated in Figure 8-32. 
 
The effect of storm water runoff is evident for both the wet and dry seasons 
under high flow and moist conditions.  This reinforces the need to focus on storm 
water sources at San Vitores Beach.  However, an interesting observation is the 
difference between the wet and dry season patterns under mid-range and dry 
conditions.  The higher wet season values in the dry zone indicate the potential 
for seeps connected to storm water sources to be affecting water quality at this 
site. 
 
 
Relationship to Other Indicators.  In addition to seasonal patterns, the 
relationship of bacteria concentrations to other parameters can be incorporated 
into the data analysis.  Guam EPA staff noted field data for several indicators at 
the time of bacteria sample collection as part of the RBMP.  These include 
observations such as tidal stage and presence or absence of turbidity. 
 
The combination of patterns with some of these observations could be related to 
potential source areas and delivery mechanism that might affect bacteria 
concentrations at any particular beach of interest.  For example, the presence or 
absence of turbidity may also be an indicator of either storm water runoff or 
suspended material associated with wind action.  This approach to the analysis 
provides information that might prove useful in guiding implementation efforts 
intended to address documented problems. 
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Figure 8-31.  Water quality duration curve for San Vitores Beach site. 
 
 

 
 
Figure 8-32.  Wet versus dry season comparison for San Vitores Beach. 
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Figure 8-33.  Turbid versus non-turbid sample comparison for San Vitores Beach site. 
 
 
Figure 8-33 shows the difference between bacteria levels when turbidity was 
present or absent during sample collection under the various flow conditions.  
The increased levels when turbidity was present under high, moist, and mid-
range flow conditions likely reflects the effect of bacteria transported with fine 
particles during storm events.  The effect of bacteria associated with 
resuspension of bottom sediments might also be the result of wind and wave 
action, which could affect beach water quality. 
 
 
Potential Sources.  The Source Assessment (Section 5, Table 5-2) summarized 
potential sources that may affect bacteria concentrations at San Vitores Beach.  
Included are wastewater sources (septic systems, sewer line blockages & 
breaks, SSO), storm water (overland runoff, highway maintenance & runoff, 
construction), and other sources (recreation & tourism activities).  In addition, 
GEPA staff identified specific potential sources that could affect water quality at 
San Vitores Beach (Table 8-11). 
 
Figure 8-34 provides a closer look at the San Vitores Beach monitoring site 
relative to upland areas that potentially contribute bacteria during storm events.  
Figure 8-34 includes roads, which can provide a general indication of the urban 
drainage network and accompanying storm drains.  Figure 8-34 also identifies 
major storm water ponding basins, including the Harmon Sink. 
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Figure 8-34.  Location of San Vitores Beach relative to potential source areas. 
 
 
Table 8-11.  Beach specific potential source summary (Site GUN-02: San Vitores Beach). 
 

Site ID Type Source Name 
(notes) 

GUN-02 

Storm drain 
runoff 

Outrigger Hotel Storm Drain 

Harmon Sinkhole 

 
Guam International Airport Authority storm water flows to Harmon 
Sinkhole via concrete channel (includes failing oil / water 
separator). 

Cleanout 
overflow to 
storm drain 

Rivera St. Holding Tank (near Capital Hotel and Tarza 
WaterPark) 

 Holding tank not connected to public sewer, clean out is 
overflowing to road and storm drain. 

Sewage 
overflow 

Harmon Sinkhole 
 Receives sewage overflow from Mamajanao Pump Station. 
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In addition to previous assessments and GIS information, Guam EPA staff 
identified other potential sources that could affect water quality at San Vitores 
Beach.  Specifically, there are two areas of concern.  First, storm drain runoff 
from the Outrigger Hotel may be affecting water quality at this site.  Second, the 
Rivera Street holding tank (near the Capital Hotel and Tarza Water Park) is not 
connected to the public sewer.  There have been problems with the clean out 
overflowing to the road and nearby storm drain.  This could explain periodic 
elevated bacteria concentrations at this location. 
 
A review of GIS information shows a number of unsewered buildings in the 
upland area adjacent to San Vitores Beach.  This information is shown in Figure 
8-35.  Sewer line blockages and breaks, as well as SSOs, could also contribute 
to elevated bacteria levels.  Figure 8-35 shows the location of both sewer mains 
and pump stations, as indicators of potential water quality problems associated 
with wastewater conveyance systems. 
 
Figure 8-36 shows an air photo of the area adjacent to San Vitores Beach.  This 
provides a different perspective, which highlights the high density of roads and 
buildings in the area adjacent to San Vitores Beach. 
 
 
 

 
 
Figure 8-35.  Location of San Vitores Beach relative to potential unsewered buildings. 
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Figure 8-36.  Air photo of San Vitores Beach vicinity. 
 
 
Trends.  Figure 8-37 presents a year-by-year summary of the enterococcus data 
for the San Vitores Beach site.  This provides a useful way to examine trends 
relative to both central tendency and annual variation.  This type of analysis is 
useful in looking at specific sites where efforts to address beach advisories have 
been implemented.  For example, a focus on patterns such as trends in 
geometric means or 90th percentiles provides a visual analysis that can be used 
to evaluate program effectiveness.  With respect to trends, it should be noted that 
a laboratory analytical method change occurred in September 2000.  The IDEXX 
test was used to determine enterococcus concentrations on all samples collected 
after September 2000. 
 
Linkage Analysis.  The numeric target for this TMDL is Guam’s concentration-
based criteria for enterococci bacteria (i.e., a geometric mean of 35 counts / 100 
mL and an instantaneous maximum of 104 counts / 100 mL).  The relationship 
between this target and potential sources at San Vitores Beach is demonstrated 
through an analysis of water quality monitoring data at this site.  Seasonal 
patterns, for example, show that the highest concentrations are observed 
between June and December, indicating the importance of wet season sources 
at San Vitores Beach.  This is consistent with the presence of potential storm 
water sources identified at this location. 
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Figure 8-37.  Trend analysis for San Vitores Beach site. 
 
 
The connection between storm water sources and exceedances of numeric 
targets is further confirmed by examining the effect of flow conditions.  At San 
Vitores Beach, the highest bacteria concentrations occur under high flows.  
Water quality conditions that reflect this pattern are strongly influenced by storm 
water runoff during heavy rainfall events.  In short, the technical analyses 
presented in this assessment of San Vitores Beach describe the relationship 
between water quality patterns and potential sources at this location.  The 
loading capacity and allocations are all concentrations set at the criteria values 
for enterococci bacteria.  This TMDL will clearly meet water quality standards and 
protect recreational uses at this beach. 
  
 
TMDL Components.  Table 8-12 presents the TMDL for San Vitores Beach, 
identifying the loading capacity and allocations expressed as concentration-
based values for enterococcus.  These concentration-based values apply across 
all flow zones.   This TMDL uses an implicit MOS, through inclusion of two 
conservative assumptions.  First, the TMDL does not account for mixing in the 
receiving waters and assumes that zero dilution is available.  Second, the goal of 
attaining standards at the point of discharge does not account for losses due to 
die-off and settling of indicator bacteria that are known to occur. 
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Table 8-12.  Northern Guam Watershed TMDL summary (Site GUN-02:  San Vitores Beach). 
 

TMDL Component Enterococcus Concentration 
(# / 100 mL) 

Geometric Mean  
   TMDL 35 
Future Growth 35 
Waste Load Allocation 35 
Load Allocation 35 

Instantaneous Maximum  
   TMDL 104 
Future Growth 104 
Waste Load Allocation 104 
Load Allocation 104 

 
 
A hydrology-based framework using duration curve zones allows the TMDL to 
evaluate monitoring data in a way that reflects major watershed processes 
indicative of different flows.  This approach enables numeric targets in the TMDL 
to consider watershed processes, such as hydrology and source assessment 
information including land use. 
 
Table 8-13 identifies reductions for each duration curve zone by season using 
the TMDL targets.  These estimates can serve to guide problem solving 
discussions on appropriate management strategies (based on knowledge 
associated with likely source areas, delivery mechanisms, and appropriate 
control measures that correspond to particular hydrologic conditions). 
 
 
Table 8-13.  Needed reductions to meet TMDL targets (Site GUN-02: San Vitores Beach). 
 

Needed Reductions Flow Conditions 
(expressed as percentage) 

High Moist Mid Dry Low
Dry Season 

Based on geometric mean 3% --- --- --- --- 
Based on instantaneous maximum 48% --- --- --- --- 

Wet Season 
Based on geometric mean 30% --- --- --- --- 

Based on instantaneous maximum 74% --- --- 26% --- 
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8.5 Fujita Beach  (GUN-23) 
 
Fujita Beach is also part of the stretch known as Naton Beach; a strip of beach 
along the northern most chain of hotels on Tumon Bay (Figure 8-38).  Centrally 
situated in the Tumon area, Fujita Beach is an extremely popular location for 
tourists looking to participate in water activities such as kayaking, beachcombing, 
and snorkeling. 
 

 
 

 
 
Figure 8-38.  Location of Fujita Beach relative to other Northern Guam TMDL sites. 
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The frequency of beach advisories at Fujita Beach between 2001 and 2007 was 
typical (13%) of many RBMP sites in the Northern Beach TMDL project area 
(Figure 4-1).  Enterococci concentrations at Fujita Beach were basically in the 
same range as a number of other project area monitoring stations (Figure 4-2 
and Figure 8-38).  The geometric mean of all individual samples was 15 counts 
/100mL, while the 75th and 90th percentiles were 15 and 74 counts /100 mL 
respectively. 
 
A key part of the data analysis for individual beaches is to examine water quality 
patterns by season and relative to flow conditions (e.g., runoff dominated versus 
base flows).   Figure 8-39 shows the seasonal variability of bacteria 
concentrations at Fujita Beach.  With the exception of March, the highest 
concentrations were observed between July and October, indicating the 
importance of wet season sources at Fujita Beach. 
 

 
Figure 8-39.  Seasonal variation at Fujita Beach. 
 
 
Effect of Flow Conditions.  A useful approach for relating water quality 
information to potential source areas is to examine bacteria levels in terms of 
hydrologic conditions.  Figure 8-40 shows enterococci monitoring data collected 
at Fujita Beach using a duration curve framework.  Although there is significant 
variability in the data, which is characteristic of bacteria monitoring information, a 
definite pattern exists. 
 
As indicated by the “box and whisker” plots in Figure 8-40, the highest bacteria 
concentrations occur under high flow conditions.  This is not unexpected because 
water quality at most beaches is strongly influenced by storm water runoff during 
heavy rainfall events.  The magnitude of the increase appears to be fairly 
consistent with that observed at other Tumon Bay monitoring sites.  However, the 
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90th percentile exceeds the instantaneous maximum criterion in the high flow 
zone.  This indicates that sources associated with periodic short term problems 
(e.g., spills into the storm drain system or sewer overflows during heavy rains) 
may be a concern under these conditions. 
 
Incorporating seasonality into the analysis allows a closer look at patterns that 
may be associated with certain source categories.  For example, bacteria 
delivered through seeps connected to storm water ponds are more likely to affect 
beach monitoring data during the wet season.  In contrast, bacteria contributed 
from more continuous sources (e.g., leaky sewer lines or failing septics) will exert 
a greater effect during the dry season.  Comparisons between the geometric 
means, the 75th and 90th percentiles for each duration curve zone serve as 
primary measures for examining seasonality.  This is illustrated in Figure 8-41. 
 
The effect of storm water runoff is evident for both the wet and dry seasons 
under high flow conditions.  This reinforces the need to focus on storm water 
sources at Fujita Beach.  However, an interesting observation is the difference 
between the wet and dry season patterns under mid-range and dry conditions.  
The higher wet season values in both these zones indicate the potential for 
seeps connected to storm water sources to be affecting water quality at this site. 
 
 
Relationship to Other Indicators.  In addition to seasonal patterns, the 
relationship of bacteria concentrations to other parameters can be incorporated 
into the data analysis.  Guam EPA staff noted field data for several indicators at 
the time of bacteria sample collection as part of the RBMP.  These include 
observations such as tidal stage and presence or absence of turbidity. 
 
The combination of patterns with some of these observations could be related to 
potential source areas and delivery mechanism that might affect bacteria 
concentrations at any particular beach of interest.  For example, the presence or 
absence of turbidity may also be an indicator of either storm water runoff or 
suspended material associated with wind action.  This approach to the analysis 
provides information that might prove useful in guiding implementation efforts 
intended to address documented problems. 
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Figure 8-40.  Water quality duration curve for Fujita Beach site. 
 
 

 
 
Figure 8-41.  Wet versus dry season comparison for Fujita Beach. 
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Figure 8-42.  Turbid versus non-turbid sample comparison for Fujita Beach site. 
 
 
Figure 8-42 shows the difference between bacteria levels when turbidity was 
present or absent during sample collection under the various flow conditions.  
The increased levels when turbidity was present under high, moist, and mid-
range flow conditions likely reflects the effect of bacteria transported with fine 
particles during storm events.  The effect of bacteria associated with 
resuspension of bottom sediments might also be the result of wind and wave 
action, which could affect beach water quality. 
 
 
Potential Sources.  The Source Assessment (Section 5, Table 5-2) summarized 
potential sources that may affect bacteria concentrations at Fujita Beach.  
Included are wastewater sources (septic systems, sewer line blockages & 
breaks, SSO), storm water (overland runoff, highway maintenance & runoff, 
construction), and other sources (recreation & tourism activities).  In addition, 
GEPA staff identified specific potential sources that could affect water quality at 
Fujita Beach (Table 8-14). 
 
Figure 8-43 provides a closer look at the Fujita Beach monitoring site relative to 
upland areas that potentially contribute bacteria during storm events.  Figure 
8-43 includes roads, which can provide a general indication of the urban 
drainage network and accompanying storm drains.  Figure 8-43 also identifies 
major storm water ponding basins, including the Harmon Sink. 
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Figure 8-43.  Location of Fujita Beach relative to potential source areas. 
 
 
 
Table 8-14.  Beach specific potential source summary (Site GUN-23: Fujita Beach). 
 

Site ID Type Source Name 
(notes) 

GUN-23 

SIA – SW * 
SIA DPW 4 corner of Fujita Rd. and San Vitores Rd. 

 Fujita Road 

Sewage 
overflow 

Fujita Sewage Pump Station 
Harmon Sinkhole 

 Receives sewage overflow from Mamajanao Pump Station. 

Storm drain 
runoff 

Harmon Sinkhole 

 
Guam International Airport Authority storm water flows to 
Harmon Sinkhole via concrete channel (includes failing oil / 
water separator). 

 
Notes:  

 
* SIA - SW:  Surface Impoundment Area – Storm Water 
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A review of GIS information shows a number of unsewered buildings in the 
upland area adjacent to Fujita Beach.  This information is shown in Figure 8-44.  
Sewer line blockages and breaks, as well as SSOs, could also contribute to 
elevated bacteria levels.  Figure 8-44 shows the location of both sewer mains 
and pump stations, as indicators of potential water quality problems associated 
with wastewater conveyance systems. 
 
Figure 8-45 shows an air photo of the area adjacent to Fujita Beach.  This 
provides a different perspective, which highlights the high density of roads and 
buildings in the area adjacent to Fujita Beach. 
  
In addition to previous assessments and GIS information, Guam EPA staff 
identified other potential sources that could affect water quality at Fujita Beach.  
Specifically, there are two areas of concern.  First, there is a storm water surface 
impoundment area (SIA DPW 4) at the corner of Fujita and San Vitores Roads 
that may be affecting water quality at this site.  Second, the Fujita Pump Station 
(Figure 8-44) is located nearby.  There has been occasional sewage overflows 
associated with this facility, which could explain periodic elevated bacteria 
concentrations at this location. 
 
 

 
 
Figure 8-44.  Location of Fujita Beach relative to potential unsewered buildings. 
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Figure 8-45.  Air photo of Fujita Beach vicinity. 
 
 
Trends.  Figure 8-46 presents a year-by-year summary of the enterococcus data 
for the Fujita Beach site.  This provides a useful way to examine trends relative to 
both central tendency and annual variation.  This type of analysis is useful in 
looking at specific sites where efforts to address beach advisories have been 
implemented.  For example, a focus on patterns such as trends in geometric 
means or 90th percentiles provides a visual analysis that can be used to evaluate 
program effectiveness.  With respect to trends, it should be noted that a 
laboratory analytical method change occurred in September 2000.  The IDEXX 
test was used to determine enterococcus concentrations on all samples collected 
after September 2000. 
 
 
Linkage Analysis.  The numeric target for this TMDL is Guam’s concentration-
based criteria for enterococci bacteria (i.e., a geometric mean of 35 counts / 100 
mL and an instantaneous maximum of 104 counts / 100 mL).  The relationship 
between this target and potential sources at Fujita Beach is demonstrated 
through an analysis of water quality monitoring data at this site.  Seasonal 
patterns, for example, show that the highest concentrations are observed 
between July and October, indicating the importance of wet season sources at 
Fujita Beach.  This is consistent with the presence of potential storm water 
sources identified at this location. 
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Figure 8-46.  Trend analysis for Fujita Beach site. 
 
 
The connection between storm water sources and exceedances of numeric 
targets is further confirmed by examining the effect of flow conditions.  At Fujita 
Beach, the highest bacteria concentrations occur under high flows.  Water quality 
conditions that reflect this pattern are strongly influenced by storm water runoff 
during heavy rainfall events.  In short, the technical analyses presented in this 
assessment of Fujita Beach describe the relationship between water quality 
patterns and potential sources at this location.  The loading capacity and 
allocations are all concentrations set at the criteria values for enterococci 
bacteria.  This TMDL will clearly meet water quality standards and protect 
recreational uses at this beach. 
  
  
TMDL Components.  Table 8-15 presents the TMDL for Fujita Beach, identifying 
the loading capacity and allocations expressed as concentration-based values for 
enterococcus.  These concentration-based values apply across all flow zones.  
This TMDL uses an implicit MOS, through inclusion of two conservative 
assumptions.  First, the TMDL does not account for mixing in the receiving 
waters and assumes that zero dilution is available.  Second, the goal of attaining 
standards at the point of discharge does not account for losses due to die-off and 
settling of indicator bacteria that are known to occur. 
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Table 8-15.  Northern Guam Watershed TMDL summary (Site GUN-23: Fujita Beach). 
 

TMDL Component Enterococcus Concentration 
(# / 100 mL) 

Geometric Mean  
   TMDL 35 
Future Growth 35 
Waste Load Allocation 35 
Load Allocation 35 

Instantaneous Maximum  
   TMDL 104 
Future Growth 104 
Waste Load Allocation 104 
Load Allocation 104 

 
 
A hydrology-based framework using duration curve zones allows the TMDL to 
evaluate monitoring data in a way that reflects major watershed processes 
indicative of different flows.  This approach enables numeric targets in the TMDL 
to consider watershed processes, such as hydrology and source assessment 
information including land use. 
 
Table 8-16 identifies reductions for each duration curve zone by season using 
the TMDL targets.  These estimates can serve to guide problem solving 
discussions on appropriate management strategies (based on knowledge 
associated with likely source areas, delivery mechanisms, and appropriate 
control measures that correspond to particular hydrologic conditions). 
 
Table 8-16.  Needed reductions to meet TMDL targets (Site GUN-23: Fujita Beach). 
 

Needed Reductions Flow Conditions 
(expressed as percentage) 

High Moist Mid Dry Low
Dry Season 

Based on geometric mean --- --- --- --- --- 
Based on instantaneous maximum 54% --- --- --- --- 

Wet Season 
Based on geometric mean --- --- --- --- --- 

Based on instantaneous maximum 35% --- --- 62% --- 
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8.6 Matapang Beach Park  (GUN-03) 
 
Matapang Beach is located in the central portion of the Tumon Bay area (Figure 
8-47).  It is one of the only two beach parks in Tumon.  The water off the coast of 
Matapang Beach consists of a soft, sandy sea-floor with fairly calm waters 
making it an excellent place to go swimming for tourists. 
 

 
 

 
 
Figure 8-47.  Location of Matapang Beach relative to other Northern Guam TMDL sites. 
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The frequency of beach advisories at Matapang Beach between 1998 and 2007 
was typical (12%) of many RBMP sites in the Northern Beach TMDL project area 
(Figure 4-1).  Enterococci concentrations at Matapang Beach were basically in 
the same range as a number of other project area monitoring stations (Figure 4-2 
and Figure 8-47).  The geometric mean of all individual samples was 15 counts 
/100mL, while the 75th and 90th percentiles were 15 and 56 counts /100 mL 
respectively. 
 
A key part of the data analysis for individual beaches is to examine water quality 
patterns by season and relative to flow conditions (e.g., runoff dominated versus 
base flows).  Figure 8-48 shows the seasonal variability of bacteria 
concentrations at Matapang Beach.  The highest concentrations were observed 
between July and September, indicating the importance of wet season sources at 
Matapang Beach. 

 
Figure 8-48.  Seasonal variation at Matapang Beach. 
 
 
Effect of Flow Conditions.  A useful approach for relating water quality 
information to potential source areas is to examine bacteria levels in terms of 
hydrologic conditions.  Figure 8-49 shows enterococci monitoring data collected 
at Matapang Beach using a duration curve framework.  Although there is 
significant variability in the data, which is characteristic of bacteria monitoring 
information, a definite pattern exists. 
 
As indicated by the “box and whisker” plots in Figure 8-49, the highest bacteria 
concentrations occur under high flow conditions.  This is not unexpected because 
water quality at most beaches is strongly influenced by storm water runoff during 
heavy rainfall events.  The magnitude of the increase appears to be fairly 
consistent with that observed at other Tumon Bay monitoring sites.  However, the 
90th percentile exceeds the instantaneous maximum criterion in the high flow 
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zone.  This indicates that sources associated with periodic short term problems 
(e.g., spills into the storm drain system or sewer overflows during heavy rains) 
may be a concern under these conditions. 
 
Incorporating seasonality into the analysis allows a closer look at patterns that 
may be associated with certain source categories.  For example, bacteria 
delivered through seeps connected to storm water ponds are more likely to affect 
beach monitoring data during the wet season.  In contrast, bacteria contributed 
from more continuous sources (e.g., leaky sewer lines or failing septics) will exert 
a greater effect during the dry season.  Comparisons between the geometric 
means, the 75th and 90th percentiles for each duration curve zone serve as 
primary measures for examining seasonality.  This is illustrated in Figure 8-50. 
 
The effect of storm water runoff is evident for both the wet and dry seasons 
under high flow and moist conditions.  This reinforces the need to focus on storm 
water sources at Matapang Beach.  Furthermore, the low values observed for 
both the wet and dry seasons in the mid-range and dry zones confirm the fact 
that storm water sources are the major concern at this site. 
 
 
Relationship to Other Indicators.  In addition to seasonal patterns, the 
relationship of bacteria concentrations to other parameters can be incorporated 
into the data analysis.  Guam EPA staff noted field data for several indicators at 
the time of bacteria sample collection as part of the RBMP.  These include 
observations such as tidal stage and presence or absence of turbidity. 
 
The combination of patterns with some of these observations could be related to 
potential source areas and delivery mechanism that might affect bacteria 
concentrations at any particular beach of interest.  For example, the presence or 
absence of turbidity may also be an indicator of either storm water runoff or 
suspended material associated with wind action.  This approach to the analysis 
provides information that might prove useful in guiding implementation efforts 
intended to address documented problems. 
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Figure 8-49.  Water quality duration curve for Matapang Beach site. 
 
 

 
 
Figure 8-50.  Wet versus dry season comparison for Matapang Beach. 
 



Guam Northern Watershed Bacteria TMDLs 
 

December 16, 2009 -92-

 
Figure 8-51.  Turbid versus non-turbid sample comparison for Matapang Beach site. 
 
 
Figure 8-51 shows the difference between bacteria levels when turbidity was 
present or absent during sample collection under the various flow conditions.  
The increased levels when turbidity was present under high, moist, and mid-
range flow conditions likely reflects the effect of bacteria transported with fine 
particles during storm events.  The effect of bacteria associated with 
resuspension of bottom sediments might also be the result of wind and wave 
action, which could affect beach water quality. 
 
 
Potential Sources.  The Source Assessment (Section 5, Table 5-2) summarized 
potential sources that may affect bacteria concentrations at Matapang Beach.  
Included are wastewater sources (septic systems, sewer line blockages & 
breaks, SSO), storm water (overland runoff, highway maintenance & runoff, 
construction), and other sources (recreation & tourism activities).  In addition, 
GEPA staff identified specific potential sources that could affect water quality at 
Matapang Beach (Table 8-17). 
 
Figure 8-52 provides a closer look at the Matapang Beach monitoring site relative 
to upland areas that potentially contribute bacteria during storm events.  Figure 
8-52 includes roads, which can provide a general indication of the urban 
drainage network and accompanying storm drains.  Figure 8-52 also identifies 
major storm water ponding basins, including the Harmon Sink. 
 
 



Guam Northern Watershed Bacteria TMDLs 
 

December 16, 2009 -93-

 
 
Figure 8-52.  Location of Matapang Beach relative to potential source areas. 
 
 
Table 8-17.  Beach specific potential source summary (Site GUN-03: Matapang Beach). 
  

Site ID Type Source Name 
(notes) 

GUN-03 

Stormwater 
runoff 

Cushing Zoo 

 Animal waste from zoo.  Research  management options. 

Storm drain 
runoff 

Harmon Sinkhole 

 
Guam International Airport Authority storm water flows to 
Harmon Sinkhole via concrete channel (includes failing oil / 
water separator). 

UIC - SW * 
UIC DPW Matapang Beach 

 UIC encompasses entire parking area of park. 

Sewage 
overflow 

Harmon Sinkhole 

 Receives sewage overflow from Mamajanao Pump Station. 

 
Notes:  

 
* UIC - SW:  Underground Injection Control – Storm Water 
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A review of GIS information shows a number of unsewered buildings in the 
upland area adjacent to Matapang Beach.  This information is shown in Figure 
8-53.  In addition, sewer line blockages and breaks, as well as SSOs could 
contribute to elevated bacteria levels.  Figure 8-53 shows the location of both 
sewer mains and pump stations, as indicators of potential water quality problems 
associated with wastewater conveyance systems. 
 
Figure 8-54 shows an air photo of the area adjacent to Matapang Beach.  This 
provides a different perspective, which highlights the high density of roads and 
buildings in the area adjacent to Matapang Beach. 
 
In addition to previous assessments and GIS information, Guam EPA staff 
identified other potential sources that could affect water quality at Matapang 
Beach.  Specifically, there are two areas of concern.  First, storm water runoff 
from the Cushing Zoo may be affecting water quality at this site.  Second, a 
storm water underground injection control (UIC) facility encompasses the entire 
parking area of Matapang Park.  This facility may have an influence on bacteria 
concentrations at this location. 
 
 
 

 
 
Figure 8-53.  Location of Matapang Beach relative to potential unsewered buildings. 
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Figure 8-54.  Air photo of Matapang Beach vicinity. 
 
 
Trends.  Figure 8-55 presents a year-by-year summary of the enterococcus data 
for the Matapang Beach site.  This provides a useful way to examine trends 
relative to both central tendency and annual variation.  This type of analysis is 
useful in looking at specific sites where efforts to address beach advisories have 
been implemented.  For example, a focus on patterns such as trends in 
geometric means or 90th percentiles provides a visual analysis that can be used 
to evaluate program effectiveness.  With respect to trends, it should be noted that 
a laboratory analytical method change occurred in September 2000.  The IDEXX 
test was used to determine enterococcus concentrations on all samples collected 
after September 2000. 
 
 
Linkage Analysis.  The numeric target for this TMDL is Guam’s concentration-
based criteria for enterococci bacteria (i.e., a geometric mean of 35 counts / 100 
mL and an instantaneous maximum of 104 counts / 100 mL).  The relationship 
between this target and potential sources at Matapang Beach is demonstrated 
through an analysis of water quality monitoring data at this site.  Seasonal 
patterns, for example, show that the highest concentrations are observed 
between July and September, indicating the importance of wet season sources at 
Matapang Beach.  This is consistent with the presence of potential storm water 
sources identified at this location. 
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Figure 8-55.  Trend analysis for Matapang Beach site. 
 
 
The connection between storm water sources and exceedances of numeric 
targets is further confirmed by examining the effect of flow conditions.  At 
Matapang Beach, the highest bacteria concentrations occur under high flows.  
Water quality conditions that reflect this pattern are strongly influenced by storm 
water runoff during heavy rainfall events.  In short, the technical analyses 
presented in this assessment of Matapang Beach describe the relationship 
between water quality patterns and potential sources at this location.  The 
loading capacity and allocations are all concentrations set at the criteria values 
for enterococci bacteria.  This TMDL will clearly meet water quality standards and 
protect recreational uses at this beach. 
  
  
TMDL Components.  Table 8-18 presents the TMDL for Matapang Beach, 
identifying the loading capacity and allocations expressed as concentration-
based values for enterococcus.  These concentration-based values apply across 
all flow zones.  This TMDL uses an implicit MOS, through inclusion of two 
conservative assumptions.  First, the TMDL does not account for mixing in the 
receiving waters and assumes that zero dilution is available.  Second, the goal of 
attaining standards at the point of discharge does not account for losses due to 
die-off and settling of indicator bacteria that are known to occur. 
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Table 8-18.  Northern Guam Watershed TMDL summary (Site GUN-03: Matapang Beach). 
 

TMDL Component Enterococcus Concentration 
(# / 100 mL) 

Geometric Mean  
   TMDL 35 
Future Growth 35 
Waste Load Allocation 35 
Load Allocation 35 

Instantaneous Maximum  
   TMDL 104 
Future Growth 104 
Waste Load Allocation 104 
Load Allocation 104 

 
 
A hydrology-based framework using duration curve zones allows the TMDL to 
evaluate monitoring data in a way that reflects major watershed processes 
indicative of different flows.  This approach enables numeric targets in the TMDL 
to consider watershed processes, such as hydrology and source assessment 
information including land use. 
 
Table 8-19 identifies reductions for each duration curve zone by season using 
the TMDL targets.  These estimates can serve to guide problem solving 
discussions on appropriate management strategies (based on knowledge 
associated with likely source areas, delivery mechanisms, and appropriate 
control measures that correspond to particular hydrologic conditions). 
 
Table 8-19.  Needed reductions to meet TMDL targets (Site GUN-03: Matapang Beach). 
 

Needed Reductions Flow Conditions 
(expressed as percentage) 

High Moist Mid Dry Low
Dry Season 

Based on geometric mean --- --- --- --- --- 
Based on instantaneous maximum 25% --- --- --- --- 

Wet Season 
Based on geometric mean --- --- --- --- --- 

Based on instantaneous maximum 49% --- --- --- --- 
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8.7 Guma Trankilidat Beach  (GUN-04) 
 
Guma Trankilidat Beach is located on Tumon Bay between Ypao Park and the 
Pacific Islands Club (Figure 8-56).  It is situated at the southern end of the bay.  
Because all of Tumon Bay is protected by a natural reef that stretches out about 
one mile from the beach shore, this beach can be used for swimming, wind-
surfing, snorkeling, kayaking and other water activities. 
 

 
 

 
 
Figure 8-56.  Location of Guma Trankilidat Beach relative to other Northern Guam TMDL sites. 
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The frequency of beach advisories at Guma Trankilidat Beach between 2005 and 
2007 was low (4%) compared to other RBMP sites in the Northern Beach TMDL 
project area (Figure 4-1).  Enterococci concentrations at Guma Trankilidat Beach 
were among the lowest of all project area monitoring stations (Figure 4-2 and 
Figure 8-56).  The geometric mean of all individual samples was 13 counts 
/100mL, while the 75th and 90th percentiles were 10 and 31 counts /100 mL 
respectively.  Although bacteria concentrations are lower than other RBMP sites, 
this beach is still impaired.  Water quality improvements are clearly needed, 
though they will not be as significant as those required at other project area 
locations. 
 
A key part of the data analysis for individual beaches is to examine water quality 
patterns by season and relative to flow conditions (e.g., runoff dominated versus 
base flows).  Figure 8-57 shows the seasonal variability of bacteria 
concentrations at Guma Trankilidat Beach.  The highest concentrations were 
observed between July and September, indicating the importance of wet season 
sources at Guma Trankilidat Beach. 
 

 
Figure 8-57.  Seasonal variation at Guma Trankilidat Beach. 
 
Effect of Flow Conditions.  A useful approach for relating water quality 
information to potential source areas is to examine bacteria levels in terms of 
hydrologic conditions.  Figure 8-58 shows enterococci monitoring data collected 
at Guma Trankilidat Beach using a duration curve framework.  Although there is 
significant variability in the data, which is characteristic of bacteria monitoring 
information, a definite pattern exists. 
 
As indicated by the “box and whisker” plots in Figure 8-58, the highest bacteria 
concentrations occur under high flow conditions.  This is not unexpected because 
water quality at most beaches is strongly influenced by storm water runoff during 
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heavy rainfall events.  The magnitude of the increase appears to be fairly 
consistent with that observed at other Tumon Bay monitoring sites. 
 
Incorporating seasonality into the analysis allows a closer look at patterns that 
may be associated with certain source categories.  For example, bacteria 
delivered through seeps connected to storm water ponds are more likely to affect 
beach monitoring data during the wet season.  In contrast, bacteria contributed 
from more continuous sources (e.g., leaky sewer lines or failing septics) will exert 
a greater effect during the dry season.  Comparisons between the geometric 
means, the 75th and 90th percentiles for each duration curve zone serve as 
primary measures for examining seasonality.  This is illustrated in Figure 8-59. 
 
As noted earlier (Figure 8-57), dry season bacteria concentrations observed at 
Guma Trankilidat Beach are extremely low.  This pattern is consistent across all 
flow zones.  The moderate effect of storm water runoff is evident for both the wet 
and dry seasons under high flow conditions.  This reinforces the need to focus on 
storm water sources at Guma Trankilidat Beach.  Furthermore, the low values 
observed for both the wet and dry seasons in the moist, mid-range, and dry 
zones confirm the fact that storm water sources are the major concern at this 
site. 
 
 
Relationship to Other Indicators.  In addition to seasonal patterns, the 
relationship of bacteria concentrations to other parameters can be incorporated 
into the data analysis.  Guam EPA staff noted field data for several indicators at 
the time of bacteria sample collection as part of the RBMP.  These include 
observations such as tidal stage and presence or absence of turbidity. 
 
The combination of patterns with some of these observations could be related to 
potential source areas and delivery mechanism that might affect bacteria 
concentrations at any particular beach of interest.  For example, the presence or 
absence of turbidity may also be an indicator of either storm water runoff or 
suspended material associated with wind action.  This approach to the analysis 
provides information that might prove useful in guiding implementation efforts 
intended to address documented problems. 
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Figure 8-58.  Water quality duration curve for Guma Trankilidat Beach site. 
 
 

 
 
Figure 8-59.  Wet versus dry season comparison for Guma Trankilidat Beach. 
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Figure 8-60.  Turbid versus non-turbid sample comparison for Guma Trankilidat Beach site. 
 
 
Figure 8-60 shows the difference between bacteria levels when turbidity was 
present or absent during sample collection under the various flow conditions.  
The increased levels when turbidity was present under high, moist, and mid-
range flow conditions likely reflects the effect of bacteria transported with fine 
particles during storm events.  The effect of bacteria associated with 
resuspension of bottom sediments might also be the result of wind and wave 
action, which could affect beach water quality. 
 
Potential Sources.  The Source Assessment (Section 5, Table 5-2) summarized 
potential sources that may affect bacteria concentrations at Guma Trankilidat 
Beach.  Included are wastewater sources (septic systems, sewer line blockages 
& breaks, SSO), storm water (overland runoff, highway maintenance & runoff, 
construction), and other sources (recreation & tourism activities).  In addition, 
GEPA staff identified specific potential sources that could affect water quality at 
Guma Trankilidat Beach (Table 8-20). 
 
Figure 8-61 provides a closer look at the Guma Trankilidat Beach monitoring site 
relative to upland areas that potentially contribute bacteria during storm events.  
Figure 8-61 includes roads, which can provide a general indication of the urban 
drainage network and accompanying storm drains.  Figure 8-61 also identifies 
major storm water ponding basins, including the Harmon Sink. 
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Figure 8-61.  Location of Guma Trankilidat Beach relative to potential source areas. 
  
 
Table 8-20.  Beach specific potential source summary (Site GUN-04: Guma Trankilidat Beach). 
  

Site ID Type Source Name 
(notes) 

GUN-04 

Storm drain 
runoff 

Harmon Sinkhole 

 
Guam International Airport Authority storm water flows to 
Harmon Sinkhole via concrete channel (includes failing oil / 
water separator). 

Sewage 
overflow 

Harmon Sinkhole 

 Receives sewage overflow from Mamajanao Pump Station. 

 
 
A review of GIS information shows a number of unsewered buildings in the 
upland area adjacent to Guma Trankilidat Beach.  This information is shown in 
Figure 8-62.  In addition, sewer line blockages and breaks, as well as SSOs 
could contribute to elevated bacteria levels.  Figure 8-62 shows the location of 
both sewer mains and pump stations, as indicators of potential water quality 
problems associated with wastewater conveyance systems. 
 



Guam Northern Watershed Bacteria TMDLs 
 

December 16, 2009 -104-

 
 
Figure 8-62.  Location of Guma Trankilidat Beach relative to potential unsewered buildings. 
 
 

 
 
Figure 8-63.  Air photo of Guma Trankilidat Beach vicinity. 
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Figure 8-63 shows an air photo of the area adjacent to Guma Trankilidat Beach.  
This provides a different perspective, which highlights the high density of roads 
and buildings in the area adjacent to Guma Trankilidat Beach. 
 
 
Trends.  Figure 8-64 presents a year-by-year summary of the enterococcus data 
for the Guma Trankilidat Beach site.  This provides a useful way to examine 
trends relative to both central tendency and annual variation.  This type of 
analysis is useful in looking at specific sites where efforts to address beach 
advisories have been implemented.  For example, a focus on patterns such as 
trends in geometric means or 90th percentiles provides a visual analysis that can 
be used to evaluate program effectiveness.  With respect to trends, it should be 
noted that a laboratory analytical method change occurred in September 2000.  
The IDEXX test was used to determine enterococcus concentrations on all 
samples collected after September 2000. 
 

 
Figure 8-64.  Trend analysis for Guma Trankilidat Beach site. 
 
 
Linkage Analysis.  The numeric target for this TMDL is Guam’s concentration-
based criteria for enterococci bacteria (i.e., a geometric mean of 35 counts / 100 
mL and an instantaneous maximum of 104 counts / 100 mL).  The relationship 
between this target and potential sources at Guma Trankilidat Beach is 
demonstrated through an analysis of water quality monitoring data at this site.  
Seasonal patterns, for example, show that the highest concentrations are 
observed between July and September, indicating the importance of wet season 
sources at Guma Trankilidat Beach.  This is consistent with the presence of 
potential storm water sources identified at this location. 
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The connection between storm water sources and exceedances of numeric 
targets is further confirmed by examining the effect of flow conditions.  At Guma 
Trankilidat Beach, the highest bacteria concentrations occur under high flows.  
Water quality conditions that reflect this pattern are strongly influenced by storm 
water runoff during heavy rainfall events.  In short, the technical analyses 
presented in this assessment of Guma Trankilidat Beach describe the 
relationship between water quality patterns and potential sources at this location.  
The loading capacity and allocations are all concentrations set at the criteria 
values for enterococci bacteria.  This TMDL will clearly meet water quality 
standards and protect recreational uses at this beach. 
  
  
TMDL Components.  Table 8-21 presents the TMDL for Guma Trankilidat Beach, 
identifying the loading capacity and allocations expressed as concentration-
based values for enterococcus.  These concentration-based values apply across 
all flow zones.  This TMDL uses an implicit MOS, through inclusion of two 
conservative assumptions.  First, the TMDL does not account for mixing in the 
receiving waters and assumes that zero dilution is available.  Second, the goal of 
attaining standards at the point of discharge does not account for losses due to 
die-off and settling of indicator bacteria that are known to occur. 
 
 
Table 8-21.  Northern Guam Watershed TMDL summary (Site GUN-04: Guma Trankilidat Beach). 
 

TMDL Component Enterococcus Concentration 
(# / 100 mL) 

Geometric Mean  
   TMDL 35 
Future Growth 35 
Waste Load Allocation 35 
Load Allocation 35 

Instantaneous Maximum  
   TMDL 104 
Future Growth 104 
Waste Load Allocation 104 
Load Allocation 104 

 
 
A hydrology-based framework using duration curve zones allows the TMDL to 
evaluate monitoring data in a way that reflects major watershed processes 
indicative of different flows.  This approach enables numeric targets in the TMDL 
to consider watershed processes, such as hydrology and source assessment 
information including land use. 
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Table 8-22 identifies those conditions under which Guam’s water quality criteria 
for enterococci was exceeded.  This information can serve to guide problem 
solving discussions on appropriate management strategies (based on knowledge 
associated with likely source areas, delivery mechanisms, and appropriate 
control measures that correspond to particular hydrologic conditions).  As noted, 
reductions could not be determined based on the 90th percentile of the monitoring 
data.  However, advisories have still been issued at this location indicating the 
need for water quality improvements. 
 
Table 8-22.  Needed reductions to meet TMDL targets (Site GUN-04: Guma Trankilidat Beach). 
 

Needed Reductions Flow Conditions 
(expressed as percentage) 

High Moist Mid Dry Low
Dry Season 

Based on geometric mean --- --- --- --- --- 
Based on instantaneous maximum --- Note ** Note ** Note ** Note ** 

Wet Season 
Based on geometric mean --- --- --- --- --- 

Based on instantaneous maximum Note ** Note ** Note ** Note ** --- 
 

Note:  
 
Although reductions could not be determined based on the 90th percentile of 
monitoring data, exceedances of the instantaneous maximum criteria were observed 
in zones noted.  These exceedances indicate that this beach is threatened until 
exceedances are eliminated. 
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8.8 Ypao Beach  (GUN-05) 
 
Ypao Beach is situated at the southern end of the Tumon Bay, and is one of the 
only two beach parks in Tumon.   (Figure 8-65).  Ypao Beach is one of the 
island's most popular recreational parks for picnics, sporting activities, and 
concerts.  This beach is highly used for swimming, wind-surfing, kayaking and 
other popular water activities.  Because Tumon Bay is protected by a natural 
reef, the waters off Ypao Beach offer access to excellent snorkeling spots with a 
multitude of sea life gathered around live coral on the sea floor. 
 

 
 

 
 
Figure 8-65.  Location of Ypao Beach relative to other Northern Guam TMDL sites. 
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The frequency of beach advisories at Ypao Beach between 1997 and 2007 was 
low (7%) compared to other RBMP sites in the Northern Beach TMDL project 
area (Figure 4-1).  Enterococci concentrations at Ypao Beach were among the 
lowest of all project area monitoring stations (Figure 4-2 and Figure 8-65).  The 
geometric mean of all individual samples was 13 counts /100mL, while the 75th 
and 90th percentiles were 10 and 41 counts /100 mL respectively.  
 
Although bacteria concentrations are lower than other RBMP sites, this beach is 
still impaired.  Water quality improvements are clearly needed, though they will 
not be as significant as those required at other project area locations. 
 
A key part of the data analysis for individual beaches is to examine water quality 
patterns by season and relative to flow conditions (e.g., runoff dominated versus 
base flows).  Figure 8-66 shows the seasonal variability of bacteria 
concentrations at Ypao Beach.  The highest concentrations were observed in 
July and August, indicating the importance of wet season sources at Ypao 
Beach. 
 

 
Figure 8-66.  Seasonal variation at Ypao Beach. 
 
 
 
Effect of Flow Conditions.  A useful approach for relating water quality 
information to potential source areas is to examine bacteria levels in terms of 
hydrologic conditions.  Figure 8-67 shows enterococci monitoring data collected 
at Ypao Beach using a duration curve framework.  Although there is significant 
variability in the data, which is characteristic of bacteria monitoring information, a 
definite pattern exists. 
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As indicated by the “box and whisker” plots in Figure 8-67, the highest bacteria 
concentrations occur under high flow conditions.  This is not unexpected because 
water quality at most beaches is strongly influenced by storm water runoff during 
heavy rainfall events.  The magnitude of the increase appears to be fairly 
consistent with that observed at other Tumon Bay monitoring sites. 
 
Incorporating seasonality into the analysis allows a closer look at patterns that 
may be associated with certain source categories.  For example, bacteria 
delivered through seeps connected to storm water ponds are more likely to affect 
beach monitoring data during the wet season.  In contrast, bacteria contributed 
from more continuous sources (e.g., leaky sewer lines or failing septics) will exert 
a greater effect during the dry season.  Comparisons between the geometric 
means, the 75th and 90th percentiles for each duration curve zone serve as 
primary measures for examining seasonality.  This is illustrated in Figure 8-68. 
 
 
As noted earlier (Figure 8-66), dry season bacteria concentrations observed at 
Ypao Beach are extremely low.  This pattern is consistent across all flow zones.  
The moderate effect of storm water runoff is evident for both the wet and dry 
seasons under high flow conditions.  This reinforces the need to focus on storm 
water sources at Ypao Beach.  However, an interesting observation is the 
difference between the wet and dry season patterns under dry conditions.  The 
higher wet season values in this zone indicate the potential for seeps connected 
to storm water sources to be affecting water quality at this site. 
 
 
Relationship to Other Indicators.  In addition to seasonal patterns, the 
relationship of bacteria concentrations to other parameters can be incorporated 
into the data analysis.  Guam EPA staff noted field data for several indicators at 
the time of bacteria sample collection as part of the RBMP.  These include 
observations such as tidal stage and presence or absence of turbidity. 
 
The combination of patterns with some of these observations could be related to 
potential source areas and delivery mechanism that might affect bacteria 
concentrations at any particular beach of interest.  For example, the presence or 
absence of turbidity may also be an indicator of either storm water runoff or 
suspended material associated with wind action.  This approach to the analysis 
provides information that might prove useful in guiding implementation efforts 
intended to address documented problems. 
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Figure 8-67.  Water quality duration curve for Ypao Beach site. 
 
 

 
 
Figure 8-68.  Wet versus dry season comparison for Ypao Beach. 
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Figure 8-69.  Turbid versus non-turbid sample comparison for Ypao Beach site. 
 
 
Figure 8-69 shows the difference between bacteria levels when turbidity was 
present or absent during sample collection under the various flow conditions.  
The increased levels when turbidity was present under high, moist, and mid-
range flow conditions likely reflects the effect of bacteria transported with fine 
particles during storm events.  The effect of bacteria associated with 
resuspension of bottom sediments might also be the result of wind and wave 
action, which could affect beach water quality. 
 
Potential Sources.  The Source Assessment (Section 5, Table 5-2) summarized 
potential sources that may affect bacteria concentrations at Ypao Beach.  
Included are wastewater sources (septic systems, sewer line blockages & 
breaks, SSO), storm water (overland runoff, highway maintenance & runoff, 
construction), and other sources (recreation & tourism activities).  In addition, 
GEPA staff identified specific potential sources that could affect water quality at 
Ypao Beach (Table 8-23). 
 
Figure 8-70 provides a closer look at the Ypao Beach monitoring site relative to 
upland areas that potentially contribute bacteria during storm events.  Figure 
8-70 includes roads, which can provide a general indication of the urban 
drainage network and accompanying storm drains.  Figure 8-70 also identifies 
major storm water ponding basins, including the Harmon Sink. 
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Figure 8-70.  Location of Ypao Beach relative to potential source areas. 
 
 
 
Table 8-23.  Beach specific potential source summary (Site GUN-05: Ypao Beach). 
  

Site ID Type Source Name 
(notes) 

GUN-05 

Sewage 
overflow 

Ypao Sewage Pump Station 

Manhole- sewer overflow 

 FID #952 
Harmon Sinkhole 
 Receives sewage overflow from Mamajanao Pump Station. 

Storm drain 
runoff 

Harmon Sinkhole 

 
Guam International Airport Authority storm water flows to 
Harmon Sinkhole via concrete channel (includes failing oil / 
water separator). 
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A review of GIS information shows a number of unsewered buildings in the 
upland area adjacent to Ypao Beach.  This information is shown in Figure 8-71.  
In addition, sewer line blockages and breaks, as well as SSOs could contribute to 
elevated bacteria levels.  Figure 8-71 shows the location of both sewer mains 
and pump stations, as indicators of potential water quality problems associated 
with wastewater conveyance systems. 
 
Figure 8-72 shows an air photo of the area adjacent to Ypao Beach.  This 
provides a different perspective, which highlights the high density of roads and 
buildings in the area adjacent to Ypao Beach. 
 
In addition to previous assessments and GIS information, Guam EPA staff 
identified other potential sources that could affect water quality at Ypao Beach.  
Specifically, there are two areas of concern.  First, there is a manhole (FID #952) 
that has had sewage overflow problems, which may be affecting water quality at 
this site.  Second, the Ypao Pump Station (Figure 8-71) is located nearby.  There 
has been occasional sewage overflows associated with this facility, which could 
explain periodic elevated bacteria concentrations at this location. 
 
 

 
 
Figure 8-71.  Location of Ypao Beach relative to potential unsewered buildings. 
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Figure 8-72.  Air photo of Ypao Beach vicinity. 
 
 
Trends.  Figure 8-73 presents a year-by-year summary of the enterococcus data 
for the Ypao Beach site.  This provides a useful way to examine trends relative to 
both central tendency and annual variation.  This type of analysis is useful in 
looking at specific sites where efforts to address beach advisories have been 
implemented.  For example, a focus on patterns such as trends in geometric 
means or 90th percentiles provides a visual analysis that can be used to evaluate 
program effectiveness.  With respect to trends, it should be noted that a 
laboratory analytical method change occurred in September 2000.  The IDEXX 
test was used to determine enterococcus concentrations on all samples collected 
after September 2000. 
 
 
Linkage Analysis.  The numeric target for this TMDL is Guam’s concentration-
based criteria for enterococci bacteria (i.e., a geometric mean of 35 counts / 100 
mL and an instantaneous maximum of 104 counts / 100 mL).  The relationship 
between this target and potential sources at Ypao Beach is demonstrated 
through an analysis of water quality monitoring data at this site.  Seasonal 
patterns, for example, show that the highest concentrations are observed 
between July and August, indicating the importance of wet season sources at 
Ypao Beach.  This is consistent with the presence of potential storm water 
sources identified at this location. 
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Figure 8-73.  Trend analysis for Ypao Beach site. 
 
 
The connection between storm water sources and exceedances of numeric 
targets is further confirmed by examining the effect of flow conditions.  At Ypao 
Beach, the highest bacteria concentrations occur under high flows.  Water quality 
conditions that reflect this pattern are strongly influenced by storm water runoff 
during heavy rainfall events.  In short, the technical analyses presented in this 
assessment of Ypao Beach describe the relationship between water quality 
patterns and potential sources at this location.  The loading capacity and 
allocations are all concentrations set at the criteria values for enterococci 
bacteria.  This TMDL will clearly meet water quality standards and protect 
recreational uses at this beach. 
  
  
TMDL Components.  Table 8-24 presents the TMDL for Ypao Beach, identifying 
the loading capacity and allocations expressed as concentration-based values for 
enterococcus.  These concentration-based values apply across all flow zones.  
This TMDL uses an implicit MOS, through inclusion of two conservative 
assumptions.  First, the TMDL does not account for mixing in the receiving 
waters and assumes that zero dilution is available.  Second, the goal of attaining 
standards at the point of discharge does not account for losses due to die-off and 
settling of indicator bacteria that are known to occur. 
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Table 8-24.  Northern Guam Watershed TMDL summary (Site GUN-05: Ypao Beach). 
 

TMDL Component Enterococcus Concentration 
(# / 100 mL) 

Geometric Mean  
   TMDL 35 
Future Growth 35 
Waste Load Allocation 35 
Load Allocation 35 

Instantaneous Maximum  
   TMDL 104 
Future Growth 104 
Waste Load Allocation 104 
Load Allocation 104 

 
 
A hydrology-based framework using duration curve zones allows the TMDL to 
evaluate monitoring data in a way that reflects major watershed processes 
indicative of different flows.  This approach enables numeric targets in the TMDL 
to consider watershed processes, such as hydrology and source assessment 
information including land use. 
 
Table 8-25 identifies reductions for each duration curve zone by season using 
the TMDL targets.  These estimates can serve to guide problem solving 
discussions on appropriate management strategies (based on knowledge 
associated with likely source areas, delivery mechanisms, and appropriate 
control measures that correspond to particular hydrologic conditions). 
 
Table 8-25.  Needed reductions to meet TMDL targets (Site GUN-05: Ypao Beach). 
 

Needed Reductions Flow Conditions 
(expressed as percentage) 

High Moist Mid Dry Low
Dry Season 

Based on geometric mean --- --- --- --- --- 
Based on instantaneous maximum 80% --- --- --- --- 

Wet Season 
Based on geometric mean --- --- --- --- --- 

Based on instantaneous maximum --- --- --- 41% --- 
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8.9 Sleepy Lagoon  (GUN-06) 
 
Sleepy Lagoon Beach is the northernmost monitoring site on East Hagåtña Bay 
(Figure 8-74).  It is a very popular destination for water sports including 
parasailing, kayaking, and jet skiing.  Several hotels are located along the 
shoreline to the north and south of Sleepy Lagoon Beach.  The upland area to 
the east of Sleepy Lagoon Beach is predominantly residential with some 
commercial business along main roads. 
 

 
 

 
 
Figure 8-74.  Location of Sleepy Lagoon Beach relative to other Northern Guam TMDL sites. 



Guam Northern Watershed Bacteria TMDLs 
 

December 16, 2009 -119-

The frequency of beach advisories at Sleepy Lagoon Beach between 1997 and 
2007 was slightly higher (16%) than other RBMP sites in the Northern Beach 
TMDL project area (Figure 4-1).  Enterococci concentrations at Sleepy Lagoon 
Beach were basically in the same range as a number of other project area 
monitoring stations (Figure 4-2 and Figure 8-74).  The geometric mean of all 
individual samples was 17 counts /100mL, while the 75th and 90th percentiles 
were 20 and 76 counts /100 mL respectively. 
 
A key part of the data analysis for individual beaches is to examine water quality 
patterns by season and relative to flow conditions (e.g., runoff dominated versus 
base flows).  Figure 8-75 shows the seasonal variability of bacteria 
concentrations at Sleepy Lagoon Beach.  The highest concentrations were 
observed between July and March, indicating the importance of both wet and dry 
season sources at Sleepy Lagoon Beach. 
 

 
Figure 8-75.  Seasonal variation at Sleepy Lagoon Beach. 
 
 
Effect of Flow Conditions.  A useful approach for relating water quality 
information to potential source areas is to examine bacteria levels in terms of 
hydrologic conditions.  Figure 8-76 shows enterococci monitoring data collected 
at Sleepy Lagoon Beach using a duration curve framework.  Although there is 
significant variability in the data, which is characteristic of bacteria monitoring 
information, a definite pattern exists. 
 
As indicated by the “box and whisker” plots in Figure 8-76, the highest bacteria 
concentrations occur under high flow conditions.  This is not unexpected because 
water quality at most beaches is strongly influenced by storm water runoff during 
heavy rainfall events.  The magnitude of the increase is higher than that 
observed at other Northern Guam RBMP sites.  In fact, the geometric mean 
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exceeded the criterion under high flow conditions, which indicates the need to 
address storm water sources.  This concern is reinforced by the fact that over 30 
percent of all values in the high flow zone exceed the instantaneous maximum 
criterion value.  This indicates that sources associated with periodic short term 
problems (e.g., spills into the storm drain system or sewer overflows during 
heavy rains) may also be a concern under these conditions. 
 
Incorporating seasonality into the analysis allows a closer look at patterns that 
may be associated with certain source categories.  For example, bacteria 
delivered through seeps connected to storm water ponds are more likely to affect 
beach monitoring data during the wet season.  In contrast, bacteria contributed 
from more continuous sources (e.g., leaky sewer lines or failing septics) will exert 
a greater effect during the dry season.  Comparisons between the geometric 
means, the 75th and 90th percentiles for each duration curve zone serve as 
primary measures for examining seasonality.  This is illustrated in Figure 8-77. 
 
The effect of storm water runoff is evident for both the wet and dry seasons 
under high flow and moist conditions.  This reinforces the need to focus on storm 
water sources at Sleepy Lagoon Beach.  However, an interesting observation is 
the difference between the wet and dry season patterns under dry conditions.  
The higher wet season values in the dry zone indicate the potential for seeps 
connected to storm water sources to be affecting water quality at this site. 
 
 
Relationship to Other Indicators.  In addition to seasonal patterns, the 
relationship of bacteria concentrations to other parameters can be incorporated 
into the data analysis.  Guam EPA staff noted field data for several indicators at 
the time of bacteria sample collection as part of the RBMP.  These include 
observations such as tidal stage and presence or absence of turbidity. 
 
The combination of patterns with some of these observations could be related to 
potential source areas and delivery mechanism that might affect bacteria 
concentrations at any particular beach of interest.  For example, the presence or 
absence of turbidity may also be an indicator of either storm water runoff or 
suspended material associated with wind action.  This approach to the analysis 
provides information that might prove useful in guiding implementation efforts 
intended to address documented problems. 
 
Figure 8-78 shows the difference between bacteria levels when turbidity was 
present or absent during sample collection under the various flow conditions.  
The increased levels when turbidity was present under high, moist, and mid-
range flow conditions likely reflects the effect of bacteria transported with fine 
particles during storm events.  The effect of bacteria associated with 
resuspension of bottom sediments might also be the result of wind and wave 
action, which could affect beach water quality. 
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Figure 8-76.  Water quality duration curve for Sleepy Lagoon Beach site. 
 
 

 
 
Figure 8-77.  Wet versus dry season comparison for Sleepy Lagoon Beach. 
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Figure 8-78.  Turbid versus non-turbid sample comparison for Sleepy Lagoon Beach site. 
 
 
Potential Sources.  The Source Assessment (Section 5, Table 5-2) summarized 
potential sources that may affect bacteria concentrations at Sleepy Lagoon 
Beach.  Included are wastewater sources (septic systems, sewer line blockages 
& breaks, SSO), storm water runoff, and other sources (recreation & tourism 
activities, debris & bottom deposits).  In addition, GEPA staff identified specific 
potential sources that could affect water quality at Sleepy Lagoon Beach (Table 
8-26). 
 
Figure 8-79 provides a closer look at the Sleepy Lagoon Beach monitoring site 
relative to upland areas that potentially contribute bacteria during storm events.  
Figure 8-79 includes roads, which can provide a general indication of the urban 
drainage network and accompanying storm drains.  Figure 8-79 also identifies 
major storm water ponding basins, including the Harmon Sink. 
 
A review of GIS information shows a number of unsewered buildings in the 
upland area adjacent to Sleepy Lagoon Beach.  This information is shown in 
Figure 8-80.  In addition, sewer line blockages and breaks, as well as SSOs, 
could contribute to elevated bacteria levels.  Figure 8-80 shows the location of 
both sewer mains and pump stations, as indicators of potential water quality 
problems associated with wastewater conveyance systems. 
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Figure 8-79.  Location of Sleepy Lagoon Beach relative to potential source areas. 
 
 
Table 8-26.  Beach specific potential source summary (Site GUN-06: Sleepy Lagoon Beach). 
  

Site ID Type Source Name 
(notes) 

GUN-06 

Sewage 
overflow 

Manhole- sewer overflow 

 Frequent overflows to storm drain leading to East Hagåtña 
Bay. 

Harmon Sinkhole 

 Receives sewage overflow from Mamajanao Pump Station. 

Wastewater 
Septic systems 

 Concentrated number of unsewered buildings in upland area 
adjacent to beach 

Storm drain 
runoff 

Harmon Sinkhole 

 
Guam International Airport Authority storm water flows to 
Harmon Sinkhole via concrete channel (includes failing oil / 
water separator). 
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Figure 8-80.  Location of Sleepy Lagoon Beach relative to potential unsewered buildings. 
 
 

 
 
Figure 8-81.  Air photo of Sleepy Lagoon Beach vicinity. 
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Figure 8-81 shows an air photo of the area adjacent to Sleepy Lagoon Beach.  
This provides a different perspective, which highlights the high density of roads 
and buildings in the area adjacent to Sleepy Lagoon Beach. 
 
In addition to previous assessments and GIS information, Guam EPA staff 
identified other potential sources that could affect water quality at Sleepy Lagoon 
Beach.  Specifically, there are a number of concerns in the vicinity of Dungca’s 
Beach described in Section 8.10.  These potential source areas, under the right 
wind and tide conditions, could also have an adverse effect on water quality at 
Sleepy Lagoon Beach. 
 
 
Trends.  Figure 8-82 presents a year-by-year summary of the enterococcus data 
for the Sleepy Lagoon Beach site.  This provides a useful way to examine trends 
relative to both central tendency and annual variation.  This type of analysis is 
useful in looking at specific sites where efforts to address beach advisories have 
been implemented.  For example, a focus on patterns such as trends in 
geometric means or 90th percentiles provides a visual analysis that can be used 
to evaluate program effectiveness.  With respect to trends, it should be noted that 
a laboratory analytical method change occurred in September 2000.  The IDEXX 
test was used to determine enterococcus concentrations on all samples collected 
after September 2000. 
 

 
Figure 8-82.  Trend analysis for Sleepy Lagoon Beach site. 
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Linkage Analysis.  The numeric target for this TMDL is Guam’s concentration-
based criteria for enterococci bacteria (i.e., a geometric mean of 35 counts / 100 
mL and an instantaneous maximum of 104 counts / 100 mL).  The relationship 
between this target and potential sources at Sleepy Lagoon Beach is 
demonstrated through an analysis of water quality monitoring data at this site.  
Seasonal patterns, for example, show that the highest concentrations are 
observed between July and March, indicating the importance of both wet and dry 
season sources at Sleepy Lagoon Beach.  This is consistent with the presence of 
potential storm water sources identified at this location. 
 
The connection between storm water sources and exceedances of numeric 
targets is further confirmed by examining the effect of flow conditions.  At Sleepy 
Lagoon Beach, the highest bacteria concentrations occur under high flows.  
Water quality conditions that reflect this pattern are strongly influenced by storm 
water runoff during heavy rainfall events.  In short, the technical analyses 
presented in this assessment of Sleepy Lagoon Beach describe the relationship 
between water quality patterns and potential sources at this location.  The 
loading capacity and allocations are all concentrations set at the criteria values 
for enterococci bacteria.  This TMDL will clearly meet water quality standards and 
protect recreational uses at this beach. 
  
  
TMDL Components.  Table 8-27 presents the TMDL for Sleepy Lagoon Beach, 
identifying the loading capacity and allocations expressed as concentration-
based values for enterococcus.  These concentration-based values apply across 
all flow zones.  This TMDL uses an implicit MOS, through inclusion of two 
conservative assumptions.  First, the TMDL does not account for mixing in the 
receiving waters and assumes that zero dilution is available.  Second, the goal of 
attaining standards at the point of discharge does not account for losses due to 
die-off and settling of indicator bacteria that are known to occur. 
 
Table 8-27.  Northern Guam Watershed TMDL summary (Site GUN-06: Sleepy Lagoon Beach). 
 

TMDL Component Enterococcus Concentration 
(# / 100 mL) 

Geometric Mean  
   TMDL 35 
Future Growth 35 
Waste Load Allocation 35 
Load Allocation 35 

Instantaneous Maximum  
   TMDL 104 
Future Growth 104 
Waste Load Allocation 104 
Load Allocation 104 
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A hydrology-based framework using duration curve zones allows the TMDL to 
evaluate monitoring data in a way that reflects major watershed processes 
indicative of different flows.  This approach enables numeric targets in the TMDL 
to consider watershed processes, such as hydrology and source assessment 
information including land use. 
 
Table 8-28 identifies reductions for each duration curve zone by season using 
the TMDL targets.  These estimates can serve to guide problem solving 
discussions on appropriate management strategies (based on knowledge 
associated with likely source areas, delivery mechanisms, and appropriate 
control measures that correspond to particular hydrologic conditions). 
 
Table 8-28.  Needed reductions to meet TMDL targets (Site GUN-06: Sleepy Lagoon Beach). 
 

Needed Reductions Flow Conditions 
(expressed as percentage) 

High Moist Mid Dry Low
Dry Season 

Based on geometric mean 44% --- --- --- --- 
Based on instantaneous maximum 95% --- --- --- --- 

Wet Season 
Based on geometric mean 36% --- --- --- --- 

Based on instantaneous maximum 81% --- --- 10% --- 
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8.10 Dungca’s Beach  (GUN-07) 
 
Dungca's Beach is situated along the northern coast of the East Hagåtña Bay 
beach front (Figure 8-83).  It is a very popular destination for water sports 
including banana boat rides, parasailing, kayaking, and jet skiing.  Several hotels 
are located along the shoreline to the north and south of Dungca’s Beach.  The 
upland area to the east of Dungca’s Beach is predominantly residential with 
some commercial business along main roads. 
 

 
 

 
 
Figure 8-83.  Location of Dungca’s Beach relative to other Northern Guam TMDL sites. 
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The frequency of beach advisories at Dungca’s Beach between 1997 and 2007 
was very high (55%) compared to other RBMP sites in the Northern Beach TMDL 
project area (Figure 4-1).  Enterococci concentrations at Dungca’s Beach were 
also quite high compared to other project area monitoring stations (Figure 4-2 
and Figure 8-83).  The geometric mean of all individual samples was 38 counts 
/100mL, while the 75th and 90th percentiles were 112 and 506 counts /100 mL 
respectively. 
 
A key part of the data analysis for individual beaches is to examine water quality 
patterns by season and relative to flow conditions (e.g., runoff dominated versus 
base flows).  Figure 8-84 shows the seasonal variability of bacteria 
concentrations at Dungca’s Beach.  High concentrations were observed all year, 
indicating the importance of both wet and dry season sources at Dungca’s 
Beach. 
 

 
Figure 8-84.  Seasonal variation at Dungca’s Beach. 
 
 
Effect of Flow Conditions.  A useful approach for relating water quality 
information to potential source areas is to examine bacteria levels in terms of 
hydrologic conditions.  Figure 8-85 shows enterococci monitoring data collected 
at Dungca’s Beach using a duration curve framework.  Although there is 
significant variability in the data, which is characteristic of bacteria monitoring 
information, a definite pattern exists. 
 
As indicated by the “box and whisker” plots in Figure 8-85, the highest bacteria 
concentrations occur under high flow conditions.  This is not unexpected because 
water quality at most beaches is strongly influenced by storm water runoff during 
heavy rainfall events.  The magnitude of the increase is significantly higher than 
that observed at other Northern Guam RBMP sites.  In fact, the geometric mean 
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exceeded the criterion under both high flow and moist conditions, which indicates 
the need to address storm water sources.  This concern is reinforced by the fact 
that over 60 percent of all values in the high flow zone and 30 percent of all 
values in the moist zone exceed the instantaneous maximum criterion value.  
Furthermore, the 90th percentile exceeds the instantaneous maximum criterion 
value across all zones, indicating that sources other than storm water are 
adversely affecting bacteria concentrations at Dungca’s Beach. 
 
Incorporating seasonality into the analysis allows a closer look at patterns that 
may be associated with certain source categories.  For example, bacteria 
delivered through seeps connected to storm water ponds are more likely to affect 
beach monitoring data during the wet season.  In contrast, bacteria contributed 
from more continuous sources (e.g., leaky sewer lines or failing septics) will exert 
a greater effect during the dry season.  Comparisons between the geometric 
means, the 75th and 90th percentiles for each duration curve zone serve as 
primary measures for examining seasonality.  This is illustrated in Figure 8-86. 
 
The effect of storm water runoff is evident for both the wet and dry seasons 
under high flow and moist conditions.  One noteworthy observation is the 
elevated dry season geometric mean and 90th percentile under high flow 
conditions.  This could be due to bacteria sources associated with overland flow 
and storm water ponding basins.  High flows in the dry season tend to be 
primarily influenced by storm events.  In contrast, high flows during the wet 
season result from a combination of storm events and more saturated 
groundwater conditions. 
 
 
Relationship to Other Indicators.  In addition to seasonal patterns, the 
relationship of bacteria concentrations to other parameters can be incorporated 
into the data analysis.  Guam EPA staff noted field data for several indicators at 
the time of bacteria sample collection as part of the RBMP.  These include 
observations such as tidal stage and presence or absence of turbidity. 
 
The combination of patterns with some of these observations could be related to 
potential source areas and delivery mechanism that might affect bacteria 
concentrations at any particular beach of interest.  For example, the presence or 
absence of turbidity may also be an indicator of either storm water runoff or 
suspended material associated with wind action.  This approach to the analysis 
provides information that might prove useful in guiding implementation efforts 
intended to address documented problems. 
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Figure 8-85.  Water quality duration curve for Dungca's Beach site. 
 
 

 
 
Figure 8-86.  Wet versus dry season comparison for Dungca’s Beach. 
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Figure 8-87.  Turbid versus non-turbid sample comparison for Dungca’s Beach site. 
 
 
Figure 8-87 shows the difference between bacteria levels when turbidity was 
present or absent during sample collection under the various flow conditions.  
The increased levels when turbidity was present under high, moist, and mid-
range flow conditions likely reflects the effect of bacteria transported with fine 
particles during storm events.  The effect of bacteria associated with 
resuspension of bottom sediments might also be the result of wind and wave 
action, which could affect beach water quality. 
 
 
Potential Sources.   The Source Assessment (Section 5, Table 5-2) summarized 
potential sources that may affect bacteria concentrations at Dungca’s Beach.  
Included are wastewater sources (septic systems, sewer line blockages & 
breaks, SSO), storm water (overland runoff; highway, road, & bridge runoff), and 
other sources (recreation & tourism activities).  In addition, GEPA staff identified 
specific potential sources that could affect water quality at Dungca’s Beach 
(Table 8-29). 
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Table 8-29.  Beach specific potential source summary (Site GUN-07: Dungca’s Beach). 
  

Site ID Type Source Name 
(notes) 

GUN-07 

Storm drain 
runoff 

Dungca's River - an open Storm Drain 
 This system drains runoff from Marine Drive from Airport Road. 
Guam Premier Outlet (GPO) storm water 
 Runoff from GPO drains to Marine Drive and out Dungca's 

River/open storm drain. 
Ben Franklin 
 Pipe drains to Dungca's River / open storm drain. 
Harmon Sinkhole 

 
Guam International Airport Authority storm water flows to 
Harmon Sinkhole via concrete channel (includes failing oil / 
water separator). 

Sewage 
overflow 

Manhole- sewer overflow 

 
• via Dungca's River / open storm drain. 
• Frequent overflows to storm drain leading to East 

Hagåtña Bay. 
Manhole- sewer overflow   (5 locations) 

 via Marine Drive Storm drainage to Dungca's River / open 
storm drain. 

Manhole- sewer overflow   (2 locations) 
 Near airport in Tiyan housing Lower E. Sunset Road. 
GWA sewer main lines inadequate slope (east to Rt 30 
intersection) 

 Inadequate slope of road results in grit accumulation and 
sewer overflows. 

Bayside sewage Pump Station 
Tiyan 2 sewage Pump Station 
 Near airport in Tiyan housing Lower E. Sunset Road. 
Harmon Sinkhole 
 Receives sewage overflow from Mamajanao Pump Station. 

Wastewater 
Septic systems 

 Concentrated number of unsewered buildings in upland area 
adjacent to beach 

No on-site 
drainage 

Ocean Jet Club 

 No on-site drainage at repair shop, no fuel storage 
containment. 

Failing oil / 
water separator Mark's Motor Repair Shop 

 
 
Figure 8-88 provides a closer look at the Dungca’s Beach monitoring site relative 
to upland areas that potentially contribute bacteria during storm events.  Figure 
8-88 includes roads, which can provide a general indication of the urban 
drainage network and accompanying storm drains.  Figure 8-88 also identifies 
major storm water ponding basins, including the Harmon Sink. 
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Figure 8-88.  Location of Dungca’s Beach relative to potential upland storm water source areas. 
 
A review of GIS information shows a number of unsewered buildings in the 
upland area adjacent to Dungca’s Beach.  This information is shown in Figure 
8-89.  In addition, sewer line blockages and breaks, as well as SSOs could 
contribute to elevated bacteria levels under these conditions.  Figure 8-89 shows 
the location of both sewer mains and pump stations.  Figure 8-90 shows an air 
photo of the area adjacent to Dungca’s Beach.  This provides a different 
perspective, which highlights the high density of roads and buildings in the area 
adjacent to Dungca’s Beach. 
 
The source assessment (Section 5.3) discussed the potential effect of seepage 
from storm water ponding basins and infiltration chambers on beach water 
quality.  The Harmon Sink, which collects storm water from a surrounding 
industrial park and adjacent airport, is of particular concern.  There has been 
concern that contaminants entering the Sink may be carried to recreational 
beaches by groundwater discharging in the coastal zone. 
 
Dye receptors in the WERI study were placed at seeps and springs in both East 
Hagåtña and Tumon Bays.  Dye from the Harmon Sink surface injection was 
detected earliest at two locations on East Hagåtña Bay near Dungca’s Beach: 
Dungca’s Stream and Dungca’s Spring (just north of Dungca’s Stream).  The 
study hypothesized that the relatively fast transport to East Hagåtña Bay is 
controlled by relatively open, regional-scale fracture pathways. 
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Figure 8-89.  Location of Dungca’s Beach relative to potential unsewered buildings. 
 
 

 
 
Figure 8-90.  Air photo of Dungca’s Beach vicinity. 
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In addition to previous assessments and GIS information, Guam EPA staff 
identified other potential sources that could affect water quality at Dungca’s 
Beach.  Specifically, there are a number of manholes that have had sewage 
overflow problems, which may be affecting water quality at this site.  Many of 
these overflows discharge to Dungca’s Stream, ultimately causing an adverse 
effect on water quality at Dungca’s Beach. 
 
The Bayside Pump Station (Figure 8-89) is located nearby.  There has been 
occasional sewage overflows associated with this facility, which would also 
explain elevated bacteria concentrations at this location.  Furthermore, two GPA 
sewer mains are situated such that, inadequate slope results in grit accumulation 
and sanitary sewer overflows (SSOs) that may affect water quality at this 
location.  Finally, storm drains from several commercial locations channel storm 
water to Dungca’s Stream and East Hagåtña Bay; another potential source of 
problems at Dungca’s Beach. 
 
Trends.  Figure 8-91 presents a year-by-year summary of the enterococcus data 
for the Dungca’s Beach site.  This provides a useful way to examine trends 
relative to both central tendency and annual variation.  This type of analysis is 
useful in looking at specific sites where efforts to address beach advisories have 
been implemented.  For example, a focus on patterns such as trends in 
geometric means or 90th percentiles provides a visual analysis that can be used 
to evaluate program effectiveness.  With respect to trends, it should be noted that 
a laboratory analytical method change occurred in September 2000.  The IDEXX 
test was used to determine enterococcus concentrations on all samples collected 
after September 2000. 
 

 
Figure 8-91.  Trend analysis for Dungca’s Beach site. 
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Linkage Analysis.  The numeric target for this TMDL is Guam’s concentration-
based criteria for enterococci bacteria (i.e., a geometric mean of 35 counts / 100 
mL and an instantaneous maximum of 104 counts / 100 mL).  The relationship 
between this target and potential sources at Dungca’s Beach is demonstrated 
through an analysis of water quality monitoring data at this site.  Seasonal 
patterns, for example, show that the high concentrations are observed all year, 
indicating the importance of both wet and dry season sources at Dungca’s 
Beach.  This is consistent with the presence of potential storm water sources 
identified at this location. 
 
The connection between storm water sources and exceedances of numeric 
targets is further confirmed by examining the effect of flow conditions.  At 
Dungca’s Beach, the highest bacteria concentrations occur under high flows.  
Water quality conditions that reflect this pattern are strongly influenced by storm 
water runoff during heavy rainfall events.  In short, the technical analyses 
presented in this assessment of Dungca’s Beach describe the relationship 
between water quality patterns and potential sources at this location.  The 
loading capacity and allocations are all concentrations set at the criteria values 
for enterococci bacteria.  This TMDL will clearly meet water quality standards and 
protect recreational uses at this beach. 
  
  
TMDL Components.  Table 8-30 presents the TMDL for Dungca’s Beach, 
identifying the loading capacity and allocations expressed as concentration-
based values for enterococcus.  These concentration-based values apply across 
all flow zones.   This TMDL uses an implicit MOS, through inclusion of two 
conservative assumptions.  First, the TMDL does not account for mixing in the 
receiving waters and assumes that zero dilution is available.  Second, the goal of 
attaining standards at the point of discharge does not account for losses due to 
die-off and settling of indicator bacteria that are known to occur. 
 
Table 8-30.  Northern Guam Watershed TMDL summary (Site GUN-07: Dungca’s Beach). 
 

TMDL Component Enterococcus Concentration 
(# / 100 mL) 

Geometric Mean  
   TMDL 35 
Future Growth 35 
Waste Load Allocation 35 
Load Allocation 35 

Instantaneous Maximum  
   TMDL 104 
Future Growth 104 
Waste Load Allocation 104 
Load Allocation 104 
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A hydrology-based framework using duration curve zones allows the TMDL to 
evaluate monitoring data in a way that reflects major watershed processes 
indicative of different flows.  This approach enables numeric targets in the TMDL 
to consider watershed processes, such as hydrology and source assessment 
information including land use. 
 
Table 8-31 identifies reductions for each duration curve zone by season using 
the TMDL targets.  These estimates can serve to guide problem solving 
discussions on appropriate management strategies (based on knowledge 
associated with likely source areas, delivery mechanisms, and appropriate 
control measures that correspond to particular hydrologic conditions). 
 
Table 8-31.  Needed reductions to meet TMDL targets (Site GUN-07: Dungca’s Beach). 
 

Needed Reductions Flow Conditions 
(expressed as percentage) 

High Moist Mid Dry Low
Dry Season 

Based on geometric mean 90% 20% --- --- --- 
Based on instantaneous maximum 98% 71% 67% 37% 43% 

Wet Season 
Based on geometric mean 82% 20% --- --- --- 

Based on instantaneous maximum 93% 82% 71% 51% --- 
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8.11 Alupang Towers Beach  (GUN-26) 
 
Alupang Towers Beach is along the southern edge of East Hagåtña Bay (Figure 
8-92).  It is at the eastern end of the long strip of beach along Marine Drive that 
continues to Paseo Beach Park.  The beach is situated adjacent to the Alupang 
Towers Hotel.  It is a popular destination for water activities including parasailing, 
kayaking, and jet skiing.  The upland area to the east of the beach is 
predominantly residential with some commercial business along main roads. 
 

 
 

 
 
Figure 8-92.  Location of Alupang Towers Beach relative to other Northern Guam TMDL sites. 
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The frequency of beach advisories at Alupang Towers Beach between 2005 and 
2007 was relatively high (37%) compared to other RBMP sites in the Northern 
Beach TMDL project area (Figure 4-1).  Enterococci concentrations at Alupang 
Towers Beach were also higher than other project area monitoring stations 
(Figure 4-2 and Figure 8-92).  The geometric mean of all individual samples was 
26 counts /100mL, while the 75th and 90th percentiles were 52 and 180 counts 
/100 mL respectively. 
 
A key part of the data analysis for individual beaches is to examine water quality 
patterns by season and relative to flow conditions (e.g., runoff dominated versus 
base flows).  Figure 8-93 shows the seasonal variability of bacteria 
concentrations at Alupang Towers Beach.  The highest concentrations were 
observed between July and March, indicating the importance of both wet and dry 
season sources at Alupang Towers Beach. 
 

 
Figure 8-93.  Seasonal variation at Alupang Towers Beach. 
 
 
Effect of Flow Conditions.  A useful approach for relating water quality 
information to potential source areas is to examine bacteria levels in terms of 
hydrologic conditions.  Figure 8-94 shows enterococci monitoring data collected 
at Alupang Towers Beach using a duration curve framework.  Although there is 
significant variability in the data, which is characteristic of bacteria monitoring 
information, a definite pattern exists. 
 
As indicated by the “box and whisker” plots in Figure 8-94, the highest bacteria 
concentrations occur under high flow conditions.  This is not unexpected because 
water quality at most beaches is strongly influenced by storm water runoff during 
heavy rainfall events.  The magnitude of the increase is higher than that 
observed at other Northern Guam RBMP sites.  In fact, the geometric mean 
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exceeded the criterion under high flow conditions, which indicates the need to 
address storm water sources.  This concern is reinforced by the fact that over 30 
percent of all values in the high flow zone exceed the instantaneous maximum 
criterion value.  Furthermore, the 90th percentile exceeds the instantaneous 
maximum criterion value across all zones except low flows, indicating that 
sources other than storm water are adversely affecting bacteria concentrations at 
Alupang Towers Beach.   
 
Incorporating seasonality into the analysis allows a closer look at patterns that 
may be associated with certain source categories.  For example, bacteria 
delivered through seeps connected to storm water ponds are more likely to affect 
beach monitoring data during the wet season.  In contrast, bacteria contributed 
from more continuous sources (e.g., leaky sewer lines or failing septics) will exert 
a greater effect during the dry season.  Comparisons between the geometric 
means, the 75th and 90th percentiles for each duration curve zone serve as 
primary measures for examining seasonality.  This is illustrated in Figure 8-95. 
 
The patterns observed for both wet and dry seasons in the moist and mid-range 
zones are quite similar.  Storm water and other sources appear to have 
approximately the same effect under those conditions at Alupang Towers Beach.  
However, the difference between the wet and dry season patterns under dry 
conditions is noteworthy.  The higher wet season values in the dry zone indicate 
the potential for seeps connected to storm water sources to be affecting water 
quality at this site. 
 
 
Relationship to Other Indicators.  In addition to seasonal patterns, the 
relationship of bacteria concentrations to other parameters can be incorporated 
into the data analysis.  Guam EPA staff noted field data for several indicators at 
the time of bacteria sample collection, such as tidal stage and presence or 
absence of turbidity.  The combination of patterns with some of these 
observations could be related to potential source areas and delivery mechanism 
that might affect bacteria concentrations at any particular beach of interest.  For 
example, the presence or absence of turbidity may also be an indicator of either 
storm water runoff or suspended material associated with wind action. 
 
This approach to the analysis provides information that might prove useful in 
guiding implementation efforts intended to address documented problems.  
Figure 8-96 shows the difference between bacteria levels when turbidity was 
present or absent during sample collection under the various flow conditions.  
The increased levels when turbidity was present under high, moist, and mid-
range flow conditions likely reflects the effect of bacteria transported with fine 
particles during storm events.  The effect of bacteria associated with 
resuspension of bottom sediments might also be the result of wind and wave 
action, which could affect beach water quality. 
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Figure 8-94.  Water quality duration curve for Alupang Towers Beach site. 
 
 

 
 
Figure 8-95.  Wet versus dry season comparison for Alupang Towers Beach. 
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Figure 8-96.  Turbid versus non-turbid sample comparison for Alupang Towers Beach site. 
 
 
Potential Sources.  The Source Assessment (Section 5, Table 5-2) summarized 
potential sources that may affect bacteria concentrations at Alupang Towers 
Beach.  Included are wastewater sources (septic systems, sewer line blockages 
& breaks, SSO), storm water (overland runoff; highway, road, & bridge runoff), 
and other sources (recreation & tourism activities).  In addition, GEPA staff 
identified specific potential sources that could affect water quality at Alupang 
Towers Beach (Table 8-32). 



Guam Northern Watershed Bacteria TMDLs 
 

December 16, 2009 -144-

 
Table 8-32.  Beach specific potential source summary (Site GUN-26: Alupang Towers Beach). 
  

Site ID Type Source Name 
(notes) 

GUN-26 

Storm drain 
runoff 

DPW storm drain 

 Storm drain for Tiyan and airport area. 

Harmon Sinkhole 

 
Guam International Airport Authority storm water flows to 
Harmon Sinkhole via concrete channel (includes failing oil / 
water separator). 

No on-site 
drainage 

Ocean Jet Club 

 No on-site drainage at repair shop, no fuel storage 
containment. 

Wastewater 
Septic systems 

 Concentrated number of unsewered buildings in upland area 
adjacent to beach 

Sewage 
overflow 

GWA sewer main lines inadequate slope 

 Inadequate slope of road results in grit accumulation and 
sewer overflows. 

Manhole- sewer overflow 

 

• Overflows to ground. Located in housing behind Tiyan 
Guam Police Dept. 

• Frequent overflows to storm drain leading to East 
Hagåtña Bay. 

Harmon Sinkhole 

 Receives sewage overflow from Mamajanao Pump Station. 

 
 
 
Figure 8-97 provides a closer look at the Alupang Towers Beach monitoring site 
relative to upland areas that potentially contribute bacteria during storm events.  
Figure 8-97 includes roads, which can provide a general indication of the urban 
drainage network and accompanying storm drains.  Figure 8-97 also identifies 
major storm water ponding basins, including the Harmon Sink. 
 
A review of GIS information shows a number of unsewered buildings in the 
upland area adjacent to Alupang Towers Beach.  This information is shown in 
Figure 8-98.  In addition, sewer line blockages and breaks, as well as SSOs 
could contribute to elevated bacteria levels.  Figure 8-98 shows the location of 
both sewer mains and pump stations, as indicators of potential water quality 
problems associated with wastewater conveyance systems. 
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Figure 8-97.  Location of Alupang Towers Beach relative to potential source areas. 
 
 
 
 
Figure 8-99 shows an air photo of the area adjacent to Alupang Towers Beach.  
This provides a different perspective, which highlights the high density of roads 
and buildings in the area adjacent to Alupang Towers Beach. 
 
In addition to previous assessments and GIS information, Guam EPA staff 
identified other potential sources that could affect water quality at Alupang 
Towers Beach.  Specifically, there are a number of concerns in the vicinity of 
Dungca’s Beach described in Section 8.10 including seepage from Harmon Sink.  
These potential source areas, under the right wind and tide conditions, could 
have an adverse effect on water quality at Alupang Towers Beach. 
 
Furthermore, two GPA sewer mains are situated such that, inadequate slope 
results in grit accumulation and sanitary sewer overflows (SSOs) that may affect 
this location.  There is also a major DPW storm drain that channels runoff from 
Tiyan and the airport area to a discharge point close to Trinchera Beach.  Storm 
water from this drain may influence bacteria concentrations at this site.  Lastly, 
there is a manhole that has had sewage overflow problems, which may be 
affecting water quality at this site. 
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Figure 8-98.  Location of Alupang Towers Beach relative to potential unsewered buildings. 
 
 

 
 
Figure 8-99.  Air photo of Alupang Towers Beach vicinity. 
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Trends.  Figure 8-100 presents a year-by-year summary of the enterococcus 
data for the Alupang Towers Beach site.  This provides a useful way to examine 
trends relative to both central tendency and annual variation.  This type of 
analysis is useful in looking at specific sites where efforts to address beach 
advisories have been implemented.  For example, a focus on patterns such as 
trends in geometric means or 90th percentiles provides a visual analysis that can 
be used to evaluate program effectiveness.  With respect to trends, it should be 
noted that a laboratory analytical method change occurred in September 2000.  
The IDEXX test was used to determine enterococcus concentrations on all 
samples collected after September 2000. 
 
 

 
Figure 8-100.  Trend analysis for Alupang Towers Beach site. 
 
 
Linkage Analysis.  The numeric target for this TMDL is Guam’s concentration-
based criteria for enterococci bacteria (i.e., a geometric mean of 35 counts / 100 
mL and an instantaneous maximum of 104 counts / 100 mL).  The relationship 
between this target and potential sources at Alupang Towers Beach is 
demonstrated through an analysis of water quality monitoring data at this site.  
Seasonal patterns, for example, show that the highest concentrations are 
observed between July and March, indicating the importance of both wet and dry 
season sources at Alupang Towers Beach.  This is consistent with the presence 
of potential storm water sources identified at this location. 
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The connection between storm water sources and exceedances of numeric 
targets is further confirmed by examining the effect of flow conditions.  At 
Alupang Towers Beach, the highest bacteria concentrations occur under high 
flows.  Water quality conditions that reflect this pattern are strongly influenced by 
storm water runoff during heavy rainfall events.  In short, the technical analyses 
presented in this assessment of Alupang Towers Beach describe the relationship 
between water quality patterns and potential sources at this location.  The 
loading capacity and allocations are all concentrations set at the criteria values 
for enterococci bacteria.  This TMDL will clearly meet water quality standards and 
protect recreational uses at this beach. 
  
  
TMDL Components.  Table 8-33 presents the TMDL for Alupang Towers Beach, 
identifying the loading capacity and allocations expressed as concentration-
based values for enterococcus.  These concentration-based values apply across 
all flow zones.  This TMDL uses an implicit MOS, through inclusion of two 
conservative assumptions.  First, the TMDL does not account for mixing in the 
receiving waters and assumes that zero dilution is available.  Second, the goal of 
attaining standards at the point of discharge does not account for losses due to 
die-off and settling of indicator bacteria that are known to occur. 
 
 
Table 8-33.  Northern Guam Watershed TMDL summary (Site GUN-26: Alupang Towers Beach). 
 

TMDL Component Enterococcus Concentration 
(# / 100 mL) 

Geometric Mean  
   TMDL 35 
Future Growth 35 
Waste Load Allocation 35 
Load Allocation 35 

Instantaneous Maximum  
   TMDL 104 
Future Growth 104 
Waste Load Allocation 104 
Load Allocation 104 

 
 
A hydrology-based framework using duration curve zones allows the TMDL to 
evaluate monitoring data in a way that reflects major watershed processes 
indicative of different flows.  This approach enables numeric targets in the TMDL 
to consider watershed processes, such as hydrology and source assessment 
information including land use. 
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Table 8-34 identifies reductions for each duration curve zone by season using 
the TMDL targets.  These estimates can serve to guide problem solving 
discussions on appropriate management strategies (based on knowledge 
associated with likely source areas, delivery mechanisms, and appropriate 
control measures that correspond to particular hydrologic conditions). 
 
Table 8-34.  Needed reductions to meet TMDL targets (Site GUN-26: Alupang Towers Beach). 
 

Needed Reductions Flow Conditions 
(expressed as percentage) 

High Moist Mid Dry Low
Dry Season 

Based on geometric mean --- --- --- --- --- 
Based on instantaneous maximum --- 74% 34% 23% --- 

Wet Season 
Based on geometric mean 64% --- --- --- --- 

Based on instantaneous maximum 98% 23% 21% 52% --- 
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8.12 Trinchera Beach  (GUN-08) 
 
Trinchera Beach makes up the southern half of East Hagåtña Bay (Figure 
8-101).  It is the long strip of beach along Marine Drive between the Alupang 
Beach Hotel and Paseo Beach Park.  The beach is a popular destination for jet 
skiing, parasailing, and other water vehicle type activities.  It is accessed by a 
number of small parking lots along Marine Drive with pavilions and benches 
along Marine Drive. 
 

 
 

 
 
Figure 8-101.  Location of Trinchera Beach relative to other Northern Guam TMDL sites. 
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The frequency of beach advisories at Trinchera Beach between 1997 and 2007 
was very high (56%) compared to other RBMP sites in the Northern Beach TMDL 
project area (Figure 4-1).  Enterococci concentrations at Trinchera Beach were 
also quite high compared to other project area monitoring stations (Figure 4-2 
and Figure 8-101).  The geometric mean of all individual samples was 37 counts 
/100mL, while the 75th and 90th percentiles were 97 and 314 counts /100 mL 
respectively. 
 
A key part of the data analysis for individual beaches is to examine water quality 
patterns by season and relative to flow conditions (e.g., runoff dominated versus 
base flows).  Figure 8-102 shows the seasonal variability of bacteria 
concentrations at Trinchera Beach.  High concentrations were observed all year, 
indicating the importance of both wet and dry season sources at Trinchera 
Beach. 
 

 
Figure 8-102.  Seasonal variation at Trinchera Beach. 
 
 
Effect of Flow Conditions.  A useful approach for relating water quality 
information to potential source areas is to examine bacteria levels in terms of 
hydrologic conditions.  Figure 8-103 shows enterococci monitoring data collected 
at Trinchera Beach using a duration curve framework.  Although there is 
significant variability in the data, which is characteristic of bacteria monitoring 
information, a definite pattern exists. 
 
As indicated by the “box and whisker” plots in Figure 8-103, the highest bacteria 
concentrations occur under high flow conditions.  This is not unexpected because 
water quality at most beaches is strongly influenced by storm water runoff during 
heavy rainfall events.  The magnitude of the increase is higher than that 
observed at other Northern Guam RBMP sites.  In fact, the geometric mean 
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exceeded the criterion under high flow conditions, which indicates the need to 
address storm water sources.  This concern is reinforced by the fact that nearly 
50 percent of all values in the high flow zone exceed the instantaneous maximum 
criterion value.  Furthermore, the geometric mean exceeds the criterion value in 
the mid-range zone, and is close to it in the moist and dry zones.  In addition, the 
90th percentile exceeds the instantaneous maximum criterion value across all 
zones.  This indicates that sources other than storm water are adversely affecting 
bacteria concentrations at Trinchera Beach. 
 
Incorporating seasonality into the analysis allows a closer look at patterns that 
may be associated with certain source categories.  For example, bacteria 
delivered through seeps connected to storm water ponds are more likely to affect 
beach monitoring data during the wet season.  In contrast, bacteria contributed 
from more continuous sources (e.g., leaky sewer lines or failing septics) will exert 
a greater effect during the dry season.  Comparisons between the geometric 
means, the 75th and 90th percentiles for each duration curve zone serve as 
primary measures for examining seasonality.  This is illustrated in Figure 8-104. 
 
The patterns observed for both wet and dry seasons in the high, moist, mid-
range and dry zones are all quite similar.  Storm water and other sources appear 
to have approximately the same effect under those conditions at Trinchera 
Beach.  This confirms observations made regarding Figure 8-102 and Figure 
8-103.  Numerous sources appear to affect bacteria concentrations at this site 
and seasonal differences do not appear to be a factor. 
 
 
Relationship to Other Indicators.  In addition to seasonal patterns, the 
relationship of bacteria concentrations to other parameters can be incorporated 
into the data analysis.  Guam EPA staff noted field data for several indicators at 
the time of bacteria sample collection as part of the RBMP.  These include 
observations such as tidal stage and presence or absence of turbidity. 
 
The combination of patterns with some of these observations could be related to 
potential source areas and delivery mechanism that might affect bacteria 
concentrations at any particular beach of interest.  For example, the presence or 
absence of turbidity may also be an indicator of either storm water runoff or 
suspended material associated with wind action.  This approach to the analysis 
provides information that might prove useful in guiding implementation efforts 
intended to address documented problems. 
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Figure 8-103.  Water quality duration curve for Trinchera Beach site. 
 
 

 
 
Figure 8-104.  Wet versus dry season comparison for Trinchera Beach. 
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Figure 8-105.  Turbid versus non-turbid sample comparison for Trinchera Beach site. 
 
 
Figure 8-105 shows the difference between bacteria levels when turbidity was 
present or absent during sample collection under the various flow conditions.  
The increased levels when turbidity was present under high, moist, and mid-
range flow conditions likely reflects the effect of bacteria transported with fine 
particles during storm events.  The effect of bacteria associated with 
resuspension of bottom sediments might also be the result of wind and wave 
action, which could affect beach water quality. 
 
 
Potential Sources.  The Source Assessment (Section 5, Table 5-2) summarized 
potential sources that may affect bacteria concentrations at Trinchera Beach.  
Included are wastewater sources (septic systems, sewer line blockages & 
breaks, SSO), storm water (overland runoff; highway, road, & bridge runoff), and 
other sources (recreation & tourism activities, debris & bottom deposits).  In 
addition, GEPA staff identified specific potential sources that could affect water 
quality at Trinchera Beach (Table 8-35). 
 
Figure 8-106 provides a closer look at the Trinchera Beach monitoring site 
relative to upland areas that potentially contribute bacteria during storm events.  
Figure 8-106 includes roads, which can provide a general indication of the urban 
drainage network and accompanying storm drains.  The map also highlights the 
location of the Agana WWTP and the Hagåtña Bay Marina. 
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Figure 8-106.  Location of Trinchera Beach relative to potential source areas. 
 
 
Table 8-35.  Beach specific potential source summary (Site GUN-08: Trinchera Beach). 
  

Site ID Type Source Name 
(notes) 

GUN-08 

Storm drain 
runoff 

DPW storm drain 

 Storm drain for Tiyan and airport area. 

Harmon Sinkhole 

 
Guam International Airport Authority storm water flows to Harmon 
Sinkhole via concrete channel (includes failing oil / water 
separator). 

Wastewater 
Septic systems 

 Concentrated number of unsewered buildings in upland area 
adjacent to beach 

Sewage 
overflow 

GWA sewer main lines inadequate slope 

 Inadequate slope of road results in grit accumulation and 
sewer overflows. 

Manhole- sewer overflow 

 Frequent overflows to storm drain leading to East Hagåtña Bay. 

Harmon Sinkhole 

 Receives sewage overflow from Mamajanao Pump Station. 
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A review of GIS information shows a number of unsewered buildings in the 
upland area adjacent to Trinchera Beach.  This information is shown in Figure 
8-107.  In addition, sewer line blockages and breaks, as well as SSOs could 
contribute to elevated bacteria levels.  Figure 8-107 shows the location of both 
sewer mains and pump stations, as indicators of potential water quality problems 
associated with wastewater conveyance systems. 
 
Figure 8-108 shows an air photo of the area adjacent to Trinchera Beach.  This 
provides a different perspective, which highlights the high density of roads and 
buildings in the area adjacent to Trinchera Beach. 
 
In addition to previous assessments and GIS information, Guam EPA staff 
identified other potential sources that could affect water quality at Trinchera 
Beach.  Specifically, there are a number of concerns in the vicinity of Dungca’s 
Beach described in Section 8.10 including seepage from Harmon Sink.  These 
potential source areas, under the right wind and tide conditions, could have an 
adverse effect on water quality at Trinchera Beach.  Furthermore, two GPA 
sewer mains are situated such that, inadequate slope results in grit accumulation 
and sanitary sewer overflows (SSOs) that may affect this location.  Finally, there 
is a major DPW storm drain that channels runoff from Tiyan and the airport area 
to a discharge point close to Trinchera Beach.  Storm water from this drain may 
influence bacteria concentrations at this site. 
 

 
 
Figure 8-107.  Location of Trinchera Beach relative to potential unsewered buildings. 
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Figure 8-108.  Air photo of Trinchera Beach vicinity. 
 
 
Trends.  Figure 8-109 presents a year-by-year summary of the enterococcus 
data for the Trinchera Beach site.  This provides a useful way to examine trends 
relative to both central tendency and annual variation.  This type of analysis is 
useful in looking at specific sites where efforts to address beach advisories have 
been implemented.  For example, a focus on patterns such as trends in 
geometric means or 90th percentiles provides a visual analysis that can be used 
to evaluate program effectiveness.  With respect to trends, it should be noted that 
a laboratory analytical method change occurred in September 2000.  The IDEXX 
test was used to determine enterococcus concentrations on all samples collected 
after September 2000. 
 
 
Linkage Analysis.  The numeric target for this TMDL is Guam’s concentration-
based criteria for enterococci bacteria (i.e., a geometric mean of 35 counts / 100 
mL and an instantaneous maximum of 104 counts / 100 mL).  The relationship 
between this target and potential sources at Trinchera Beach is demonstrated 
through an analysis of water quality monitoring data at this site.  Seasonal 
patterns, for example, show that the highest concentrations are observed all 
year, indicating the importance of both wet and dry season sources at Trinchera 
Beach.  This is consistent with the presence of potential storm water sources 
identified at this location. 
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Figure 8-109.  Trend analysis for Trinchera Beach site. 
 
 
The connection between storm water sources and exceedances of numeric 
targets is further confirmed by examining the effect of flow conditions.  At 
Trinchera Beach, the highest bacteria concentrations occur under high flows.  
Water quality conditions that reflect this pattern are strongly influenced by storm 
water runoff during heavy rainfall events.  In short, the technical analyses 
presented in this assessment of Trinchera Beach describe the relationship 
between water quality patterns and potential sources at this location.  The 
loading capacity and allocations are all concentrations set at the criteria values 
for enterococci bacteria.  This TMDL will clearly meet water quality standards and 
protect recreational uses at this beach. 
  
  
TMDL Components.  Table 8-36 presents the TMDL for Trinchera Beach, 
identifying the loading capacity and allocations expressed as concentration-
based values for enterococcus.  These concentration-based values apply across 
all flow zones.   This TMDL uses an implicit MOS, through inclusion of two 
conservative assumptions.  First, the TMDL does not account for mixing in the 
receiving waters and assumes that zero dilution is available.  Second, the goal of 
attaining standards at the point of discharge does not account for losses due to 
die-off and settling of indicator bacteria that are known to occur. 
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Table 8-36.  Northern Guam Watershed TMDL summary (Site GUN-08: Trinchera Beach). 
 

TMDL Component Enterococcus Concentration 
(# / 100 mL) 

Geometric Mean  
   TMDL 35 
Future Growth 35 
Waste Load Allocation 35 
Load Allocation 35 

Instantaneous Maximum  
   TMDL 104 
Future Growth 104 
Waste Load Allocation 104 
Load Allocation 104 

 
 
A hydrology-based framework using duration curve zones allows the TMDL to 
evaluate monitoring data in a way that reflects major watershed processes 
indicative of different flows.  This approach enables numeric targets in the TMDL 
to consider watershed processes, such as hydrology and source assessment 
information including land use. 
 
Table 8-37 identifies reductions for each duration curve zone by season using 
the TMDL targets.  These estimates can serve to guide problem solving 
discussions on appropriate management strategies (based on knowledge 
associated with likely source areas, delivery mechanisms, and appropriate 
control measures that correspond to particular hydrologic conditions). 
 
Table 8-37.  Needed reductions to meet TMDL targets (Site GUN-08: Trinchera Beach). 
 

Needed Reductions Flow Conditions 
(expressed as percentage) 

High Moist Mid Dry Low
Dry Season 

Based on geometric mean 75% 17% 15% --- --- 
Based on instantaneous maximum 89% 61% 69% 68% 34% 

Wet Season 
Based on geometric mean 65% --- 5% --- --- 

Based on instantaneous maximum 88% 56% 62% 35% --- 
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8.13 Padre Palomo Park Beach  (GUN-09) 
 
Padre Palomo Park Beach is situated on the southern half of East Hagåtña Bay 
(Figure 8-110).  It is at the western end of the long strip of beach starting at the 
Alupang Towers Hotel that continues along Marine Drive.  The site is located 
slightly east of Paseo Beach Park.  The beach is a popular destination for jet 
skiing, parasailing, and other water vehicle type activities. 
 

 
 

 
 
Figure 8-110.  Location of Padre Palomo Park Beach relative to other Northern Guam TMDL sites. 
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The frequency of beach advisories at Padre Palomo Park Beach between 1997 
and 2007 was relatively high (31%) compared to other RBMP sites in the 
Northern Beach TMDL project area (Figure 4-1).  Enterococci concentrations at 
Padre Palomo Park Beach were also high compared to other project area 
monitoring stations (Figure 4-2 and Figure 8-110).  The geometric mean of all 
individual samples was 23 counts /100mL, while the 75th and 90th percentiles 
were 45 and 141 counts /100 mL respectively. 
 
A key part of the data analysis for individual beaches is to examine water quality 
patterns by season and relative to flow conditions (e.g., runoff dominated versus 
base flows).  Figure 8-111 shows the seasonal variability of bacteria 
concentrations at Padre Palomo Park Beach.  High concentrations were 
observed all year, indicating the importance of both wet and dry season sources 
at Padre Palomo Park Beach (although wet season concentrations were 
noticeably greater). 
 

 
Figure 8-111.  Seasonal variation at Padre Palomo Park Beach. 
 
 
Effect of Flow Conditions.  A useful approach for relating water quality 
information to potential source areas is to examine bacteria levels in terms of 
hydrologic conditions.  Figure 8-112 shows enterococci monitoring data collected 
at Padre Palomo Park Beach using a duration curve framework.  Although there 
is significant variability in the data, which is characteristic of bacteria monitoring 
information, a definite pattern exists. 
 
As indicated by the “box and whisker” plots in Figure 8-112, the highest bacteria 
concentrations occur under high flow conditions.  This is not unexpected because 
water quality at most beaches is strongly influenced by storm water runoff during 
heavy rainfall events.  The magnitude of the increase is higher than that 
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observed at other Northern Guam RBMP sites.  In fact, the geometric mean 
exceeded the criterion under high flow conditions, which indicates the need to 
address storm water sources.  This concern is reinforced by the fact that over 50 
percent of all values in the high flow zone exceed the instantaneous maximum 
criterion value.  Furthermore, the 90th percentile exceeds the instantaneous 
maximum criterion in the moist zone.  This indicates that sources associated with 
periodic short term problems (e.g., spills into the storm drain system or sewer 
overflows during rain events) may be a concern under these conditions at Padre 
Palomo Park Beach. 
 
Incorporating seasonality into the analysis allows a closer look at patterns that 
may be associated with certain source categories.  For example, bacteria 
delivered through seeps connected to storm water ponds are more likely to affect 
beach monitoring data during the wet season.  In contrast, bacteria contributed 
from more continuous sources (e.g., leaky sewer lines or failing septics) will exert 
a greater effect during the dry season.  Comparisons between the geometric 
means, the 75th and 90th percentiles for each duration curve zone serve as 
primary measures for examining seasonality.  This is illustrated in Figure 8-113. 
 
The patterns observed for both wet and dry seasons in the high, moist, mid-
range and dry zones are all generally similar.  Wet season values are moderately 
higher than those observed during the dry season.  The higher wet season 
values, particularly in the high flow and dry zones, indicate the potential for seeps 
connected to storm water sources to be affecting water quality at this site. 
 
 
Relationship to Other Indicators.  In addition to seasonal patterns, the 
relationship of bacteria concentrations to other parameters can be incorporated 
into the data analysis.  Guam EPA staff noted field data for several indicators at 
the time of bacteria sample collection as part of the RBMP.  These include 
observations such as tidal stage and presence or absence of turbidity. 
 
The combination of patterns with some of these observations could be related to 
potential source areas and delivery mechanism that might affect bacteria 
concentrations at any particular beach of interest.  For example, the presence or 
absence of turbidity may also be an indicator of either storm water runoff or 
suspended material associated with wind action.  This approach to the analysis 
provides information that might prove useful in guiding implementation efforts 
intended to address documented problems. 
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Figure 8-112.  Water quality duration curve for Padre Palomo Park Beach site. 
 
 

 
 
Figure 8-113.  Wet versus dry season comparison for Padre Palomo Park Beach. 
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Figure 8-114.  Turbid versus non-turbid sample comparison for Padre Palomo Park Beach site. 
 
Figure 8-114 shows the difference between bacteria levels when turbidity was 
present or absent during sample collection under the various flow conditions.  
The increased levels when turbidity was present under high, moist, and mid-
range flow conditions likely reflects the effect of bacteria transported with fine 
particles during storm events.  The effect of bacteria associated with 
resuspension of bottom sediments might also be the result of wind and wave 
action, which could affect beach water quality. 
 
 
Potential Sources.  The Source Assessment (Section 5, Table 5-2) summarized 
potential sources that may affect bacteria concentrations at Padre Palomo Park 
Beach.  Included are wastewater sources (septic systems, sewer line blockages 
& breaks, SSO), storm water (overland runoff; highway, road, & bridge runoff), 
and other sources (recreation & tourism activities, debris & bottom deposits).  In 
addition, GEPA staff identified specific potential sources that could affect water 
quality at Padre Palomo Park Beach (Table 8-38). 
 
Figure 8-115 provides a closer look at the Padre Palomo Park Beach monitoring 
site relative to upland areas that potentially contribute bacteria during storm 
events.  Figure 8-115 includes roads, which can provide a general indication of 
the urban drainage network and accompanying storm drains.  The map also 
highlights the location of the Agana WWTP and the Hagåtña Bay Marina. 
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Figure 8-115.  Location of Padre Palomo Park Beach relative to potential source areas. 
 
 
Table 8-38.  Beach specific potential source summary (Site GUN-09: Padre Palomo Beach). 
  

Site ID Type Source Name 
(notes) 

GUN-09 

Storm drain 
runoff 

DPW storm drains 

 • Storm drain for Marine Drive and Route 8. 
• Runoff from Hagatna village. 

Harmon Sinkhole 

 
Guam International Airport Authority storm water flows to Harmon 
Sinkhole via concrete channel (includes failing oil / water 
separator). 

Wastewater 
Septic systems 

 Concentrated number of unsewered buildings in upland area 
adjacent to beach 

Sewage 
overflow 

GWA sewer main lines inadequate slope 

 Inadequate slope of road results in grit accumulation and 
sewer overflows. 

Manhole- sewer overflows 

 • Near Hagåtña Mayor's office overflows into stream. 
• Frequent overflows to storm drain leading to East Hagåtña Bay. 

Harmon Sinkhole 

 Receives sewage overflow from Mamajanao Pump Station. 
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A review of GIS information shows a number of unsewered buildings in the 
upland area adjacent to Padre Palomo Park Beach.  This information is shown in 
Figure 8-116.  In addition, sewer line blockages and breaks, as well as SSOs 
could contribute to elevated bacteria levels.  Figure 8-116 shows the location of 
both sewer mains and pump stations, as indicators of potential water quality 
problems associated with wastewater conveyance systems. 
 
Figure 8-117 shows an air photo of the area adjacent to Padre Palomo Park 
Beach.  This provides a different perspective, which highlights the high density of 
roads and buildings in the area adjacent to Padre Palomo Park Beach. 
 
In addition to previous assessments and GIS information, Guam EPA staff 
identified other potential sources that could affect water quality at Padre Palomo 
Park Beach.  Specifically, there are two major DPW storm drains that channel 
runoff to discharge points, which may influence bacteria concentrations at this 
site.  Surface runoff from Hagåtña village could be exerting an effect on water 
quality at this location as well.  There is also a manhole near Hagåtña village 
mayor’s office that has had occasional sewage overflows, which could influence 
monitoring measurements at this site.  Finally, two GPA sewer mains are situated 
such that, inadequate slope results in grit accumulation and sanitary sewer 
overflows (SSOs). 
 

 
 
Figure 8-116.  Location of Padre Palomo Park Beach relative to potential unsewered buildings. 
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Figure 8-117.  Air photo of Padre Palomo Park Beach vicinity. 
 
 
Trends.  Figure 8-118 presents a year-by-year summary of the enterococcus 
data for the Padre Palomo Park Beach site.  This provides a useful way to 
examine trends relative to both central tendency and annual variation.  This type 
of analysis is useful in looking at specific sites where efforts to address beach 
advisories have been implemented.  For example, a focus on patterns such as 
trends in geometric means or 90th percentiles provides a visual analysis that can 
be used to evaluate program effectiveness.  With respect to trends, it should be 
noted that a laboratory analytical method change occurred in September 2000.  
The IDEXX test was used to determine enterococcus concentrations on all 
samples collected after September 2000. 
 
 
Linkage Analysis.  The numeric target for this TMDL is Guam’s concentration-
based criteria for enterococci bacteria (i.e., a geometric mean of 35 counts / 100 
mL and an instantaneous maximum of 104 counts / 100 mL).  The relationship 
between this target and potential sources at Padre Palomo Park Beach is 
demonstrated through an analysis of water quality monitoring data at this site.  
Seasonal patterns, for example, show that the highest concentrations are 
observed all year, indicating the importance of both wet and dry season sources 
at Padre Palomo Park Beach.  This is consistent with the presence of potential 
storm water sources identified at this location. 
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Figure 8-118.  Trend analysis for Padre Palomo Park Beach site. 
 
 
The connection between storm water sources and exceedances of numeric 
targets is further confirmed by examining the effect of flow conditions.  At Padre 
Palomo Park Beach, the highest bacteria concentrations occur under high flows.  
Water quality conditions that reflect this pattern are strongly influenced by storm 
water runoff during heavy rainfall events.  In short, the technical analyses 
presented in this assessment of Padre Palomo Park Beach describe the 
relationship between water quality patterns and potential sources at this location.  
The loading capacity and allocations are all concentrations set at the criteria 
values for enterococci bacteria.  This TMDL will clearly meet water quality 
standards and protect recreational uses at this beach. 
  
  
TMDL Components.  Table 8-39 presents the TMDL for Padre Palomo Park 
Beach, identifying the loading capacity and allocations expressed as 
concentration-based values for enterococcus.  These concentration-based 
values apply across all flow zones.   This TMDL uses an implicit MOS, through 
inclusion of two conservative assumptions.  First, the TMDL does not account for 
mixing in the receiving waters and assumes that zero dilution is available.  
Second, the goal of attaining standards at the point of discharge does not 
account for losses due to die-off and settling of indicator bacteria that are known 
to occur. 
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Table 8-39.  Northern Guam TMDL summary (Site GUN-09: Padre Palomo Park Beach). 
 

TMDL Component Enterococcus Concentration 
(# / 100 mL) 

Geometric Mean  
   TMDL 35 
Future Growth 35 
Waste Load Allocation 35 
Load Allocation 35 

Instantaneous Maximum  
   TMDL 104 
Future Growth 104 
Waste Load Allocation 104 
Load Allocation 104 

 
 
A hydrology-based framework using duration curve zones allows the TMDL to 
evaluate monitoring data in a way that reflects major watershed processes 
indicative of different flows.  This approach enables numeric targets in the TMDL 
to consider watershed processes, such as hydrology and source assessment 
information including land use. 
 
Table 8-40 identifies reductions for each duration curve zone by season using 
the TMDL targets.  These estimates can serve to guide problem solving 
discussions on appropriate management strategies (based on knowledge 
associated with likely source areas, delivery mechanisms, and appropriate 
control measures that correspond to particular hydrologic conditions). 
 
Table 8-40.  Needed reductions to meet TMDL targets (Site GUN-09: Padre Palomo Park Beach). 
 

Needed Reductions Flow Conditions 
(expressed as percentage) 

High Moist Mid Dry Low
Dry Season 

Based on geometric mean 27% --- --- --- --- 
Based on instantaneous maximum 69% 14% --- --- --- 

Wet Season 
Based on geometric mean 73% --- --- --- --- 

Based on instantaneous maximum 92% 22% 20% 47% --- 
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8.14 Hagåtña Channel  (GUN-10) 
 
Hagåtña Channel is the waterway that connects the Hagåtña Boat Basin to East 
Hagåtña Bay (Figure 8-119).  For this reason, the channel experiences heavy 
boating activity by recreational users.  Just beyond the rocks that mark the 
entrance to the channel is a popular surfing and body boarding surf break among 
the local residents. 
 

 
 

 
 
Figure 8-119.  Location of Hagåtña Channel relative to other Northern Guam TMDL sites. 
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The frequency of beach advisories at Hagåtña Channel between 1997 and 2007 
was typical (13%) of many RBMP sites in the Northern Beach TMDL project area 
(Figure 4-1).  Enterococci concentrations at Hagåtña Channel were basically in 
the same range as a number of other project area monitoring stations (Figure 4-2 
and Figure 8-119).  The geometric mean of all individual samples was 16 counts 
/100mL, while the 75th and 90th percentiles were 24 and 69 counts /100 mL 
respectively. 
 
A key part of the data analysis for individual beaches is to examine water quality 
patterns by season and relative to flow conditions (e.g., runoff dominated versus 
base flows).  Figure 8-120 shows the seasonal variability of bacteria 
concentrations at Hagåtña Channel.  The highest concentrations were observed 
between July and March, indicating the importance of both wet and dry season 
sources at the Hagåtña Channel. 
 

 
Figure 8-120.  Seasonal variation at Hagåtña Channel. 
 
 
Effect of Flow Conditions.  A useful approach for relating water quality 
information to potential source areas is to examine bacteria levels in terms of 
hydrologic conditions.  Figure 8-121 shows enterococci monitoring data collected 
at Hagåtña Channel using a duration curve framework.  Although there is 
significant variability in the data, which is characteristic of bacteria monitoring 
information, a definite pattern exists. 
 
As indicated by the “box and whisker” plots in Figure 8-121, the highest bacteria 
concentrations occur under high flow conditions.  This is not unexpected because 
water quality at most beaches is strongly influenced by storm water runoff during 
heavy rainfall events.  The magnitude of the increase is higher than that 
observed at other Northern Guam RBMP sites.  In fact, the geometric mean 
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exceeded the criterion under high flow conditions, which indicates the need to 
address storm water sources.  This concern is reinforced by the fact that nearly 
30 percent of all values in the high flow zone exceed the instantaneous maximum 
criterion value. 
 
Incorporating seasonality into the analysis allows a closer look at patterns that 
may be associated with certain source categories.  For example, bacteria 
delivered through seeps connected to storm water ponds are more likely to affect 
beach monitoring data during the wet season.  In contrast, bacteria contributed 
from more continuous sources (e.g., leaky sewer lines or failing septics) will exert 
a greater effect during the dry season.  Comparisons between the geometric 
means, the 75th and 90th percentiles for each duration curve zone serve as 
primary measures for examining seasonality.  This is illustrated in Figure 8-122. 
 
The patterns observed for both wet and dry seasons in the high, moist, mid-
range and dry zones are all generally similar.  Wet season values are moderately 
higher than those observed during the dry season in the high flow zone.  This 
confirms the importance of storm water sources that affect Hagåtña Channel.  
Other sources that influence water quality in the moist, mid-range, and dry zones 
appear to have approximately the same effect under those conditions.  Seasonal 
differences at this site do not appear to be a major factor. 
 
 
Relationship to Other Indicators.  In addition to seasonal patterns, the 
relationship of bacteria concentrations to other parameters can be incorporated 
into the data analysis.  Guam EPA staff noted field data for several indicators at 
the time of bacteria sample collection as part of the RBMP.  These include 
observations such as tidal stage and presence or absence of turbidity. 
 
The combination of patterns with some of these observations could be related to 
potential source areas and delivery mechanism that might affect bacteria 
concentrations at any particular beach of interest.  For example, the presence or 
absence of turbidity may also be an indicator of either storm water runoff or 
suspended material associated with wind action.  This approach to the analysis 
provides information that might prove useful in guiding implementation efforts 
intended to address documented problems. 
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Figure 8-121.  Water quality duration curve for Hagåtña Channel site. 
 
 

 
 
Figure 8-122.  Wet versus dry season comparison for Hagåtña Channel. 
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Figure 8-123.  Turbid versus non-turbid sample comparison for Hagåtña Channel site. 
 
 
Figure 8-123 shows the difference between bacteria levels when turbidity was 
present or absent during sample collection under the various flow conditions.  
The increased levels when turbidity was present under high and moist conditions 
likely reflect the effect of bacteria transported with fine particles during storm 
events.  The effect of bacteria associated with resuspension of bottom sediments 
might also be the result of wind and wave action, which could affect beach water 
quality. 
 
 
Potential Sources.  The Source Assessment (Section 5, Table 5-2) summarized 
potential sources that may affect bacteria concentrations at Hagåtña Channel.  
Included are wastewater sources (septic systems, sewer line blockages & 
breaks, SSO, Agana WWTP), storm water runoff, and other sources (marina, 
recreational boating, boat discharges).  In addition, GEPA staff identified specific 
potential sources that could affect water quality at Hagåtña Channel (Table 8-41). 
 
Figure 8-124 provides a closer look at the Hagåtña Channel monitoring site 
relative to upland areas that potentially contribute bacteria during storm events.  
Figure 8-124 includes roads, which can provide a general indication of the urban 
drainage network and accompanying storm drains.  The map also highlights the 
location of the Agana WWTP and the Hagåtña Bay Marina. 
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Figure 8-124.  Location of Hagåtña Channel relative to potential source areas. 
 
 
Table 8-41.  Beach specific potential source summary (Site GUN-10: Hagåtña Channel). 
  

Site ID Type Source Name 
(notes) 

GUN-10 

Wastewater 

GWA Hagåtña WWTP Sewage Outfall (old) 

 Old line is currently cracked on reef margin and connected 
to system for sporadic use. 

GWA Hagåtña WWTP Sewage Outfall (new) 

 New line completed 2009. 

Marina Hagåtña Bay Marina  (Port Authority of Guam) 

Storm water 
runoff 

DPW Routes 7 and 7A 

 Runoff to Hagåtña village and storm drains to West Hagåtña 
Bay. 

Storm drain 
runoff 

DPW storm drains 

 Runoff from Hagåtña village and Route 1. 

Sewage 
overflow 

Manhole- sewer overflow 

 Frequent overflows to storm drain leading to West Hagåtña 
Bay. 
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A review of GIS information shows a number of unsewered buildings in the 
upland area adjacent to Hagåtña Channel.  This information is shown in Figure 
8-125.  In addition, sewer line blockages and breaks, as well as SSOs could 
contribute to elevated bacteria levels.  Figure 8-125 shows the location of both 
sewer mains and pump stations, as indicators of potential water quality problems 
associated with wastewater conveyance systems. 
 
Figure 8-126 shows an air photo of the area adjacent to Hagåtña Channel.  This 
provides a different perspective, which highlights the high density of roads and 
buildings in the area adjacent to Hagåtña Channel. 
 
In addition to previous assessments and GIS information, Guam EPA staff 
identified other potential sources that could affect water quality at Hagåtña 
Channel.  Specifically, there is a major DPW storm drain that channels runoff to a 
discharge point, which may influence bacteria concentrations at this site.  Also, 
surface runoff from Hagåtña village could be exerting an effect on water quality at 
this location.  Finally, the old line associated with the Agana WWTP was cracked 
on the reef margin, which may have resulted in sporadic increases in enterococci 
measurements at this monitoring station. 
 

 
 
Figure 8-125.  Location of Hagåtña Channel relative to potential unsewered buildings. 
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Figure 8-126.  Air photo of Hagåtña Channel vicinity. 
 
 
Trends.  Figure 8-127 presents a year-by-year summary of the enterococcus 
data for the Hagåtña Channel site.  This provides a useful way to examine trends 
relative to both central tendency and annual variation.  This type of analysis is 
useful in looking at specific sites where efforts to address beach advisories have 
been implemented.  For example, a focus on patterns such as trends in 
geometric means or 90th percentiles provides a visual analysis that can be used 
to evaluate program effectiveness.  With respect to trends, it should be noted that 
a laboratory analytical method change occurred in September 2000.  The IDEXX 
test was used to determine enterococcus concentrations on all samples collected 
after September 2000. 
 
 
Linkage Analysis.  The numeric target for this TMDL is Guam’s concentration-
based criteria for enterococci bacteria (i.e., a geometric mean of 35 counts / 100 
mL and an instantaneous maximum of 104 counts / 100 mL).  The relationship 
between this target and potential sources at Hagåtña Channel is demonstrated 
through an analysis of water quality monitoring data at this site.  Seasonal 
patterns, for example, show that the highest concentrations are observed 
between July and March, indicating the importance of both wet and dry season 
sources at Hagåtña Channel.  This is consistent with the presence of potential 
storm water sources identified at this location. 
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Figure 8-127.  Trend analysis for Hagåtña Channel site. 
 
 
The connection between storm water sources and exceedances of numeric 
targets is further confirmed by examining the effect of flow conditions.  At 
Hagåtña Channel, the highest bacteria concentrations occur under high flows.  
Water quality conditions that reflect this pattern are strongly influenced by storm 
water runoff during heavy rainfall events.  In short, the technical analyses 
presented in this assessment of Hagåtña Channel describe the relationship 
between water quality patterns and potential sources at this location.  The 
loading capacity and allocations are all concentrations set at the criteria values 
for enterococci bacteria.  This TMDL will clearly meet water quality standards and 
protect recreational uses at this beach. 
  
  
TMDL Components.  Table 8-42 presents the TMDL for Hagåtña Channel, 
identifying the loading capacity and allocations expressed as concentration-
based values for enterococcus.  These concentration-based values apply across 
all flow zones.  This TMDL uses an implicit MOS, through inclusion of two 
conservative assumptions.  First, the TMDL does not account for mixing in the 
receiving waters and assumes that zero dilution is available.  Second, the goal of 
attaining standards at the point of discharge does not account for losses due to 
die-off and settling of indicator bacteria that are known to occur. 
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Table 8-42.  Northern Guam Watershed TMDL summary (Site GUN-10: Hagåtña Channel). 
 

TMDL Component Enterococcus Concentration 
(# / 100 mL) 

Geometric Mean  
   TMDL 35 
Future Growth 35 
Waste Load Allocation 35 
Load Allocation 35 

Instantaneous Maximum  
   TMDL 104 
Future Growth 104 
Waste Load Allocation 104 
Load Allocation 104 

 
 
A hydrology-based framework using duration curve zones allows the TMDL to 
evaluate monitoring data in a way that reflects major watershed processes 
indicative of different flows.  This approach enables numeric targets in the TMDL 
to consider watershed processes, such as hydrology and source assessment 
information including land use. 
 
Table 8-43 identifies reductions for each duration curve zone by season using 
the TMDL targets.  These estimates can serve to guide problem solving 
discussions on appropriate management strategies (based on knowledge 
associated with likely source areas, delivery mechanisms, and appropriate 
control measures that correspond to particular hydrologic conditions). 
 
Table 8-43.  Needed reductions to meet TMDL targets (Site GUN-10: Hagåtña Channel). 
 

Needed Reductions Flow Conditions 
(expressed as percentage) 

High Moist Mid Dry Low
Dry Season 

Based on geometric mean --- --- --- --- --- 
Based on instantaneous maximum 48% --- --- --- --- 

Wet Season 
Based on geometric mean 38% --- --- --- --- 

Based on instantaneous maximum 85% --- --- --- --- 
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8.15 Paseo Outrigger Ramp  (GUN-11) 
 
Paseo Outrigger Ramp is situated on the Hagåtña Channel side of Paseo Beach 
Park (Figure 8-128).  It is along the waterway that connects the Hagåtña Boat 
Basin to East Hagåtña Bay, serving as an access point from the park.  For this 
reason, this location experiences heavy boating activity by recreational users. 
 

 
 

 
 
Figure 8-128.  Location of Paseo Outrigger Ramp relative to other Northern Guam TMDL sites. 
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The frequency of beach advisories at Paseo Outrigger Ramp between 1999 and 
2007 was relatively high (32%) compared to other RBMP sites in the Northern 
Beach TMDL project area (Figure 4-1).  Enterococci concentrations at Paseo 
Outrigger Ramp were also high compared to other project area monitoring 
stations (Figure 4-2 and Figure 8-128).  The geometric mean of all individual 
samples was 24 counts /100mL, while the 75th and 90th percentiles were 41 and 
136 counts /100 mL respectively. 
 
A key part of the data analysis for individual beaches is to examine water quality 
patterns by season and relative to flow conditions (e.g., runoff dominated versus 
base flows).  Figure 8-129 shows the seasonal variability of bacteria 
concentrations at Paseo Outrigger Ramp.  The highest concentrations were 
observed between June and December, indicating the importance of wet season 
sources at Paseo Outrigger Ramp. 
 

 
Figure 8-129.  Seasonal variation at Paseo Outrigger Ramp. 
 
 
Effect of Flow Conditions.  A useful approach for relating water quality 
information to potential source areas is to examine bacteria levels in terms of 
hydrologic conditions.  Figure 8-130 shows enterococci monitoring data collected 
at Paseo Outrigger Ramp using a duration curve framework.  Although there is 
significant variability in the data, which is characteristic of bacteria monitoring 
information, a definite pattern exists. 
 
As indicated by the “box and whisker” plots in Figure 8-130, the highest bacteria 
concentrations occur under high flow conditions.  This is not unexpected because 
water quality at most beaches is strongly influenced by storm water runoff during 
heavy rainfall events.  The magnitude of the increase is higher than that 
observed at other Northern Guam RBMP sites.  In fact, the geometric mean 
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exceeded the criterion under high flow conditions, which indicates the need to 
address storm water sources.  This concern is reinforced by the fact that nearly 
40 percent of all values in the high flow zone exceed the instantaneous maximum 
criterion value.  Furthermore, the 90th percentile exceeds the instantaneous 
maximum criterion in the moist zone.  This indicates that sources associated with 
periodic short term problems (e.g., spills into the storm drain system or sewer 
overflows during rain events) may be a concern under these conditions at Paseo 
Outrigger Ramp. 
 
Incorporating seasonality into the analysis allows a closer look at patterns that 
may be associated with certain source categories.  For example, bacteria 
delivered through seeps connected to storm water ponds are more likely to affect 
beach monitoring data during the wet season.  In contrast, bacteria contributed 
from more continuous sources (e.g., leaky sewer lines or failing septics) will exert 
a greater effect during the dry season.  Comparisons between the geometric 
means, the 75th and 90th percentiles for each duration curve zone serve as 
primary measures for examining seasonality.  This is illustrated in Figure 8-131. 
 
The patterns observed for both wet and dry seasons in the high, moist, mid-
range and dry zones are all generally similar.  Wet season values are moderately 
higher than those observed during the dry season, particularly in the moist, mid-
range, and dry zones.  These moderately higher wet season values indicate the 
slight possibility that seeps connected to storm water sources may be affecting 
water quality at this site. 
 
 
Relationship to Other Indicators.  In addition to seasonal patterns, the 
relationship of bacteria concentrations to other parameters can be incorporated 
into the data analysis.  Guam EPA staff noted field data for several indicators at 
the time of bacteria sample collection as part of the RBMP.  These include 
observations such as tidal stage and presence or absence of turbidity. 
 
The combination of patterns with some of these observations could be related to 
potential source areas and delivery mechanism that might affect bacteria 
concentrations at any particular beach of interest.  For example, the presence or 
absence of turbidity may also be an indicator of either storm water runoff or 
suspended material associated with wind action.  This approach to the analysis 
provides information that might prove useful in guiding implementation efforts 
intended to address documented problems. 
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Figure 8-130.  Water quality duration curve for Paseo Outrigger Ramp site. 
 
 

 
 
Figure 8-131.  Wet versus dry season comparison for Paseo Outrigger Ramp. 
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Figure 8-132.  Turbid versus non-turbid sample comparison for Paseo Outrigger Ramp site. 
 
 
Figure 8-132 shows the difference between bacteria levels when turbidity was 
present or absent during sample collection under the various flow conditions.  
The increased levels when turbidity was present under high flow conditions likely 
reflect the effect of bacteria transported with fine particles during storm events.  
The effect of bacteria associated with resuspension of bottom sediments might 
also be the result of wind and wave action, which could affect beach water 
quality. 
 
 
Potential Sources.  The Source Assessment (Section 5, Table 5-2) summarized 
potential sources that may affect bacteria concentrations at the Paseo Outrigger 
Ramp.  Included are wastewater sources (septic systems, sewer line blockages 
& breaks, SSO, Agana WWTP), storm water runoff, and other sources (marina, 
recreational boating, boat discharges).  In addition, GEPA staff identified specific 
potential sources that could affect water quality at the Paseo Outrigger Ramp 
(Table 8-44). 
 
Figure 8-133 provides a closer look at the Paseo Outrigger Ramp monitoring site 
relative to upland areas that potentially contribute bacteria during storm events.  
Figure 8-133 includes roads, which can provide a general indication of the urban 
drainage network and accompanying storm drains.  The map also highlights the 
location of the Agana WWTP and the Hagåtña Bay Marina. 
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Figure 8-133.  Location of Paseo Outrigger Ramp relative to potential source areas. 
 
 
Table 8-44.  Beach specific potential source summary (Site GUN-11: Paseo Outrigger Ramp). 
  

Site ID Type Source Name 
(notes) 

GUN-11 

Wastewater 

GWA Hagåtña WWTP Sewage Outfall (old) 

 Old line is currently cracked on reef margin and connected 
to system for sporadic use. 

GWA Hagåtña WWTP Sewage Outfall (new) 

 New line completed 2009. 

Storm water 
runoff 

DPW Routes 7 and 7A 

 Runoff to Hagåtña village and storm drains to West Hagåtña 
Bay. 

Storm drain 
runoff 

DPW storm drains 

 Runoff from Hagåtña village and Route 1. 

Sewage 
overflow 

Manhole- sewer overflow 

 Frequent overflows to storm drain leading to West Hagåtña 
Bay. 
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A review of GIS information shows a number of unsewered buildings in the 
upland area adjacent to Paseo Outrigger Ramp.  This information is shown in 
Figure 8-134.  In addition, sewer line blockages and breaks, as well as SSOs 
could contribute to elevated bacteria levels.  Figure 8-134 shows the location of 
both sewer mains and pump stations, as indicators of potential water quality 
problems associated with wastewater conveyance systems. 
 
Figure 8-135 shows an air photo of the area adjacent to Paseo Outrigger Ramp.  
This provides a different perspective, which highlights the high density of roads 
and buildings in the area adjacent to Paseo Outrigger Ramp. 
 
In addition to previous assessments and GIS information, Guam EPA staff 
identified other potential sources that could affect water quality at Paseo 
Outrigger Ramp.  Specifically, there is a major DPW storm drain that channels 
runoff to a discharge point, which may influence bacteria concentrations at this 
site.  Also, surface runoff from Hagåtña village could be exerting an effect on 
water quality at this location.  Finally, the old line associated with the Agana 
WWTP was cracked on the reef margin, which may have resulted in sporadic 
increases in enterococci measurements at this monitoring station. 
 

 
 
Figure 8-134.  Location of Paseo Outrigger Ramp relative to potential unsewered buildings. 
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Figure 8-135.  Air photo of Paseo Outrigger Ramp vicinity. 
 
 
Trends.  Figure 8-136 presents a year-by-year summary of the enterococcus 
data for the Paseo Outrigger Ramp site.  This provides a useful way to examine 
trends relative to both central tendency and annual variation.  This type of 
analysis is useful in looking at specific sites where efforts to address beach 
advisories have been implemented.  For example, a focus on patterns such as 
trends in geometric means or 90th percentiles provides a visual analysis that can 
be used to evaluate program effectiveness.  With respect to trends, it should be 
noted that a laboratory analytical method change occurred in September 2000.  
The IDEXX test was used to determine enterococcus concentrations on all 
samples collected after September 2000. 
 
 
Linkage Analysis.  The numeric target for this TMDL is Guam’s concentration-
based criteria for enterococci bacteria (i.e., a geometric mean of 35 counts / 100 
mL and an instantaneous maximum of 104 counts / 100 mL).  The relationship 
between this target and potential sources at Paseo Outrigger Ramp is 
demonstrated through an analysis of water quality monitoring data at this site.  
Seasonal patterns, for example, show that the highest concentrations are 
observed between June and December, indicating the importance of wet season 
sources at Paseo Outrigger Ramp.  This is consistent with the presence of 
potential storm water sources identified at this location. 
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Figure 8-136.  Trend analysis for Paseo Outrigger Ramp site. 
 
 
The connection between storm water sources and exceedances of numeric 
targets is further confirmed by examining the effect of flow conditions.  At Paseo 
Outrigger Ramp, the highest bacteria concentrations occur under high flows.  
Water quality conditions that reflect this pattern are strongly influenced by storm 
water runoff during heavy rainfall events.  In short, the technical analyses 
presented in this assessment of Paseo Outrigger Ramp describe the relationship 
between water quality patterns and potential sources at this location.  The 
loading capacity and allocations are all concentrations set at the criteria values 
for enterococci bacteria.  This TMDL will clearly meet water quality standards and 
protect recreational uses at this beach. 
  
  
TMDL Components.  Table 8-45 presents the TMDL for Paseo Outrigger Ramp, 
identifying the loading capacity and allocations expressed as concentration-
based values for enterococcus.  These concentration-based values apply across 
all flow zones.  This TMDL uses an implicit MOS, through inclusion of two 
conservative assumptions.  First, the TMDL does not account for mixing in the 
receiving waters and assumes that zero dilution is available.  Second, the goal of 
attaining standards at the point of discharge does not account for losses due to 
die-off and settling of indicator bacteria that are known to occur. 
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Table 8-45.  Northern Guam Watershed TMDL summary (Site GUN-11: Paseo Outrigger Ramp). 
 

TMDL Component Enterococcus Concentration 
(# / 100 mL) 

Geometric Mean  
   TMDL 35 
Future Growth 35 
Waste Load Allocation 35 
Load Allocation 35 

Instantaneous Maximum  
   TMDL 104 
Future Growth 104 
Waste Load Allocation 104 
Load Allocation 104 

 
 
A hydrology-based framework using duration curve zones allows the TMDL to 
evaluate monitoring data in a way that reflects major watershed processes 
indicative of different flows.  This approach enables numeric targets in the TMDL 
to consider watershed processes, such as hydrology and source assessment 
information including land use. 
 
Table 8-46 identifies reductions for each duration curve zone by season using 
the TMDL targets.  These estimates can serve to guide problem solving 
discussions on appropriate management strategies (based on knowledge 
associated with likely source areas, delivery mechanisms, and appropriate 
control measures that correspond to particular hydrologic conditions). 
 
Table 8-46.  Needed reductions to meet TMDL targets (Site GUN-11: Paseo Outrigger Ramp). 
 

Needed Reductions Flow Conditions 
(expressed as percentage) 

High Moist Mid Dry Low
Dry Season 

Based on geometric mean 62% --- --- --- --- 
Based on instantaneous maximum 83% --- --- --- --- 

Wet Season 
Based on geometric mean 64% --- --- --- --- 

Based on instantaneous maximum 96% 34% --- 44% --- 
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8.16 Hagåtña Boat Basin  (GUN-12) 
 
Hagåtña Boat Basin is situated along the waterfront in the city of Hagåtña (Figure 
8-137).  It is the principal location in the project area for boating activity that 
accesses Hagåtña Bay. 
 
 

 
 

 
 
Figure 8-137.  Location of Hagåtña Boat Basin relative to other Northern Guam TMDL sites. 
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The frequency of beach advisories at the Hagåtña Boat Basin between 1997 and 
2007 was very high (58%) compared to other RBMP sites in the Northern Beach 
TMDL project area (Figure 4-1).  Enterococci concentrations at the Hagåtña Boat 
Basin were also quite high compared to other project area monitoring stations 
(Figure 4-2 and Figure 8-137).  The geometric mean of all individual samples 
was 48 counts /100mL, while the 75th and 90th percentiles were 104 and 921 
counts /100 mL respectively. 
 
A key part of the data analysis for individual beaches is to examine water quality 
patterns by season and relative to flow conditions (e.g., runoff dominated versus 
base flows).  Figure 8-138 shows the seasonal variability of bacteria 
concentrations at the Hagåtña Boat Basin.  High concentrations were observed 
all year, indicating the importance of both wet and dry season sources at 
Hagåtña Boat Basin. 
 

 
Figure 8-138.  Seasonal variation at Hagåtña Boat Basin. 
 
 
Effect of Flow Conditions.  A useful approach for relating water quality 
information to potential source areas is to examine bacteria levels in terms of 
hydrologic conditions.  Figure 8-139 shows enterococci monitoring data collected 
at the Hagåtña Boat Basin using a duration curve framework.  Although there is 
significant variability in the data, which is characteristic of bacteria monitoring 
information, a definite pattern exists. 
 
As indicated by the “box and whisker” plots in Figure 8-139, the highest bacteria 
concentrations occur under high flow conditions.  This is not unexpected because 
water quality at most beaches is strongly influenced by storm water runoff during 
heavy rainfall events.  The magnitude of the increase is significantly higher than 
that observed at other Northern Guam RBMP sites.  In fact, the geometric mean 
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exceeded the criterion under the high, moist, and mid-range conditions.  This 
highlights concerns at this site for storm water sources, as well as other potential 
sources of bacteria contamination.  This concern is also confirmed by the fact 
that nearly 70 percent of all values in the high flow zone and over 30 percent of 
all values in the moist zone exceed the instantaneous maximum criterion value.  
Furthermore, the 90th percentile exceeds the instantaneous maximum criterion 
value across all zones except low flows.  This indicates that sources other than 
storm water are adversely affecting bacteria concentrations at the Hagåtña Boat 
Basin. 
 
Incorporating seasonality into the analysis allows a closer look at patterns that 
may be associated with certain source categories.  For example, bacteria 
delivered through seeps connected to storm water ponds are more likely to affect 
beach monitoring data during the wet season.  In contrast, bacteria contributed 
from more continuous sources (e.g., leaky sewer lines or failing septics) will exert 
a greater effect during the dry season.  Comparisons between the geometric 
means, the 75th and 90th percentiles for each duration curve zone serve as 
primary measures for examining seasonality.  This is illustrated in Figure 8-140. 
 
The patterns observed for both wet and dry seasons in the high, moist, mid-
range and dry zones are all quite similar.  Storm water and other sources appear 
to have approximately the same effect under those conditions at the Hagåtña 
Boat Basin.  This confirms observations made regarding Figure 8-138 and Figure 
8-139.  Numerous sources appear to affect bacteria concentrations at this site 
and seasonal differences do not appear to be a factor. 
 
 
Relationship to Other Indicators.  In addition to seasonal patterns, the 
relationship of bacteria concentrations to other parameters can be incorporated 
into the data analysis.  Guam EPA staff noted field data for several indicators at 
the time of bacteria sample collection as part of the RBMP.  These include 
observations such as tidal stage and presence or absence of turbidity. 
 
The combination of patterns with some of these observations could be related to 
potential source areas and delivery mechanism that might affect bacteria 
concentrations at any particular beach of interest.  For example, the presence or 
absence of turbidity may also be an indicator of either storm water runoff or 
suspended material associated with wind action.  This approach to the analysis 
provides information that might prove useful in guiding implementation efforts 
intended to address documented problems. 
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Figure 8-139.  Water quality duration curve for Hagåtña Boat Basin site. 
 
 

 
 
Figure 8-140.  Wet versus dry season comparison for Hagåtña Boat Basin. 
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Figure 8-141.  Turbid versus non-turbid sample comparison for Hagåtña Boat Basin site. 
 
 
Figure 8-141 shows the difference between bacteria levels when turbidity was 
present or absent during sample collection under the various flow conditions.  
The increased levels when turbidity was present under high, moist, and mid-
range flow conditions likely reflects the effect of bacteria transported with fine 
particles during storm events.  The effect of bacteria associated with 
resuspension of bottom sediments might also be the result of wind and wave 
action, which could affect beach water quality. 
 
 
Potential Sources.  The Source Assessment (Section 5, Table 5-2) summarized 
potential sources that may affect bacteria concentrations at the Hagåtña Boat 
Basin.  Included are wastewater sources (septic systems, sewer line blockages & 
breaks, SSO, Agana WWTP), storm water runoff, and other sources (marina, 
recreational boating, boat discharges).  In addition, GEPA staff identified specific 
potential sources that could affect water quality at the Hagåtña Boat Basin (Table 
8-47). 
 
Figure 8-142 provides a closer look at the Hagåtña Boat Basin monitoring site 
relative to upland areas that potentially contribute bacteria during storm events.  
Figure 8-142 includes roads, which can provide a general indication of the urban 
drainage network and accompanying storm drains.  The map also highlights the 
location of the Agana WWTP and the Hagåtña Bay Marina. 
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Figure 8-142.  Location of Hagåtña Boat Basin relative to potential source areas. 
 
 
Table 8-47.  Beach specific potential source summary (Site GUN-12: Hagåtña Boat Basin). 
  

Site ID Type Source Name 
(notes) 

GUN-12 

Wastewater 

GWA Hagåtña WWTP Sewage Outfall (old) 

 Old line is currently cracked on reef margin and connected 
to system for sporadic use. 

GWA Hagåtña WWTP Sewage Outfall (new) 

 New line completed 2009. 

Storm water 
runoff 

DPW Routes 7 and 7A 

 Runoff to Hagåtña village and storm drains to West Hagåtña 
Bay. 

Storm drain 
runoff 

DPW storm drains 

 Runoff from Hagåtña village and Route 1. 

Sewage 
overflow 

Manhole- sewer overflow 

 Frequent overflows to storm drain leading to West Hagåtña 
Bay. 
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A review of GIS information shows a number of unsewered buildings in the 
upland area adjacent to the Hagåtña Boat Basin.  This information is shown in 
Figure 8-143.  In addition, sewer line blockages and breaks, as well as SSOs, 
could contribute to elevated bacteria levels.  Figure 8-143 shows the location of 
both sewer mains and pump stations, as indicators of potential water quality 
problems associated with wastewater conveyance systems. 
 
Figure 8-144 shows an air photo of the area adjacent to the Hagåtña Boat Basin.  
This provides a different perspective, which highlights the high density of roads 
and buildings in the area adjacent to Hagåtña Boat Basin. 
 
In addition to previous assessments and GIS information, Guam EPA staff 
identified other potential sources that could affect water quality at the Hagåtña 
Boat Basin.  Specifically, there is a major DPW storm drain that channels runoff 
to a discharge point that may influence bacteria concentrations at this site.  Also, 
surface runoff from Hagåtña village could be exerting an effect on water quality at 
this location.  Finally, the old line associated with the Agana WWTP was cracked 
on the reef margin, which may have resulted in sporadic increases in enterococci 
measurements at this monitoring station. 
 

 
 
Figure 8-143.  Location of Hagåtña Boat Basin relative to potential unsewered buildings. 
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Figure 8-144.  Air photo of Hagåtña Boat Basin vicinity. 
 
 
Trends.  Figure 8-145 presents a year-by-year summary of the enterococcus 
data for the Hagåtña Boat Basin site.  This provides a useful way to examine 
trends relative to both central tendency and annual variation.  This type of 
analysis is useful in looking at specific sites where efforts to address beach 
advisories have been implemented.  For example, a focus on patterns such as 
trends in geometric means or 90th percentiles provides a visual analysis that can 
be used to evaluate program effectiveness.  With respect to trends, it should be 
noted that a laboratory analytical method change occurred in September 2000.  
The IDEXX test was used to determine enterococcus concentrations on all 
samples collected after September 2000. 
 
 
Linkage Analysis.  The numeric target for this TMDL is Guam’s concentration-
based criteria for enterococci bacteria (i.e., a geometric mean of 35 counts / 100 
mL and an instantaneous maximum of 104 counts / 100 mL).  The relationship 
between this target and potential sources at the Hagåtña Boat Basin is 
demonstrated through an analysis of water quality monitoring data at this site.  
Seasonal patterns, for example, show that the highest concentrations are 
observed all year, indicating the importance of wet season sources at the 
Hagåtña Boat Basin.  This is consistent with the presence of potential storm 
water sources identified at this location. 
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Figure 8-145.  Trend analysis for Hagåtña Boat Basin site. 
 
 
The connection between storm water sources and exceedances of numeric 
targets is further confirmed by examining the effect of flow conditions.  At the 
Hagåtña Boat Basin, the highest bacteria concentrations occur under high flows.  
Water quality conditions that reflect this pattern are strongly influenced by storm 
water runoff during heavy rainfall events.  In short, the technical analyses 
presented in this assessment of the Hagåtña Boat Basin describe the 
relationship between water quality patterns and potential sources at this location.  
The loading capacity and allocations are all concentrations set at the criteria 
values for enterococci bacteria.  This TMDL will clearly meet water quality 
standards and protect recreational uses at this beach. 
  
  
TMDL Components.  Table 8-48 presents the TMDL for the Hagåtña Boat Basin, 
identifying the loading capacity and allocations expressed as concentration-
based values for enterococcus.  These concentration-based values apply across 
all flow zones.  This TMDL uses an implicit MOS, through inclusion of two 
conservative assumptions.  First, the TMDL does not account for mixing in the 
receiving waters and assumes that zero dilution is available.  Second, the goal of 
attaining standards at the point of discharge does not account for losses due to 
die-off and settling of indicator bacteria that are known to occur. 
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Table 8-48.  Northern Guam Watershed TMDL summary (Site GUN-12: Hagåtña Boat Basin). 
 

TMDL Component Enterococcus Concentration 
(# / 100 mL) 

Geometric Mean  
   TMDL 35 
Future Growth 35 
Waste Load Allocation 35 
Load Allocation 35 

Instantaneous Maximum  
   TMDL 104 
Future Growth 104 
Waste Load Allocation 104 
Load Allocation 104 

 
 
A hydrology-based framework using duration curve zones allows the TMDL to 
evaluate monitoring data in a way that reflects major watershed processes 
indicative of different flows.  This approach enables numeric targets in the TMDL 
to consider watershed processes, such as hydrology and source assessment 
information including land use. 
 
Table 8-49 identifies reductions for each duration curve zone by season using 
the TMDL targets.  These estimates can serve to guide problem solving 
discussions on appropriate management strategies (based on knowledge 
associated with likely source areas, delivery mechanisms, and appropriate 
control measures that correspond to particular hydrologic conditions). 
 
Table 8-49.  Needed reductions to meet TMDL targets (Site GUN-12: Hagåtña Boat Basin). 
 

Needed Reductions Flow Conditions 
(expressed as percentage) 

High Moist Mid Dry Low
Dry Season 

Based on geometric mean 87% 51% --- --- --- 
Based on instantaneous maximum 93% 93% 72% 42% --- 

Wet Season 
Based on geometric mean 83% 54% 20% --- --- 

Based on instantaneous maximum 97% 94% 71% 28% --- 
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8.17 Hagåtña Bayside Park  (GUN-13) 
 
Hagåtña Bayside Park is situated along the waterfront in the city of Hagåtña 
(Figure 8-146).  It is located just west of the Hagåtña Boat Basin.  The beach is 
used destination for jet skiing, parasailing, and other water vehicle type activities.  
The close proximity of this beach to the Hagåtña Boat Basin warrants its 
inclusion in the project area for these TMDLs. 
 

 
 

 
 
Figure 8-146.  Location of Hagåtña Bayside Park relative to other Northern Guam TMDL sites. 
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The frequency of beach advisories at the Hagåtña Bayside Park between 1997 
and 2007 was relatively high (39%) compared to other RBMP sites in the 
Northern Beach TMDL project area (Figure 4-1).  Enterococci concentrations at 
the Hagåtña Bayside Park were also higher compared to other project area 
monitoring stations (Figure 4-2 and Figure 8-146).  The geometric mean of all 
individual samples was 28 counts /100mL, while the 75th and 90th percentiles 
were 60 and 234 counts /100 mL respectively. 
 
A key part of the data analysis for individual beaches is to examine water quality 
patterns by season and relative to flow conditions (e.g., runoff dominated versus 
base flows).  Figure 8-147 shows the seasonal variability of bacteria 
concentrations at the Hagåtña Bayside Park.  The highest concentrations were 
observed between June and October, indicating the importance of wet season 
sources at Hagåtña Bayside Park.  The 75th and 90th percentiles were also 
elevated during the other months.  This shows that dry season sources can 
occasional influence water quality at this site. 
 

 
Figure 8-147.  Seasonal variation at Hagåtña Bayside Park. 
 
 
Effect of Flow Conditions.  A useful approach for relating water quality 
information to potential source areas is to examine bacteria levels in terms of 
hydrologic conditions.  Figure 8-148 shows enterococci monitoring data collected 
at the Hagåtña Bayside Park using a duration curve framework.  Although there 
is significant variability in the data, which is characteristic of bacteria monitoring 
information, a definite pattern exists. 
 
As indicated by the “box and whisker” plots in Figure 8-148, the highest bacteria 
concentrations occur under high flow conditions.  This is not unexpected because 
water quality at most beaches is strongly influenced by storm water runoff during 
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heavy rainfall events.  The magnitude of the increase is significantly higher than 
that observed at other Northern Guam RBMP sites.  In fact, the geometric mean 
exceeded the criterion under high and moist conditions, which indicates the need 
to address storm water sources.  This concern is reinforced by the fact that over 
50 percent of all values in the high flow zone exceed the instantaneous maximum 
criterion value.  Furthermore, the 90th percentile exceeds the instantaneous 
maximum criterion in the moist and dry zones.  This indicates that sources 
associated with periodic short term problems (e.g., spills into the storm drain 
system or sewer overflows during rain events) may be a concern under these 
conditions at Hagåtña Bayside Park Beach. 
 
Incorporating seasonality into the analysis allows a closer look at patterns that 
may be associated with certain source categories.  For example, bacteria 
delivered through seeps connected to storm water ponds are more likely to affect 
beach monitoring data during the wet season.  In contrast, bacteria contributed 
from more continuous sources (e.g., leaky sewer lines or failing septics) will exert 
a greater effect during the dry season.  Comparisons between the geometric 
means, the 75th and 90th percentiles for each duration curve zone serve as 
primary measures for examining seasonality.  This is illustrated in Figure 8-149. 
 
The patterns observed for both wet and dry seasons in the high and moist zones 
are all quite similar.  Storm water and other sources appear to have 
approximately the same effect under those conditions at the Hagåtña Bayside 
Park.  This confirms observations made regarding Figure 8-147 and Figure 
8-148.  One interesting observation is the higher bacteria concentrations during 
the dry season across the mid-range and dry zones.  This is likely due to the 
effect of problems at the Agana WWTP, which would tend to be more 
pronounced when wet weather sources are less of a concern. 
 
 
Relationship to Other Indicators.  In addition to seasonal patterns, the 
relationship of bacteria concentrations to other parameters can be incorporated 
into the data analysis.  Guam EPA staff noted field data for several indicators at 
the time of bacteria sample collection as part of the RBMP.  These include 
observations such as tidal stage and presence or absence of turbidity. 
 
The combination of patterns with some of these observations could be related to 
potential source areas and delivery mechanism that might affect bacteria 
concentrations at any particular beach of interest.  For example, the presence or 
absence of turbidity may also be an indicator of either storm water runoff or 
suspended material associated with wind action.  This approach to the analysis 
provides information that might prove useful in guiding implementation efforts 
intended to address documented problems. 
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Figure 8-148.  Water quality duration curve for Hagåtña Bayside Park site. 
 
 

 
 
Figure 8-149.  Wet versus dry season comparison for Hagåtña Bayside Park. 
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Figure 8-150.  Turbid versus non-turbid sample comparison for Hagåtña Bayside Park site. 
 
 
 
Figure 8-150 shows the difference between bacteria levels when turbidity was 
present or absent during sample collection under the various flow conditions.  
The increased levels when turbidity was present under high, moist, mid-range, 
and dry flow conditions likely reflects the effect of bacteria transported with fine 
particles during storm events.  The effect of bacteria associated with 
resuspension of bottom sediments might also be the result of wind and wave 
action, which could affect beach water quality. 
 
 
 
Potential Sources.  The Source Assessment (Section 5, Table 5-2) summarized 
potential sources that may affect bacteria concentrations at the Hagåtña Bayside 
Park.  Included are wastewater sources (septic systems, sewer line blockages & 
breaks, SSO, Agana WWTP), storm water runoff, and other sources (marina, 
recreational boating, boat discharges).  In addition, GEPA staff identified specific 
potential sources that could affect water quality at Hagåtña Bayside Park (Table 
8-50). 
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Table 8-50.  Beach specific potential source summary (Site GUN-13: Hagåtña Bayside Park). 
  

Site ID Type Source Name 
(notes) 

GUN-13 

Wastewater 

GWA Hagåtña WWTP Sewage Outfall (new) 

 New line completed 2009. 

Septic systems 

 Concentrated number of unsewered buildings in upland area 
adjacent to beach 

Wastewater pumping activities (portable toilets). 

Storm water 
runoff 

DPW Routes 7 and 7A 

 Runoff to Hagåtña village and storm drains to West Hagåtña 
Bay. 

Storm drain 
runoff 

DPW storm drains 

 Runoff from Hagåtña village and Route 1. 

Sewage 
overflow 

Manhole- sewer overflow 

 Frequent overflows to storm drain leading to West Hagåtña 
Bay. 

UIC - SW * US District Court  (3 locations) 
 Oil collection activities (facility) 

 
Notes:  

 
* UIC - SW:  Underground Injection Control – Storm Water 
 

 
 
 
Figure 8-151 provides a closer look at the Hagåtña Bayside Park monitoring site 
relative to upland areas that potentially contribute bacteria during storm events.  
Figure 8-151 includes roads, which can provide a general indication of the urban 
drainage network and accompanying storm drains.  The map also highlights the 
location of the Agana WWTP and the Hagåtña Bay Marina. 
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Figure 8-151.  Location of Hagåtña Bayside Park relative to potential source areas. 
 
 
 
A review of GIS information shows a number of unsewered buildings in the 
upland area adjacent to the Hagåtña Bayside Park.  This information is shown in 
Figure 8-152.  In addition, sewer line blockages and breaks, as well as SSOs, 
could contribute to elevated bacteria levels.  Figure 8-152 shows the location of 
both sewer mains and pump stations, as indicators of potential water quality 
problems associated with wastewater conveyance systems. 
 
Figure 8-153 shows an air photo of the area adjacent to the Hagåtña Bayside 
Park.  This provides a different perspective, which highlights the high density of 
roads and buildings in the area adjacent to Hagåtña Bayside Park. 
 
In addition to previous assessments and GIS information, Guam EPA staff 
identified other potential sources that could affect water quality at the Hagåtña 
Bayside Park.  Specifically, there is a major DPW storm drain that channels 
runoff to a discharge point that may influence bacteria concentrations at this site.  
Also, surface runoff from Hagåtña village could be exerting an effect on water 
quality at this location.  Finally, the old line associated with the Agana WWTP 
was cracked on the reef margin, which may have resulted in sporadic increases 
in enterococci measurements at this monitoring station. 
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Figure 8-152.  Location of Hagåtña Bayside Park relative to potential unsewered buildings. 
 
 

 
 
Figure 8-153.  Air photo of Hagåtña Bayside Park vicinity. 
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Trends.  Figure 8-154 presents a year-by-year summary of the enterococcus 
data for the Hagåtña Bayside Park site.  This provides a useful way to examine 
trends relative to both central tendency and annual variation.  This type of 
analysis is useful in looking at specific sites where efforts to address beach 
advisories have been implemented.  For example, a focus on patterns such as 
trends in geometric means or 90th percentiles provides a visual analysis that can 
be used to evaluate program effectiveness.  With respect to trends, it should be 
noted that a laboratory analytical method change occurred in September 2000.  
The IDEXX test was used to determine enterococcus concentrations on all 
samples collected after September 2000. 
 

 
Figure 8-154.  Trend analysis for Hagåtña Bayside Park site. 
 
 
Linkage Analysis.  The numeric target for this TMDL is Guam’s concentration-
based criteria for enterococci bacteria (i.e., a geometric mean of 35 counts / 100 
mL and an instantaneous maximum of 104 counts / 100 mL).  The relationship 
between this target and potential sources at Hagåtña Bayside Park Beach is 
demonstrated through an analysis of water quality monitoring data at this site.  
Seasonal patterns, for example, show that the highest concentrations are 
observed all year, indicating the importance of both wet and dry season sources 
at Hagåtña Bayside Park Beach.  This is consistent with the presence of potential 
storm water sources identified at this location. 
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The connection between storm water sources and exceedances of numeric 
targets is further confirmed by examining the effect of flow conditions.  At 
Hagåtña Bayside Park Beach, the highest bacteria concentrations occur under 
high flows.  Water quality conditions that reflect this pattern are strongly 
influenced by storm water runoff during heavy rainfall events.  In short, the 
technical analyses presented in this assessment of Hagåtña Bayside Park Beach 
describe the relationship between water quality patterns and potential sources at 
this location.  The loading capacity and allocations are all concentrations set at 
the criteria values for enterococci bacteria.  This TMDL will clearly meet water 
quality standards and protect recreational uses at this beach. 
  
  
TMDL Components.  Table 8-51 presents the TMDL for Hagåtña Bayside Park 
Beach, identifying the loading capacity and allocations expressed as 
concentration-based values for enterococcus.  These concentration-based 
values apply across all flow zones.  This TMDL uses an implicit MOS, through 
inclusion of two conservative assumptions.  First, the TMDL does not account for 
mixing in the receiving waters and assumes that zero dilution is available.  
Second, the goal of attaining standards at the point of discharge does not 
account for losses due to die-off and settling of indicator bacteria that are known 
to occur. 
 
 
Table 8-51.  Northern Guam Watershed TMDL summary (Site GUN-13: Hagåtña Bayside Park). 
 

TMDL Component Enterococcus Concentration 
(# / 100 mL) 

Geometric Mean  
   TMDL 35 
Future Growth 35 
Waste Load Allocation 35 
Load Allocation 35 

Instantaneous Maximum  
   TMDL 104 
Future Growth 104 
Waste Load Allocation 104 
Load Allocation 104 

 
 
 
A hydrology-based framework using duration curve zones allows the TMDL to 
evaluate monitoring data in a way that reflects major watershed processes 
indicative of different flows.  This approach enables numeric targets in the TMDL 
to consider watershed processes, such as hydrology and source assessment 
information including land use. 
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Table 8-52 identifies reductions for each duration curve zone by season using 
the TMDL targets.  These estimates can serve to guide problem solving 
discussions on appropriate management strategies (based on knowledge 
associated with likely source areas, delivery mechanisms, and appropriate 
control measures that correspond to particular hydrologic conditions). 
 
Table 8-52.  Needed reductions to meet TMDL targets (Site GUN-13: Hagåtña Bayside Park). 
 

Needed Reductions Flow Conditions 
(expressed as percentage) 

High Moist Mid Dry Low
Dry Season 

Based on geometric mean 82% 5% --- --- --- 
Based on instantaneous maximum 94% 57% --- 28% --- 

Wet Season 
Based on geometric mean 68% --- --- --- --- 

Based on instantaneous maximum 94% 61% --- 49% --- 
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9. Potential TMDL Follow-up Activities 
 
A strength of the TMDL program is its ability to support development of 
information-based, water quality management strategies.  An important key to 
success is engaging the public and utilizing linkages to other programs.  Basic 
components of the TMDL, namely the loading capacity and allocations, provide 
numeric targets that consider watershed processes, such as hydrology, as well 
as source assessment information including land use.  These targets play a 
major role in building a problem solving framework that guides development of an 
effective implementation program. 
 
Implementation planning typically identifies feasible and cost effective 
management measures capable of reducing pollutant loads to required levels.  It 
is a key part of the water quality management process.  TMDLs and 
implementation planning work together in that TMDLs provide the ability to 
support development of information-based, water quality management strategies. 
 
The intent of implementation planning is to provide information to local 
stakeholders regarding the selection of cost-effective best management practices 
(BMPs).  Monitoring is an important element of implementation planning because 
it produces data needed to refine management strategies.  Monitoring data often 
enables the overall water quality management process to incorporate adaptive 
management concepts. 
 
 
9.1 Activities 
 
A number of programs and activities exist that address documented water quality 
problems on Guam’s Northern Beaches.  Several programs are implemented by 
GEPA, which are specifically designed to address known sources of pollution 
including pipes, ditches, and sanitary or storm sewers.  Others rely on efforts of 
partner agencies.  If fully implemented, measurable reductions in bacteria levels 
should lead to achievement of the TMDLs.  Key programs include: 
 

• NPDES Permits and Section 401 Water Quality Certification 
• Individual Wastewater System Permits 
• Storm Water Management 
• Underground Injection Control (UIC) 

 
A brief description of each program is provided in the following sections.  Key 
aspects of these efforts that will lead to reductions in bacteria concentrations are 
discussed. 
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9.1.1 NPDES Permits and Section 401 Water Quality Certification 
 
National Pollutant Discharge Elimination System (NPDES) permits in Guam are 
issued by USEPA Region 9.  Permitted facilities that potentially affect Northern 
Guam beaches in the TMDL project area were listed Table 5-1.  GEPA’s Water 
Pollution Control (WPC) Program in coordination with the Environmental 
Planning and Review Division are responsible for certifying all permit 
applications.  During certification, conditions and abatement schedules for each 
permit are recommended.  The guidelines for effluent limitations in each permit 
are based on the revised 2001 Guam Water Quality Standards. 
 
The WPC Program oversees implementation and compliance of conditions 
imposed by GEPA §401 Water Quality Certification for NPDES permits issued to 
industrial and non-industrial facilities.  All permittees are monitored by both WPC 
Program and USEPA staff to ensure compliance with applicable permit 
requirements and schedules.  The Water Pollution Control Act and Guam Water 
Quality Standards authorize Guam EPA to take legal action against those who 
pollute island waters.  Enforcement is carried out through scheduled site and 
sampling inspections. NPDES permittees submit quarterly Discharge Monitoring 
Reports (DMRs) to USEPA Region 9 for review and evaluation.  Appropriate 
enforcement action is applied for non-compliance to approved permit conditions. 
 
One major action resulting from NPDES compliance efforts is the Guam 
Waterworks Authority (GWA) Stipulated Order for Preliminary Relief.  This Order 
is one key part towards solving water quality problems in the TMDL project area.  
The Order outlines a list of mandated actions for GWA, including the 
development and implementation of a comprehensive Water Master Plan.  The 
Order also addresses the financing of wastewater capital improvement projects. 
 
Continued compliance with the GWA Stipulated Order will improve water quality 
as a result of infrastructure improvements to sewage treatment plants, pump 
stations, and ground water facilities.  Completion of the Water Master Plan 
provides a strategic roadmap for the utility to meet the wastewater treatment 
needs in the TMDL project area.  This includes bacteria contamination of the 
TMDL beaches that are associated with compliance issues at the two wastewater 
treatment facilities.  The Order will also address water quality problems adversely 
affecting beaches on the §303(d) list that are associated with pump station 
failures and Sanitary System Overflows (SSOs). 
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9.1.2 Individual Wastewater System Permits 
 
A number of problems discussed in the individual beach assessments are the 
result of inadequate on-site wastewater treatment.  The concerns arise both in 
unsewered areas, as well as in areas where residences have not yet connected 
to available sewer systems.  GEPA’s Integrated Report indicates that domestic 
wastewater associated with population increase is the largest potential source of 
pollution to all waters of Guam.  Due to economic difficulties, development 
associated with the population increase can occur without adequate sewage 
infrastructure.  As a result, occupants depend on septic tank and leaching field 
systems for waste disposal. 
 
The island’s most extensive population development is occurring in the northern 
watershed above Guam’s federally designated sole source aquifer.  The problem 
is further exacerbated where development has resulted in a high density of septic 
systems over the high permeability substrate typical of northern Guam coupled 
with insufficient and poorly maintained sewage treatment systems.  The 
combination of these factors can also affect beaches in the TMDL project area. 
 
A key implementation tool to control this source of pollution is set forth in Section 
48102, Chapter 48 of 10 Guam Code Annotated (GCA).  This rule requires that 
no building shall be occupied or used as a dwelling, school, public building, 
commercial building, industrial building or place of assembly without toilet or 
sewage facilities of a type inspected and approved for the disposition of human 
excreta and other domestic wastes.  Permits are required for new and remodeled 
buildings. 
 
In order to ensure the installation of proper sewage disposal systems, the 
permitting process includes mandatory on-site inspection and building plan 
review, permit issuance and final inspection of the completed disposal system.  
Building occupancy permits are only issued upon approval of the structure’s 
sewage disposal system.  Furthermore, in the northern area of Guam, permitted 
housing density has been decreased to one residential dwelling unit per half acre 
of property in unsewered areas to protect the groundwater from contamination. 
 
Another part of this program is sanitary surveys conducted by GEPA staff.  For 
example, approximately 125 buildings were connected to the public sewer 
system in 2006 as a result of sanitary surveys and enforcement action.  In 2007 
GEPA staff concentrated on identifying strategic northern locations with available 
sewer systems.  Subsequently, sanitary surveys were conducted of those 
residences with or without connections to the nearby systems.  Enforcement 
action is forthcoming.  A focus on continued sanitary surveys in areas that 
contribute to bacterial pollution of beaches in the TMDL project area is another 
key part of addressing documented water quality problems. 
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9.1.3 Storm Water Management 
 
Storm water management is another key part of efforts to reduce bacterial 
contamination in the northern Guam beach TMDL project area.  Although the 
projected 2007 population of the island was over 170,000, Guam is not covered 
under the USEPA Municipal Separate Storm Sewer System (MS4) program.  
Consequently, storm water management in the TMDL project area must rely on 
coordination between an array of Guam agencies and other local efforts.  Guam 
EPA has made great improvements towards implementing storm water 
management through requirements under its Nonpoint Source Management 
Program.  Large and commercial developments are required to submit “Best 
Management Practices” for the total elimination of storm water discharges to 
near shore waters of Guam.  In Tumon Bay, discharges have been decreased 
with the elimination of most existing storm drains near shore.   
 
GEPA and the Commonwealth of the Northern Mariana Islands (CNMI) have 
collaborated to produce a technical guidance document that governs storm water 
planning and design in both Guam and the CNMI.  This effort took advantage of 
the geographic proximity of the islands and their similar climatic regimes, as well 
as local studies.  The purpose of the “CNMI / Guam Storm Water Management 
Manual” and accompanying regulations is to: 
 

• to protect the waters of the CNMI and Guam from the adverse impacts of 
urban stormwater runoff; 

• to provide design guidance on the most effective best management 
practices (BMPs) for new development sites and redevelopment sites both 
during post construction; and 

• to improve the quality of BMPs that are constructed in the CNMI and Guam, 
specifically in regard to their performance, longevity, safety, ease of 
maintenance, community acceptance and environmental benefit. 

 
GEPA requires that all storm water disposal for new facilities be contained on-
site, up to the 20-year, 24-hour storm event.  Permits for and upgrades to storm 
water management systems are required to accommodate large expected 
increases to flows and decreases to quality of the storm water, whether 
discharged to the ground or to surface waters.    
 
Prior to finalizing the “Guam / CNMI Stormwater Manual”, Executive Order 2005-
35 was promulgated on October 21, 2005.  This provided interim adoption of 
storm water management criteria for the Department of Public Works (DPW) and 
other government of Guam projects.    GEPA is in the process of developing local 
storm water regulations based on criteria in the “Guam / CNMI Stormwater 
Manual”.  GEPA intends to incorporate them into a revision / update of current 
soil erosion and sediment control regulations.   Upon approval and adoption, 
such regulations will be applicable to and enforceable upon both public and 
private sector communities.  
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9.1.4 Underground Injection Control 
 
Recent concern has developed over the proliferation and extensive use, in the 
last several years, by commercial establishments to contain storm water runoff 
within its boundaries.  A common method of storm water disposal in Guam is 
through the use of ponding basins.  Over 100 ponding basins associated with 
developments in northern Guam, collect stormwater runoff, which subsequently 
percolates into the Northern Guam Lens (NGL). 
 
Because of their configuration and purpose, these storm water drainage systems 
are regulated as Class V injection wells and require a UIC permit.  The UIC 
permit, issued by GEPA’s Water Resources Management Program, provides a 
means of tracking all injection wells and ensuring, through inspection, that such 
wells are properly maintained.  All injection wells in Guam that have been issued 
permits are inspected annually.  At present, there are two hundred ninety-four 
(294) permitted wells in Guam.  The majority of these storm water ponding wells 
that potentially affect TMDL project area beaches are owned by the Guam 
International Airport Authority, the Department of Public Works (DPW), and the 
Guam Power Authority (GPA). 
 
 
9.1.5 Other Programs 
 
The Coastal Zone Act Reauthorization Amendments (CZARA) was passed by 
Congress to address nonpoint source pollution in coastal waters.  Section 6217 
of CZARA requires states and territories (including Guam) to develop Coastal 
Nonpoint Pollution Control Programs.    The Coastal Nonpoint Program builds 
upon existing state coastal zone management and water quality programs by 
applying a consistent set of economically achievable management measures to 
prevent and mitigate polluted runoff.  These measures are designed to control 
runoff from six main sources: 
 

• Urban areas 
• Marinas 
• Forestry 
• Agriculture 
• Hydromodification (shoreline and stream channel modification) 
• Loss of wetlands and riparian areas 

 
State coastal nonpoint programs implement the measures and provide 
accountability through a variety of tools, including rules, ordinances, voluntary 
approaches, educational campaigns and financial incentives, all backed by 
enforceable policies and mechanisms. 
 
In its program, a state or territory describes how it will implement nonpoint source 
pollution control management measures.  If the original management measures 
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fail to produce the necessary coastal water quality improvements, a state or 
territory then must implement additional management measures to address 
remaining water quality problems. 
 
Guam’s Coastal Nonpoint Control Program (CNPCP) was approved in 2007.  
The approval document describes mechanisms in place that Guam can use to 
control runoff from nonpoint sources.  Urban programs were described earlier in 
this section under storm water management.  Designation of the urban portions 
of Guam to be subject to NPDES MS4 permit requirements is an option that 
would strengthen the storm water management program relative to TMDL 
implementation.  In fact, the water quality benefits to be achieved under an 
NPDES MS4 permit were noted in the final decision document approving Guam’s 
CNPCP. 
 
The final decision document approving Guam’s CNPCP also describes 
mechanisms in place to address water quality problems associated with marinas.  
The primary mechanisms in place to address pollution problems associated with 
marinas rely on Guam’s Water Quality Standards and Marina Rules and 
Regulations of the Port Authority of Guam (Marina Rules and Regulations). 
 
Guam’s Marina Rules and Regulations address vessel, property or facility 
cleanliness and sanitation (Section 4.02); management, control and disposal of 
shipboard solid waste (Section 4.03); and disposal of any litter, sewage, or other 
gaseous, liquid or solid materials into the water (Section 4.06 and 4.07).  Guam’s 
Recreational Water Use Management Plan (RWUMP) establishes rules to 
regulate uses of recreational and commercial watercraft within the waters of 
Guam. 
 
In addition to these regulatory components, Guam has laid out a process and 
timeline for developing a comprehensive clean marina program. The Clean 
Marina Advisory Group has identified and is beginning to implement priority 
actions to reduce nonpoint source pollution from Guam’s marinas, including 
installing hazardous waste storage containers and wash down facilities at the two 
most heavily used marinas. The Advisory Group is also improving public 
outreach and education by installing educational signage about clean marina 
BMPs at the marinas and working closely with the Port Authority of Guam as it 
updates its marina rules and regulations to incorporate additional clean marina 
BMPs. 
 
If these programs fail to address problems associated with marinas, another 
option is be to explore the use of a Multi-Sector General Permit under the 
NPDES program.  Marinas are a designated SIC category under EPA’s storm 
water management rules.  A permit could be issued with appropriate conditions 
that would lead to achieving water quality standards and TMDL targets. 
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9.1.6 Military Expansion 
 
The Guam Civilian / Military Task Force (GCMTF) was created by Executive 
Order 2006-10 to create an integrated comprehensive master plan that will 
address issues related to the military buildup.  The purpose of this master plan is 
to maximize opportunities resulting from this expansion for the benefit of all the 
civilian and military community.  An Environment Sub-Committee to this Task 
Force has been created under the lead of GEPA.  This Sub-Committee must 
determine environmental concerns including adverse effects projected to occur 
off Department of Defense (DOD) properties. 
 
Activities associated with the military buildup will have a direct effect on efforts to 
implement the Guam Northern Watershed Bacteria TMDLs.  One of the more 
significant impacts is the increased pressure on the wastewater infrastructure 
system.  GWA is already conducting activities under a Stipulated Order to 
address documented problems that lead to beach advisories.  This includes 
sewage overflows, pump station failures, and wastewater treatment plant 
performance.  Potential effects of the military expansion on efforts by local 
agencies to implement the TMDL need to be recognized and addressed in the 
planning and funding process. 
 
Similarly, the increased population associated with the military expansion 
includes not only direct personnel, but also dependents, construction and support 
staff.  The increased numbers of people will undoubtedly use the existing road 
system and commercial facilities in the TMDL project area.  Individual beach 
assessments identified several locations where improved storm water 
management is a key to successful implementation.  As local agencies work to 
improve storm water management, DOD can clearly help provide leadership in 
implementing solutions. 
 
An example is DOD’s efforts to implement the Energy Independence and 
Security Act.  Section 438 of this legislation establishes strict storm water runoff 
requirements for Federal development and redevelopment.  The Navy, for 
instance, has a policy that requires the implementation of Low Impact 
Development (LID).  The Navy’s experience and expertise in the application of 
LID could serve as a technical resource for local agencies in their efforts to 
improve stormwater management in the TMDL project area. 
 
 
9.2 Connections to TMDLs 
 
A major advantage of the duration curve framework is the ability to provide 
meaningful connections between TMDL allocations and implementation efforts.  
Because the flow duration interval serves as a general indicator of hydrologic 
condition (i.e., wet versus dry and to what degree), allocations and reduction 
targets can be linked to source areas, delivery mechanisms, and the appropriate 
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set of management practices.  The implementation programs discussed in 
Section 9.1 are all aimed at reducing delivery of bacteria, which cause beach 
advisories in the TMDL project area. 
 
The connection between the duration curve framework and development of 
management strategies is illustrated in Table 9-1.  Potential implementation 
opportunities are identified, which could be most effective under each of the 
different flow zones.  For example, GWA’s efforts to address sewerage 
infrastructure problems (notably pump station failures and sewer overflows) are 
targeted to preventing delivery of bacteria that could occur under any flow 
conditions.  The TMDL analysis demonstrated specific beaches where these 
problems are a likely source of bacteria. 
 
The same rationale applies to implementation activities designed to address 
problems with individual waste water systems.  Storm water management 
programs will reduce delivery of bacteria to beaches under high flow and moist 
conditions.  Thus, the use of duration curves enables a framework that can help 
guide implementation efforts to address water quality concerns, particularly when 
ambient monitoring data is available for pattern analysis of existing conditions. 
 
Table 9-1.  Opportunities highlighted using a duration curve framework. 
 
 

 
Duration Curve Zone 

High Moist Mid-Range Dry Low 

Opportunities 

Storm Water Management  

GWA Sewerage System Improvements to 
Address Pump System Failures and 

Reduce Sewer System Overflows 

Individual On-site Waste Water Permits, 
Sanitary Survey & Enforcement, and 

Sewer Connections 

 

Implement Waste Water Treatment 
Plant Improvements through NPDES 

Permits 

Marina Management 

 
Tables 9-2 through Table 9-5 summarize reduction targets from the individual 
beach assessments.  These tables show conditions that correspond with water 
quality patterns exhibiting the greatest concern at each beach.  These 
summaries can be combined with information in Table 9-1 to highlight key 
implementation activities pertinent to the location (or in several cases, a set of 
locations) in a way that brings everything together. 
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Table 9-2.  Summary of needed reductions to meet TMDL (Geometric Mean – dry season). 
 

Water Beach Site 
ID 

Duration Curve Zone 
High Moist Mid Dry Low 

Northern Tanguisson GUN-01 22% --- --- --- --- 

Tumon 
Bay 

Gun GUN-24 --- --- --- --- --- 
Gognga GUN-25 --- --- --- --- --- 

Naton 

GUN-02 3% --- --- --- --- 
GUN-23 --- --- --- --- --- 
GUN-03 --- --- --- --- --- 
GUN-04 --- --- --- --- --- 

Ypao GUN-05 --- --- --- --- --- 

East 
Hagåtña 

Bay 

Dungca's GUN-06 44% --- --- --- --- 
GUN-07 90% 20% --- --- --- 

Alupang 
Towers GUN-26 --- --- --- --- --- 

Trinchera GUN-08 75% 17% 15% --- --- 
Padre Palomo GUN-09 27% --- --- --- --- 

West 
Hagåtña 

Bay 

Hagåtña 
Channel 

GUN-10 --- --- --- --- --- 
GUN-11 62% --- --- --- --- 
GUN-12 87% 51% --- --- --- 

Bayside Park GUN-13 82% 5% --- --- --- 
 

Note:  
 
Shaded cells indicate those zones where the geometric mean criterion was exceeded.  This is 
indicative of potential long term, chronic problems under those conditions. 
 

 
 
Table 9-3.  Summary of needed reductions to meet TMDL (Geometric Mean – wet season). 
 

Water Beach Site 
ID 

Duration Curve Zone 
High Moist Mid Dry Low 

Northern Tanguisson GUN-01 --- --- --- --- --- 

Tumon 
Bay 

Gun GUN-24 --- --- --- --- --- 
Gognga GUN-25 --- --- --- --- --- 

Naton 

GUN-02 30% --- --- --- --- 
GUN-23 --- --- --- --- --- 
GUN-03 --- --- --- --- --- 
GUN-04 --- --- --- --- --- 

Ypao GUN-05 --- --- --- --- --- 

East 
Hagåtña 

Bay 

Dungca's GUN-06 36% --- --- --- --- 
GUN-07 82% 20% --- --- --- 

Alupang 
Towers GUN-26 64% --- --- --- --- 

Trinchera GUN-08 65% --- 5% --- --- 
Padre Palomo GUN-09 73% --- --- --- --- 

West 
Hagåtña 

Bay 

Hagåtña 
Channel 

GUN-10 38% --- --- --- --- 
GUN-11 64% --- --- --- --- 
GUN-12 83% 54% 20% --- --- 

Bayside Park GUN-13 68% --- --- --- --- 
 

Note:  
 
Shaded cells indicate those zones where the geometric mean criterion was exceeded.  This is 
indicative of potential long term, chronic problems under those conditions. 
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Table 9-4.  Summary of needed reductions to meet TMDL (90th percentile – dry season). 
 

Water Beach Site 
ID 

Duration Curve Zone 
High Moist Mid Dry Low 

Northern Tanguisson GUN-01 49% --- --- --- --- 

Tumon 
Bay 

Gun GUN-24 --- --- --- --- --- 
Gognga GUN-25 --- --- --- --- --- 

Naton 

GUN-02 48% --- --- --- --- 
GUN-23 54% --- --- --- --- 
GUN-03 25% --- --- --- --- 
GUN-04 --- --- --- --- --- 

Ypao GUN-05 80% --- --- --- --- 

East 
Hagåtña 

Bay 

Dungca's GUN-06 95% --- --- --- --- 
GUN-07 98% 71% 67% 37% 43% 

Alupang 
Towers GUN-26 --- 74% 34% 23% --- 

Trinchera GUN-08 89% 61% 69% 68% 34% 
Padre Palomo GUN-09 69% 14% --- --- --- 

West 
Hagåtña 

Bay 

Hagåtña 
Channel 

GUN-10 48% --- --- --- --- 
GUN-11 83% --- --- --- --- 
GUN-12 93% 93% 72% 42% --- 

Bayside Park GUN-13 94% 57% --- 28% --- 
 

Note:  
 
Shaded cells indicate those zones where the 90th percentile exceeded the instantaneous 
maximum criterion.  This is indicative of recurring short term problems under those conditions. 
 

 
 
Table 9-5.  Summary of needed reductions to meet TMDL (90th percentile – wet season). 
 

Water Beach Site 
ID 

Duration Curve Zone 
High Moist Mid Dry Low 

Northern Tanguisson GUN-01 15% --- --- --- --- 

Tumon 
Bay 

Gun GUN-24 --- --- 12% --- --- 
Gognga GUN-25 --- --- --- 76% --- 

Naton 

GUN-02 74% --- --- 26% --- 
GUN-23 35% --- --- 62% --- 
GUN-03 49% --- --- --- --- 
GUN-04 --- --- --- --- --- 

Ypao GUN-05 --- --- --- 41% --- 

East 
Hagåtña 

Bay 

Dungca's GUN-06 81% --- --- 10% --- 
GUN-07 93% 82% 71% 51% --- 

Alupang 
Towers GUN-26 98% 23% 21% 52% --- 

Trinchera GUN-08 88% 56% 62% 35% --- 
Padre Palomo GUN-09 92% 22% 20% 47% --- 

West 
Hagåtña 

Bay 

Hagåtña 
Channel 

GUN-10 85% --- --- --- --- 
GUN-11 96% 34% --- 44% --- 
GUN-12 97% 94% 71% 28% --- 

Bayside Park GUN-13 94% 61% --- 49% --- 
 

Note:  
 
Shaded cells indicate those zones where the 90th percentile exceeded the instantaneous 
maximum criterion.  This is indicative of recurring short term problems under those conditions. 
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9.3 Monitoring and TMDL Re-Assessment 
 
The application of the duration curve framework allows water quality monitoring 
information to be used in a way, which characterizes concerns and describes 
patterns associated with impairments.  Continued data collection at these 
seventeen beaches under the RBMP will provide information that enables these 
TMDLs to be evaluated in terms of progress towards achieving Guam’s Water 
Quality Standards. 
 
NPDES permits are re-issued every 5 years and the §303(d) impaired waters list 
is re-assessed every 2 years.  Because a number of critical implementation 
actions are connected to compliance with the permits, these TMDLs will be re-
evaluated in seven years.  If sufficient progress has not been made during the 
seven year timeframe, the TMDLs will be re-opened.  Sufficient progress is 
defined as removal of at least 50% (or nine of the seventeen beaches) from the 
impaired waters list.  Any adjustments to wasteload and load allocations needed 
to meet water quality standards will be incorporated into revised TMDLs. 
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RESTORATION STRATEGY FOR THE NORTHERN WATERSHED

1.0 Introduction

1.1 Background

In his 1998 State of the Union Address, President Clinton announced a major new Clean Water
Initiative to speed the restoration ofour nation's waters. This initiative is designed to achieve
clean waters by encouraging federal and non-federal agencies, other organizations and interested
citizens to work in a collaborative manner to restore our highest priority watersheds. In
October, 1997, Vice President Gore directed the Department ofAgriculture (USDA) and the
Environmental Protection Agency (EPA) to work with other federal agencies and the public to
prepare the action plan that would form the foundation for this collaborative effort. The plan
was completed in May, 1998; it is called the Clean Water Action Plan (CWAP). The federal
government is committed to contnbuting its technical and financial resources to the
implementation of the Plan, but only to those states, territories, and tribes that meet the Plan's
requirements and time lines.

Guam responded to this federal offer and to the opportunity to work together to restore and
protect our waters, by creating an interagency work group to design a CWAP for Guam. The
group was formed in June, 1998. The group worked quickly and after less that two months
released the first required CWAP product, the Unified Watershed Assessment. This document
describes the CWAP and the process used by the group to respond to the CWAP challenge, and
presents the group's Unified Watershed Assessment that describes and prioritizes Guam's
watersheds. This document provides the basis for the development of the next CWAP
requirement, the Restoration Strategy for Guam's priority watersheds. The Restoration
Strategy presents the group's proposed restoration activities for the Northern Watershed.

1.2 Restoration Strategy Development Team Organization

The Water Planning Committee (WPC) was formed on August 1987 under Section 57034 of
Title 10, Guam Code Annotated (GCA), Public Law 17-87 authorizes and directs the Governor
ofGuam and the GEPA Administrator to enter into agreements with the agencies ofthe United
States ofAmerica. The WPC first convened in August 1987 and became inactive in 1989.
The committee was re-established in June of 1998, in time to work with the new national water
initiatives announced by President Clinton in his 1998 State ofthe Union Address. ·The WPC was
formed to delineate watersheds on Guam, and to prioritize the watersheds in terms of those with
the greatest need for the development and implementation of restoration strategies. In July of
1998, the Natural Resources Conservation Service (NRCS) presented a map to the WPC that
delineated watersheds on Guam. The WPC then organized those watersheds by category based

2



on national criteria, the data available for each watershed, and the severity ofenvironmental
impacts suffered by each watershed.

The Northern Watershed was designated by the Water Planning Committee as the priority for
the development and implementation ofa restoration strategy. This was done because the
Northern Watershed comprises the Northern Guam Lens (NGL), which was designated as a
sole source aquifer by the USEPA in 1978, under the provisions of Section 1424 (e) of the
federal Safe Drinking Water Act and is the source for the vast majority ofGuam's drinking
water. The Northern Watershed Working Group was appointed by the WPC in July 1998.
It consists ofthe Department of Agriculture, Department of the Air Force, Natural Resources
Conservation Service, Guam Waterworks and Guam EPA, with the Water and Environmental
Research Institute (WER!) being designated as the Group Leader.

1.3 Northern Watershed Restoration Strategy Rationale

The Tumon Bay area of the Northern Watershed was designated as the highest priority
watershed in the 1998 303(d) list for Guam for which Total Maximum Daily Loads (TMDLs)
need to be developed. The restoration strategy described herein is aimed at the eventual
development through a phased approach of establishing TMDLs for specific chemicals in the
Tumon/Yigo Sub-basin. The specific chemicals in groundwater and surface water in the
Tumon/Yigo Sub-basin for which TMDLs need to be developed are shown in Figure 1 and in
Table 1. The Tumon/Yigo Sub-basin was delineated as the Yigo Sub-basin in the NGL Study
(1982) (Figure 2). Delineation ofthe sub-basin was based on the configuration of the volcanic
basement which in part controls the occurrence and flow ofgroundwater within the aquifer.
The topography of the upper surface of the basement acts to provide sub-surface groundwater
divides which partially separate groundwater connection in different parts of the aquifer. The
assumption is that precipitation which infiltrates within a particular sub-basin will recharge
groundwater in that sub-basin and will not impact or flow into other sub-basins.

This document refers to the subject sub-basin as the Tumon/Yigo Sub-basin, shown in Figure 3
as part ofthe Northern Watershed. This was done because groundwater not intercepted by
pumping wells within this sub-basin flows beneath Tumon Village and discharges to Tumon
Bay. Any contamination present in this portion ofthe aquifer will, therefore, ultimately affect
groundwater production in Tumon Village and recreational beaches along the bay, which
receives groundwater discharges in the form ofsprings and seeps.

Tumon Bay is an area that is currently under intensive recreational use and can be characterized
as "threatened water which currently fully supports beneficial uses... but is expected to degrade
as a result of (impact) from planned development..." (EXPECTATIONS FOR

IMPLEMENTATION FOR CLEAN WATER ACT SEC. 303 (D)). In light of the expected increase in
development in Tumon, a decrease in impacts to the Bay is not evident in the near future.
Because of its economic and recreational importance to Guam, Tumon Bay needs to be
monitored closely for impacted water quality due to storm water drainage, the occurrence of
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high fecal bacteria counts found in the sediment at the shore ofTumon Bay (a study by E.
Matson ofDOG titled ''TERRESTRIAL GROUNDWATER SOURCES OF FECAL INDICATOR BACTERIA IN

GUAM"), the alteration ofgroundwater flow under Tumon Bay due to active hotel construction
(MATSON, 1996) and high nutrient concentration in Tumon Bay spring discharges resulting from
possible use offertilizers on hotel grounds near the bay (Denton, 1998). Our proposal is to
earmark this bay as high priority site for TMDL development and to conduct a two (2) year
study at this bay that will include physical and chemical analysis, toxic pollutant analysis and
further water quality characterization by biological assessments.

2.0 Geology

Guam is the largest and southernmost island of the Mariana archipelago in the west central
Pacific (Figure 4). It is located about 3,800 miles west-southwest ofHawaii and 1,600 miles
east of the Philippines. The island is about 30 miles long and 4 to 12 miles wide.

Northern Guam is underlain by at least a 250-meter section ofNeogene limestones, deposited
as reef systems on an early Tertiary seamount (Tracey et at, 1964) (Figure 5). The two aquifers
in northern Guam are the Miocene Barrigada Limestone, considered by earlier studies to
represent deeper water, off-reefplatform conditions and the Pleistocene Mariana Limestone
which contains a wide spectrum ofshallow-water carbonate facies, but is believed on many
lines ofevidence to represent a Pleistocene reef-margin complex (Tracey et at, 1964, Schlanger,
1964). Geomorphically, northern Guam is a terraced plateau comprised ofkarstic areas the
locations ofwhich and degree ofdevelopment are controlled by normal faults and shear zones
extending into the volcanic basement (Barrett et al1982).

Southern Guam consists ofhighly eroded terrain generally comprised ofvolcanic rocks.
Carbonates are restricted to intermittently distnbuted coastal escarpments and narrow terraces
where Neogene reef-margin facies persist. Volcanics range from pillowed flows along the
southwest coast through thick and often slumped sequences ofhighly weathered agglomerates,
tuffaceous mudstones, and graywackes further inland.

In central Guam and along the southeastern coast, the Mariana Limestone lies in either faulted
or unconformable sedimentary contact with weathered volcaniclastics and the older limestones
(Figure 5). In these areas, except Orote Point and the reef facies the Mariana is argillaceous (up
to 16% by weight (Schlanger 1964), a condition that affects both groundwater and surface
water hydrology. It should be noted that the Alifan limestone located in central Guam is not
argillaceous and is highly permeable.
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3.0 Hydrogeology

Guam is comprised of two equally sized hydrogeologic provinces. In the southern halfof the
island, groundwater is present in volcanic rock oflow permeability, and the water table rises to
hundreds offeet above sea level. In northern Guam, most ~oundwater is contained within the
aquifer termed the Northern Guam Lens (NGL) that occurs within karstic and highly permeable
Barrigada and Mariana Limestones. Groundwater flow occurs within the NGL both as diffused
flow porous sections and conduit flow through solution channels. The water table rises from sea
level at the coast to tens offeet in southern portions ofthe'NGL where the limestone is in close
proximity to volcanic rock which has contributed significant amounts ofclay during deposition
ofthe limestone thus reducing the permeability of the aquifer. The NGL was designated as a
principal source aquifer in 1978 (Guam EPA).

Most ofthe freshwater supply is contained in a characteristic "lens" beneath the limestone
plateau in the northern part ofthe island. This groundwater lens occurs in two conditions.
Whenever the total depth of the porous limestone extends significantly below sea level, it is
termed a ''basal'' condition. Under basal conditions the fresh groundwater lens is underlain by
salt water. Where impermeable volcanic material protrudes into the aquifer at or near sea level,
a "parabasal" condition exists (i.e.,. the fresh water lens is underlain by volcanics).

In the basal zone, freshwater exists in equilibrium contact with saltwater. Freshwater extends
some 40 feet below sea level for each foot ofhead above sea leveL as developed by pressure
differences due to density differences of the fluids present in the aquifer. The transition zone
between freshwater and saltwater is thickest near the coast, where it is affected by tidal forces,
and thinnest at the furthermost point inland.

Generally the high permeability ofthe limestone aquifer limits the static head ofgroundwater to
content, heads can reach up to 30 feet above sea level.

A quasi-equilibrium ofsuch a groundwater lens is achieved by leakage from the lens to the sea
through springs and seeps along the coastline, and recharge which takes place as rainfall
percolates into the ground and flows through channels and interconnected pores in the
limestone into the freshwater lens.

The porosity of the limestone occurs as well defined open spaces created by the presence of
freshwater in the interstices ofthe rock. Secondary porosity within the vadose zone results
from the dissolution of limestone by infiltrating rainfall which is initially under saturated with
respect to calcite and becomes saturated as it approaches the water table. In the saturated zone,
porosity development occurs at the base ofthe lens where mixtures of fresh and saline waters
are again under saturated with respect to calcite. During quiescent geologic periods of time
when Guam's elevation has remained relatively constant, horizons of increase porosity has
developed.
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Continual uplifting of the limestone plateau has resulted in large solution cavities being lifted
above the water table. As these caverns lose their hydraulic support, collapse has taken place
resulting in surface karst features being formed such as sinkholes, troughs and escarpments.
Along and parallel to fault lines in the volcanic basement, this process has been magnified to
the extent that major surface expressions have been created, such as the Yigo Trough, the
Harmon Sink and Agana Swamp.

4.0 Restoration Strategy

The restoration strategy proposed herein has been scoped to focus on watershed restoration
goals for the Tumon/Yigo Sub-basin which can be initiated and partially realized within the
implemented as a phased approach which will lead to the development ofchemical-specific
TMDLs for this watershed. The proposed strategy for the first phase of restoration ofthe
TumonlYigo Sub-basin consists of three task; 1) contaminant source identification and
reduction, 2) innovative septic tank design pilot project, and 3) public education. The three
tasks are outlined below. Specific actions within the three tasks proposed to be performed
during the first year of funding are identified in the following sections. Cost estimates for each
proposed action are presented in Section 5.0.

4.1 Source Reduction.

The major focus ofthe restoration strategy for the northern watershed will be the
documentation, investigation, and eventual reduction ofpotential contaminant sources located
within the TumonlYigo Sub-basin (Figure 3). Contaminants have not only impacted production
wells in the sub-basin, they have also migrated to the coast where they are present in spring
discharges to Tumon Bay, a popular recreational beach. This sub-basin is the area ofmajor
production ofpotable groundwater within the Northern Watershed, and has also been subjected
to extensive urbanization. This urbanization includes numerous medium- and small-size industrial
operations which use and store hazardous materials, and hotels located along Tumon Bay. These
operations include dry cleaners, automobile repair shops, gas stations, and other small-scale
industrial operations. Hotel operations include dry cleaning and the potential use of fertilizers and
pesticides, as discussed below.

Reasons for delineating this area as a priority are basically two fold. Firstly, because of the
facts stated above, it is critical that groundwater quality in this sub-basin is protected. As
presented in the Northern Watershed Assessment Report (Guam EPA, 1998), chemical
contaminants have already been detected in production wells within the sub-basin, and further
groundwater quality degradation needs to be guarded against. Once chemical contaminants
find their way into the aquifer, the most efficient method ofremoving them from drinking water
is through wellhead treatment. This process is very costly.

Secondly, closer to Tumon Bay, the discharge zone for the Tumon/Yigo Sub-basin, high­
density urbanization in the form ofhigh rise hotels and condominiums has resulted in high
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capacity infrastructure systems, increased urban runoff, inadequate stonnwater
retention/detection systems, and potentially unquantified pesticide and fertilizer use on hotel
grounds. Water samples collected from beaches and spring discharges to Tumon Bay have
indicated elevated concentrations of fecal bacteria (Matson), nutrients (Denton), and thallium,
and detections ofTCA and PCE (Naval Facilities Engineering Command, 1996). High nutrient
levels in spring water appear to spawn localized algal blooms that degrade the aesthetic quality
of recreational beaches. Thallium concentrations in spring waters have been measured at levels
well above the 2 ppb MCL ofthe safe drinking water standards. Two known uses of thallium
are as an insecticide and rodenticide.

The restoration strategy proposed herein will focus on Tumon Bay and aquifer restoration in
terms of the identification and reduction ofcontaminant sources responsible for occurrences of
TCA, TCE and PCE in production wells in the sub-basin, and fecal bacteria, thallium, TCA,
PCE, and nutrients in Tumon Bay springs and beaches. A likely source for the detections of
PCE, TCA and TCE in groundwater is poor operational and disposal methods for solvents at
dry cleaners. Two possible sources of thallium in spring discharges are pesticide and rodenticide
use at Tumon hotels. Fertilizer use at hotels and various infrastructure leaks and associated
operational and maintenance problems are likely sources ofnutrients and bacteria, respectively,
in spring discharges and beaches. The first step in the restoration strategy will be to establish
background levels and seasonal fluctuations ofcontaminants in spring discharge along Tumon
Bay.

4.1.1 Tumon Bay Restoration

The Proposed method to identify and reduce potential sources of spring discharge contamination
will follow a strategy similar to the one proposed to be used for groundwater contamination in the
sub-basin. Note that only the first bullet listed below in Section 4.1.1 is proposed to be
accomplished during the first year of funding. A cost estimate for this action is presented in
Section 5.0. The over all strategy consists of:

• Establish background and comprehensive seasonal variation in contaminant concentration
resulting from varying rainfall conditions through sampling and analysis of each of the
springs to be considered as part of this restoration strategy, even though chemical impacts
to spring discharges have been measured by past investigations.

• An inventory and record search of suspected hotels and infrastructure systems.

• Investigate possible bacteria sources issuing from springs present along Tumon Bay,
especially sources of the integrity oflocal sewage and drainage systems.

• Link possible sources to specific spring discharges through a series ofdye trace studies.
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• Assess spring discharges for nutrient and bacteria loading, and the proliferation ofalgal
blooms to determine the relationship between nutrient and bacteria load and algae
growth to the nutrient and bacteria sources.

• Reduce and eliminate contaminant sources determined to adversely affect the quality of
spring discharges. By successfully reducing sources and measuring the reduction of
chemical impacts to spring discharges would allow TMDL's to be developed for the
various contaminants.

4.1.2 Aquifer Restoration

For TCA, TCE and PCE present in production wells in the sub-basin, the proposed restoration
strategy to be performed in the years subsequent to the first year of funding will consists of:

• A search of inventory records ofmaterials used and stored at various facilities, focusing
on dry cleaning operations.

• From this records search, facilities which use significant quantities ofmaterials which
Contain TCA, TCE or PCE would be investigated by inspectors to insure that none of
the hazardous materials have been or are being disposed of improperly or escaping into
the environment due to inappropriate operations.

• Suspect facilities would subsequently be investigated by field crews collecting samples
for chemical analysis of the above listed contaminants. Samples would be in the form
ofsoil gas and soil matrix in order to determine the presence or absence ofcontaminants
within the soil at the facility. Ifcontaminants are found to be present, additional
samples may be required to determine the extent and magnitude ofcontamination in
order to assess the magnitude of the threat contaminants pose to human health and the
environment.

• Ifa significant threat is determined to exist, appropriate remedial and removal actions
would be designed and implemented to restore and protect the watersheds including
enforcement ofexisting laws.

The Northern Watershed Working Group is proposing that the above investigative and remedial
actions be undertaken over a period ofyears by consultants selected by the WPC under the
supervision and management ofGEPA which will supply any enforcement authority necessary for
the performance of the work. Consultants will be selected by the WPC based on their responses
to requests for proposals. Work will be contracted on an iterative basis whereby the scope of
work for each phase of investigation will be determined by the results obtained from the previous
phrase or phases of investigations. For example, the number and scope of investigations into
facilities, hotels and infrastructure systems will be determined from the results of the record
searches, and the number and scope of remedial and removal actions will be determined from the
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results of site visits and sampling. It should be noted that the strategy is a multi-year effort. Only
those actions that have been scoped in terms ofestimated costs are proposed for funding for the
first year of implementation.

4.2 Innovative septic tank design pilot project.

Another impact to watershed groundwater was identified in the Northern Watershed Assessment
Report (Guam EPA, 1998) as an increase in nitrate concentrations in production wells within the
TumonlYigo Sub-basin, as well as elsewhere in the watershed. There are many possible sources
of nitrate input to groundwater in the watershed; one ofwhich is the use of septic systems for
sewage disposal. Implementation of the I Tanota Land Use Plan is expected in the near future.
Implementation ofthis plan will potentially increased the density of residential lots to four per
acre in the Tumon/Yigo Sub-basin. If sewer systems will not be available in these areas, nitrate
introduction to the aquifer would increased. To determine the extent to which current septic
systems are a source ofnitrate to the aquifer, a pilot project is proposed to compare effluent
discharges from a current system to discharges from a septic system designed to reduce nitrate
emissions. An example ofa proposed design and specifications of the system to reduce nitrates
from septic effluent are presented in Appendix 1.

The pilot project will consist ofthe installation ofan innovative system at a residential site over
the aquifer. Over a period oftime designed to represent various weather conditions typical for
the island, system effluent will be monitored within the leach field in terms of the parameters
specified in Appendix 1. Over the same period of time, leachate will be sampled for the same
parameters in the leach field ofa conventional septic system at a near by residence. The selection
of the conventional system will be based on the similarity ofphysical conditions and system usage
between the two test case sites. Physical conditions such as the proximity of the two test sites,
soil thickness and type, vegetation, weather conditions, and surface topography will be
considered. System usage similarity will be based on the number and age ofpermanent and
temporary residents, and lifestyle. A cost estimate for this action is presented in Section 5.0.

4.3 Public education

Appropriate educational programs would be designed to help restore the northern Guam
watershed. They could focus on a number of issues and stakeholders, and employ a variety of
teaching and training resources. The common denominator is an increased and educated
awareness of the basic hydrologic components of the northern Guam watershed, and a working
knowledge of the key environmental/economic parameters tied into its restoration. The
educational program of the restoration strategy could include any or all of the following tasks:

• Introduce 2 semester course consisting of a number of sequenced water resource
training modules designed for local school teachers at all levels. Modules could be
offered and coordinated through UOG/College ofContinuing Education.
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• Develop curricular materials for direct introduction into DOE and private school
classrooms. Materials could include posters, coloring books, videos, slide sets, maps,
field trip guides, water testing kits, etc. Materials will address a number ofbroad as
well as specific issues including hydrologic cycle, hydrogeology, water production,
field measurement techniques, well and stream management practices, pollution, water
quality, toxicology, water and sewer transmission and treatment, economics, wetlands
issues, flooding, sedimentation, and much more.

• Develop short courses and/or workshops targeted to specific stakeholders in the
community: politicians, planners, business community, government agency personnel,
village mayors, teachers, professors, etc.

• Arrange for full tuition, partial stipend scholarships at DOG for one or more graduate
students in the Environmental Sciences Masters Program who would undertake thesis
research projects on the northern Guam watershed.

5.0 Cost Estimates

• Tumon Bay spring sampling. Assumptions:

Sample 10 springs, 5 times each during one year. A total of 50 samples.
Sample for full chemical analysis.
QA/QC samples at 10 percent (field blanks and duplicates) = 10 samples.
60 samples at $1,520/sample = $91,200
Contractor labor: two people for 120 hours at $IOO/hr. (With reports) = $24,000.

Total cost = $115,200

• Installation and monitoring of innovative septic system. Assumptions:

Install one septic system similar to that in Appendix 1 = $10,000.
Install four lysimeters to monitor leachate quality at the site of the innovative
design, and at a selected control site with a standard septic design (8 total).
8 lysimeters @ $ 4,000/ lysimeter = $32,000
Sample leachate from 8 lysimeters 5 times during one year = 40 samples.
QA/QC samples at 10 percent = 8 samples; 48 total samples.
Analyze leachate for nitrate, phosphate, and bacteria.
48 samples X $120/sample = $ 5,760
Contractor labor two people for 80 hours at $1 OO/hr. (With report) = $16,000.

Total cost = $ 53,760
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• Public education. Assumptions:

Two semester DOG course for school teachers. $3,000
Curricular materials. $6,000
Short course development and initial presentation $4,000
Tuition scholarship and partial stipend $5,000

Total Cost

Total first year project cost

6.0 Summary

6.1 Implement an Innovative Septic Tank Pilot

$18,000

$186,960

Population over this sub basin is growing, along with an increased density ofresidential lots. The
sewage infrastructure is expected to continue to be far from adequate. Concerns related to septic
contamination ofaquifer are growing, with increasing levels ofnitrate concentrations in
production wells within the Tumon/Yigo Sub-basin.

6.1.1 Proposed Action

1. Determine the extent to which current septic systems are a source ofnitrate to the aquifer.
Assess and compare the current system with an innovative septic tank system, one which is
designed to reduce nitrate emissions.

Lead- GEPA
Cost - $52,000

6.2 Assess contaminant contributions from the Harmon Industrial Area

The Harmon Industrial area was once home to the Navy's Brewer Field, and now supports most
ofthe Guam's light industries. It is immediately upstream ofthe Tumon-Maui well and upstream
ofTumon Bay springs, both ofwhich are experiencing some levels ofcontamination from
industrial chemicals. It is highly probable that the source of the contamination of the Tumon­
Maui well and Tumon Bay is this industrial area. This conclusion, though based on best
professional judgement, is speculative, because we do not have site information for this area.
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6.2.1 Proposed actions

1. Inventory the area for industrial concerns and type ofchemical is utilizes in their operations.
Complete a map and a GIS compatible database of information.

Lead - Galt Siegrist, utilizing St. John's students
Cost - $2,000 for supplies

2. Explore possibility of federally funded pontentially responsible parties (PRP) search.
Lead - GEPA, coordinating with USEPA

3. Investigation and enforcement
Lead- GEPA

4. Note - $35,000 additional is available from CZM for documentation, investigation, and
reducation ofpotential contaminant sources in the sub- basin, and for public education. More
tasks could be added, based on results of inventory and other analyses.

6.3 Clean - up Contaminated Drinking Water Production Wells.

The Tumon-Maui well is one ofour major potential production wells (900+ gallons per minute),
and is an important water source for GWA. It also provides "a window" into the aquifer. The
well is contaminated (TCA and PCE,), and the Air Force has shut the well down.

The Air Force is not pursuing remediation or monitoring at the well. Past remediation on Guam
has utilized air filters or charcoal filter systems, both ofwhich face numerous technical challenges
here, with our high mineral levels. Alternative, more innovative techniques for well remediation
are being utilized and researched elsewhere and may be practical here on Guam.

6.3.1 Proposed Action

The WPC recognizes the contamination ofthis well as a major concern in the watershed. The
WPC will table immediate action on this item, however, pending the outcome of several other
issues (for example, decisions about well ownership).

6.4 Assess level offertilizers/pesticides/herbicides utilized in Tumon Area

There is at least a perception that the aesthetics ofTumon Bay are declining due to perceived
increasing levels ofalgae in Tumon Bay. And, elevated levels of thallium in several Tumon
springs, are ofconcern. (Thallium is linked to the use ofpesticides and herbicides.) It is possible
that near shore impacts from landscaping practices may elevate levels ofnutrients, pesticides and
herbicides in the bay.
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6.4.1 Proposed Actions

1) Conduct a survey of fertilizers and pesticides/herbicides utilized in Tumon Area
Cost - $7,500

2) Conduct verification sampling, as deemed necessary.
Example - 10 sites, 5 samples per site for metals and nutrients; $140/sample = $14,500

6.5 Conduct Baseline Monitoring (ofdownstream) Tumon Bay Springs.

All restoration projects should include in their design, the ability to evaluate the (lack of) success
of the work. The springs along Tumon Bay are the outlet for ground water flow from the
Tumon-Yigo sub-basin, and should be representative ofground water contamination levels.
Sampling these springs will provide baseline data, data which is currently inadequate.

6.5.1 Proposed Action

1) Sample Tumon Bay springs
Sample 10 springs, 4 times per year = 40 samples; Complete full chemical analysis;
QA/QC; labor - 2 people for 100 hours (field sampling and report preparation)
Lead- GEPA
Total cost - $96,000

6.6 Public Education

Public education is key to preventing further groundwater contamination problems.

6.6.1 Proposed Actions

1) Three day hydrology course for Island teachers $4,000
2) Curricular materials
3) Short course development and initial presentation
4) Publication ofannual "State ofthe Watersheds" $5,000
for both watersheds, which summarizes the results ofthe watershed restoration successes and
progress. This might be used to produce a newspaper supplement.
5) Radio spots and/or publication ofbrochures targeted for those sectors that are contnbuting to
ground water contamination problems.
6) Public recognition for "clean establishments."
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UGUM WATERSHED RESTORATION STRATEGY
June 14, 1999

I. BACKGROUND
In his 1998 State of the Union Address, President Clinton announced a major new national Clean
Water Initiative, the Clean Water Action Plan (CWAP). This initiative aims to achieve clean
waters by encouraging federal and nonfederal agencies, other organizations and interested citizens
to work in a collaborative manner to restore our highest priority watersheds. The federal
government has committed to contributing its technical and financial resources to the
implementation of the plan.

Guam responded to this federal initiative by convening a work group, the Water Planning
Committee (WPC), which is made up ofrepresentatives from fourteen agencies and interested
organizations. The WPC completed an assessment of the island's watersheds and selected three,
the Northern, Ugum and Talofofo, as its highest priority watersheds due to their value as drinking
water resources. Two have been targeted for CWAP restoration in the 1999-2000 time period, the
Northern and Ugum Watersheds.

This document presents the strategy for protecting the Ugum Watershed. It includes elements
consistent with federal guidelines, such as measurable project goals, identification of the sources
and contributions of water pollution, planned restoration actions (time line& cost), monitoring and
ev,aluation plans, funding sources, and a process for public involvement.

This strategy was developed by a subgroup of the WPC, represented by numerous organizations:
Department ofAgriculture - Divisions of Forestry and Aquatic and Wildlife Resources,
Department of Commerce, Guam Environmental Protection Agency, Natural Resources
Conservation Service (chair) and University of Guam College ofAgriculture and Life Sciences.

II. AVAILABLE INFORMATION
This project has been very fortunate, in that it has been able to benefit from earlier extensive,
thorough and excellent work completed on the watershed in 1996, by the NaturalResources
Conservation Service (Ugum Watershed Management Plan. Territory of Guam US Department of
Agriculture, Natural Resources Conservation Service, Pacific Basin Area; March 1996). The
entire watershed has been mapped, and resources inventoried and assessed. The major watershed
problems and opportunities were prioritized in public meetings and reported in the Management
Plan's companion document, The Ugum Watershed Resource Assessment. Enough baseline
information exists to set priorities, make management decisions, and implement restoration
measures.
Four management scenarios or options were proposed in the Ugum Watershed Management Plan:
1) No Action, 2) Maintenance, 3) Improvement, and 4) Reserve. The Ugum Watershed work
group of the WPC has concluded that the Improvement Scenario offers the best set of objectives to
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meet CWAP goals. The Ugum Watershed Restoration Strategy, proposed here, relies extensively
on these earlier products; it presents a refined list of actions drawn from the Ugum Watershed Plan
that are practical to implement at this time.

III. OBJECTIVES FOR THE UGUM WATERSHED
The Ugum Watershed, about 19 square kilometers of lush vegetation, productive wetlands,
savanna grasslands, badlands, and numerous springs and feeder streams, is one of Guam's last
relatively pristine natural areas. It is home to wild pigs, deer and carabao, as well as many birds,
some of which are endangered. The Ugum Water Treatment Plant on the Ugum River supplies
drinking water to southeastern island villages. A short distance downstream ofthe watershed
boundary, the Talofofo and Ugum Rivers merge and flow into Talofofo Bay.

The goal ofthe restoration strategy for the Ugum Watershed is to maintain and preserve water
quality and quantity in the Ugum Watershed far into the future; more specifically, to:

1. Reduce instream turbidity in the Ugum watershed; this will improve the quality ofdrinking
watersupplied to residents ofsouthern Guam by increasing the effectiveness ofmicrobial
treatment at the Ugum treatment plant.
A federally mandated quantitative pollutant loading plan, a Total Maximum Daily Load (TMDL),
is being developed for the Ugum Watershed (anticipated completion date is April 2000). The draft
TMDL identifies the reduction in turbidity levels in the river that are necessary to achieve the
drinking water objective, the sources of turbidity in the watershed and their estimated
contributions, and the anticipated reductions in turbidity when the restoration plan is implemented.
This strategy is consistent with the draft TMDL targets.

2. Improve ecosystem function (both in-stream and downstream marine, including coral reefs) by
lessening the level ofnon point source problems in the watershed, and associated deterioration of
fish and wildlife habitat.
Measuring the improvement to ecosystem function in the downstream waters due to this
restoration project is less direct. The strategy's working assumption is that turbidity and sediment
reductions from actions designed to reduce upstream erosion will benefit downstream stream
waters and coral reef ecosystems. A biological monitoring program associated with this
restoration project will track changes in aquatic ecosystem functioning.

IV. WATERSHED ASSESSMENT
A. Watershed erosion
The parameters of concern for the Ugum River are turbidity and sediments in the water.
Microorganisms harmful to humans may also be present in the watershed. These parameters are
related to one another. After storms, the high turbidity of the surface water and sediment loading
from soil erosion in the watershed affects the productivity of the land, aggravates the Ugum
drinking water treatment plant's system's ability to treat possible microorganisms potentially
harmful to humans, and negatively iinpacts aquatic life (e.g.; fish, aquatic invertebrates, reefs) in
the watershed's streams and downstream coastal areas. .
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Much of the Ugum watershed was originally forested. The relatively undisturbed and existing
ravine forest contributes to the stability of the watershed. Its forest structure protects the soil
surface from the direct impacts of intensive tropical rainstorms, and minimizes sediment runoff.
Because these forests are typically located next to watershed streams, they serve as catchments to
filter eroding sediments from savanna grasslands and badlands, which occupy ridge tops and road
ridges of the area. They provide shade which helps maintain cooler stream temperatures, and they
contribute leaf-litter and other debris used by fauna as cover and food. These forests are also
relatively resistant to fire. In forested lands, loss of water through heavy rain or storms is
drastically reduced. The dead branches, twigs and leaves on the forest floor accumulate and
eventually turn into humus and act as a sponge, providing water retention. Moreover, roots
penetrate into the subsoil and enhance the infiltration and storage ofrainwater.

Fires in the Ugum Watershed have contributed to changes in vegetative types, soil organic matter
content, and wildlife habitat. Decades ofperiodic burning of the savanna plant communities have
resulted in severe erosion and leaching ofessential nutrients. Wild land fires usually occur in the
savanna grassland ecosystem, because savanna grassland burns easily. It is dominated by bunch
grasses, which are fire prone during the dry season. Fire causes the savanna grassland to
rejuvenate and spread by burning the edge of the ravine forest. This grassland is a fast-growing
community. Because of the high rate of soil erosion and reduced soil productivity under this
highly exposed clumped vegetative cover, the ravine forest cannot easily compete with the
invading grassland, and is not easily reestablished. Fires have contributed to a decrease in acres of
forest; without the exclusion of fire, the ravine forest cannot expand and the revegetated acreage
cannot be sustained.

Uncontrolled access by off road vehicles for recreational purposes also accelerates erosion rates
and prevents revegetation of sensitive areas. (The roads' patterns are often in clusters and
circular). Many ofthe recreational vehicle drivers are unaware of the consequences of their
actions, and prefer starting new trails to following existing ones. This activity contributes to the
establishment ofbadlands.

The movements of large mammals, such as carabou, in and around rivers contribute to bank
destabilization. Rooting and wallowing ofpigs can also cause severe damage to the forest,
resulting in increased erosion. Additionally, deer, pigs and other mammals can be vectors for
pathogens, such as Crypto sporidium, Giardia and Leptospirosis. Humans can be infected with
these pathogens indirectly by contact with contaminated water or soil.

The soils throughout the Ugum have at least 40% clay content, and once suspended in moving
water, are too light to settle out. Therefore, sediment from the highly eroding roads, badlands and
burned-over grasslands is virtually directly transported to the Ugum River, and downstream to
Talofofo Bay and the surrounding coral reefs. This causes numerous shut downs of the treatment
plant and harms downstream reefs.
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In summary, when soil erosion occurs in the Ugwn Watershed, vegetation changes, from forest to
savanna grassland, or from savanna grassland to badlands. This erosion and the loss of ravine
forest contributes to poor quality in-stream aquatic habitats, frequent shut-downs at the Ugwn
Treatment Plant, and the smothering of the coral reefs and a decline in fish populations. The
effects oferosion and sedimentation are cwnulative; over time the impacts from these processes
magnify and continue to worsen.

B. The major contributors to watershed erosion
The processes oferosion and sedimentation are natural and occur all the time. However, the rate
ofsoil erosion and sedimentation ofour rivers and reefs is accelerated by human activities.

Fire
Fires are a serious problem in the Ugwn Watershed. Virtually all are hwnan caused, whether for
hunting and food-gathering access or from carelessness or recreation, and most are intentionally
started.

Ugum Watershed Guam Fire Statistics (1985-1997)

Year Number of Fires Acres Burned

1987 921 8,800

1988 436 10,263

1990 110 800

1991 318 1,338

1992 558 5,686

1993 693 2,341

1994 152 221

1995 427 4,862

1996 174 500

1997 344 844

1998 1,200 13,000

Roads
Sloped road surface erosion contributes the highest rate of erosion per area in the Ugwn (but ranks
nwnber four in terms of total contribution to sediment per year). These roads have increased in
recent years. From 1975 to 1993, the total road miles more than doubled. Ifthis current trend of
doubling the steep road surface area within the watershed continues, sediment yield from roads
will considerably increase.
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Development
At this time, the Ugum watershed is relatively undeveloped. However, the Ugum Watershed
Management Plan projected that 200 to 500 agricultural homestead lots will be developed within
the next 20 years, and that all of the land on these half-hectare lots will be cleared for cropping,
with small areas set aside for home development. It is not clear at this time what affect the
passage of I'Tano-'ta will have on the quality and extent of development in the watershed. (See
Appendix II, for a brief summary ofhow I'Tano-'ta will apply to this watershed.)

Poorly developed golf courses, tourist facilities, residential subdivisions and other large scale
construction, and habitation degrades water quality. Uncontrolled erosion will carry sediment to
wetlands and waters during each rain event. Recreational activities may introduce pathogens into
the water which mayor may not be readily treated by drinking water treatment plants. And,
nitrates (from septic discharges), fertilizers, pesticides, diesel oil, gasoline and other substances
may be applied or spilled onto nearby lands and may reach the water. These pollutants are not
treated by the conventional water treatment plant and so must be carefully managed, minimized or
eliminated, as appropriate, to protect water quality.

Agriculture
Agricultural impacts are considered minor. Agricultural clearing occurs on approximately 7- 40
hectares per year within the Ugum Watershed. Residue is typically left on the surface, and weed
control is accomplished by light use of chemicals such as the product Roundup®. Soil loss from
agricultural fields is currently 315 to 1,800 tonnes.

C. Relative contributions of erosion to the watershed
Erosion sources must be evaluated both in terms ofvolume eroded per acre per year, and in total
volume per watershed per year. As the tables below illustrate, for example, the grassland erodes
at a lower rate per acre than the other major sources, but it covers 41% ofthe watershed and
therefore contributes the majority of erosion in the watershed.

Total tons sediment eroded per acre per year

1 Road Surface - sloping 324

2 Badlands 243

3 Road Cuts 74-705 TN

4 Stream bank erosion 75 - 330 TN

5 Road Surface - Level 75

6 Grasslands 32

7 Agriculture 20

8 Forest 12
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Total tons sediment yield per year

1 Grasslands 27,134

2 Forest 10,348

3 Badlands 10,125

4 Road Surface - Sloping 3,195

5 Stream bank erosion 1,036

6 Road Cut 720

7 Road Surface - level 644

8 Agriculture 136

Total Sediment Yield per Subwatershed in the Ugum Watershed
(tons)

Subwatershed 'Cut and Rill Roads Stream bank Total
erosion

Bubulao 17,396 1301 290 18,987

Ugum 8,909 1511 297 10,707

UpperUgum 9,069 1175 241 10,485

Atate 7,505 245 140 7,890

N. Bubulao 6,868 327 68 7,263
•Cut and Rill - Includes erOSiOn from forest, savanna grasslands, agriculture, badlands.
"Sediment Yield" is the amount oferoded soil in the river delivered to the downstream boundary of the Ugum
watershed, located at the confluence of the Ugum and Ta1ofofo Rivers.

V. Conclusion
The objective of the Ugum Restoration strategy is to improve the drinking water quality and the
ecosystem functioning of the Ugum Watershed. Erosion is the most significant factor interfering
with the achievement of this objective. The most effective means ofpreventing and minimizing
soil erosion is to encourage actions which maximize vegetative cover, particularly forest.

An effective restoration strategy for the Ugam watershed should include the following priorities:
1) Conserve and protect the ravine forest . The ravine forest provides the best natural

protection ofwater quality. It contributes less erosion than any other cover. Also, it is
large and continuous, and provides habitat to a very diverse flora and fauna, some ofwhich
are rare and endangered species.

2) Revegetate badlands within the savanna grasslands . These sites contribute a significant
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amount of sediments reaching surface waters.
3) Minimize fires. Fire must be contained to protect existing forest and any investment in

tree planting associated with this restoration strategy, and to minimize badland formation.
4) Inform and involve the public. This watershed presents excellent opportunities to

educate and involve the public in watershed protection. For example:
1) The relative simplicity of this watershed allows the public to understand that
there is a strong and direct connection between activities such as fIre burning, land
clearing and off-roading, and increased watershed erosion, which, in turn, causes
harmful downstream impacts to drinking water and coral resources;
2) Experience gained in protecting and restoring this watershed will help achieve
public education that is necessary for constructive public dialogue related to
potential future development of southern watersheds as drinking water supplies.
3) Tree planting, a key component of this restoration strategy, will involve the
volunteers from the public. This provides tremendous opportunities for both
education and personal commitment to long term watershed health. It creates
media opportunities, which is "free" public education. Finally, it provides an
immediate and tangible sense of success, which will promote more watershed
protection interest and support.

VI. 1999-2000 UGUM WATERSHED ACTION PLAN

ITotal CWAP Funds Requested 1$74,730

1. Obtain special recognition and standing which supports the Ugum Watershed as is a
Priority Watershed. This will heighten general public awareness for the values ofwatersheds
and would allow GovGuam agencies to implement protection measures described in this strategy.
~ Obtain recognition and standingfor Priority Watersheds through an Executive Order.

April 1999 - WPC and Attorney Generals' office; June - GEPA board; July - Governor
GEPA; CWAP funds = 0

2. Minimize fires
~ 1) Reinforce the Division ofAgriculture MOA with Fire Department to prioritize wildland

fIre suppression in the Ugum watershed;
2) Work with Navy to request their help in fIre suppression, particularly in higher
elevations which are inaccessible to ground forces; and
3) Consider a total prohibition on permitted fIres in the watershed.
Department ofAgriculture Divisions of Forestry and Aquatic and Wildlife Resources.
By August, 1999; CWAP funds = 0

3. Apply vegetation treatments
~ Reforest 35 acres June - September 1999, taking into consideration effectiveness,
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accessibility, and visibility. As much as possible, use volunteers for tree planting (e.g.
work release prison population; Conservation Corps; summer youth programs; Scouts;
Americore; DYA, non-governmental organizations). This keeps costs down and
contributes to public education and involvement.
Plant Acacia mangium and Acacia auriculiformis. These species can grow vigorously in
badland areas and grasslands, can help reduce erosion and can neutralize soil acidity, are
nitrogen fixers, and can be planted in such a way as to eliminate grasses and weeds, thus
reducing fuel load (fires). Establish vegetative row barriers on ravine ridges to decrease
impact ofgrassland fires on ravine species and decrease movement of soil into riparian and
wetland areas. (This may potentially allow ravine species to creep into the savanna
environment.)
Reclaim off road and other trails through planting of live fascines, tree planting and critical
area sowing ofground cover, and/or reduce uncontrolled access to area.
Stabilize erosion by planting on and through strips oferosion control matting, on five
acres, as a pilot project.

Division of Forestry - Scope of Work for Planting Trees in the Ugum Watershed

Average number of trees planted per acre (badlands) 700 trees

Average number oftrees planted per acre 100 trees
(buffer zones by ravine forests)

Total area 35 acres

Planting Costs for 35 acres of Trees $66,500
($1,900 per acre)

Erosion Control Fabric & Seeds for 5 acres of tree plantings in 5 acres $8,230
of badlands @ $1,646.00 per acre

Total Cost - CWAP Funds $74,730

4. Inform and involve the public about both this strategy and resource management and
conservation.
~ Conduct meetings with property owners to obtain their input on the Ugum restoration

strategy, infonn them ofpotential voluntary incentives for watershed protection (e.g.;
Forest stewardship, Wetland Conservation and Agricultural Programs), and discuss
possible tree planting sites.
May, 1999; Frank Cruz, Randy Sablan, Dave Limtiaco, Colleen Simpson, Mr. Siguenza;
CWAP funds =0

~ Seek endorsement ofGEPA Board for this strategy
July 1999
GEPA; CWAP funds = 0

~ Conduct educational presentations at island schools and during EarthWeek
On-going
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WPC members; CWAP funds =0

5. Encourage environmentally sound development
• Apply I Tano'-ta measures, and encourage environmentally sound practices, such as proper

installation of silt fences, restricting work to the dry season, and preserving native
vegetation and established vegetative cover.
On-going
GEPA, DAWR, Division ofForestry; CWAP funds = 0

6. Utilize compliance and enforcement
Note: The planning team supports voluntary compliance for all management measures where
possible, but at the same time it is realized that the Government ofGuam has a large role in
providing the incentives necessary to make the voluntary compliance desirable.
• Increase surveillance ofpoachers and fire starters in the watershed.

On-going
DAWR, and Division of Forestry; CWAP funds = 0

• Enforce existing applicable regulations (e.g., Sediment and Erosion Control, Pesticide,
Septic Tank, Road Construction).
On-going
GEPA; CWAP funds = 0

• Keep Attorney General's office informed about Watershed Activities and Priorities.
On-going
GEPA, Forestry, DAWR; CWAP funds = 0

7. Monitor and evaluate
Watershed monitoring will be systematically targeted and evaluated to determine the effectiveness
ofwatershed restoration activities.
• Convene an interagency team to plan for and implement watershed monitoring. Members

will include GEPA (water quality), NRCS (agricultural plans), Forestry (tree planting
success, incidence of watershed fires), Aquatic Wildlife (fish fauna & density studies),
GWA (Treatment Plant monitoring such as river flow, turbidity, precipitation), WERI
(climatological data).
May 1999; completed by July 1999
DAWR; CWAP funds = 0

VII. References
Resource Assessment Ugum Watershed, Guam. US Department of Agriculture, Natural
Resources Conservation Service, Pacific Basin Area; January 1995.
Ugum Watershed Management Plan. Territory of Guam US Department ofAgriculture,
Natural Resources Conservation Service, Pacific Basin Area; March 1996.
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APPENDICES

I. ACTIONS TO BE TAKEN IN THE UGUM AS RESOURCES ALLOW

Address roads (l'he proposed activities are dependent upon landowner interest & support.)
• Minimize and contain off-road use areas. Help identify appropriate areas for off road

recreation including for ORV and mountain bikes. Construct jeep trails that are designed
so that they would not erode as badly as the existing ad hoc network.

• Provide technical assistance regarding new road designs or maintenance ofexisting roads
(e.g.. better to build along contours; include vegetative buffer strips; provide sediment traps
along major roads and off-road recreational sites ).

• Work with tour operators, encourage the importance ofroads used to transport tourists to
sites in the watershed.

• Encourage surface rehabilitation (and maintenance) ofmain roads and old abandoned
roads/trails.

• Develop driver education materials detailing the "good and bad" ofoff-roads and trails in
watersheds.

Plant native primary ravine forest
~ After the Acacia has been planted, and has had a chance to establish itself and stabilize and

"fertilize" the soil, begin to plant native primary forest plants in the Acacia stands.
Although a certain number ofnative species will seed themselves in the stands, active
native plantings will significantly speed up recreation of a native forest ecosystem.

Encourage sustainable agricultural practices
• NRCS, Guam Field Office and Guam Cooperative Extension, with support of the Guam

Southern Soil & Water Conservation District (SSWCD) will determine the level of farming
in the Ugum Watershed. The development and application ofconservation plans for all
farming activity will be promoted. Plans will address all resource concerns (soil, water,
air, plant, animal and human). NRCS, Guam Cooperative Extension and the SSWCD are
non-regulatory agencies and the adoption of recommended practices is on a voluntary basis
by farmers.)

• Develop and deliver educational materials on: 1) contour cultivation and organic matter
management practices such as cover crops, strip cropping, and minimum or no-till
practices; 2) water management, fertilizer selection, application, timing and base
application rates on soil tests and crop needs; and 3) crop specific protection and
management guidelines.

• Pursue agroforestry possibilities with Department ofForestry, including the use and
integration ofmultipurpose trees with fruit and vegetable crop production and poultry,
livestock and aquaculture production systems. Encourage the use ofhedge row plantings
for animal feed, organic matter and green manure production, and cover crops, including
nitrogen-fixing legumes in agroforestry systems and especially sloping lands.
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II. I TANO'-TA REQUIREMENTS
I Tano'-ta (effective May 1, 1999) designates the majority of the Ugum Watershed as Zoning
District 2; a small section in the upper watershed is designated District 1. Land and/or waters
within District 1 are to be conserved and preserved for future generations. District 2
accommodates low-density residential neighborhoods and neighborhood-oriented commercial
activities, and agriculture and aquaculture activities. Performance Standards are to ensure that the
natural functions ofenvironmentally sensitive areas such as very steep slopes, wetlands, flood
plains, ravine and limestone forests are maintained and will be enforced.
The following actions would support the achievement of performance standards:
~ Limit construction and development to areas with suitable soils and slope and should avoid

critical/sensitive habitats. Encourage developers to provide riparian buffer zones in the
very steep and sensitive areas in the upper watershed along the streams and waterways.

~ Encourage developers to eliminate or minimize the introduction ofpollutants into the
watershed (e.g. nitrates, treatment-resistant pathogens, if any, associated with in stream
recreational activities, pesticides, herbicides, diesel fuels, etc.)

~ Development should complement and support the objectives of this restoration strategy.
• Identify high value and/or critical/sensitive habitat (e.g. wetlands) and protect these areas.

III. A REFORESTATION SUCCESS STORY
In Guam, the rate ofdeforestation is substantially greater than that of reforestation. Some ofthe
deforested government lands are used for agriculture and a few are converted to housing projects.
Since the early part of 1970, the Forestry and Soil Resources Division of the Department of
Agriculture has tried to convert the deforested and fire prone savanna areas into less flammable
forest stands.

Reforestation methods in Guam rely heavily on leguminous (nitrogen fixing) exotic species such
as Acacia, because of their ability to grow in infertile soils. Furthermore, they are fast growing. In
three to five years, they form dense stands 20-30 feet high, which slowly suppress the grasses,
below. Once these leguminous species are established and the soil condition has improved,
enrichment planting of broad leaf species can follow.

In the past ten years, reforestation activities on Guam have been accelerated. Reforestation of
badly denuded and highly acidic areas in the southern portion of the island has shown signs of
success. In 1980, Acacia mangium and Acacia auriculiformis were introduced in the Cotal
Conservation Reserve off Cross Island Road and found to grow vigorously. Today, almost the
entire Reserve is planted with Acacia species. This successful establishment of forest tree stands
is a clear indication that the harsh and badly denuded areas in Guam can be successfully
reforested.

11



2010 GUAM INTEGRATED REPORT

APPENDIXH



Guam 2010 IR Assessment Methodology

Assessment methodology is guided by the 2001 Guam Water Quality Standards (GWQS) that describes
criteria and standards to be met by each water body of Guam. Narrative and numeric standards from
the 2001 GWQS are applicable to specific "Categories of Waters" (S-l, S-2, S-3, M-1, M-2 and M-3
classification). Generally, all Guam waterbodies follow the designated uses that are listed in the
following table (Table 1):

Table 1. Guam Designated Uses and Indicators for Use Support determination (from GWQS 2001)

Designated Body Contact (primary/whole
Aquatic Life (Preserve, Protect,

Human Health
USE: body, secondary /limited)

Propagate, Survival, Protect,
Consumption (Toxics)

Maintenance)
GWQS E. coli Water Quality: Drinking Water (S-l, S-2)
Indicators: Enterococci pH Organisms (and Sl water)

Fecal coliform - shellfish waters Orthophosphates OP04

Nitrate N03

Ammonia NH4

Dissolved Oxygen

Salinity

Chlorides

Sulfates S04

Total Dissolved Solids

Total Suspended Solids

Turbidity

Secchi Disc Visibility

Water Temperature

Radioactive Materials

Cone. of Oil/Petroleum Product

Biological/Benthic Assessment

Toxicants (Water column and Sediment)

Each indicator listed above is subject to established criteria presented in the next table (Table 2) taken
from the 2001 GWQS. Further assessment of Use Support involves determining to what degree these
indicators support designated uses. Guidelines for determining the 'Degree of Use Support' is described
further in Part III of the Guam EPA 2008 IR (IR Tables 12 -19).



Table 2. Criteria (from GWQS 2001) to be used in the Guidelines for the Degree of Use Support:

I JiR~~IVfE'Ta~S
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MARINE five sequential single sample geometric mean of 35
MARINE five sequential single sample geometric mean of 35

CFU/100mL and instantaneous/single sample of 276
CFU/100mL and instantaneous/single sample of 104 CFU/100mL;

Enterococci (24 or 48hr.) FRESHWATER five sequential single sample geometric mean of 33
CFU/100mL; FRESHWATER five sequential single sample
geometric mean of 33 CFU/100mL and instantaneous/single

CFU/100mL and instantaneous/single sample of 61 CFU/100mL
sample of 108 CFU/100mL

FRESHWATER ONLY Five sequential single sample geometric FRESHWATER ONLY Five sequential single sample
-- E. coli mean of 126 CFU/100mL and instantaneous/single sample geometric mean of 126 CFU/100mL and instantaneous/single

maximum of 235 CFUl100mL. sample maximum of 406 CFU/100mL.

Fecal coliform (shellfish harvesting & Median of 14 fecal coliform/100mL and 10% of water samples taken from growing area should not exceed 43 fecal coliform/100mL.
growing areas)

pH II Marine, Estuarine: 6.5 - 8.5 range (also, in deeper than euphotic zones, not >O.2pH from ambient) Freshwater: 6.5 - 9.0

I Ortho-phosphate (P04-P) II not> 0.025 mg/L II not> 0.05 mg/L II not> 0.10 mg/L

I Nitrate-nitrogen (N03-N) II not> 0.10 mg/L II not> 0.20 mg/L II not> 0.50 mg/L I

I

MARINE (M-1, M-2, M-3): 0.02 mg/L (table IV GWQS)

Ammonia-nitrogen
FRESHWATER (S-1 ,S-2,S-3): 1hour average conc. not> CMC more than once every 3 years AND 30day average conc. not> CCC

more than once every 3 years AND the average conc. over 30days not> CCC AND ambient conc. averaged over 4days not>
2xCCC.

I
Dissolved Oxygen

Not decreased to < 75% saturation at any time [OR at 30degC Fresh water not < 5.6 mg/L; Marine and Wetlands Water not < 4.6
mg/L at 26degC Fresh water not < 6.2 mg/L; Marine and Wetlands Water not < 5.0 mg/L]

EJ Salinity/Chlorides/Sulfates I Marine, estuarine, wetlands: not> +10% of ambient Freshwater only: max CI and S04 = 250 mg/L; TDS not> 500 mg/L or 133% of

Total Dissolved Solids ambient; Salinity not> +20% of ambient.

I
Residue (TSS) I

TSS: not increased from ambient TSS: not> +10% ambient
TSS: not> +25% ambient and not> 40 mg/L

and not> 5 mg/L and not> 20 mg/L

I
Turbidity

I not> 0.5 NTU over ambient (except not> 1.0 NTU over ambient (except when due to natural conditions) Iwhen due to natural conditions)

Secchi Visibility (Vertical or Horizontal) I not < 5m from ambient (except when due to natural conditions)

I Water Temperature I
not changed more than 1.0uC or 1.8uF from ambient (Thermal effluent not meeting this standard shall be considered as having an

adverse effect on aauatic life).

I Radioactive Materials I Discharges at any level into any waters are strictly prohibited.

1) Shall not detect a visible film, sheen or result in visible discoloration of the surface with a corresponding oil or petroleum product
Oil or Petroleum Products odor, 2) Shall not cause damage to fish, inverts or objectionable degradation of drinking water quality, 3) shall not form an oil deposit

on the shores or bottom of the receiving body of water.

General: 1) All waters shall be maintained free of toxic substances in concentrations that produce detrimental physiological, acute or chronic responses
Toxic Substances (water column, in human, plant, animal or aquatic life. 2) All waters shall be maintained free of toxic subs in cone. that produce contamination in harvestable aquatic

sediment, drinking water consumption, life to the extent that it causes detrimental physiological, acute or chronic responses in humans or protected wildlife, when consumed. 3) The survival
organisms consumption) of aquatic life in marine and surface waters subjected to a waste discharge, or other controllable water quality factors, shall not be less than that for the

same water body in areas unaffected by the waste discharge. Numeric criteria: see Appendix A in 2001 GWQS.



Guam reporting relies on data sets from local academia as well as local and federal government
agencies. For this reporting period, data was solicited from Navy environmental, Water and Energy
Resource Institute of Guam, Government of Guam Fisheries and Wildlife Programs, and Guam
Environmental Protection Agency. The projects listed in Table 3 below were identified for assessment in
the Guam 2010 IR assessment:

Table 3. Identified projects with usable data for the Guam 2010 IR assessment:
Organization Project Waterbody Type Use Support Year of Data Quality

data

Guam EPA Status and Trends Marine Waterbodies Body Contact, Aquatic Jan - Dec For use
Monitoring Project (STMP) and Rivers/Streams Life (WQ) 2009 support

(reaches) determination

Guam EPA Status and Trends Marine Waterbodies Aquatic Life (benthic Jan - Dec For use
Monitoring Project (STMP bioassessments) 2009 support

BIO) determination

Guam EPA Guam Coastal Assessment Marine Waterbodies Body Contact, Aquatic Nov 2003 For use

(GCA) Life (WQ), Aquatic Life -August support
(Cone. of Oil/Petrol), 2005 determination
Aquatic Life (benthic
bioassessments),
Aquatic Life (Toxicants
- Sediment), Human
Health (organism
consumption)

Guam EPA Recreational Beach Marine Beaches Body Contact Jan - Dec For use

Monitoring Project (RBMP) 2008 and support
2009 determination

Guam EPA Semi-Permeable Membrane Marine Waterbodies Aquatic Life (Toxicants Jan - Dec Evaluation

Device (SPMD) Project and Rivers/Streams - Water column) 2007 only
(reaches)

US Navy Navy Nuclear Propulsion Marine Waterbodies Aquatic Life Quarterly For use

Program (at Apra Harbor) (Radiological monitoring support
Materials) 2008-2009 determination

NOAA/Guam NOAA& Guam EPA Fish Marine Waterbodies Human Health Jan - Dec Evaluation

EPA Tissue Project (organism 2006 only
consumption)

Current Advisory Areas (Fish and Seafood Consumption and Closures to Wading) are also included in the
current assessment and are reflected in Water body Use Support tables and the 2010 IR station location
figures.

The quality of each data set and project was evaluated by reviewing project objectives, quality
assurance requirements, laboratory method compatibility, analysis quality and MDLs. Data was either
identified as 'good quality' for direct use in Use Support Determinations or as for use as 'evaluation only'
(see 'Data Quality' column in table above). 'Evaluation only' data are data sets that do not have specific
associated criteria and thus are used as supportive data.

Available data sets for this reporting period are listed in the following Project Stations table (Table 4).
According to this table, one hundred fifty four (154) stations from six (6) projects are considered for the
Guam 2010 IR assessment. These stations are located within one of either 66 marine waterbodies (WB),
one of 202 freshwater stream/river reaches or one of 103 beach stretches. Marine WB, Freshwater
reaches and Guam Beaches are listed in the Appendix A Waterbody Tables Al - A3. Station locations of
these waterbodies and stations are shown in Appendix A. (Figure Ala.North and Central Marine
Stations, Figure Alb. Central and South Marine Stations, Figure Ale. River and Stream Stations and



Figure Ald. Beach Stations). These figures also show current Advisories (Fish and Seafood Consumption
and Closures to Wading). Waterbodies were analyzed based on individual project objectives and
assessed indicators as shown in Table 5. Project Indicators below. This table also shows how many
samples were used in this assessment.



Data for 2010 IR assessment:

Table 4. Project Stations:

i

!
!

Guam Coastal Assessment (GCA) Stations Status and Trends Monitoring Program(STMP) (WQ and 810)

1 visit/station during Nov 2004 - August 2005 Feb - Oct 2009

Fresh Marine I
Marine Water GWQS Marine Water GWQS

Water
GWQS No.

Water
GWQS No.

Station 10 class Station 10 class
Station 10

class· visits
Station 10

class visits

GU04-0001 M-1 GU04-0030 I M-2 AGRA-2 S-2 5 I AGMI M-2 4 j

GU04-0002 M-2 GU04-0031 I M-2 AGRD 5--2 5 AGMS M-2 4

I GU04-0003 M-1 GU04-0032 M-2 AGRF<2 S-l 5 AGMZ-O M-:2 2
GU04-0004 M-2 GU04-0033 I M-1 APE-A 5-3 5 APMCO M-3 1

GU04-0005 M-2 GU04-0034 I M-2 APRAc 1 5-3 5 APMO M-.~ 1

GU04-0006 M-2 GU04-0035 M-1 APR'A-:2 5-3 5 APME M":2 1

GU04-0007 I M-1 GU04-0036 I M-2 APRAG S-3 5 APMF'R M-3 1

GU04-0008 M-2 GU04-0037 M-2 APR5-1 5-3 5 APMJ M,.2 1

GU04-0009 M-2 GU04-0038 M-3 APRS-2 -5-3 5 APMO M-3 1

GU04-0010 M-2 GU04-0039 M-2 ASRM 5-3 5 ATMS M:2 4

GU04-0011 M-1 GU04-0040 M-2 ATRN-i S-3 6 BBMl M-2 4

I GU04-0013 M-2 GU04-0041 M-2 ATRT-2 5--3 6 DRM M-l :2

GU04-0014 M-2 GU04-0042 M-2 INRI-l 5-3 1 GBM5 M:2 3

GU04-0015 M-2 GU04-0043 I M-1 MZRP-2 5-3 5 GBMT M-2 3

GU04-0016 M-2 GU04-0044 I M-2 PGRP-l $-2 6 TB2 M"'2 3

GU04-0018 I M-2 GU04-0045 M-2 : TU.RTG-1A 5-3 5 TOGRf"-4 M·2. 2

GU04-0019 M-1 GU04-0046 M-2 I lU~U~1A S-2 6 TUMN-O M-2 2

I GU04-0021 M-2 GU04-0047 M-2 I TURU-lB 5-2 6 TUMS-O M-2 2

I GU04-0022 I M-1 GU04-0049 M-2 I TURU-1C S-2 5 I YRF-2 M-2 1 i
I

IGU04-0023 M-2 GU04-0050 M-2 I TURU-2 S-2 5

GU04-0025 M-1 GU04-0051 M-1 I YNRY-3 S-3 6

GU04-0026 M-2 GU04-0052 M-2 TOTAL Stations: 40

GU04-0027 M-2 GU04-00S3 M-1 3 Bold Stations are Biological Assessment stations.

GU04-0028 M-3 GU04-0054 M-2
I

GU04-0029 M-2 GU04-0055 M-2 I

TOTAL Stations: 50

10 Bold Stations are Tissue Analysis stations.

Naval
Nuclear

Propulsion
Program

Quarterly

Station 10

Within Apra

Harbor (M-2)

Waterbody

(South)



(Continued) Data for 2010 IR assessment:

Table 4 (cont). Project Stations:

Recreational Beach Monitoring Program (RBMP)

Jan 2008 - Dec 2009

Marine Marine
Water GWQS No. Water GWQS No.
Station class visits Station class visits I

ID 10 !
N-01 M-2 100 N-22 I M-2 I 100

I

i
I N-02 M-2 100 N-23 M-2 100 .I

I N-03 I M-2 I 100 N-24 M-2 100 i
N-04 M-2 I~ N-25 I M-2 I 100

N-05 M-2 100 N-26 I M-2 I 101 I
I N-06 M-2 100 S-02 M-2 100

N-07 M-2 _I~ S-03 I M-2 I 100 I
N-08 M-2 100 S-04 M-2 100 I
N-09 M-2 I 100 S-05 M-2 lWOi
N-10 M-2 100 S-06 M-2 I 100

I ~ I I
I

N-11 M-2 S-07 M-2 100 I
I N-12 I M-2 100 S-08 M-2 100

N-13 M-2 100 S-09 M-2 100

N-14 M-2 100 S-10 M-2 100

N-15 M-2 I 100 S-l1 M-2 100

I N-16 M-2 99 S-12 M-2 100

N-17 M-2 98 S-13 M-2 98 ,

N-18 M-2 100 S-14 M-2 I 100
I
I

N-19 M-2 100 S-15 M-2 100 I

N-20 M-2 I 100 S-17 M-2 100 i
N-21 M-2 100 S-18 M-2 100

TOTAL Stations: 42

Semi-Permeable Membrane DevIces
(SPMD) (we To 1

3 visjt/statio n- 2007

Station 10 Station Location

GUSPMDOO1 Oungca's River

GUSPMOOQ2 Hagatn~ River Mouth

GUSPMSOO3 Pago River

GUSPMOO04 GHURA Dededo Well

GU5.PMD005 Talofofo River

GUSI'lMDo.06 Togc_ha River

GUSPMD007 F;;lifai Be-ach (cave)

GUSpM QOOS Apra Harbor-Western Shoal

Total Stations: 8

GEPA!NOAA Fish
Contaminant Study
1 visit/station 2006

Station 10

FTlA

FT1B

FT2 I
FT3

FT4

FT5

FT7

FT8 I
FT9 I
FTlO

FTl1 I
FTl2 I
FTl3

FTl4

Total Stations: 14



Table 5. Project Indicators
Guam Coastal Assessment Stations

1 visit/station during Nov 2004 - August 2005; 50 stations

Fi~I~'p~r::an1~er: Ne#ampl~s"'tf~~a,t9r40~QIJfI

STMP(WQ)

Feb-Oct 2009

IFJ~lilliiirjjr;iJe.fe[' 1 No:~ain:;;J~s·u>ed;fo.ni6iOi-R-.---
Water Temperature

Conductivity

Depth (m)

Dissolved Oxygen (mg/L)

Dissolved Oxygen (%5at)

pH

Salinity

Turbidity

I Photo~ynthetically Active Radiation

t:a.bor<it(ii~Y ~~met#.I}:(:~q)

Ammonia, NH4-N

Nitrite, N02-N

Nitrate, N03-N

Orthophosphate, P04-P

Total Suspended Solids

Enterococci

50

not used in 20101R; No criteria

not used in 2010JR; No criteria

50

50

50

50

SO

not used in 20101R; No criteria .

No.'Sariip.1~1Is'ifdiftji'l2.D!l.OIR

50

not used in 20101R; No criteria

50

50

50

50

Water Temperature I 104

Depth (m) I not used in 20101R; No criteria

Dissolved Oxygen (mg/L) 99

Dissolved Oxygen I%Sat) I 98

Salinity I 101

---.~~.pl<ltOr;yp.a]:a11l(~~~f,{~91: iN6..:~,!m·pies~~CllfQt-2Ji,W!R---

Conductivity I not used in 20101R; No criteria

pH I 167

Th~~ I ~

Ammonia, NH4-N 167

Nitrite, N02-N I not used in 20101R; No criteria

Nitrate, N03-N I 172

N03+N02-N not used in 20101R; No criteria

Orthophosphate, P04-P I 178

Total Suspended Solids I 167

Enterococci (marine water only) I 65

Chlor0l?hyll-a not used in 20101R; -questionable 'data

field 0~$~;v,atj.on? I Ni;l<:s.af!lp(~i:JsgtJJ1l,)r'l~JR,

E. coli 241

Total Dissolved Solids (fresh water only) 103

Water color and Odor and Turbid observation I not used in 20101R; No criteria

Tidal and surf height; Sea state I not used in 20101R; No criteria

Current direction I not used in 20101R; No criteria

Weather at time of station occupation I not used in 20101R; No criteria

Air temperature I not used in 20101R; No criteria

Wind speed and direction not used in 20101R; No criteria

Municipal Sewer Outfall presence not used in 20101R; No criteria

Number of dogs, birds, people not used in 2010JR; No criteria

Floating grease (sheen) 50

_.:!"~'!.':l.~r:.~~e~~i_~!J_~d~~~~__ ._.__..__._" ._.•.....L_. n~~_~~ed in 20101R; No cri:eria _

Bloassessme.O'['data I NO,iSal1)p,les used',for '20101R

Mobile Invertebrate abundance not used in 20101R; No reference/baseline

Fish abundance and biomass not used in 20101R; No reference/baseline 'I

e--!.-~Ln!:9uadrat Abundance ._..__..__ ...r:!<?.!.u_s_e_d_in_~010IR; No refere_n_c----;e!"'.?_a_se_l_ine

5e ~,i,n1'(rnt·A"-a~v;ses< iNo.•saD;!p!es 'used 'fo~ >201l:lI,~

Sediment Chemistry ,(see table in Sediment Chern se.ction) I 50

Sediment Infaunal not used in 20101R; No reference/baseline I,

Sediment granulometry, Color, Composition, Odor not used in 20101R; No reference/baseline

Sedi!"ent toxicity not used in 20101R; No reference/baseline

Tis.~,ue A:l\a!Y,~!.s IN!? :S,;jm~le;s-,u~.~d (oi'1.010IR

I Tissue chemistry lsee'table in Human Health Tox section) 1 10 Ii

Color (Apparent! -t not used in 20101R; No criteria

,fi:el.~'O.b.se{VCltloris. -----No. s'amplesll:lsed"fon 20!lOIR

Air temperature I not used in 20101R; No criteria

Tidal height I not used in 20101R; No criteria

Tidal phase I not used in 20101R; No criteria

Weather at time of station occupation I not used in 20101R; No criteria

Landuse in watershed I not used in 20101R; No criteria

Wind speed and direction I not used in 20101R; No criteria

Turbid observation I not used in 20101R; No criteria

Current flow observ and direction I not used in 20101R; No criteria

Biota observation I not used in 2010JR; No criteria

STMP(BIO)

~ 1 visit/station in 20._0_9 _

" ~-----8i6asse.ssmentiaata -- 1 .- (}Jo'.samples l;;d'fortO-lOIR

Mobile Invertebrate abundance I not used in 20101R; No reference/baseline

Fish abundance and biomass I not used in 20101R; No reference/baseline

~int-quadratAbundance --l not used i':l.3pl0IR; No. re,~~rence/basel~

Fieldrc:loservations. '1,No-, samples used l for-ZOl0JR

Transect debris underwater I not used in 20101R; No reference/baseline

Rugosity 1 not used in 20101R; No reference/baseline



Table 5 (cont). Project Indicators

RBMP SPMD (Org Tax)

Jan2008 - Dec 2009 3 visit! 8 stations 2007'---,

r

,

l<ib.o.(ator.ytp'ar-amet'er \1\10.. sanrples,us~d':f'or, io~oIR.
I SuJil'ogat! T(s·su.~ NQ.•s<!rnpj~s \'Js?d',iPr.'2Ji:tOIRI 'Analysis'
I

Enterococci (MPJ':IJ 4,197 Aldrin--
Field 'ObsewatioQ5 ~No~San:lpJ~s'useiiim2Q1QIR a-BHC

Weather (past 24 hours) not used in 20101R; No reference/baseline ~-BHC

Weather at time of station occupation not used in 20101R; No reference/baseline cS-BHC

Rainfall weekly accumulation not used in 20101R; No reference/baseline y-BHC (Lindane)

Average Air Temperature not used in 20101R; No reference/baseline Chlordane

Wind type and direction not used in 20101R; No reference/baseline p,p'-DDD

Tidal Stage not used in 20101R; No reference/baseline p,p'-DDE

Water surface condition not used in 20101R; No reference/baseline p,p'-DDT

Water color not used in 20101R; No reference/baseline Dieldrin

Endosulfan I

Turbid observation not used in 20101R; No reference/baseline (Thiodan) absence/presence; as
Water odor not used in 20101R; No reference/baseline Endosulfan II supplement to tissue

" assessment; evaluation dataEndosulfan sulfate

Endrin
set only.

Endrin aldehyde

Endrin ketone

Heptachlor

Heptachlor epoxide

Methoxychlor

Toxaphene

PQB;M.,~§b!h.! tll1\l.!l$

Arochlor 1242

Arochlor 1248

Arochlor 1254

Arochlor 1260

Arochlor 1268

GEPA/NOAA 2006Fish
Contaminant Study

1 visit/station 2006
-;--_.-:-.,-,_.._._---

1'..... ~ I\Ip.~mples
'ISSU~ .< •• if ,"-

'A"-~' "j , ,.us.e \for
- n~,ys s 2.Q1PIR

1 sample;
Tissue Evaluation
chemistry data set only

Naval Nuclear
Propulsion Program

Quarterly or annual
--------'-'-~--

,i.No, sa"1pl~$
,Medj~1. use~'far

2010Jr.

Water
4

column

Sediment 4

Algae 1

Mussels 1



Stations are compiled by water body location and GWQS Classification as Marine waterbodies or Beach
stretches (M-l, M-2 and M-3) or Freshwater Rivers waterbodies (S-l, S-2, S-3). Each indicator
concentration is then compared to applicable GWQS criteria in order to determine Exceedances. An
Exceedance is defined as one violation of GWQS criteria. Trend Assessments, although done for
individual projects, are not included in this assessment because criteria based on trend analyses are not
established.

Use Support Determinations are intended to identify waterbodies that meet or do not meet established
criteria and decision guidelines for Degree of Use Support. Waterbodies that meet established criteria
and guidelines, are identified as 'Fully Supporting' while waterbodies that do not meet established
criteria and guidelines are identified as 'Partially' or 'Not Supporting'.

Degree of Use Support for each data type is then determined by applying the appropriate guidelines
shown in Table 12 through 19 of IR to the compiled data at each water body. Individual water body
assessments are presented in Appendix B Tables B1. Marine Waterbody (MW) Assessment and B2.
Rivers Assessment. These tables show the degree of use support for the parameters of three designated
uses at each waterbody. Project stations, number of samples/visits, and the specific indicator for each
designated use are included in this table.

Based on Degree of Use Support determinations, all waterbodies are then categorized as one of the
following category assignments:
Category 1: All designated uses are supported, no use is threatened,
Category 2: Available data and/or information indicate that some, but not all of the designated uses are

supported;
Category 3: There is insufficient available data and/or information to make a use support determination;
Category 4: Available data and/or information indicate that at least one designated use is not being

supported or threatened, but a TMDL is not needed;
Category 4a: A TMDL to address a specific segment/pollutant combination has been approved or

established by EPA;
Category 4b: A use impairment caused by a pollutant is being addressed by the state through

other pollution control requirements;
Category 4c: A use impaired, but the impairment is not caused by a pollutant; and

Category 5: Available data and/or information indicate that at least one designated use is not being
supported or is threatened, and a TMDL is needed.

This categorization aids in focusing future monitoring efforts and management plans for watersheds and
waterbodies in the form of additional monitoring and mitigation. Categorization of Guam's waterbodies
for this reporting period is shown in Appendix B Tables B3 Marine Waters Use Support, B4 Rivers Use
Support and B5 Guam Beach Use Support. In summary,

• Of 66 Marine waterbodies, 24 (17.21 square miles) are assigned Category 2 for this
reporting period, 31 (18.10 sq mi) are assigned Category 3 and 11 (14.75 sq mi) are
assigned Category 5. Figure Cla. and Figure Clb. in Appendix C shows categorization of
Guam marine waterbodies for this reporting period.

• Of 232.65 miles of Rivers, 35.84 miles is assigned Category 2, 167.88 miles is assigned
Category 3, 21.58 miles is assigned Category 4a, and 7.35 miles is assigned Category 5.
Figure C2 in Appendix C shows categorization of Guam River waterbodies for this
reporting period.



• Of 42 monitored Beaches with 15.46 assessed miles, 17 (5.81 miles) are assigned
Category 4a and 25 (9.65 miles) are assigned Category 5 for this reporting period. Figure
C3 in Appendix Cshows categorization of Guam Beaches for this reporting period.

The following rational describes how individual available data sets assess the assigned Designated Uses
of Body Contact Use Support, Aquatic Life Use Support (ALUS), and Human Health Consumption during
this reporting period in to produce Use Support Determinations presented in Tables B3, B4 and B5.

Body Contact Use Support is conducted on recreational beach miles, river/stream reach miles and
marine waterbody square miles. Recreational beach sizes (miles) are delineated using best
professional judgment based on accessibility and existing sandy shorelines. For this reporting
period, Assessed beach size (miles) is not based on the 400 yard radius assessment criteria but
rather is delineated based on the location of existing monitoring stations within a designated beach
stretch and its delineation will equal Recreational Beach Sizes. Both Beach size and Assessment size
are shown in Table B5. Guam Beach Use Support. Enterococcus (in Marine Waters) and E. coli (in
Fresh Waters) are assessed for this reporting period. Exceedances are based on single-sample and
geometric mean criteria. Use Support is dependent on the total number of exceedances of single
sample and geometric mean criteria. The guideline to determine degree of use support is presented
in Table 13 Guam 2008 IR. 2008 and 2009 Body Contact Use Support assessment at Guam's Tier 1&2
Beaches (B5 Guam Beach Use Support) show that 15.46 miles of beach miles were assessed. In 2008,
0.24 miles is Fully Supporting for Whole Body Contact or Limited Contact Recreation while 1.41
miles are Partially Supporting and 13.81 miles are Not Supporting. In 2009, more beach miles are
Partially Supporting (1.99 miles) and fewer miles are Fully Supporting (0 miles) or Not Supporting
(13.47 miles) than the previous year.

Currently, all 42 Tier 1 Guam Beaches are listed in Guam's 303d and for 2006 and 2007 are Category
5 Surface Waters. There is currently a TMDL process underway for 17 northern Tier 1 & 2 beaches.

Aquatic Life Use Support (ALUS) is assessed using data from
• water quality (physical and chemical parameters),
• Radioactive Materials,
• concentrations of oil,
• benthic bioassessments,
• sediment chemistry,
• organism toxicants.

1. Water Quality (physical and chemical parameters) in this assessment is applicable to Marine
waterbodies and fresh waterbodies (rivers and streams). The Project Indicator table (Table 5)
above shows the number of samples collected at each project and station used in this
assessment. Applicable indicators are under the headings "Field Parameter" and "Laboratory
Parameter (WQ)". The following tables identify method number, units, MDLs, qualifier, non­
detect values and applicability values of these indicators in both the STMP project and then the
GCA project. Also provided are some common QA and Qualifier Codes associated with indicators
in the GCA project.



STMP WQ Parameters and QA - NOs for assessment:
I 2008-2009

I
ND Valu~' uSe;:d for APplicable to Fresh or

II I?arameter Method No. Units MDL Qualiffer IRHi assessmeht Marine W<j,ters

E. coli SM 9222D MPN 10 ND 9 FW

Enterococci SM 9223 MPN 10 ND 9 MW

pH (meter) SM 4500H std units NA FW&MW

OP04-P orthophosphate EPA 365.1 mg/L 0.005 ND 0.004 FW&MW

Nitrite N03 EPA 353.2 mg/L 0.020 ND 0.019 FW&MW

Ammonia (NH4 - N) EPA 350.1 mg/L O.OlD ND 0.009 FW&MW

Dissolved Oxygen mg/L and FW&MW
%sat (meter) EPA 360.1 mg/L NA

Salinity (meter) 120.1 ppt NA FW&MW

Total Suspended Solids SM 2540D mg/L 10 ND 5 FW&MW

Turbidity EPA 180.1 NTU 0.05 ND 0.04 FW&MW

Secchi Disc MW

Total Dissolved Solids SM 2540C mg/L 10 ND 5 FW

Water Temperature (meter) FW&MW

GCA WQ Parameters and QA - NOs for assessment:

~OO4-"2P:OS (\JDYalu~ used't0( Applicable t() Fresl:1 or

IP·a ra rn~teT Methof! N9. Units MD.L dualifrer IRiO -assessment. Madne Waters

Enterococci SM 9223 MPN 10 ND 9 MW

pH (meter) EPA 150.1 std units NA MW

OP04-P orthophosphate SM4500P mg/L 0.020 ND 0.019 MW

Nitrite N03 EPA 353.2 mg/L 0.050 ND 0.04 MW

Ammonia (NH4 - N) EPA 350.1 mg/L 0.010 ND 0.009 MW

Dissolved Oxygen mg/L and MW
%sat (meter) EPA 360.1 mg/L NA

Salinity (meter) 120.1 ppt NA MW

Total Suspended Solids SM 2540D mg/L 10 ND 5 MW

Turbidity (meter) EPA 180.1 NTU 0.05 ND 0.04 MW

Water Temperature (meter) EPA 170.1 Degree C MW

GCA QA and Qualifier Codes

BRL Below Reporting Limit

Q Questionable Data

JGEPA Below the Practical Quantitation Limit

NR Not Recorded

NS Not Sampled

P Present, not counted



Aquatic Life Use Support for Water Quality (Physical/Chemical indicators) is listed by water body in
Appendix B Tables B1. Marine Waterbody (MW) Assessment and B2. Rivers Assessment. Degree of Use
Support Designations used in these tables is defined by the following assessment criteria:

Fully Supporting (FS) For each pollutant, GWQS exceeded in 10% or less of measurements,

Partially Supporting (PS) For each pollutant: GWQS exceeded in 11% to 25% of
measurements,

Not Supporting (NS) For each pollutant: GWQS exceeded in greater than 25% of
measurements,

NA Not assessed due to ambient data not available,

Fail Not assessed due to method fail,

UD Not sampled

Marine Waterbodies WQ Assessment
Water Quality parameters were assessed this reporting period by the STMP and GCA projects.
Stations in both projects conducted water column profiling (measurements at surface, middle
and bottom or at every 1m depth). This assessment uses only the surface water concentrations
«2m) or averages of the shallow measurements. In the GCA, if a station had a depth of less
than 2m, and there were two or three water column samples- surface, middle and/or bottom,
these concentrations were averaged to characterize the surface concentration at that station.
Also in the projects, a datasonde was used to measure physical indicators. These measurements
were typically taken at 0.5m depth and then every meter thereafter to 0.5m off the bottom. For
this assessment, the 0.5m measurement and the 1m measurement were averaged to
characterize the surface concentration at that station.

The GWQS criteria table above shows that the Bacteria indicators (Enterococci and E. coli) are
acceptable indicators for body contact use assessment. The preferred indicator for marine water
in both the STMP and GCA is Enterococci. All samples in both the STMP and the GCA were
below standards. The highest concentrations in the STMP were 10 MPN at AGMI and AGMZ,
while in the GCA the highest concentration of 59 MPN was found at site -0033.

The GWQS criteria table above also shows that Salinity, Total Dissolved Solids, Total Suspended
Solids, Turbidity, Secchi Disc Visibility, and Water Temperature indicators are assessed using
ambient data:. For this reporting period, 'ambient data' for each of these parameters is defined
as data collected from Guam EPA's STMP project that is collected prior to the year 2000. The
following table lists STMP stations that have ambient data for use in this current assessment.

Ambient Station Waterbody Applicable to 2010 Applicable to 2010 Parameters
SURFACE ONLY Assessment Station

(STMP)

DRM Rocky Shorelines Northwest Coast (Double DRM Salinity, TSS, Turbidity, Water
Reef) Temperature

GBMT, GBMS, Tumon Bay Coastal GBMT, GBMS, TUMN, Salinity, TSS, Turbidity, Water
TUMN, TUMS TUMS Temperature
TMDI, TMGB, Tumon Bay Reef flat GU04-00S, GU04-0037, Salinity, TSS, Turbidity, Water
TMSV, TMYB GU04-00SS, TB2 Temperature, Secchi Visibility
AGMS,AGMP, Hagatna Bay East Reef Flat AGMS, GU04-0009, GU04- Salinity, TSS, Turbidity, Water
AGMD,AGMR, 0041, Temperature, Secchi Visibility
AGMT,AGMQ



AGMI,AGMl, Hagatna Bay West Reef Flat AGMI, GU04-0045 Salinity, TSS, Turbidity, Water

AGMB, AGMF Temperature, Secchi Visibility

AGMZ,AGMA Hagatna Bay Coastal GU04-0021, AGMZ Salinity, TSS, Turbidity, Water
Temperature

APMW Apra Harbor (M-2) West APMFR-O, APMO, GU04- Salinity, TSS, Turbidity, Water
0032, GU04-0036 Temperature

APMJ Apra Harbor (M-2) North central APMJ, GU04-0040, GU04- Salinity, TSS, Turbidity, Water
0044 Temperature

APMD Apra Harbor (M-2) South central APMD, GU04-0008, Salinity, TSS, Turbidity, Water
Temperature

APMS Apra Harbor (M-2) Inner Harbor Mouth GU04-0002 Salinity, TSS, Turbidity, Water
Temperature

APMA Apra Harbor (M-2) Inner Harbor GU04-0018, GU04-0031, Salinity, TSS, Turbidity, Water
GU04-0052 Temperature

APMCO-O Apra Harbor (M-3) APMCO-O, GU04-0028, Salinity, TSS, Turbidity, Water
GU04-0038 Temperature

APME Sasa Bay Coastal GU04-0006, APME, GU04- Salinity, TSS, Turbidity, Water
0034, GU04-001O, GU04- Temperature
0050

ATMN Agat Bay Reef flat GU04-0030, GU04-0046 Salinity, TSS, Turbidity, Water
Temperature

ATMS ATMS Salinity, TSS, Turbidity, Water
Temperature, Secchi Visibility

ATMO Agat Bay Coastal GU04-0014, GU04-0054 Salinity, TSS, Turbidity, Water
Temperature

ATMNC GU04-0004 Salinity, TSS, Turbidity, Water
Temperature

ATMA Taleyfac Bay (M-l) GU04-0022 Salinity, TSS, Turbidity, Water
Temperature

MZMCW Cocos lagoon (M-l) GU04-0035, GU04-0019 Salinity, TSS, Turbidity, Water
Temperature

TUMW Talofofo Bay GU04-0023 Salinity, TSS, Turbidity, Water
Temperature

TOGRF-4 Togcha Bay GU04-0047, TOGRF-4 Salinity, TSS, Turbidity, Water
Temperature, Secchi Visibility

PGMPE Pago Bay GU04-0049 Salinity, TSS, Turbidity, Water
Temperature

If ambient data is not available for a waterbody or station, an assessment on that parameter
was not conducted and is identified as "NA" in 81. Marine Waterbody (MW) Assessment.

For all ambient Water Temperature records, the 95% confidence interval for average water
temperature in the dry season (Jan to June) and in the wet season (July to Dec) was calculated
and then 1 degree was subtracted from the lower limit and 1 degree was added to the upper
limit. Water Temperature records used for the 2010 IR were then compared to these calculated
values. Similarly for Salinity, TSS and Turbidity, the upper level 95% CI for dry and wet season
was used for criteria involving ambient mean if a significant difference «0.05) is exhibited
between seasons using the Two-Sample T Tests and Test for Equality of Variances (Statistix 8).
TSS criterion is two-fold. There is an ambient related criterion as well as a numeric limit
criterion. At stations were there are no ambient data available, only the numeric limit criterion
is applied and the ambient related criterion is disregarded. In cases where the Turbidity
measured concentration of NTU is 'NO' (non-detect) <0.05NTU, the use support is Fully
Supporting. For secchi visibility, the lower level 95% CI for dry and wet season was used for



criteria involving ambient mean if a significant difference «0.05) is exhibited between seasons
using the Two-Sample T Tests and Test for Equality of Variances (Statistix 8).

For this reporting period, Secchi discs visibility measurements are taken only at STMP stations.
On shallow reef flats the disc is oriented horizontally while at deeper coastal sites the disc is
oriented vertically from a boat. Upon validation of the STMP dataset, it was determined that
secchi visibility data recorded as 'visibility to bottom' does not meet requirements of the criteria
and that although 'visibility to the bottom' mayan indication of acceptable water clarity,
stations with this description is reported in the B1. Marine Waterbody (MW) Assessment as
'Fail'. This means that the secchi visibility records were unable to be analyzed using bottom
depth values and the method failed to analyze according to the criteria.

Upon validation of the GCA dataset, five TSS records were flagged as questionable data (Q) and
thus were not incorporated in this assessment.

During this reporting period, water quality (WQ) for ALUS in marine waterbodies was assessed
by one or more stations from the STMP and GCA projects as illustrated in Figure Ala and Alb. If
a violation of a WQ parameter occurred at a station within a waterbody containing multiple
stations from either projects, the number of violations were divided by the total number of
samples from all stations within the waterbody and then multiplied by 100 to determine the
ALUS level for water quality physjchem (Fully supporting 1-10% exceedance, Partially supporting
11-25% exceedance, not supporting >25% exceedance).

Finally, determination of Use Support for Aquatic Life Phys/Chem Water Quality (WQ) considers
the worst support determination of all physical/chemical indicators assessed. These results are
shown in Table B3 Marine Waters Use Support.

River/Stream Waterbodies
Water Quality parameters were assessed by the STMP only for this reporting period. Samples
from the FW STMP stations are collected at the surface only (no profiling). The criteria table
above shows that E. coli and Enterococci are acceptable indicators for assessing body contact
support in Sl, S2 and S3 classified rivers. In the FW STMP, the preferred indicator is E. coli. Also,
the criteria table shows that the same WQ indicators as in the marine water assessment, with
the inclusion of Total Dissolved Solids, involve ambient data in determining exceedances of
criteria. Ambient data for each parameter is compiled from years prior to 2000 at the same
station (station 10). If ambient data is not available for a station, an assessment on that
parameter was not conducted and is identified as "NA" in Table B2. Rivers Assessment.

Total Dissolved Solids is analyzed on freshwater samples. Freshwater samples are defined as
being 0 ppt of salinity. Estuarine rivers (mouths of rivers emptying to marine bays) have saline
water. Thus, TDS was not analyzed and is identified by a "UD" in the Table B2. Rivers
Assessment.

For all ambient Water Temperature records, the 95% confidence interval for average water
temperature in the dry season (Jan to June) and in the wet season (July to Dec) was calculated.
Then 1 degree was subtracted from the lower limit and 1 degree was added to the upper limit.
Water Temperature records used for the 2010 IR were then compared to these calculated
values. Similarly for Salinity, TDS, TSS and Turbidity, the upper level 95% CI for dry and wet



season was used for criteria involving ambient mean if a significant difference «0.05) is
exhibited between seasons using the Two-Sample T Tests and Test for Equality of Variances
(Statistix@ 8).

TSS and TDS criteria are two-fold. There is an ambient related criterion as well as a numeric limit
criterion. At stations where there are no applicable ambient data, only the numeric limit
criterion is applied and the ambient related criterion is disregarded.

In cases where the Turbidity concentration (NTU) is 'ND' (non-detect <0.5NTU), concentration is
considered not to be over ambient conditions and thus the use support is Fully Supporting.

During this reporting period, water quality (WQ) for ALUS in rivers is assessed by one station
from the STMP with multiple visits while Human Health (organism consumption) is evaluated by
two SPMD stations with multiple visits (cone. of pollutants averaged). Also, SPMD evaluation
was conducted at one groundwater monitoring well and its location is shown along with the
rivers stations. Station locations are shown in Figure Ale. River and Stream Stations. If a
violation of a WQ parameter occurred at a station within a reach, the number of violations were
divided by the total number of samples and then multiplied by 100 to determine the ALUS level
for water quality physjchem (Fully supporting 1-10% exceedance, Partially supporting 11-25%
exceedance, not supporting >25% exceedance).

Finally, determination of Use Support for Aquatic Life Phys/Chem Water Quality (WQ) in the
rivers component considers the worst support determination for all physical/chemical indicators
assessed. If the worst support determination for all the WQ indicator assessed is "Not
Supporting", then the waterbody is assigned a Not Supporting Use Determination for Aquatic
Life Phys/Chem Water Quality (WQ) regardless of indicators resulting in better quality. This
process is reflected in Table B2. Rivers Assessment.

2. Radioactive Materials are monitored quarterly within the Naval Nuclear Propulsion Program.
This monitoring has been going on since the 1960s. This monitoring is conducted in Apra Harbor
M-2 water body and assesses radioactive components in sediment, shellfish, algae and water.
Data is not included in this report but all samples collected since the inception of the program is
reported as negative for radioactive material. Therefore, radioactive materials are marked as
"Fully Supporting" in Table Bl. Marine Waterbody (MW) Assessment for Apra Harbor M-2 Water
body. All other waterbodies are Not Assessed (UD).

3. Observations of "Concentrations of Oil" are conducted within the GCA project in marine
waterbodies. A visual observation of floating grease and an observation of petroleum odor in
collected sediment were conducted at 50 GCA stations. All stations observed came back
negative for floating petroleum and petroleum sediment odor. Figure Ala.North and Central
Marine Stations and Figure Alb. Central and South Marine Stations in Appendix A show the
location of the GCA stations where observations occurred. Future assessment of the category
should include data from USCG National Response Center and from Guam EPA oil spill records
(water and land spills) for a more comprehensive assessment of this data type.

4. Benthic Bioassessments are conducted only in marine waterbodies for this reporting period.
Benthic Assessments in marine stations were collected at 35 GCA stations (exception for those
in Apra Harbor deep sites) and at two STMP stations. A former Guam EPA biologist collected



benthic data in the early 1980s and reports were released in 1981, 1983 and 1984. Up to 14
stations were revisited each year where the frequency and percent cover of four components ­
algae, coral, substrate and invertebrate - were counted from 10 quadrats along a 25m transect.
The significant difference in the four cover types over the three years was tested using statistics
(single class ANOVA). Significant changes were identified at three stations where invertebrate,
coral or algae increased as substrate (pavement, sand or rubble) decreased. Review of the
percent cover records in the 3rd Report brought up questions and flags regarding calculations.
Out of 14 reported stations, 12 stations have Percent Cover of invertebrate, coral, algae and
substrate equaling more than 100%. Furthermore, raw data for these reports could not be
located in order to rectify this error. Therefore, for this reporting period, assessment of
collected bioassessment data will not be conducted as Bioassessment criteria for degree of ALUS
is based on a reference condition. There is no other reference or baseline data available at this
time. For future reporting, these 35 GCA and 2 STMP bioassessments conducted recently may
be used as baseline/reference conditions for benthic data sets anticipated from future GCA and
STMP projects. Figure Ale. Benthic Visual Bioassessment Stations in Appendix A show the
location of benthic bioassessment during this reporting period.

5. Sediment Chemistry analyses was conducted at 50 marine stations within the GCA project.
These stations are located within 25 of the 66 marine waterbodies. Aquatic Life Use Support
Decision for Sediments for this reporting period is based on NOAA's Screening Quick Reference
Tables (SQRTs) criteria (Buchman, M.F., 1999). Criteria values of the compounds analyzed are
shown in the next table (Table 6) and are the lowest toxicity gradient listed (Threshold Effects
Level) or the Apparent Effects Threshold (AET) when there is no other criteria available. COCs
listed in Table B1. Marine Waterbody (MW) Assessment did not meet the TEL or the AET
screening value and are listed for evaluation purposes only. .Project sample size is not large
enough (1 sample only) to completely assess applicable waterbodies. However, for evaluation
purposes, actual concentrations in exceedance of criteria are shown in the raw data table (Table
7 below). Assessment of this data is used in this reporting period as an EVALUATION tool only
and will be used toward making a support use decision when more sediment chemistry samples
and data are collected. Further investigation is needed based on additional funding.



EVALUATION ONLY
Table 6 2004-2005 GCA Project· Toxies in Sediment - Criteria Method,
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EVALUATION ONLY
Table 6 2004-2005 GCA Project· Taxies in Sediment - Criteria MethodI
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EVALUATION ONLY:
Table 7. 2004-2005 GCA: Sediment Chemistry/Contaminants Exceeding Criteria

'99 NOAA screen
SED CONC (ppb)

SQRTs TELs (ppb)
Group Compound

Marine Seds
[italics =below WaterBodyName Station Location

[italics =AET)
MCL)

Metal Till 48 .250.Q Pagat Point Bank/Shelf Pagat Point

Metal ?2§,QO lQ50qp Cetti Bay Cetti Bay

Metal Z6000@. as4000 CettiBay Cetti Bay

Metal t~"9QO ;B~~Q Cetti Bay Cetti Bay

Metal' Tln A8 2709 . Cetti Bay Cetti Bay

Metal ~6G(9G,~ 1?i~Oe Taleyfac Bay Agat Marina Channel

Metal Tin '4K 2~OO Tumon Bay Tumon Bay - Okura reef flat

Metal :~Q4P -20~QG Sasa Bay Sasa Bay Mangrove

Metal Cflrbri1lum 5'2300 '6~J60Q Sasa Bay Sasa Bay Mangrove

Metal Sasa Bay Sasa Bay Mangrove

Metal Sasa Bay Sasa Bay Mangrove

Metal Sasa Bay Sasa Bay Mangrove

Metal Trn 48; ·2100 Sasa Bay Sasa Bay Mangrove

Metal Arseitic 7240: 87.Q0: Apra Harbor Apra Harbor - near Dry Dock

Apra Harbor Apra Harbor - near Dry Dock

Apra Harbor Apra Harbor - near Dry Dock

Metal 130 180 Apra Harbor Apra Harbor - near Dry Dock

Metal Nickel l'5:9aQ ~gBQ'o Apra Harbor Apra Harbor - near Dry Dock

Metal lin ~8 4800 Apra Harbor Apra Harbor - near Dry Dock

Metal Tin 48 2700 East Hagatna Bay East Hagatna Bay - ABT

Metal AfSenl~ 7240 lb~o6 Sasa Bay Sasa Bay

Metal Sasa Bay Sasa Bay

Metal Sasa Bay Sasa Bay

Metal Sasa Bay Sasa Bay

Metal ?S'(B;I9.@ Sasa Bay Sasa Bay

Metal TIn ;3969 Sasa Bay Sasa Bay

Metal TIn 48 2500 Cocos Lagoon Cocos Lagoon - Outside

Metal 'Tin 48 2606 Asan Bay West Adelup Park

Metal -Tin 48 ~:!OO: Agat Bay Gaan Point Agat

Metal Arsenic 7246 §600, Tipalao Bay Tipalao Bay

Tipalao Bay Tipalao Bay

Tipalao Bay Tipalao Bay

'l.J~QO Tipalao Bay Tipalao Bay

Metal Tin 48' Tipalao Bay Tipalao Bay

Metal Zin£, 124090 l.~~aOO Tipalao Bay Tipalao Bay

PCB PCB_t'~tal 21.5;; 42.!~1 Tipalao Bay Tipalao Bay

Metal 7,240 121{lO_ Apra Harbor (Abo Cove) South Inner Harbor

Metal G'76 7,zO Apra Harbor (Abo Cove) South Inner Harbor

Metal Apra Harbor (Abo Cove) South Inner Harbor

Metal Apra Harbor (Abo Cove) South Inner Harbor
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l
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__ ',I i'j I I.
- -----

WaterBodyName Station location

Apra Harbor (Abo Cove) South Inner Harbor

Apra Harbor (Abo Cove) South Inner Harbor

Apra Harbor' (Abo Cove) South Inner Harbor

Apra Harbor (Abo Cove) South Inner Harbor

Apra Harbor (Abo Cove) South Inner Harbor

Cocos lagoon Southeast Cocos lagoon

East Hagatna Bay South of Alupang Island

Taleyfac Bay Facpi Point

Talofofo Bay Talofofo Bay Bridge

Talofofo Bay Talofofo Bay Bridge

Talofofo Bay Talofofo Bay Bridge

Talofofo Bay Talofofo Bay Bridge

Talofofo Bay Talofofo Bay Bridge

Talofofo Bay Talofofo Bay Bridge

Piti Bay Piti Bomb Holes -I
Bile Bay Bile Bay

1

Bile Bay Bile Bay

Bile Bay Bile Bay

Bile Bay Bile Bay

Bile Bay Bile Bay

Apra Harbor Apra Harbor-off Seaplane Ramp

Apra Harbor Apra Harbor-off Seaplane Ramp

Apra Harbor Apra Harbor-off Seaplane Ramp

Apra Harbor Apra Harbor-off Seaplane Ramp

Apra Harbor East Inner Harbor

Apra Harbor East Inner Harbor

Apra Harbor East Inner Harbor

Apra Harbor East Inner Harbor

Apra Harbor East Inner Harbor

Apra Harbor East Inner Harbor

Apra Harbor East Inner Harbor

Apra Harbor East Inner Harbor

Apra Harbor East Inner Harbor

Apra Harbor East Inner Harbor

East Reef Flat (Mangilao) Mangilao Golf Course Terrace

Sasa Bay Mouth of Sasa Bay

Sasa Bay Mouth of Sasa Bay

Sasa Bay Mouth of Sasa Bay

Sasa Bay Mouth of Sasa Bay

Sasa Bay Mouth of Sasa Bay

260.0

,270ft

32400
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[italics =below

MCl]
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Compound

Metal
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Metal

Metal

Metal

Metal

Metal

Metal
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Metal

Metal

Metal
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Metal
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Group
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WaterBodyNa me Station location

Sasa Bay Mouth of Sasa Bay

Sasa Bay Mouth of Sasa Bay

SasaBay Mouth of Sasa Bay

Tumon Bay Tumon Bay - Matapang

Apra Harbor Apra Harbor - Deep

Apra Harbor Apra Harbor - Deep

Apra Harbor Apra Harbor - Deep J
Apra Harbor Apra Harbor - Deep

East Hagatna Bay East Hagatna Bay - Reef margin

Cocos lagoon Cocos lagoon - mid

Apra Harbor Apra Harbor - West Jade Shoals

Apra Harbor Apra Harbor - West Jade Shoals

Apra Harbor Apra Harbor - West Jade Shoals

Apra Harbor Apra Harbor - West Jade Shoals

West Hagatna Bay West Hagatna Bay

Pago Bay Pago Bay Reef Margin

Sasa Bay South Sasa Bay

Sasa Bay South Sasa Bay

Sasa Bay South Sasa Bay

Sasa Bay South Sasa Bay

Sasa Bay South Sasa Bay

Sasa Bay South Sasa Bay

Sasa Bay South Sasa Bay

Inner Apra Harbor West Inner Harbor

Inner Apra Harbor West Inner Harbor

Inner Apra Harbor West Inner Harbor

Inner Apra Harbor West Inner Harbor

Inner Apra Harbor West Inner Harbor

Inner Apra Harbor West Inner Harbor

Inner Apra Harbor West Inner Harbor

Inner Apra Harbor West Inner Harbor

Inner Apra Harbor West Inner Harbor

Inner Apra Harbor West Inner Harbor

Sella Bay Sella Bay

Sella Bay Sella Bay

Sella Bay Sella Bay

Sella Bay Sella Bay

Sella Bay Sella Bay

Tumon Bay Ypao Beach
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Human Health Consumption of toxicants is assessed this reporting period using current consumption
advisories. Current Seafood and Fish Consumption Advisories required a human health risk
assessment based on multiple samples or in the case of Tanguisson Beach is the result of deaths
associated with consumption. Waterbodies under consumption advisory are identified in Table B1.
Marine Waterbody (MW) Assessment as not supporting (NS) for the human health/consumption
designated use.

Where consumption is concerned, studies that assess organism tissue generally are designed to first
screen pollutants and then intensify monitoring efforts to determine the human health risk
associated with organism size, amount and frequency of consumption. Full blown fish and shellfish
consumption programs are therefore generally expensive and require a great amount of financial
and logistical support. Three additional projects outside the scope and short of the required sample
size requirement of these Human Health Risk Assessments (HHRA) were conducted within various
projects on Guam from 2005-2007. These projects are the sea cucumber tissue concentrations from
the 2004-2005 GCA Project, the 2006 NOAA and Guam EPA Fish Tissue Contaminant Study in Apra
Harbor, and the 2007 Semi-Permeable Membrane Device project. Data from these projects are
used in this report as 'evaluation only' data sets and can be used towards identifying waterbodies
that require more intensified studies in the future. Results are reported here based on the fact that
tissue analyses were conducted and in some cases, chemicals of concern (CDC) were detected above
existing criteria. Investigation into these elevated concentrations is required. A determination
should be conducted on whether these data sets can be used in making use support decisions
and/or be used towards a HHRA.

The 2004-2005 GCA Project used sea cucumber tissue as the target species for tissue analysis
testing. Sea cucumber is commonly harvested and eaten in the Pacific. Ten (10) stations were
selected for this analysis based on CDC concentrations found in the sediment. Metals, PCB and/or
PAHs were present above MDls in samples from all ten stations. Concentrations of compounds
measured in the tissue were compared to either '01 Guam WQS,'09 NRWQC or '00 EPA SV criteria.
These criteria are shown in the next table (Table 8). Bold concentrations in the table are selected for
comparison to measured concentrations. More data is needed but any exceedances identified here
are listed as 'SeaCucumber EVAL' in Table B1. Marine Waterbody (MW) Assessment for manager's
consideration in future planning. Actual concentrations in exceedance of criteria are shown in the
raw data table below (Table 9).
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PEST E."c!~urt~n=1I (bj!a) .~4g 89 .1 ~ r,tg/W}!f-g ~W8Z'l~-=

I PEST !".Clrin g.~~ Q;~6 #{' .1 5 hg/w:etg-- SW?~;79.€

PEST ~ndri" :AI~~IiI'~e, O,:S~ Qd 1 ~ ogMef:g SWlti7l!~

PEST
i

.En~rih 'If~@!i! 1 1i ng;l~f'g ~\Alll~(ijCiI

- -

I PEST H.~P:t~(hlpr le.O)I.~i1 <:m~Q.Qc:rz$. 1 .$ n'[/w)!fg SW'li't'70'G

PEST H~p~$lliof EI1.oxh:je ~Q..QQ:tlD Q.P€)J'jj;l~g· M'4" 1 ~ n<!fJ~vg i?W8~6c.

PEST Hexa'cJiIVo~elj~ltne :l1UiIQQ1/ p',O]Q29 3':~;;t " 5 n[!w~l:J SWS,WQ(

PEST , M~'ino\.lvehlo't J:'6]jjwa~r-t'O~q) 1 S nwwetg $WSi:7~€

PEST j MII'ex nOh!!. 9i .1 :s ng/we,t;g sw.8'Q~o-€
I

'P~h;lr;e :.l(:f; O~/v{erii SVt/8'270(-PEST I l
J

l'oxaphene :O.OG'915 0.00028 ~'" 50 nlJ/wet-g SWS'270tPEST i 4~46. 1

1 Guam Water Quality Standards. Guam Environmental Protection Agency. 2001 ReVISion.
2 National Recommended Water Quality Criteria. Office of Water and Office of Science and Technology, United States Environmental Protection

Agency. 2009. View online at http://www.epa.gov/ost/criteria/wqctable/.
3 Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories. EPA 823-B-00-007. Office of Water, United States Environmental

Protection Agency. November 2000.



EVALUATION ONLY:

Table 9. 2004-2005 GCA: Sea Cucumber Tissue Contaminants Exceeding Criteria
TISSUE
CONC

Group Compound
Criteria (ppb)

WaterBodyName Station Location
(ppb) [italics =

below
MCL)

METALS I Arsenk 3._27 1900 East Hagatna Bay East Hagatna Bay - ABT

METALS I ~Q'i:jplF 1000 ~406 East Hagatna Bay East Hagatna Bay - ABT
I

METALS I Ifon 300 3'8000 East Hagatna Bay East Hagatna Bay - ABT

METALS !- iIiilan.;ga e~ 100 -j}eWO East Hagatna Bay I East Hagatna Bay - ABT

I METALS i MercurY 0,05'1 '2 East Hagatna Bay East Hagatna Bay - ABT

PAH <ITirysene: 0.018 '0;6 East Hagatna Bay East Hagatna Bay - ABT

PAH PAH total O,6~73 4,2 East Hagatna Bay East Hagatna Bay - ABT

METALS I Ar-senlc 3.-27 1~00 East Hagatna Bay South of Alupang Island

METALS I Ir()n 300 3$000 East Hagatna Bay South of Alupang Island

METALS ~ MgnJ\l'fl~~ 100 ~9] East Hagatna Bay South of Alupang Island I
METALS I Mercury 0.051 1 East Hagatna Bay South of Alupang Island

I "" 0,8 South of Alupang IslandPAH ~en2otajpYf.ene 0.018 East Hagatna Bay

PAH p'Af-Uotal 0.673 10.6 East Hagatna Bay I South of Alupang Island

I METALS Arsgnic 3.').7 900 Asan Bay West Adelup Park

METALS I f~oJ~Rer noD L$OO Asan Bay West Adelup Park~~ ..
METALS I IFon 300 74000 Asan Bay West Adelup Park

I METALS M.~m@n~~ 100 ~l:lQ Asan Bay I West Adelup Park

I METALS ' .- 0.051 :1 Asan Bay I West Adelup ParkMen:ury

PAH Be!"z'o[!rlfl~tlrarithen~ 0.018 :1,.7, Asan Bay West Adelup Park

PAH ,~}l1\Z~l ~ tlu.£(af'1~hll<ns; 0.018 4 _ Asan Bay West Adelup Park

PAH I PAH_total 0.673 7.4 Asan Bay I West Adelup Park

METALS Ar~'enig ~.~7 ?SOO Piti Bay I Piti Bomb Holes

METALS Iron 300 253.000 Piti Bay Piti Bomb Holes

METALS M~frOO r-i:eJe' 100 ,@70@ Piti Bay Piti Bomb Holes".c.
METALS Me.ri;:!Jr·y 0.051 B Piti Bay Piti Bomb Holes

PAH E\:ei]zQ[Q]fl lJ6.rantt,.ehe 0.018 OS Piti Bay Piti Bomb Holes

PAH I PAH_total 0.673 4.7 Piti Bay Piti Bomb Holes I
METALS Arsenic 3.2-7 ""nn I Tipalao Bay Tipalao Bay.1LVV

I METALS I <rQPP~1 1000 ~9.QID Tipalao Bay Tipalao Bay
I

IMETALS Iron 300 35400.0 I Tipalao Bay Tipalao Bay

METALS I lV1anuri~e 100 ~tsffo Tipalao Bay Tipalao Bay

IMETAlS~ 0.051 1 Tipalao Bay Tipalao Bay I
METALS 147

~
Tipalao Bay Tipalao Bay

I PAH I' 6:enzo[iI]p¥rene 0.018 Tipalao Bay Tipalao Bay

PAH I PAH_total 0.673 7.7 Tipalao Bay Tipalao Bay



EVALUATION ONLY:
Table 9. 2004-2005 GCA: Sea Cucumber Tissue Contaminants Exceeding Criteria

TISSUE

CONC

Group Compound
Criteria (ppb)

WaterBodyName Station Location
(ppb) [italics =

below

MCL)

I
,

15.9 IPCB I PCBs_total 2.45 Tipalao Bay Tipalao Bay

METALS Arsenic 3:27 7490 Agat Bay I Agat Bay - Dadi Beach

I
,.

-" 1000 120"6 IMETALS I, ~~PP.w Agat Bay Agat Bay - Dadi Beach

METALS I Iron 300 J4S()'QO Agat Bay Agat Bay - Dadi Beach

METALS Ma'l1g,al1,¥~ 100 1Jgg~ Agat Bay Agat Bay - Dadi Beach

METALS M}!!'<:1Jr.y 0.051 5 Agat Bay Agat Bay - Dadi Beach

PAH PAH_to-tal O.67~ S.l Agat Bay Agat Bay - Dadi Beach
,

I IMETALS Arsenic 3.27 i399 Sella Bay Sella Bay

METALS ! Iron 300 ngOOO Sella Bay I Sella Bay

METALS I Ma'Ii@(j~_~ LP.O ~ Sella Bay Sella Bay

METALS i M~(CJ.Jry 0.051 1 Sella Bay Sella Bay I
PAH ! PAr'=to~al Q.673 Q.l Sella Bay Sella Bay

METALS ,li.r~e.nlc, ~.~7 '2300 Mamatguan Point Bank/Shelf Mamatguan Point

METALS I Bj;lrlym IPOO ~-JOD Mamatguan Point Bank/Shelf Mamatguan Point

METALS I f~PI'l:e'l' 1000 .2jC:J;Q. Mamatguan Point Bank/Shelf Mamatguan Point I
METALS I Iron 300 .160000 Mamatguan Point Bank/Shelf Mamatguan Point I
METALS M:mri~e. Ip() ~:Il@J)' Mamatguan Point Bank/Shelf I Mamatguan Point

I METALS I Me~~UlV 0.051 1 Mamatguan Point Bank/Shelf Mamatguan Point

I METALS ~41 Mamatguan Point Bank/Shelf I Mamatguan Point

PAH 1fe.1'~~rarQY'lijl1~ ~ 0.018 ."J. ..$ Mamatguan Point Bank/Shelf Mamatguan Point

PAH 1= ~~~kffl!:JQJ~,n~,~i~ 0.018 1!1iG., Mamatguan Point Bank/Shelf Mamatguan Point I
I PAH P"AH_total 0.673 '9.1 Mamatguan Point Bank/Shelf I Mamatguan Point

I METALS I .Arsenlc. 3.1.7 1300 Cocos Lagoon I Cocos Lagoon - Outside

METALS ~Riter 1000 '1100 Cocos Lagoon I Cocos Lagoon - Outside"",. _.

METALS I Iron 300 39000 Cocos Lagoon Cocos Lagoon - Outside

METALS M§li~rii~'& 100 9:0'€l' Cocos Lagoon Cocos Lagoon - Outside

PAH
-~

0.6'73 6.1 Cocos Lagoon Cocos Lagoon - OutsidePAH_total

I METALS Arsenic. I ~.2.7 3200 I East Reef Flat (Mangilao) Mangilao Golf Course Terrace

METALS Iron 300 17000 East Reef Flat (Mangilao) Mangilao Golf Course Terrace I
METALS j Manganese 100 ~Cro East Reef Flat (Mangilao) Mangilao Golf Course Terrace

METALS I MefGlJry 0.051 2 East Reef Flat (Mangilao) I Mangilao Golf Course Terrace

='
1,~ East Reef Flat (Mangilao) Mangilao Golf Course TerracePAH ~r'I;;lllfaJpyrene 0.018

PAH MI:Uotal 0.673 7.1 East Reef Flat (Mangilao) Mangilao Golf Course Terrace I



In 2006, NOAA and Guam EPA conducted a Fish Tissue Contaminant Study in M-2 and M-3
waters of Apra Harbor, Piti ChanneljCabras Island and Luminao Reef. Fish species from fourteen
(14) sites were collected and analyzed for COCs. Based on preliminary draft data on these
samples, the COCs for Human Health Risk Assessment main risk drivers are:

PCB specifically Congener 126, 169,
Arsenic (not form that is associated with cancer)
Aldrin
Dieldrin
Chlordane

This project was conducted once in 2006. The amount of samples collected does not statistically
support the human health risk assessment process for designating a fish advisory area. This
study supports that the need for further sampling and assessment. Further investigation is
needed and requires additional funding. As with the sea cucumber tissue project, more data is
needed to meet the ALUS decision guideline but any exceedances identified here are listed as
'Fish EVAL' in Table 81. Marine Waterbody (MW) Assessment.

Overall COC detection includes:
PCB
DDT and its metabolites DDD and DDE
alpha-gamma chlordane
cis- and trans-nonachlor
heptachlor and its metabolites heptachlor epoxide and oxychloradane
BHC isomers, alpha, beta, gamma, and delta
Endosulfan I and II and the metabolite endosulfan sulfate
Endrin and its metabolites endrin aldehyde and endrin ketone
aldrin
chlorpyrifus
dieldrin
isodrin
arsenic
copper
iron
zinc
manganese
mercury
antimony
chromium
lead
nickel
tin

The 2007 SPMD project assesses 8 sites in marine (5 sites), fresh water (2 sites), ground water (1
site) using semi-permeable membrane devices that act as a surrogate for organism tissue.
Concentrations were reported as nanograms/SPMD and were unable to be converted to water
column concentrations. This data is used as evaluation data only and will be used toward making
a support use decision if more data is collected. However, the presence of any Chemical of
Concern (COC) below is indicated as a 'SPMD EVAL' in Table 81. Marine Waterbody (MW)
Assessment and Table 82. Rivers Assessment.



Location of the groundwater sample is shown in Appendix A Figure Ale. River and Stream
Stations where the SPMD was placed in a monitoring well on a golf course. Table 10 below
shows the presence of Total Chlordane and Dieldrin in the groundwater SPMD. The presence of
these CDCs supports the need for further investigation of whether these pollutants are getting
into the groundwater. CDCs analyzed and subsequent average concentrations are shown in the
table below.



FOR EVALUATION ONLY.

Table 10. SPMD cac Summary at Locations (nanograms/SPMD)

GUSPMDOOI G.USRMD002 GUSRMDO,03 ~USPMDt)O'.Q. GUS~MDOO~ GU,SPMDOO6 GUSPM,QP07 GUSPMDOO8

Dungca's Haga~'n'a River GhlURA Dededo., Apra Harbor-\rYesteirn
River Mout~ Pago ~iver Well Talof~fO-River Tagcha,River Fa'Ff~rBeacfu 'C;:ave Shoals- --

Marine Wilte~ Marl,he Water Fresh,Water GnllJhd W<rter 17resh~Water Mal;lrie Water Mar[ne Water Marine Wa1;~r

N=3 N=3 'N=2 N=3 N=3 1\J=3 N=3 N=3-- ,- ----------
Aldrin <20 <20 <20 <20 <20 <20 <20 <20

Arochlor 1242 <100 <100 <100 <100 <100 <100 <100 <100

Arochlor 1248 <100 <100 <100 <100 <100 <100 <100 <100

Arochlor 1254 <100 <100 <100 <100 <100 <100 <100 <100

Arochlor 1260 <100 <100 <100 <100 <100 <100 <100 <100

Arochlor 1268 <100 <100 <100 <100 <100 <100 <100 <100

Total Chlordane 33667 1000 <100 217 <100 817 2283 <100*

Dieldrin 4767 285 43 108 27 43 435 <20

Endosulfan I (Thiodan) <20 <20 <20 <20 <20 <20 <20 <20

Endosulfan II <20 <20 <20 <20 <20 <20 <20 <20

Endosulfan sulfate <20* <20 <20 <20 <20 <20 <20 <20

Endrin 53 <20 <20 <20 <20 <20 <20* <20

Endrin aldehyde <20 <20 <20 <20 I <20 <20 <20 <20

Endrin ketone <20 <20 <20 <20 <20 <20 <20 <20

Heptachlor <20 <20 <20 <20 <20 <20 <20 <20

Heptachlor epoxide 127 <20 <20 <20 I <20 <20 29 <20

Methoxychlor <40 <40 <40 <40 I <40 <40* <40 <40

p,p'-DDD <20* <20* <20 <20 <20 <20 <20 <20

p,p'-DDE 33 <20 <20 <20 <20 <20 <20* <20

p,p'-DDT <20 <20 <20 <20 <20 <20 <20 <20

Toxaphene <20 <20 <20 <20 <20 <20 <20 <20-,
a-BHC <20 <20 <20 <20 <20 <20 <20 <20

~-BHC <20 <20 <20 <20 <20 <20 <20 <20

y-BHC (Lindane) <20 <20 <20 <20 <20 <20 <20 <20

o-BHC <20 <20 <20 <20 <20 <20 <20 <20 ,
MDLs indicted with "<" Values and are a value of 0 in averages.

(MDL)* indicates a concentration below the MDL is reported or calculated (averaged).



Appendix A. Waterbodies Table and Figures

Table Ai Guam Marine Waterbodies
Table A2 Guam Rivers & Streams
Table A3 Guam Beaches
Figure Ala. North and Central Marine Stations
Figure Alb. Central and South Marine Stations
Figure Alc. River and Stream Stations
Figure Ald. Beach Stations
Figure Ale. Benthic Visual Bioassessment Stations



Table A1. Guam Marine Waterbodies

Guam EPA 2010 Integrated Report

Assessment Methodology

---~

,cGuam Marine --
'Watershed 'Villageloc rm'piA~ I Wq'tf!.rB0qv.~dmlj/iBa.y,1\I,a.n:ie ," ., GWQS

AREA Sq'~i
,W·aterlDocdV; ') 0 Class

1 Inarajan none Aga Bay G-025 M-1 0.10

2 Agat Santa Rita & Agat none Agat Bay 1 GUG-010B-1 M-2 0.63

3 Agat Santa Rita & Agat none Agat Bay 2 GUG-010B-2 M-2 1.91

4 Inarajan Inarajan none Agfayan Bay G-017C M-2 0.08

5 Inarajan Inarajan none Agfayan Bay: Inarajan Pools G-017A M-2 0.08

6 Merizo & Inarajan Achang Ajayan Bay G-026 M-1 0.24

7 Santa Rita none Apra Harbor (M-1) G-008A M-1 0.05

8 Apra Santa Rita & Piti none Apra Harbor (M-2) G-008A M-2 4.61

9 Apra Piti none Apra Harbor (M-3) G~08A M-3 0.42

10 Piti/Asan Asan none Asan Bay G-006A M-2 0.58

11 Merizo Achang Asgadao Bay G-027 M-1 0.56

12 Inarajan none Asiga Point Beach Area G-028 M-1 0.16

13 Yona none Beach North of Togcha Point G-029 M-2 0.53

14 Merizo . none Bile Bay G-030 M-2 0.17

15 Cetti Umatac none Cetti Bay G-014A M-1 0.65

16 Geus Merizo Achang Cocos Lagoon (M-1) G-020A M-l 5.70

17 Geus Merizo none Cocos Lagoon (M-2) G-020A M-2 0.34

18 Dededo none Falcona Beach Area G-031 M-l 0.19

19 Umatac Umatac none Fouha Bay G-016A M-l 0.26

20 Inarajan none Guaifan Point Reef Flat G-032 M-2 0.08

21 Northern Tamuning none Hagatna Bay: East Hagatna Bay G-001D M-2 0.93

22 Hagatna & Fonte Hagatna , none Hagatna Bay: West Hagatna Bay G-002A M-2 1.56

23 Dededo none Haputo Beach Area G-033 M-1 0.07

24 Inarajan Inarajan none Inarajan Bay G-017B M-2 0.17

25 Inarajan none Inarajan Reef Flat G-034 M-1 0.82

26 Yigo none Janum Point Reef Flat G-035 M-l 0.09

27 Yigo none Jinapsan Beach Area G-036 M-l 0.75

28 Piti none Luminao Reef and Calalan Bank G-037 M-2 1.17

29 Inarajan none Matala Point Reef Flat G-038 M-1 0.25

30 Inarajan ,none Nomna Bay G-039 M-2 0.17

31 Inarajan none Nomna Point Reef Flat G-040 M-1 0.32

32 Tamuning none Oka Point G-041 M-2 0.20

33 Santa Rita none Orote Peninsula Sea Cliffs (North) G-042 ,M-l 0.23

34 Santa Rita none Orote Peninsula Sea Cliffs (South) G-043 M-2 0.02

35 Pago Yona/Chalan Pago/Ordot/ Mangilao none Pago Bay G-003A M-2 0.70

K:\Monitoring\IR\2010 IR\Tablel-8/Al.Guam Marine Waterbodies lof2



Table A1. Guam Marine Waterbodies

Guam EPA 2010 Integrated Report

Assessment Methodology

.. - '--_.
'G,u.ar;nllM~rih!=

Wafer,sned r \liUageL'o.c
II

:MflA ;\Wa1;:erja~q\y~'<J n:le)B~Yl~/..a,rn·e',
GWQS

W<,!t'erbl('?d,v 1.01: Class
AREASqMi

36 Inarajan none Pauliluc Bay G-044 M-2 0.08

37 Piti/Asan Piti Piti Piti Bay G-006B M-2 1.35

38 Piti none Piti Channel and Cabras Island G-045 M-3 0.24

39 Mangilao none Reef Flat Northeast Coast (N Fadian Point) G-046 M-1 0.56

40 Vigo & Dededo none Ritidian Point Beach Area G-047 M-1 1.42

41 Vigo Pati Rocky Shorelines Northeast Coast (Pati Point) G-048 M-1 5.35

42 Mangilao none Rocky Shorelines Northeast Coast (S Fadian Point) G-049 M-2 0.58

43 Mangilao & Vigo none Rocky Shorelines Northeast Coast (S Janum Point) G-050 M-1 2.29

44 Northern Dededo none Rocky Shorelines Northwest Coast (Double Reef) G-001A M-1 0.64

45 Dededo none Rocky Shorelines Northwest Coast (South Haputo) G-051 M-1 0.20

46 Piti Sasa Sasa Bay G-052 M-2 0.74

47 Umatac none Sella Bay G-053 M-1 0.27

48 Umatac none South Facpi Point beaches and rocky shorelines G-054 M-1 0.66

49 Merizo Achang Sumay Bay G-055 M-1 0.79

50 Vlig Vona none Tagachan Beach Park Area G-005B M-2 0.24

51 Taelayag Agat none Taleyfac Bay (M-1) G-012A M-1 0.71

52 Agat Agat none Taleyfac Bay (M-2) G-012A M-2 0.37

53 Talofofo Talofofo & Inarajan none Talofofo Bay G-OllA M-2 0.15

54 Togcha Talofofo none Talofofo Beaches G-007B M-2 0.61

55 Dededo none Tanguisson Beach Area (M-1) G-OOlB M-1 0.29

56 Northern Dededo & Tamuning none Tanguisson Beach Area (M-2) G-OOlB M-2 0.40

57 Vigo Pati Tarague Beach (Scout Beach Area) G-056 M-1 3.09

58 Agat Santa Rita none Tipalao Bay G-010A M-2 0.10

59 Togcha Vona and Talofofo none Togcha Bay G-007A M-2 0.41

60 Toguan Umatac & Merizo none Toguan Bay G-018A M-2 0.26

61 Tumon/Yigo Sub-basin Tamuning Tumon Tumon Bay G-OOlC M-2 1.98

62 Inarajan none Ulomai Beach Area G-057 M-2 0.09

63 Umatac none Umatac Bay (M-1) G-016B M-1 0.06

64 Umatac Umatac none Umatac Bay (M-2) G-016B M-2 0.34

65 Dededo none Uruno Beach Area G-058 M-1 0.58

66 Vlig Vona none Vlig Bay G-005A M-2 0.45
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Table A2. Guam Rivers & Streams

Guam EPA 2010 Integrated Report

Assessment Methodology

r-----r-"
{Ghannell 'I.G.llaml' I~Jw:ER:Lll'I3IBQ;T ~RM\

F.l1v~r I[) #"- NAMI!: le~~9.(h' Re:eewii;i~ -oo:ater

G-1A Agana ~i.ver 1.19 Agana Bay - Padre Palomo 'Park

G-lO Chaat River 1.43 Agana Swamp

G-1F iorermittent trib,utary 0.79 Chaot River

G-1B Agana Swamp (NA) Agana River

G-1C Agana Sprtng 0.04 Agana Swamp

G-58 Storm Drain 0.21 East A9ana Bay (Dungca's Beach)

~G:-2 FOnt~Hiver, 'KHI We,s'tA9~b.aLB~Y:eliligQ e~ii'):§tei1Y),

'6-59 unnamed' <::reek' 0.17' Eae;,t Asa!'l,.Bay,

G~3A' ('san RiV.er 1'.55 ,Asa"il Bay -~san Hark"

'O-3B' unnamed'trYbutary :Q';~6' 'As,a'ri:,R,~yer,

G3C wnnameo cre,e.k '~L19 Ascm 'Riller,tohan Bay _oMelup I

G-4 MatCl9Ue'Rlvsr ;'o.'gta' Piti,B.ay

G-4A U(1namea trlolJWy 0,29 ,Mat?:"9(.J,~ River

G-5 Tagl,1ag Ri"/er m6'2 Pitt Ba~{ - past "bomb" holes

G-6 Mas,soRiver 2.34' :Piti:S-ay - S,a'r:itos Memoria.! park

G-6A Lntermittel'lt tributa'Y O:~,6 M,€ls'so RiVer

G-7 Sasa River 2..2.1 cApra !--lai-bar ma.!'lgroves

G-8 La9.uas River ,'Oi85, APrCl H.afbOI' mangr0"'~s
G-9 Ag'uada Riv.er 2'o1-!ii 'f\r;Jra' H<;1,rbor c before Pci!larls' PO,int.

G-10G uhh'amed trjblj\ar'y ,0:67 Big::Ga'utaJi' River

G-10B Big Gaut~li Riyer '2.29, ,Atant<inoWetlahd

G-10H intermittent',trlpu!arY ,0,56 Big 'iGaula,lf RIver

G-10D Aplacho River; 1':96: Ataritano Wetlanq

G-10E Ga\:Jlali River ~.70 ~tantano WetJard

G-10F Tenjo,RiVer 1.23 ,Afunt'ano.,Wetland

G-10A AtimtCl(1'0 River 2!~,~ IrmerAD;ra H;'1rbor'

G-10J 'iHtermitlent tributary 0:,9:1 l.f.tant'an0'River

G-10C Paulan'a ,'RI~er; ',mM' Aiant'aoo '~i,ver

G-101 unl"lamE1diribulary '0(1,6 PCjLJfana River

Gq'l ~~!J:l0 River 2:40 !(-(gjaYB9y,- Ap,a<::a Pnt.

.G'-1Ht: i"Iri'nghleQ1irlp1.l~ary , feitre. Nam0.Rlw.er

G-1 ~,~ il:Jrir5$m'i~ rrio,Litarry :w,6ilt ,Nam0ABi:v~r

G-12 T0gcM Riv..€lt 1t.1t:b: ,Agat'Bay - Sallllas Beach

'$aiin?~ River
,

G-1'3 !Ot:r;8' Agat :Say, - Salina.s B.e'acrn ,oefere G'~aTil Rt.
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'<G-liarj~ ,~YE.RriJJ3r.Bl4JAR~ iGnannell',
'Re-eaiY.io,g Waleff:t~~r 10',# NAME l€h19tl~1

• tl) L' ,l,t' •

li~~ ~~1ji~~1f1~ ,I 'i~~ ~r~~a~ ~Mer;

~~ ,Ra~mpll}~lw.err Q;.~$l f11l\'p~r@.l'aiill!fflWW,.... -,.1.1

~'II ~§1ff~~I»~ '[ i'\t~ F.t~~<iOOaJilJQ R.\~

I@~, '~rj.9ffi~ fri~J!I,tC'Ji1Y' ,I ~O_~~ l )1lamte-;li~JM1it

.~~ 1:lnnamea tT/l!>utan'¥ [ O,4~:-cr IPm'l"l~'~V¥f~":;·.-xJI,"·

,~H ,La@~@'i~[ver J ,g~~,(i)~ 'I'm~;:lfJ~Rfv.er

~~ ~~-gJjJ~,\l"W
~

c~W~~~II ~l'_{1\

~~li ~~~~,vgr
--------,

'~Hi ]:ta~!1! ~j~"i,~

ii~k u-,w:lf<;lmoo i.i'il)~,
;

,ij~0j j :lfl1iU~arl~f~eTr:_ 1,-~, -_ ~ "- ,.~ --'W'

B~~~~( R.aOIIl ri(dRwer ,{ilJ~(2: 1H?a,b!IfI~¢~B?:Y"

~;.i'~!~ 1;iml;i'QQ,;B:tv.'$r Q~g3i P'au!liUJe"~!v~~

$A~P,i ~n.0,!IifI:e~ rtr:iq!!j.fa:1o/I :O,~$; l1irx.a-Q!D e]ger
:~~E umnameG! ,t'rib.l!It\:f~ :Cj,~5 . 1HII:<:19;0' f1il\ll;l~

~~4'6EM tASlliJl~:.e£.'Ri"l1e[; 't<~, :R13JiIT'ua R:iv:er
:@o-~6F 1~~,lQR,\f~,

,
'Q\!S2' fA:'slimg-~t'fR{~~rj
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Table A3. Guam Beaches

'I ,:(!JSEi.PIA ElEP1~~
-'-Be<I~l:f-st]!t1 ,_., - I

,~.-

GEPA
'~~J;\i:r;iclY'

£hQrelll!leJml1es
alfa!?,ssi,!,lle

2O_08'~2,0H9<

Beach BEiAGH,~ME R~prese,~te~rby. "GEP!AStatien' ,G'ffiA {;Tat,ion ID ·lr.oC<l1mncne,sl;r'8TlOnI: I

ID. :~f\0r.elifte .~: ". lJ.:ea(tl~~, ][5iN)Jmber
rrhirg)

Bt-atjon

GB1 Tarague Beach/Scout Beach 3.42 no

GB2 Tarague Beach/Scout Beach

GB3 Jinapsan Beach 1.28 no

GB4 Ritidian Beach 2.21 no

GB5 Uruno Beach 1.74 no

GB6 Falcona Beach (Urunao) 0.37 no

GB7 South of Falcona Beach (Urunao) 0.24 no

GB8 Haputo Beach 0.19 no

GB9 Intermittent beach - Shark's Hole 0.19 no

GBlO Intermittent beach - Tanguisson Pt. 0.26 no

GB11 Intermittent beach - North of NCS/Tanguisson GU231281 0.26 yes

GB12 NCS Beach/Tanguisson Beach GU900850 0.25 0.25 yes N-01 Tanguisson Beach

GBB Fafai Beach 0.37 no

GB15 Gun Beach, Tumon Bay GU446721 0.23 0.23 yes N-24 Gun Beach

GB16 Gonga Beach, Tumon Bay GU610162 0.14 0.14 yes N-25 Ganga Beach

GB17 Naton Beach, Tumon Bay GU763206 1.1 0.23 yes N-02 Naton Beach - San Vitores

GB17 Naton Beach, Tumon Bay GU763206 0.36 N-23 Naton Beach - Fujita

GB18 Naton Beach, Tumon Bay GU763206 0.33 N-03 Naton Beach - Matapang Beach Park

GB17 Naton Beach, Tumon Bay GU763206 0.18 N-04 Naton Beach - Guma Trankilidat

GB19 Ypao Beach, Tumon Bay GU425480 0.42 0.42 yes N-05 Ypao Beach

GB21
Alupang Island Beach, East Hagatiia Bay 0.02 no

Dungca's Beach, East Hagatiia Bay GU203410
0.99 0.34

N-06 Dungca's Beach - Sleepy LagoonGB22 yes

GB22 Dungca's Beach, East Hagatiia Bay GU203410 0.65 N-07 Dungca's Beach

Trinchera Beach, East Hagatiia Bay GU458635
1.15 0.25

N-26 East Hagatiia Bay - Alupang Towers BeachGB23 yes

GB23 Trinchera Beach, East Hagatiia Bay GU458635 0.48 N-08 East Hagatiia Bay - Trinchera Beach

GB24 Trinchera Beach, East Hagatiia Bay GU458635 0.42 N-09 Padre Palomo Park Beach

GB25 Hagatiia Marina GU176012 0.42 0.15 yes N-lO Hagatiia Channel

GB25 Hagatiia Marina GU176012 0.15 N-ll Hagatiia Channel - Paseo Outrigger Canoe Ramp

GB25 Hagatiia Marina GU176012 0.12 N-12 Hagatiia Boat Basin
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Table A3. Guam Beaches

• o. Be;,~h:"5ize- ,..... . . '.' "0' --"-

GERA .'.8·'· '" .'{"".- Sh0feUnelJl1l!es ""O""·'.b·I' 2.00.&-:200.9
, ., IJ,5BP.i?l'1 oE,~!!;", i5~ndV ""al;l'~$SL f! 0- ", c, , ' • • ':

Beaclp' tBE-.!\CH NAME I' , .." RepresenteCllb:y GEPA,St<lt10r.l' G1iPA8ta,r,,",'IO,ko~at[on 8es'c'IPtl'enID snbreUcie ". ~ealih;,?' .. .
Number ° .~".; ° -~\l ,Station " , I.El

miles!"

GB26 West Hagatna Beach GU468763 1.11 1.11 yes N-13 Hagatna Bayside Park

GB27 Beach at Fonte River, West Hagatna Bay GU208533 0.13 0.13 yes N-21 Adelup Beach Park

GB28 West of Adelup Point, Asan Bay GU241731 0.41 0.41 yes N-22 Adelup Point Beach (West of Adelup Park)

GB29 West of volcanic headland, Asan Bay GU845649 0.37 yes

GB31 Asan Memorial Beach, Head of Asan Bay GU732200 0.53 0.53 yes N-14 Asan Bay Beach

GB32 Beach at Piti Bay GU196164 1.08 0.62 yes N-15 Piti Bay

GB33 Beach at Piti Bay GU196164 0.46 N-16 Santos Memorial Park Beach

GB34 United Seamen's Service Beach (USO Beach) GU790189 0.52 0.52 yes N-17 United Seamen's Service

GB35 Outhouse Beach GU745740 0.46 0.46 yes N-18 Outhouse Beach

GB36 Family Beach GU179655 0.15 0.15 yes N-19 Family Beach

GB37 Port Authority Beach GU233053 0.46 0.46 yes N-20 Port Authority Beach

GB38 Ski Beach GU427179 0.4 yes

GB40 SRF Beach 0.4 no

GB41 Marianas Yacht Club Beach, Sasa Bay GU826563 0.18 yes

GB42 Polaris Beach 0.19 no

GB43 Gabgab Beach 0.65 no

GB44 Orote Point Beaches 0.46 no

GB45 Tipalao Beach 0.15 no

GB46 Dadi Beach 0.57 no

GB47 Rilal Beach (not accessible) GU031839 0.26 no

GB48 Apaca Park Beach 0.14 no

GB50 Togcha Beach aka Agat Beach GU374433 0.79 0.33 yes S-02 Togcha Beach - Namo

GB50 Togcha Beach aka Agat Beach GU374433 0.15 S-03 Togcha Beach - Agat Bay

GB50 Togcha Beach aka Agat Beach GU374433 0.31 S-17 Togcha Beach - Beach at seA

GB51 Salinas Beach GU959524 0.49 yes

GB52 Beach North of Finile River GU324640 0.3 yes

GB53 Beach South of Finile River GU922647 1.17 1.17 yes S-04 Bangi Beach

GB55 Nimitz Beach GU016244 0.49 0.49 yes S-05 Nimitz Beach

GB56 Taelayag Beach GU524587 0.87 yes
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-~'aeach''5.ize ~. ~ .
GEpg, I

JJSi;p~ f;j'RA~1il tSanoy
Sliorelin'e'rriiles

aeces~ib.i~
200S-20Q9

• 1f~ -;

Beach BEACHN~ME
,'IP" sfl'6rel1'l)e Rew~sli!nted by, ,peaP!i{ 'G.,EPA SyatJbll GEp,A'S~a;VbrrIO LO:ca:tibp Oe~.cfrip.trcil1

Number
mile's)'

'Static:>n lD

GB57 Sagua Beach 0.62 no

GB58 Facpi Point Beaches 0.66 no

GB59 Beach south of Achugao 0.29 no

GB60 Beach south of Agaga Riv 0.25 no

GB62 Beach north of Asmafines Riv 0.12 no

GB63 Beach south of Sella Riv 0.12 no

GB64 Abong Beach 0.62 no

GB65 Mouth of Cetti Bay 0.5 no

GB66 ,Head of Fouha Bay 0.06 no

GB67 Head of Umatac Bay GU654723 0.14 0.14 yes 5-06 Umatac Bay

GB68 South of Machadgan Point 0.25 no

GB69 Toguan Bay GU311098 0.46 0.46 yes 5-07 Toguan Bay

GB70 Ajmo Beach GU894296 0.16 yes

GB71 Bile Bay Beach GU757210 0.03 yes

GB72 Pigua River Beach GU418215 0.08 yes

GB73 Cocos Island 1.16 no

GB74 Islet 0.07 no

GB75 Merizo Public Pier Park GU038434 0.46 0.46 yes 5-08 Merizo Pier - Mamaon Channel

GB76 Piga BeachjTalona Beach GU249673 0.42 yes

GB77 Cocos Uigoon!btw Piga&Aba Beach) GU249573 no

GB78 Aba Beach GU164107 . 0.19 yes

GB79 Aang Beach GU561116 0.12 yes

GB80 Achang Bay 0.55 yes

GB81 Beach to Liyog Riv Mouth GU519084 0.77 yes

GB82 Liyog river Mouth GU463873 0.18 yes

GB83 Beach to Asgadao Bay GU280102 0.04 yes

GB84 Intermittent beach, Asgadao Bay GU621836 0.12 yes

GB85 Intermittent beach 1, Ajayan Bay GU515461 0.12 yes

GB86 Intermittent beach 2, Ajayan Bay GU196675 0.09 yes

GB87 Ajayan River Mouth 1 GU344686 0.03 yes
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Table A3. Guam Beaches

Guam EPA 2010 Integrated Report

Assessment Methodology

.,
!leaGIl size' I

~-

,G.EP.A.
l:fSEP{l:"B'EA:@/i (sand\{,'

I$NjN,~i\I'i~' miles'
,a.(!~d~j,Qle

20C:f8h;(J'b'g,

!:iead;\ BE!}~hl !~J;AN\E
ID shoreii~e

RE;p'~e~~nted ~Y'
Dea~/1?'

QiE'P-A Statf0IJ GEPA Station' Il,hocration DescriptlOr.l

~ur:nber
milesl'

'StatfoIJI LD

GB88 Intermittent beach 3, Ajayan Bay GU461933 0.19 yes

GB89 Ajayan River Mouth 2 GU954089 0.06 yes

GB90 Intermittent beach 4, Ajayan Bay GU370300 0.09 yes

GB91 Aga Beach GU581113 0.08 yes

GB92 Guijen Rock area GU535422 0.44 yes

GB93 Atao Beach GU303218 0.38 yes

GB94 Beach north of Acho Pnt. GU755429 0.27 yes

GB95 Agfayan River Beach GU867073 0.07 yes

GB96 Inarajan Pools GU057929 0.07 0.07 yes $-09 Inarajan Pool

GB97 Beach at Inarajan Bay GU605963 0.46 0.46 yes $-10 Inarajan Bay

GB98 Beach at Pauliluc Bay GU208080 0.28 yes

GB99 Ulomai Beach 0.11 no

GB101 Perez Beach 0.26 no

GB102 Asiga Beach Area (Inarajan) 0.23 no

GB103 Head of Paicpouc Cove 0.09 no

GB105 Head of Talofofo Bay GU367361 0.21 0.21 yes $-11 Talofofo Bay

GB106 First Beach GU812957 0.06 0.06 yes $-18 First Beach - Talofoh

GB108 Calvos Beach GU304652 0.51 yes

GB110 Jones Beach GU473279 0.09 yes

GBlll Ypan Beach Park Beach (Ipan Public Beach) GU139377
0.3 0.3

$-12 Ipan Beachyes

GBl13 Beach north of Togcha River GU721999 0.27 0.27 yes $-13 Togcha Bay - Talofofo

GB114 North of Togcha Point GU631282 1.03 yes

GB115 Head of Ylig Bay GU425901 0.18 yes

GB116 Beach North of Ylig Bay GU834889 0.07 yes

GB117 Tagachan Beach Park GU996375 0.07 0.07 yes $-14 Tagachang Beach

GB118 Beach at Pago Bay GU875627 0.96 0.96 yes $-15 Pago Bay

GB119 North Pago Bay Beach 0.24 no

Number of Beaches

Number of assessed Beaches

Number of monitoring stations

Beach miles monitored

K:\Monitoring\IR\2010 IR\Tablel-8/A3.Guam Beaches

103

31

42

15.46

37 inaccessible beaches

66 accessible
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Guam 2010 Integrated Report
Station Location

North and Central Marine Waterbodies and 2010 IR Stations

Generated by GEPAMP Feb 2010.

Figure Ala. North and Central Marine Stations
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Guam 2010 Integrated Report
Station Locations

Central and South Marine Waterbodies and 2010 IR Stations

~ 2004,2005 GCA Stations

• 2006 Fish-C;ontainfMht5 S.!Udy

• 2007 SPMO Slations

e 2009 STMP Marine StaUons

: .,;f.:1 AdvisoTy Area

Generated by GEPAMP Feb 2010.

Figure Alb. Central and South Marine Stations
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Guam 2010 Integrated Report
Station Locations

Guam Rivers/Streams and 2010 IR Stations

Generated by GEPAMP Feb 2010.
Figure Ale. River and Stream Stations
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Guam 2010 Integrated Report
Benthic Visual Bioassessment Stations

Generated by GEPAMP Feb 2010.

Figure Ale. Benthic Visual Bioassessment Stations
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Appendix B. Assessment Tables and Use Support Determination Tables

Table B1. Marine Waterbody (MW) Assessment
Table B2. Rivers Assessment
Table B3 Marine Waters Use Support
Table B4 Rivers Use Support
Table BS Guam Beach Use Support



Guam EPA 2010 Integrated Report

Assessment Methodology

Table B1. Marine Waterbody (WB) Assessment
r-I-D-U1-T"I--------- -------OlIZ ---'--1 DU3~---~-'~
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Guam EPA 2010 Integrated Report

Assessment Methodology

Table Bl. Marine Waterbody (WB) Assessment
DUlr----·---~~---·- .----------o:w-y------- ·---I-------~U.'3' ----
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Guam EPA 2010 Integrated Report

Assessment Methodology

Table B1. Marine Waterbody (WB) Assessment
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'" (Chromium, Manganese,

Nickel, Tin)

NS IFJSfJ COr!iumDritJriAiJViSiiiV, E)rllli!-I"::.PCB,Q

Chlorl)est.. Ok.~ir1S~~ SciiClJtumhrii1i:\?.lQ
(A~ful~CrIQ)op-ar.lmrr. ~,oliIJt~lI1~. rwirtlUV.

-r"t;dP.o.}j)" ,

UD

j;l$(FiJh t(l.fl~"U~mJtf~ Ady~ia ~ [}rh~n Pr~5;'
C~larP~", """"11"1

UD

UD

SeaCucumber EVAl (Arsenic, Iron,

Manganese, Mercury, Total PAH)

UD

~"I ,N'S I if;;

TUf;'l.iim S;;lV

lHjvth'\\'

t;!!J!)4-0029

G-':I04-002'7

c~",,,,1

CQOStal

.1 f\s

,~"

ifII ,rs f,s:j fS

1'5;

·f~·1 N~

F5i I "IA

~

t5

r~A

NA

UD

UD

IlA

r:li\.

UD E5

~

NA

NA

NA

NA

non detect

'" (Chromium, Copper,

Manganese, Nickel, Tin)

SeaCucumber EVAl (Arsenic, Barium, Copper,

Iron, Manganese, Mercury, Tin,

Benzola]pyrene, Benzo[k]fluoranthene, Total

PAH)

UD

~'!!l.
((;n":, UI2;~~"11il ~~i..2} Iceh1U;rio/tf£i,1l

AdIJt.\tlljJ

LO",t;lJ UD UDI ,UD I UD UD UDI UJ} u~ UD UD UJ}· UD UD', UD UD UD 1'5'INsH Coll!.L!!IIII,,",pM*"'y.briY,"" PCB,!,
!!,I,if, e<v,,"mfilf'n.lH\~''''.JI !lril." x,a~i

(UlOlf-C1Ol;l Cq3,,~1

'F.~ T~;I No I ,[5 iSS 'fSC' I 1'\<': r,s: .F.fii UD 14,(1: UD IB NA NA • (Tin)

liffl IF.l}h·£'al]~/j/11prfQn.e'lJrlh·(}!y: OrlV..el":

~O!SI' S"~·dltlJmll.r, lfV~lIA""'n;c; Conjlf!'"
Irbn. Mbn~n""i' Tnt,1 ~M11

c'oc'£ 't.<~COft ovrl~ ~iJJJLl'JJJ'- .• tim,niT~ I1fl/\

,A~rik!.~.
_ G\111~.ooliJ

cb",lo1&

6r~O'(',~
" ~ I 1-1 I·(Tin) 1f.i~{5!-,j,'C<l!l.um,TI>"",4a"isq'lIDIlIro<:o'C!l;1
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Guam EPA 2010 Integrated Report

Assessment Methodology

Table B1. Marine Waterbody (WB) Assessment
DU1r-'--- ;@u,-i -------------,-D,~------

Body Contact ' AqLi;rtl<;; L1fe,HIlYSlChem'War"r,e.u"lltv J%VIOL1' ~A.qaDtic-lite~Bioa5sCis.·sment
A~uaricJ:rh~-To)ri~bloei(:alltwater:

'4t1~~:n"",.a:I\~'!w.l)dJ,\'J,pii,b.Qi(r;i>'''hl:/'cbtu,~ alJ'd:?""erlJ.~ai~,l, r

IR Table 12 &
IR'TciJl.e.'1.5. 1Jt~abill'.1ll :1~'J:·.9U;·~G

IRIT: "'\;!l~ft"~~~gf~nfj1g'J!iiJ!,1if'1:j ~~l:GUideline/degree of ALLIS (Table from IR): I 13
I &"T~~J~l\

1<0.1 I INJ~ 1'1
Can~:olj "R~tr::f.!fLL.G·over III 'S'edi'rhiJ~~':(jhW~t5'i6r;

M<>1'inoIW8·h..HT1e~ I I I 'OC'cuo;' IEhterd,o«I' NIH' ifurtJiC1l~
~cchlJ,1 \~.ate't". B~C1:n:)oac~i'Je L0iUf 'ToS.aIIHs.h f"'liIa~'€dmc 1:~X~1i~r.;,tn:\it:Ori~~ ~1jI;~~",,",' I€ill"'ol ';rlv;sO'aes(aJid9toU?iS'ri.iCuCuiJ\:!li!1IiStati6ft' Wpo :pH l'ORU4 De. salinitY

11>5' Tdrii1l:' 'l~ate:cJil~~ Rtit:r61 BI6mass"~) tiiv~r.t~k:i·rar"lisr
"StjtkHl

·I\V.I~;' ~?~~c'~Fr-!!7;9,~1Wt~,IZ~tIL- flSh~lfuj~1..6'\f~elli~~:n~~?l'\fl
;Pi'j>ojjJcl • :>tJb.tratec)' 1(::~!!lua~'lIloQ'l,tt'n$llIl)J:;lIy'_

llUD4·00,S lagoon 1 1 W 'IU' ~]f.:> ~I ~, ·NS 'lIS'; ,Yll I Iii' ,~ lIQ F'>.l: UI) r;5» "Ni> 1'1" non dete[;t

GUa4·0019 1
~ * (Tio)

;'K'1l.:,V r,UQd'OOO7 il.of fliit 1 IES' m ~f ~"I ''<S I!l;!; ~ NA ~ii11 ,~ lJl) NI< UD ~ NA NA non detect un
""",yan ~..~ ~al\U A""...itr;rt ~ r&~ I fS, Bo-I ~ 'j's ~!F~ N~ "i NA UD NA UD UD UD UD UD UV

'+-'kll~'IUI B.CilCll·AreiI GI'J!yt.,~9 R~~fji~t: ~.
I

~I 'N"~ rs [ F~ ~, ~S NA ;;=Oll l,I!J t/A \10 ES NA NA non detect UD

'NS

"Talnfoto .BoiW I GLJIM-DD13 I .CO<lsUI t I ,] I If'> IRS I N, I Fs; '1/5 rs: UD r-n;.J1ner 'NS 00'- 'f's. OD Fs:

I
UD UD

* (Cadmium, Chromium, I
LID

icdi't'l
Copper, Manganese, Nickel, Tin)

r;;~(;iO"~O~7 ~
'1 ~Sl ,"~f I

non detect

n.\gd'liil'.k'l'i' I 'OGRF--4. Reetfl~l 2 '~S B 'NS ,~s< II'S: J'S '>;5 FS ;"', LID f~ NA NA
LID

~ LID
GUSPM[}.IJOS SPMD EVAl- Total Chlordane, Dieldrin.

1'fI-\,·2 [{Efllm 1 iif~ Irs FS '<S'! ,liS' 'fi?,
~'" INS -NA II~ IN'; UIJ <Ill UD

',m"o!t8uy
{;llo4..{l'6,.5 1'D-S iiSi ..~ UP

NA NA UD
C(1~m1 I- fi~ ~ i~ NA NA NA NA UD fjf non detect

;;~L).8-q.v GUO,r·OQ49 lZo:astal 1 I' ~ ffi) I [is' IRS ! F$ll ;m ';f~ , f5 1"$ ;f,S> LID Ft. UD I 1'5" NA NA * (Tin) UD

~f...<,f nni Norl.h.aaSl 1 I:~~ SeaCucumber EVAl (Arsenic, Iron,

!:m;'~ltJf.a.dia<l (;lJO~·OO33 llBilIfl.t 1 W -"liS :JI;S OS' 'i='S NA ~S NA NA NA IJD <S NA NA * (Tin) Manganese, Mercury, Benzo[a]pyrene, Total
.[)olm1 ,I, , PAH)

R<",~'l1i6';"lln'"
;;S' Ilis'

I
j'1;"piitii:.3ttC~ {So Gl!G4.. 0qJ>1 C03st:11 1 ,~~ ';[5 I~ ft' NA ~I NA NA NA UD t;'; NA NA * (Tin) I UD,I",

Ul""mf\1imJ

1 Naval N'uolear Propufsion Program (Quar!erfy Monitoring)

FS

PS

NS

NA

Fail

UD

Fully Supporting (FS)

Partially Supporting (PS)

Not Supporting (NS)

Not assessed due to ambient data not available,

Not assessed due to method fail,

Notsampled
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Guam EPA 2010 Integrated Report

Assessment Methodology
Table 82. Rivers Assessment

._-----------~. ---- -----·---------------D"O-3----
DUl r~U2

BodV Contact AauatiGl.lfeiPtiys;.el1em Wate~Qualfty V'AV10tl Al'luatlc Llf"d'iidassessmeot HtJmM liealth'Ci:i~..uri1J1tion

,e/degree of ALUS (Table from IR): IR Table 12 & 13 IR"".';.I~ IS 'mTa~lc,1!i
'I~Nlt}O;",~YJi:o:·Appe!ldix·.Aj

Tao!e3 rp~I'&',T..b;. 4'

--------,---- -- ,
Guurn Rlv~~

/lei
E'<!1I'.!lncle Ei,'wlilGeo r 'Wafer ~'~jji~~~~ve

MOe-'Bf.ellf.
I ,Totol f.isM

'%'QCjverj(AIga";
~Prii!D H,uma.n,~eal~h,

m\1,Eil,N.~~ . rD.~ ~lJltlol' .~i.ubY,
s:ilrriP.'l~ ~@.~n

'[itil ~p:.q/j "i"{!?-3" [j'O ,lTpS liS:S Tui~i8i,!v Sal,nj(y, ·11·< ,
,M:a:te.r~l~

~e0011 '~;<i~~~~(gl), C::o;';l; ',I~~e r\iS, (p/1/,i frOl<Ios1 .:' 'I , ,- 'em,,· p,'ro,~uCt$\'1\\'PIJ,1 .S.ubstr;1lte,

AGRA-2, Fish 'I
I~S !.B1ltl.
§QnlMTlptian

Agana River G-1A Consumption AcMsorv:
Advisorv

5 NS NS FS fiS ~S NS NS FS NS P::O PS UD UD UD UD UD Drliler: PCB.'s)
ChaolRiyer G-1D
Inleimlt(elll AGRA-2 UD
tributary

G-1F

Storm Drain G-58 AGRD 5 NS NS Fs- FS NS NS LID NS NS NS' FS' UD UD UD UD UD UD
,G-2

.__._...
~.__._--- I

F'.$ FS los ,FSFonte- Riyj;r fl,GRF-2 ,fi- NS ,NS FS NS NS PS ?S UD UD UD UD UD UD
Malague RI'o/l:1r G-4

FS ~S Ns t'lA NIXLJnnaJned ASRM 5, NS NS NS f& fS Nfl UD UD UD UD UD UD
tributary

G·AA

APR~1 5 1"8 'FS: IF$' FS 'FS: f.S F$ FS, fS fi.S PS UD UD UD UD UD UD
'Sas.3 Rivet 6-7

APR$-2 PS Ns F§ I F~ NS FS 1;:;> ITS ,1;$, ?S UD UD5 f,s UD UD UD UD
~guad~ Iil'il(er Gog P,..PAAG 5 "'S NS F§ ItS It'F'S NS F.§ ITS NS ,l'S, FS UD UD UD UD UD UD
unnamed I

I FS

,

IribLJfar¥
G-I0G

APRA,-1 5 FS' FS' IfS FS FS FS FS PS FS' P" UD UD UD UD UD UD., I
Big'Gavtal1 River G-108

il)len'filltenl G-10j-i
lnb'olarv

A'placho RiVer G-10D APEA 5 NS NS ITS fS FS, N.s UD ~S liS IPS NS. UD UD UD UD UD UD
Gal1l.!lJiRJver G-10~

;renjo River G·10F
I

i'..lanlallo River G'-10A

r FS

intermitleni G-1OJ
trlbutarv A:P.RA-2 5, FS~ FSI FS FS PS FS FS FS FS'; PS UD UD UD UD UD UD
paulal1'l River G-1I!lC
).Jnnarned

&101
I:ribularv:

NamoRiver G-11" AT~N~2 0- 1\Is. NS. FS IIFS FS NS FS FS FS FS PS UD UD UD UD UD UD

A'S~la i>jlo'Cr~k G-18a

up named' I

FS I

I

liibutar:y
G-18D.

tirinamed.
~.1aE

Ali~T-:2._ 6 i'J'S r,S F8 ,FS NS UD FS PS DS PS UD UD UD UD UD UD
ti'i~utiiJ'

Paga€~ao Creek G;180 I

J-aleYrac' ~i~erl G-18~

PW-~ .~tI ~ h--_ tiJ r
~P=-~-,

~
.;z--~' 'NS NS FS FS iF-S NS I:S' fS NA NA NA UD UD UD UD UD UD

IIIiblllaiV - ---=. ~~MI. . - ......~
1'''~~Wf1-RJ~r 1G--(QIf. ,
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Guam EPA 2010 Integrated Report

Assessment Methodology
Table B2. Rivers Assessment .. _._---- . -_.._._--_._-------_.__._-----_._-.._----

OU1 pU12. lotH
Body Contact 'AquaTic Life ~~ysiGbem WBtEli,QlJ.<iUtV(%VJOLJ Aquatic Ufe aJoasseSs,nient ~\,n)a,l H"olll1, co~.s~nipti.O:~1

,e/degree of ALUS (Table from IRI' IR Table 12 & 13 "'1t\1able1.S I'R rable ,?R .I11T.bltl·lO,& GWQSW)pe~di<Ao

., tobie 31D-2\l'<T..ble~
-----~~-----r-------- ..--"----- ._.----_.~. ----

'G..~Ij.rn RI)ler No. I
i~ ool!",s!ng.la E.roll'G;;6. Wo{er fti!'~r!a-~bTvb

~fiC·~r(i)t11. , rg,!,a I, ~i?.)1
lb COY¢rI(Algae, si'?/vlo 1,~urnan'l11f<ihiJ, ,R,JVERNAr,M ~~ion oo;\fllY . pH Op"IJ)j1 :~l!l;. n.b ,(fFa}S 1?S TlJrbitfltY S~linllv

Ti~rrip'
ipetr,ol r "C:(Jrall,il;~elJs, (Pit,),lD'1i StatIon'

s.arnp~ T\'1<)iln' ',Marena.l$ pr,,',fU<1l I'BlQ[J),ss'lgl Substratel
ITaXies)

I

\\lleJliIg~9j~foJ!l' '1G4~.E
I

I
IWl}J!o.w~i~I', ~,F

1:<€JaJ'tSB> RTl1~r i3"4~~
I

I

PMi"I@1:!0 lRiYSlf ~jlj

1:tl5!J.\\ 11 UD UD F.S 'F~. IFZ FS FS: FS NA NA ,FS UD UD UD UD UD UD
~Wi!.f3W~ri G·~

,.

~-
@'J\~;J

m~'tJ~

~~!'$~ G.45~ I 'I
,~rw, --)Co'

I

~g!~'Ri~ I~a
,

I

Bubufao River G·481
II

III
unnamed

I

II
tributary

G-48P

unnameq
G..4.8R

~.
unnamf,d ,

tributary
G-480

unnamed
G-48S

tribut~

unnamed
G-48V l;L)R,U-1A 1'1;3 I/'S' Ips- tIPs NS FStribl!tary PS UD F$ PS PS PS UD UD UD uo
---

Atate River G-48:1

I"ygo Rfver G-4aK I I

LJrmamed
G-48L

tributarv
Unnatne.d :
tributary;

G-4,8)\:1 I
unnamed

-----
I Sf\'l!1 nl!~"

tributary
G-48N I DIc~ldl'lrl

Ip\ei'mlttent
G-4.80

.¥!~utarv
'intl"1Tnittent G-4ST
:~ribulary

TURU-1C,
Ijrir,larne<!

G-48U ~USP~ilD-005
5.3 PS UD FS l,fS FS FS FS N'S NS f,S NS UD UD UD UD

tritllJtary
,

TURU-18
6,3 l\JS UD PS !"!i. l,f$. F~I, IF~ jJs ps I liS- NS UD UD UD UD UD,. .

GUSP[VID-OOs

Ugum River G-48H
illRU2. 5,'3 F$, UD £"5 FS· FS PS P5 NS p-s I FS ps UD UD UD UD
GUSP.MD·QllS
TURU:t;JJ"

PS UD FS '1'5' FS, PS IFi:S I-IS PS FS PS UD UD UD UDGbSPf\1D-QOS

GUSPMD·OO5 6.3 UD UD UD UD UD UD uo UD UD uo UD UD UD UD UD

Talofofo River G-48A GUSPIyIP-005 3 UD UD UD UD UD UO UD UD UD UD UO UD UD UD UD

GUS8MD·Q.05
-

3 UD UD UD UD UD UD UD UD UD UD UD UD UD UD UD
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Table B2. Rivers Assessment

Guam EPA 2010 Integrated Report

Assessment Methodology

Dl:J2
---_.-

-~---

DUl l'JU3'·
Body Contact ,Aq4a,!k,iiile:p,~\r.;i,Gh'~rn(y:..dfl'r!.\J.t\iiljtY·,(~~i0Lj" ~gpa~~i~lfe'Biila~~sm¢trt. ,J-IWi,.f1 1j",,),ii(j;pn'Mlirot'ln

,e/degree of ALUS (Table from IR): IR Table 12 & 13 'ut:tal\l,"l$ !~\~b"'l>,
UtfTM-uj!BiGI'.!Qs,lIppl!\'fd'i!i$·,

.' -(~b~j:(Q2'l\ih~bl,,:~'"
---_.-._-

,r · ... · .. r.· ..... ., I

No:. I gq~C:..;pf.~'~_W :$,C9,w"IAlgae, 'I
·,GI1.m'Rlv·~r· E. tali single E.toliGeo ~Wafer Ra<J,o';ae"~e Total f.ish' spllil'o K"utrlan Ht'llfth'.

RIVl?I!· NAME statj6,~: ociu~>'~i1 :~H 0PO<l: 1>/(')3 00 lIDS 1155 'Turbi!llt,y 5a1i1itty 'P,eti;6r C<iral,J overts..
10:#

'5.~~W?:
salnl.de Mean ::~P, M~.t~rL""" .i/r0J),jlel .!li°fllfisi(g)i:' S~HWp'~ei"

,W/Ii) l~~'\~);

unnamed
G-46>( UD UD UD UD U8 UP UD UP UD, UD UD UD UD UD UD UD

trlbutary
l!fl~amed

G-48J,\A UD UD UD UD un UD UD UD UD UD UD UD UD UD UD UD
·tributary
1-lt1r:Ja-rned G-4az: UD UD UD UD liD UD UD UD UD UD UD UD UD UD UD UD
lnbutal:\l
(vlil1ilac Riv~r G-.1BG' UD UD UD UP LID UD UD UD un UD UD UD UD UD UD UD

Mal<lja River G-488 UD UD UD UD UD lJD UD UD UD UD UD UD UD UD UD UD
urr\amed G-4aX UD UD UD un 'uP Up?, UD up LID UD UD UD UD UD UD UD
trrbuter\!

Sa..9.9\' River G-~IlD UD UD UD UD UP UD UD UD UD UD UD UD UD UD UD UD

11Ilech'o t1S] River' G-48E UD UD UD UD UD UD UD UD UD UD UD UD UD UD UD UD

un~arr)ed
G-411W UD UD UD UD UD UD UD Up UD UD UD UD UD UD UD UD

Iribt,rt,ary

ivlaagas River G--48F UD UD UD LID IJI2l UP UD UP UO UD UD UD UD UD UD UD

sarasa' River G-488 UD UD UD ,UD UD 'UD UD UD UP UD UD UD UD UD UD UD
'r",§~ha fiiv!'!r G:,~:~

-
l~t.!lrmlt(ilPt Tl'JR';;G~1A s '1t=:s UD Ii\~ PS F~ NS FS NS r:JS r~ pS UD UD UD UD UD UD
j~b;utaryl ' CS:'4~J,i

\Y.ikJlRiVf!r~ &-60A y,rJRif"a 6:. NS NS FB. rfS FS PS UD rS NA FS, I"S UD UD UD UD UD UD

(};!;a:",
'$l!I§~~IlJ'.ili;g,! .;f- UD UD UD UD UD UD UD UD UD UD UD UD UD UD UD

R'aQo<f.l.rVef< :'i.fJMO hrt.:;~:Iio.

.--- D,.ldYl,·
, @5?_F,>·~fT"'1l, jlipl ',I,FS ,lSi F.~-:1

I;
N~, NS ~lf~ FoS 1"8 os UD UD UD UD,Gm~p'%lIDl;9~

I~ '-T ,..~ ~i§11B I
-

, QJifl '1~9!<Jr

I

"it~miilleln G;5,1E
Irltiuft!l1Ii i UD
I r ffi\1t1!ti\i

~!'tj,F&t~<· ., ,.,il",

Tntel;l1ltlfenl c§.51'liS @l:IS' ·m~'"t1't l UD UD UD UD UD UD UD UD UD UD UD UD UD UD UD UD
,!rrnI'JID1.y: I1_'-: iF'. ..JL" .,-j,',

IlmpJffil1 ~'{jfu-t~ G'5~,j;j'
I

/,'.-"' "'n'....~ ~-t._

fl&:a.hJ;i . ", .~- .
I

iQ,1\Xuaj~Wr '$'5',16- '1
'uruaameilt a.;i.l<T
I!ilbLJtaP;'1
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Guam EPA 2010 Integrated Report

Assessment Methodology

Table 83. Marine Waters US!!~epo~'__r-' DUl pU2 ---- -'---f;ll3' -'-
r---;oo .._._--

I
BodyComacl

Aquatia tite (Preserve,

,'Gi!am' Mg'rirl" /~t!\'0.S w.~t':'r ~Rai,
(primary:f,whole

Arq~i)t, Ar~paga~.SUri(rV~f. I-lI'W')iJii,~,~lt~
3'0~,~ 5rp#I~~~~~~ '~Waie'!~d

M~ifiJ~~Wa:terb.o,dY~'a."e
/:Na;er. BodV.llDl

'hoje,<;t' body, seto'ld<irv 't(ToXicsli~,P~Pl~ ~igJ\m~n"
' ". r;t ,v

R~B.Sf,l'f.llng ~oT.es
I!lass slze'jsq.m1} Rlot-6C1!i'Malntenan.ce) WO:. IIste.n 'siZe (s/il.mil

/Iirrli'led)
, Bio,~¥d;fO}:

o(gan,i,sl'ris (5p.J;t)
I

Enteroc;occj

Ritidian Point Beach Area M-1
1.42

GCA Fully supporting Fully Supporting Not Assessed NO C2 1.42
No assessment for DU3.

Uruno Beach Area M-1 0.S8 Not Assessed NO C3 0.58

Falcona Beach Area M-1 0.19 Not Assessed NO C3 0.19

Rocky Shorelines
need more info for NH3

Northwest Coast (Double M-1 STMP Fully supporting Not Supporting (NH3) Not Assessed NO C2
criteria and DU3.

Reefl G-001A 0.64 0.64

Haputo Beach Area M-1 0.07 Not Assessed NO C3 0.07

Rocky Shorelines

Northwest Coast (South M-1 Not Assessed NO C3
Haoutol 0.20 0.20

Tanguisson Beach Area (M
G-001B M-1 GCA Fully supporting Fully Supporting Not Assessed NO C2 No assessment for DU3.

1) 0.29 0.29

Tanguisson Beach Area (M·
G-001B M-2 Not Assessed Not Assessed

Advisory (Seafood
NO CS Consumption not Making our IR report

2) 0.40
Consumption)

0.40
supported. better.

Reefflat EVAL (SPMD) Tot
need more Info on nutrient

STMP/GCA/SP Fully supporting
Not Supporting (NH3 and

Chlordane &
loading and pollutant Look for study: which

MD
EVAL for Sed screen)

Dieldrin
uptake in sed and org area Is 303 based on
tissue. TeEs, metals (An, Ar),

Tumon Bay M-2 1.98 YES CS 1.98
dieldrin and tot

Not Supporting (on water need more info on ALUS chlordane. Where found -
Coastal STMP Fully supporting temp ambient wet season Not Assessed for w. temp and other DU2 in seds or tissue?

criteria) and DU3.
G-D01C

Oka Point M-2 0.20 Not Assessed NO C3 0.20

need more info on NH3
Sallnltv based on random

East Reef flat +
Not Supporting (NH3, Sed EVAL (SPMD and

sites also that may have

Hagatna Bay (East) G-001D M-2 0.93 coastal Fully supporting NO C2 0.93
criterIa, Tissue

raised cone. Need
EVAL Tin) sea cucumber) contaminants and pollutant

STMP/GCA uptake in seds and orgs.
clarification on NH3

criteria.

West Reef flat intended use of cracked

Hagatna Bay (West) G-002A M-2 1.56 + coastal
Bay Swimming Partially Supporting (NH3,

Not Assessed NO C2 1.56
sewage pipe. Need more Need clarification on NH3

Closure w.temp andSed EVAL Tin) Info on pollutant uptake in criteria.
STMP/GCA seds and orgs.

0.24 Reef flat GCA Fully supporting
Not Supporting (NH3 , Sed EVAL (sea Need more info on NH3

Asan Bay M-2 EVAL TIn) cucumber) NO C2 0.58 criteria and pollutant

G-006A 0.34 Coastal GCA Fully supporting Fully Supporting Not Assessed uptake in seds and orgs.

Not Supporting (NH3 , Sed EVAL (sea
Need more Info on NH3

Piti Bay M-2 Reefflat GCA Fully supporting
EVAL Tin) cucumber)

NO C2 criteria and pollutant

G-006B 1.35 1.35
uptake In seds and orgs.

Luminao Reef and Calalan EVAL (Fish
Need Info on fish tissue

M-2 Not Assessed Not Assessed NO C2 study· were samples from
Bank NOAA/GEPA)

thIs area contaminated?
1.17 1.17
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Table B3. Marine Waters Use Support DUl D.U<~ \E?,u:~, ',-.--------- ~----r----r--.--. ., - -_. --
I

Body Contact
.,\,quati,t life'(Pr~erile,

Guam"IYI~i,,,e 1:,GWt:l.~ W~iirr B.ody.
(primary/ whole

RrQ:i!<it;IPrOP,Ma.t~"sUr;viVaII
,/;tiiman Hea'lth

3.Q~.etl'
~1~gle4neg2ry ,V;la~er, /l@dy' IMal"fne:\'Va,erhody,'lame

,Wate.t< BO~,Y 10 (fuss size lsq,m,iJ
"ProJeCt, body, secondary

Protect, MaJrjtei\a'nceJ Wrlt
,iTOXlcil SiMlil,&

Usfed,f;
~SIK.nrnentl'

S!~<l'I(SlJ,irlj.)
ReaSOning Notes

I /Iimited)
Bil)',S~~:rox

<i'Wj~,~~, '\15~.r.l'J

Enterococci

STMP/GCA/SP
Partially Supporting'(OP04)

Advisory (Fish
Consumption not

Apra Harbor (M-2) M-2 Fully supporting and Sed EVAL for numerous YES C5 supported. Current fish
MD Consumption)

G·008A 4.61 COCs. 4.61 consumption advisory.

Not Supporting (OP04) and
EVAL (Fish

Need to address and

Apra Harbor (M-3) M-3 STMP/GCA Fully supporting Sed EVAL for numerous C2 validate NOAA/GEPA fish

G-008A 0.42 cnr•.
NOAA/GEPA)

0.42 tissue study.

Piti Channel and Cabras
M-3 Not Assessed Not Assessed

EVAL (Fish
C3

Island 0.24 NOAAlGEPA\ 0.24

Not Supporting (TSS, Turb) TSS and Turb in mangroves

Sasa Bay M-2 STMP/GCA Fully supporting and Sed EVAL for numerous Not Assessed C2 is natural? Need more info.

0.74 metals. 0.74
Also, metals in sediment.

Apra Harbor (M-l) M-l Not Assessed Not Assessed
Advisory (Fish

YES C5
G-008A 0.05 Consumntionl 0.05

Orote Peninsula Sea Cliffs
M-l Not Assessed

Advisory (Fish
YES C5

(North) 0.23 Consumntionl 0.23 Consumption not

Orote Peninsula Sea Cliffs
M-2 Not Assessed

Advisory (Fish
YES C5

supported. Current fish

(South) 0.02 Consumntionl 0.02 consumption advisory.

Tipalao Bay M-2 GCA Fully supporting
Not Supporting (NH3) and Advisory (Fish

YES C5
G-010A 0.10

Sed EVAL (metals, tot PCB) Consumption)
0.10

1.91
Reef flat

Fully supporting Not Supporting (NH3)
Advisory (Fish

C2Agat Bay 2 G-ol0B M-2
STMP/GCA Consumption)

YES 1.91
Reef flat Is 1.91 sq. miles

Not Supporting (DO) and
C2: Need more Info on NH3

criteria CS: Consumption
Agat Bay 1 M-2 0.63 Coastal GCA Fully supporting Sed EVAL for Tin, Not Assessed NO C5 0.63 not supported. Current fish Coastal Is 0.63 square

Manganese consumption advisory. miles

Taleyfac Bay (M-2) G-012A M-2 0.37 Not Assessed NO C3 0.37

Not Supporting (NH3) and
Need more Info on NH3

Taleyfac Bay (M-l) M-l GCA Fully supporting
Sed EVAL Tin

Not Assessed NO C2 criteria and pollutant

G-012A 0.71 0.71 uptake in seds and orgs.

South Facpi Point beaches
M-l Not Assessed NO C3

and rocky shorelines 0.66 0.66

EVAL (sea Need more info on

Sella Bay M-l GCA Fully supporting Sed EVAl- metals cucumber for NO C2 pollutant uptake in seds

0.27
metals and totPAH)

0.27
and orgs.

Not Supporting (OP04) and Need more Info on nutrient

Celti Bay M-l GCA Fully supporting Sed EVAL for numerous Not Assessed NO C2 loading and pollutant

G-014A 0.65 COCs. 0.65
uptake in seds and orgs.

Fouha Bay G-016A M-l 0.26 Not Assessed NO C3 0.26

Umatac Bay (M-l) G-016B M-l 0.06 Not Assessed NO C3 0.06

Umatac Bay (M-2) G-016B M-2 0.34 Not Assessed NO C3 0.34
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Table B3. Marine Waters Use Support
... -- ......---_..-._'-:';

DU1 Dlp 1J!J.3..
Body Contact

-
:AqlJ,iltic Lif€< (p,res'erve;

\>'uam !:0a'filJ,!; GWQS J\('!ater eody" (primaryf whole prete::r~P(ppagate,,$~;IiI0JI. f"J",ari'\,{e'al1~
3yld ~'f\ll,,-'~~.eg,\ry 1'W'a:'d'

Marioe Wate[bopv ,fIIarne Pr;oje~i:. body, secondary ,'{Texics)"SP:'MD,& AlSignmen"
,at¢!",(1 Y

Reasoning Notes
Water Btl'dyliD Class s12e'CSq,lml~ P'blect. Maiolehahce),WQ. [lSled« siL~, f~q.mi)1

flimited)
rBiq,.~e(ifC!x

DF&anis'(l:\s 15p.")

Enterococci
I

EVAL (sea

Toguan Bay M-2 GCA Fully supporting Fully Supporting
cucumber for

NO C2
Need more info on

metals and pollutant uptake in orgs,

G-018A 0.26 Moon;"l 0.26

Not Supporting (OP04) and
Need more Info on nutrient

Bile Bay M-2 GCA Fully supporting
Sed EVAL for metals,

Not Assessed NO C2 loading pollutant uptake in

0,17 0.17
seds and orgs.

Cocos Lagoon (M-2) G-020A M-2 0.34 Not Assessed Not Assessed
Advisory (Fish

C5
Consumption) Consumption not

0.34 supported. Current fish

YES
consumption adVisory.
Need more info on nutrient

Cocos Lagoon (M-l) 5,70
Coastal &

Fully supporting
Not Supporting (OP04, Advisory (Fish

C5 loading and pollutantG-020A M-l 5.70
Lagoon GCA NH3) and Sed EVAL for Tin Consumption) uptake in seds.

Sumay Bay M-l 0.79 Not Assessed NO C3 0,79

Asgadao Bay M-l 0.56 Not Assessed NO C3 0,56

Ajayan Bay M-l 0.24 Not Assessed NO C3 0.24

Not Supporting (OP04 and
Need more info on nutrient

Aga Bay M-l GCA Fully supporting
NH3)

Not Assessed NO C2 loading and pollutant

0,10 0.10
uptake in orgs.

Inarajan Reef Flat M-l 0,82 Not Assessed NO C3 0.82

Need mor~ info on sed

Agfayan Bay G-017C M-2 0,08 STMP Fully supporting Partially Supporting (TSS) Not Assessed NO C2 loading and pollutant

0,08
uptake in seds and tissue.

Agfayan Bay: Inarajan
G-017A M-2 0,08 Not Assessed NO C3

Pools 0,08

Inarajan Bay G-017B M-2 0,17 Not Assessed NO C3 0,17

Guaifan Point Reef Flat M-2
0.08

Not Assessed NO C3 0.08

Pauliluc Bay M-2 0.08 Not Assessed NO C3 0.08

Need more info on NH3

Ulomai Beach Area M-2 GCA Fully supporting Not Supporting (NH3) Not Assessed NO C2 criteria and pollutant

0,09 0.09
uptake In seds and orgs,

Nomna Bay M-2 0.17 Not Assessed NO C3 0.17

Nomna Point Reef Flat M-l
0.32

Not Assessed NO C3 0.32

Asiga Point Beach Area M-l
0.16

Not Assessed NO C3 0,16

Matala Point Reef Flat M-l
0,25

Not Assessed NO C3 0,25
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--------..- r-.-....,..~-
Table B3. Marine Waters Use Support DU1 D~~ PU~

I Body Contact
-- -

II
.'Aq~arj~c()lfu IPraser~e~

I
(primary/ whole ffuriJ'l/lJ I:h!'alth' Si~l" 9'.~ga..;'i!fG~am~t0~)'if{e IG¥'[C)} IW't1lFB'e'~· I H-~!}t:li£.~':Bmf.i3~<i.f~, S~iitl'@l. ',lllo~;,~\'s.~i¥tm;7J G@.~l ,~Jjt"'ilB.;:gy

0ari~BJWat.r.bQdY ,riJalJie ,~, ...~.V' ,priM~. body, sewndary I ASs~nien~ ~e'l.511~itig ~9t.~~
,Wate,' BOD\, W, "lass, I.:5Tze.(sq_mIJ l'f.Orem" ,MalntenllnGe)WQ. Iistedi?, '·Is."...~ - ,s,"e;(SJI,mi)1

/Iimited) :!f!,O, ~,"dT!ii oj(~lli:>rns-'

Entero,ocd II

Not Supporting (OP04, Need more info on nutrient

Talofofo Bay M-2 GCA Fully supporting NH3, TSS, Turb) and Sed Not Assessed NO C2
and sediment loading, NH3
criteria and pollutant

EVAL for numerous metals. uptake in seds and orgs.

G-OllA 0.15 0.15

Talofofo Beaches M-2 0.61 Not Assessed NO C3 0.61

Reefflat EVALSPMD Need more info on NH3

Togcha Bay M-2 STMP/GCA/SP Fully supporting Not Supporting (NH3, Turb) TotChlordane, NO C2
criteria, sediment loading

and pollutant uptake in
G-007A 0.41 MD Dieldrin 0.41 orgs.

Beach North ofTogcha
M-2 Not Assessed NO C3

Point 0.53 0.53

Reef flat STMP Fully supporting Not Supporting (TSS) Not Assessed Need more info on

Ylig Bay M-2 0.45 NO C2 0.45
sediment and nutrient

loading and pollutant
Coastal GCA Fully supporting Not Supporting (OP04) Not Assessed uptake in orgs.

G-005A

Tagachan Beach Park Area
G-005B

M-2
0.24

Not Assessed NO C3 0.24

I For this reporting period,

303d listed pollutants are
fully supporting based on 1 303d listed pollutant

Pago Bay M-2 GCA Fully supporting Sed EVAL - Tin Not Assessed YES C5 sample in ?OOS- need more drivers: bacti, DO,

monitoring for 303d listed Nitrate.

I
drivers. Need info on sed
cone. oftin.

G-003A 0.70 0.70

Rocky Shorelines

Northeast Coast (S Fadian M-2 Not Assessed NO C3
Point) 0.58 0.58

Reef Flat Northeast Coast
EVAL (sed

M-l GCA Fully supporting Sed EVAL - Tin cucumber for NO C2
(N Fadian Point) Need info on sed cone. of

0.56
metals and PAHs)

0.56 tin.

Rocky Shorelines Need info on sed cone. of

Northeast Coast (S Janum M-l GCA Fully supporting Sed EVAL - Tin Not Assessed NO C2 tin and info on pollutant

Point) 2.29 2.29
uptake in orgs.

Janum Point Reef Flat M-l
0.09

Not Assessed NO C3 0.09

Rocky Shorelines

Northeast Coast (Pati M-l Not Assessed NO C3
Pointl 5.35 5.35

Tarague Beach (Scout
M-l Not Assessed NO C3

Beach Area) 3.09 3.09
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Npte:::;:~'~a~9[1I[lg,P,0jem;,\GiJ.m\M;'ti!1~ I"G'fI:GS 1"'\(i{~·t"i'BP~,*
W;,ter.,Bod,Y'ID: (%S5', s]le:tsq:nill

Mal'me'\Naterbudv' N<,llJl<l

aul!.' f,gQ~~- ,I ~..,.- , I ----

. W t rs Use SU"port I d

D

C

U1
t t -.' ,or ., L'1k-""to'D~I\'ii . '~n'"'

Table B~Manne-~ , I"' I I' I Bo y on ac lA:'1u~;it illie',:r,,'"';'~;:,' ,/;I~m~1J1~~a,ttp,", 3'bJ:~ >","1: &:;~r ,.,,!,~t~~.'<'?~X
---, (primary/ wholeRrOJdt"Ar:o'i'>,~g"te,],S)Jryl~l, ,'In)~,a,s)oS~MD;'&. 11s(0''''", A,>~rg~" ,'" i.sree.lfs,\ltn~

." , , ,~, '" - ,~a', f5»a<ll ...body, secondary 'P.rl>tec:t.. M"'~(etl'3"~e)·W.Qj ,,,rg\i.ia~!~ ,
/limited) .'§i,§; S.Ii~if',<;J,~ ,,','

Enterococci

Jinapsan Beach Area M-l 0.75 Not Assessed NO C3 0.75

66 50.06 50.06

17.21

18.10

14.75

50.06

C2
C3
C5

24 ;:: some DUs assessed but not all so need more information

31 ;:: no DUs assessed this reporting period so need more information

11 =Available data and/or information indicate that at least one des. Use is not supported or is threatened. TMDL is needed.

66
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CIO» I tliJS-Table 64. Rivers Use Support

~ DUII 11 I - ---

S1lv1 EDdy CenlaQ\
'i'Aq~a~\~,lJfe (Pr,e.s.erve.

IRecer"fIJll Water
IOhal1nel Is:rMB ' P . / Protect; er.opagDtel

H~In•.n H"il~lh, ! .36;d. Single
1~~~i~r'1g,Guam I S . .. u'rlmaty 'Whole

Surv.ivaL PI·oMct..- Category I Miles I<!jjmenl , . ,. .,
RillerdD RJVER W\ME le~!!IW -S~:gl1'\'eht lEl I,,,,,,, low'" "'0" .~~" M~iJ\teha~c~h~<;1;

,'I<W<"I~l\il1J. ;\iSt~l!? Assignmen Assessed l'Ie.=~.i,?Jl Nau,,' ,¥a:i~.
ng, II' .. e<J} 1iY.l!~rI!~.d)1,(mileS! " I (itilles)' ,nllt , phys/ch'~m ONLY l~lUS

-&.:~tJrg?." f51lU- '
t(Spart)

, .•, ~rlterpp'",1

Bi6!a'~d 'fOIl:~qTi ~o~.~f >

I .~ ''''GR'A'- I ;~~fi ill~' UD UD t<lS (9~qing. C5 - OAmi AGRA3 + O.Gmt IE<a '1' Ha!jan:ra,
.~Jl':::~ .•,::3/

19."Vi5' 'I JI?t!fI1YrRJY~ I ~ga,~.~B!\~.~':~~dre) II I:~'
Fsr,

Ves C5 1.19
AGRA2 PCSs In Fish Tissue. 303d listed for DO and Bay

11?~I~m\?ga~<
II!

ConslJmlltioro Need more WQ samples and entero.
':QlljID AINlsory) info on other DU2 and DU3.

I

13-10 ~MOI RTver J\\~i!lha SWlll'l\p' 15431 '.. "1'43- "'$t NS rJs (1)0. TSS. TuHlI UD C2 1.43 Chaot River has been lumped
:s.t...:.....GAA·2 into Agana River waterquality I segment assesed by

NO assessments via AGRA2. AGRA2 during this

:1~ief!1"ll!e't;t Recommend that the Chaot reporting period.

&.-liF ",\Jili'i;il<\\Y
qhlj.9i!~y.ljf :Q,7g :f}.i~·1 UD C2 0,79 reach is assessed separately.

NS Co~,gdin9

G-1B A9aJ)e SV,WTlP' 1 Ag~a'River 1 (lilA) I (NAl 1 ('I-JAi. I Viii I UD I FIsh I VES I I I C5: PCBs in Fish Tissue.
CQnsumQlfon

Ad~rsorv,)

s"H; II ili(J8Jia1Srolii.d III lIto,aha swam" I al0:4.lj I ,G1 IXGAA-1 1 :e,ell 11 52 1 UD 1 UD ~!D NO C3

NS (i'/03"DO,TSS'\\I1>I. Storm Drain effluent Is
MW assessment (E. Hag

.G§ft'l SJbrrri~Or)'ll'Tl I ,r~:~~~,:"~~=~t I P,2~ I ;q)!!!;,A~~g I J:2B I ~.2- I !liS I ~urbWhy weI, Sanh'l\l UD NO C5 0.21 untreated. Need more info on
Sav) shows possible

weo other DU2 and OU3.
organics and metals

enrichment.

G"2 ',I>;GRF-l '1..93 S.2 UD IJD UD NO C3 ~:Vesl

'G-2- I For\t~ River I West Agalja Bay
I 3.18 IG2~~<;iRF:2 Need more ALUS WQ ,amples

1Pigl)'Cem'elenii, 1'>2.5 .. S2 ,~S NSl/,l103 !:)~r UD NO C2 1.16 Ha~alJia Bay,
and other DU2 and DU3.

8-59 I .lmnameo creek T Easl1-\S'arr BaT T 0,17 T G59 'ASRJ-1 @"rl7 ,5'3 UD UD UD NO C3 I':!,s~r Bay

I ." 8 ~' I I ~3.J.S~I\~, 'j-12 ~ .UD UD' UD NO C3

G,M" I ,;lisaI" R'lv er ; ~sa.,. ~~' - a'1 1·~,5 I T I I
0.08 mi below ASRI4--' .. .p'ar~, 1'1_151 UD UD UD NO C3

:'G3"ASRI~ ·sa ----
drains to bay.

!3<i~
IIt:U

I Asa~ l1i"v'ilr' I gAl'; I -".".'
9,c~'g. IJD UD UD NO C3',,;~

'G3.c.AS'BI-2 ,I 0~OP. I 'Sa I UD
I

UD I UD NO C3

I I
UD Nutrient and e. coli

NS I NS (OP04:N03. DO) NO C2 1.2
exceedences Indicate possible I Reported to WPC In

sewage contamination. 2009.
UD Sanitary inspection ongoing.

UD UD UD NO C3

UD UD UD NO
C3

UD UD UD NO

UD UD UD NO C3

PS PSt'" fel'iJpl UD NO C2 I 0.85

K:\Monitonng\IR\2010 IR\Table1-S!S4.Rivers Use Support 10f9
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!~~B~. Rivers Use S~PP~,__~"T"'~ '-- __... __ . i -'~-I1-' I DU1 TD~--~-l I r..,----- '-_. .-,. ._

s'f),ii'".
Se9"1eiJt.
beo~g}"
'(<tIil",,)

Guam
River rm·'I'R'ivER NAME
11

Re:ce,vlrlQ'Waler'
Ilrvh~nner

lengih'
(m,I,,",)

STM?
se~menl'lIjf

'SWlilB'

II ~

Body Contao;t

(primary/ whole

body, secondary. '

/limitedJ

Enterococci

~A,~rl!'t~lf~:jP'(l'.\"ry~,
FJ~.~,ect...frc Pii!!g~t~J

;-:5Ur.vlv,aI;",f;J\Qt~~!~
IMafllti':!:naneel w.Q

P~W,o;.m:0Nl'lfAWS'

~I ~"'an~.To;c:N(>r. DON E~

J-I~"m~,Ii~'1I,h

fTOXle»,s&tI1f:l'
&~'orpni5ri1s

Single

~}d Icategory
Ti.s:t@d'?I. Assignmen

t(Spart)

Miles

Assessed
Re:asonfng Note·~~

ReCcMnll.:
Marl~~

'('Ilile,(bMf

183€1'

-I """'''".h~

tS"li.a ,#.v~r~

'~Ji~a:~!~f.~

'~R(~I,[;lal~grr
fl\ang~ov.l'o!i

11

:2\2.11

~i@'

"~~1'I.i~J~S~

~~p,.~

~(;1-S1

~l.~,;vl
"

~.

NS

Ub

IflISLOOI

UD

UD

UD

NO

NO

C2

C3

1,15
Need more ALUS WQ samples

and DO samples.

Ambient turbidity is

based on a limited
sample size. Need more

information.

Need more AlUS WQ samples
and other DU2 and DU3,

Need assessment of additional

ALUS WQ samples and DO

samples.

1.95

6,23

2,15

C2

C2

C2

NO

NO

NO

UD

UD

UD

UD

UD

UD

UD

UD

IJSCDO Vf- 16iTipJ

PS (lutO '" [\'fl,p}

r-,OS·!DO_ TurbJ:need

nwr. $amp''''~

FS

1)1'$

~s#4;

~

~}

CfiW·

l~~,i

j ~lr«: I~ •.,,"<l
-~tar I

r~,~

Ii~1j.;g~~'2,f5/
I-'lL" l-'-
:!t;r'~J;"jli11'r~"0i{l~.erQ,l:eI E'iQ,a"~,Rq'~J'

!A!J!ta>lll Bill"r1~9'

\G.~~ ~;t1jj,E~~-a~ Ir ~~r~wb%!ljRi~«~ '1Il'i7? (§;i~.JW"'~fr/1
.\,,,;pla~ , .~....-.~'''". 1-"';1';;:Jf::<~,.--i

lG'-1G.Er BJ9~I1Ji!iI~~l:'e~ I<:!M~tJ.e!i\OJWi;itli3'\"!i ;Q!29:< 'J' '1 /QWi-
~ - ?~t1. r" '1J~.~ ~

i~lJ!llill I JIr"~!!~,,V 111I11: srgfG;l;-a\jlJr~iV.Eii'· ~!,5&' '8l56!
~) ~n\,1J~t~nr JLt ,').' ,. ". I" • - ,

11.~f¢,F,-1 l'JlnlQ'iivi'JT JllliPllliln.!<l.nql\!Y!liilMq]i11 ~rJ..~

Need assessment of additional

AlUS WQ samples and DO

samples.

3.30C2NO

UD

UD

UD

UD

UD
PS 100. w. ffl,mp}FS~

,'1;;-39:,

'Gillal

:0:9:1
c -

OJ9.1

2~~S

11Ii1l!rn'll~e"t
ijjIJ,ill; .' III ~lMjI!jtail.o 'RJve;t

I •.~~. ';'1'01::-.,.~ ~ .) " . ~._.~l' ,~-'I"-G'JOi~~J!'l~?~ _ -I

,!?a\~;m,,~rs!V~!L1~n~fl.g'.R1\OK...,1n~ 1,=0'1;,,-~'

'!-.~h~\p'.JiJ' .1) 1 ',It>"~ la'W1J;r" 1 Ie ;1:[; I '0:,,,,,
lt~~.I'(alY. , ~_'),a ,}VIVi "",c

6'-1:D,'lI I P..laornno:'Rrver 1·III~Ti:fl\eMll.Ia''Hafb0l11,

1'lffio.1'OD

G-11 NamoRiver
Agat Bay - Apaca

Pnt
2.40

G11_ATRN-2

,0:36,

S3 1'18 flistblll} UD NO C2 0,36
Need assessment of more

AlUS WQ samples and DO

samples.
AgatBay

G-11B
unnamed
tributary

Namo River 0.36 G11_ATRN-1A

1.55

0,36
S3

UD

UD

UD

UD

UD

UD

NO

NO

C3

C3

G-11A
unnamed
tributary

NamoRiver 0,64
G11_ATRN-1

0,53

0,11 S3

UD

UD

UD

UD

UD

UD

NO

NO

C3

C3

G-12 Togcha River
Agat Bay - Salinas

Beach
1,10 G12_ATRTO

0.87
S3 UD UD UD NO C3

G-13 Salinas River
Agat Bay - Salinas
Beach before Gaan

PI.
0.78 G13..ATRS

0.47
S3 UD UD UD NO C3

G-14 Finile Creek
Agat Bay - directly
after Agat Village

(southbound)
0.81

0,13

UD UD UD NO C3

G-14A
unnamed
tributary

Finile Creek 0,17

G14_ATRF
0,17

S3

UD UD UD NO C3

G-14B
unnamed
tributary

Finile Creek 0,06
0,06 UD UD UD NO C3

r::._11:l r::.l:I~n Qj".etor

Agat Bay - Before
R!:Inni h:~I~nrl 110

G15_ATRG 0,62 S3 UD UD UD NO C3
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Guam EPA 2010 Integrated Report

Assessment Methodology

Table 84. Rivers Use Su!?port DU1 13llF.1 dW3 -
~Trvip

Body Contact
A~1Ja,jct"·1lP~>ft!Y!"

Guam enann,el (primary/ whol.·
'rro,t"c~,~rop.g~l".

.H.uma.n.He:f1~i~ I

Single
I Receivfr\Q'

SIMP Segment" SI,lr.Ylv:~I. Protect, 30'3d category Miles J
Rfverffil RlVERNAME Re.ceIVlnll,WBter l~nglh,

Se,gml>nt'IDi len'gln
GYVi~h3'i body, secondary

MaIntenanceJ ·WQ
[if',c,xfts}5PMDI

listed:?, Assessed
Reasoning. Nbt~£ Matu,eo

'Ii (m;r~Sl /Iimited) &~org~nitm$
Assignmen

vija~lirttooy'
,(I:hiJ);sf Phvs/Chem ONlVi(AWS' t (Spart)

" Enterococci
~,l.o,~ndJTO'xltilQTD0N~I:.,I

(southbounoU G~5_ATRG-2 0.55-, Sl- Um ,IJD UD f~O C3

'&16' Au~u'0'~ Taleyfa'e Bay 0.86 INA) rr~)"o 'UD UD UD NO C3 r'll~ac.lj'aY

(;.1'7., 'Cha!igan ,Cree~ Taleyfac Bay , 0.9(1 161'7',' Al:RC aID!;, S:i ,UD IJD UD NO C3

,G1 i' AI I R13-2, b.'9,Q '83 0D UD UD NO C3

:'G-18B
Ascola Sito

Taleyfac River ',B5
G1B ATRT.<f 0,9'1 ·83 un un UO NO C3

Gre'el<. O'flal UD NO C2 0.B8

G,1~D'
lJn'li1ri'ed

A{lcoja '!W!>',Greel', 0,;5<)
p.~~1

UOtnWtary ,
1:(:;c~8E

~,~·el'lJ.d
,As,cpla Silo etee!\.

'O/S5 1

IrlQulq(y
'0,55

G18j;:1'~~:2' S~ NS r-<s (DOl
UD Need assessment of additional

I0.05':
NO C2 2.91 ALUS WQ samples and DO

G-fBQ Pag,acliao,GrellK IAsIlOla '5110 Creel< 0'.65 UD samples. I
I

1'~,~8A , Tale.Yf'\~ River ,I T~lejfilclBay -''AMI 1,~'8
~,,1·2

UD

,(3.1~ IT,''!~lflYag'"Cre~~
lJ'~i~~IBSy;,

\31'~_AtF.lrA
~~~,1

$3,(l''!~taj(l:\Q 18e,!cl1- P7 uo UD UD NO C3

'An<le Islanli)

Taleyrnc'say (SaI1U~
0:53

~2.0·
I &!g,i?'f'(yer B<la,c.~faFP.lP'n~'):. ,O~~ GlI.lLA~R;8G" :53 UD UD UD NO C3

&2;1
,

8pulh'~cl1uga!111
G2Uj~RMF.

~,t3
Mci'd.oran Ri~.er:1 Roinl'

P,77 S4 UD UD UD NO C3 Cetll Bay

....lla~~R;i~er'
·Sbulh.AChugiaoi,

0178
'

G22J.I9LAAG
0:7'2

.82. UD UD UO C313·22 Point
NO

~>~3._ \~~mafi,I)!~S: ~iv~:r ~~~ti'-S.alill SlI\, 0.83 G2~J;I,~~
"9..78

~2 UD UD UD NO C3

G,2.4 'SellajRJ~er S~utl!fSljll~'BiN 'O~88 0:6:2 UD UD UD NO e3

~lunna01~d' <' l).511 I
1,G!:24A

'tributary
S'ena Rfv.e~, 0,58 UD UD UD NO C3

;1 1mnamerJ ,G24:1CJLRS' 0:74 82
,:G~4B ti!l'ulaW S'.lla' ~ive,rr O.!', UD UO UD NO C3

li G'14C '!.r,i\~!l1:ri<f '13';2413 O~,!>
o,~ UD UD UD NO C3

tributaN

0,':25,: ',G-elfiRN,er ~ortt\,@ellil3"''' ".~5 1,,12 UD UD UD NO C3

lunnamed G26_loJU'RcL. 0,,17 S2
II

G'25A
lIibutaf)j

Cettl RIver o.n UD UD UD NO C3

G-1$ \I~n'flrne:a river ,celllBay 0.3Ji , G2.6-ULRPR 0_30 SiZ UD UD UD NO C3

',G-2(A La Sa Fua:Ri""t ,F66'jJ Sax ~,O2 GZ7_ULl<~-2
?,O2 82 UD UD UO NO C3 Fouha BllY

G·27iC '.G.haQame,RlVer. La Sa ~ua Rilier 1.~~ ;fl1'7 UD UD UD NO C3

,G-2VB Alll!~lJe Rive, CrraQame River 0,40 OAP UD UD UD NO C3

'G':27D L'aoulin" River Gh'aaame River 0.4'3 G27_ULRL-1 O,~ 82 UD UD UD NO C3

.J~;2lF
saH,N!oo'fll"

,¢ha1/a,m~ ~v~r ~~46
Q:46

UD UD UD NO C3
R(~ef

lG,48,~ As."'~a~~8/v,er Ma'dag ,F{!ver O.~ " Q'5.!i j UD UD UD NO C3 UI'nlllac:Bay
uooameo ,., '0' • ili32

S~.Gf2BG "AslaoanIRlver, 0,132 ;02.fl.lll~RMI UD UD UD NO C3
.lnbutar,y,

'G'c281t M1i.l1bg:R,i)(er, um:a,lilc RiJler: ":.8.5
1>20 UD UD UO NO C3
€Ult; UD UD UD NO C3

ru,it~ U(il"'I~~~IWi l,lin<llie:,Bav d~~ ~~~~~ 0.06 ~. UO UO UO NO C3 ---.
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Table B4. Rivers Use Supportr I . _----, ~---..--9..--

Guam EPA 2010 Integrated Report

Assessment MethodolCigy

DUl -I rDJJ2' r ID,~&
.... i n_ I t

Guam
I'<iver Ip,I!RrvEP.{NAN.1E
It',

ReceiVihgWatecr
13hannel

len91~,

'i"n1l8S1:1

STMii'
segmelUJD,

~Tr«P
Segment,

~en~lh

~Q1iIBsl'

Gw0:lt"

Body Contact

(primary/ whole
body, secondary

/Iimited)
EnteW.liccci

t;~'q~b~,~(';lph¥r*,
!t?.fPte~~J rlOR.~g.~te,

SUr\llv.a111F.'.I'o:t;ec!,
Ma'ir.1te'na:l:ite],WQ

,PbY1!'C,b0W: oNlY'!AWS

I~ !!~)J,nri.~?l\~OT~D.0~ft

-I

!;]~w~n,,.~~allb, 13P3~
fToxlc'~'SRMD<, n'ted?
t:&~h~garUsms.

Single
category

Assignmen

t (Spart)

Miles

Assessed
Re-as.Ql"lrrur

I

IIReceM~g
Noles M~rrne

Water.bOdy

81

SQ,

COCiZ:l~~

L.a>ib<io
Wama~n'l&.
·'·f.!Iah"li
§.~rnnc§J);

~~~-l)~

0.05 mi drains to bay
below MZRP2.

Need assessment of more
ALUS WQsamples and DO
samples. Check reasons for

low river flow.
0.62

0.88

C3
C3

(;:J

C3

C3

NO C2

NO C3--
NO C3

NO C3
NO C3

NO C3
-

NO I C3
-

NO I C3
-

NO C3

NO C3

NO C3
-

NO I C3
-

NO I C3

-
NO I C3

-
NO I C3

-
NO C3

~~ C3

NO C3
-

NO C3

-
NO C3

UD

UD

UD

UD

UD

UD

UD

UD

UD

UD

UD I NO I C3

UD

UD

UD

UD

UD

UD

UD

UD

UD

UD

'UD !'J1!l
LID NO

Id!2..-.- NO
UD NO

UD NO

UD I.ID
LID, LiD
LID LID
U8 UD

lJD UD

,UID UD
om UD
'U~

__UD

N~, 'NS/QQ),

UD LID

UD UD

UD UD
UD UD

UD UD

UD UD

UD UD

UD UD

UD UD

UD UD

UD UD

UD UD

UD UD

UD UD

UD UD

UD UD
"n UD

UD UD

UD UD

LID UD

~

§~

P:igaBead'l .. C hili
~P§',Q2' I ~~~S:l ~·ii(~r I'''~' t;'90gti,',"!j, . I a,2~ ,G"3,~_:MZR.t)-2 s':i

~ .........
8'3'2 'M>rnG 0~50 S2

"G3!i",IIjZRJ(C " lJ:;J~ 8;:-
$-;l~ I "wA'aV9:Rliie'[ I 'c,~~'s:\-ag,9,\r' p~(Q

~3Uvt~~C>l!
p~~

~~

tt.0ceSil~Qon-:....
2.<1

1.99
£asIAcr,aog,Bay

f----,----,-:-

,M;'ne!/Rhi,!',r ())s2 "G'34~I:J"'~L
0:32 I SZ

e,~~
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Guam EPA 2010 Integrated Report

Assessment Methodology

Table B4. Rivers Use Support DU1 bU2 tJl!J3,..-'-- ----.-r-- - -- --'--
S1'!ViP

Body Contllct
;6~~~c,ui~\(p'~~fr~,

Guam Cha~nel (primary! whole
Pr9\ect, f,opogaf!',

l1Ul)1an't\e.lth
Single

ReCeilJiiJg'
RI\lERNI?ME

S:HvIP :segment' St,irv,v,ilI'~ Protect. 3P3~ Cat~gory Miles
River In Receiving, ,Water le~~th I3.WQG body, seconda"cy [Tox,~'I·SPM~. Rea'sonlng Not<!!$. ~litiQe'
if (/niles)

Segm'emH:J' Length
!limited)

M~lhtenanc.ej ,W.Q
&1org~nisl:ns

listed'? Assignmen Assessed
",~le.\t>odyiImlll'tsJ, Phys!Chern OI\ll'loI~US t(Spart)

I, Enterococci
B\~- .·nd''!:o,x'N'tlT'O'ONE), J

l~~3 :AgTa9ll"Il"RiV.eII, :SOllln"'l!fli:f,an.B-a~, ~J116) rl :Il\l~ 'I mN~l: UD UD UD NO C3 '~ilJD\";JmIB.\o

1,64,~,1 uillUlm"il I

i(NAf! II \' I1ilj:i.U~,r)'
.~aI\RiV'" ;~lS'8~ ,i~,N.\ UD UD UD NO C3

.... N I

\lr,,~ali'r~ Am.£ia'Fi'~i~~V IO~5e~ '~J1 ,!Wfnl
I

I' G-W:Q :tfil:rJ.W!r,.- UD UD UD NO C3

~@3:t
11Il!lll!JlllE\llt>, T

i.17 J~t';I,! ~l'l'lq;)!l I IU:i!lu(aw
agfay,alllRi'i(1lf UD UD UD NO C3

'~D'l
InletinlUeifl

;cs~m '.O:3¥ "~' 'fr;rAlI
I

'lii\'Ii:lta1Y
UD UD UD NO C3 I

~E
Ifriiennl"e-nl, t;-43C '!l.tJl ~III '{{~~' UD UD UD NO C3
II'i'Il1J~& <.. I

'n1\-.61JTTl~ell!\ 'il)fM,"~~ Illto"I9r/l J.g@.V~ Rl)'ilf ill58;. t~AJJ. 1 UD UD UD NO C3
I

:~'" I, Lfdmllii$!d~V"eli\ I(I'NfjlIltllllpfll~~I'rJB~'
,

('l!r44jJrNIRoI\'lSBI O~·' iIQ.B:c So3 UD UD UD NO C3

rr~&.
I
'1J1)~~U'I~~~'r I '11'I~Yai~I~,!.~II)" '~J3

G!i'5",IIllRl;2, ,I 'tJ:&.I.f' -, -'503- UD UD UD NO C3 1,~lIr;ar"~II~~Y.(,I I~jl!'t I
----

;'~'E' , 'j1ed(qa_" g,veM' Iln:!!r.aj;m!f.l(v~r 0>5,9" :0.'51;,; 'I
/.G-<45F li'O,p:on'i'/RiY,er • YieOlQae River 1I1:JJlj' }1;t'Ji!. I Use Support ba.ed on 1

'Gf'45G·l J\Ieliifis'a Rivet> 'II1l!tfjt,lii6 River ,moo 'O:Kl\o • sample. Need assessment of

~li~, ,lp~ai)nf<r'l'Eff, '\ia~aian~8i11iir ;2>151 2(25~ ; additional ALUS WQ samples

~I Elanfe1~llleli F'as'amar,p IilJVi;J' ,1'52 "'l?il9:::JN~I~ "~~2> 'I ~ UD FS UD NO C2 8,64 and other DUs. Site access

'~ "n'Qafi;~'
~li!'!9't~~hl.er :~,~

:l,l~I, • restricted during wet weather.'r,' ,. ",.
,~~J\al;y Consider alternate access

u~/lamed I :Q~
I routes.

G'04fiK
:'liiblltary

Oanle. RIVEi' ,0,4$

'W45B l!li'aJaalRNer Jt\.aia,i,an'RMil 'O:AO I I ,027
cJ:i$' UD UD UD NO C3

,,,G~i1: ,I Feh~IWRl'I'Cri ,ka.QI"'QI~i~er., ~Wi20 II "fl&Q1i 1 UD ltD UD NO C3
1l.~;;,Ji} 4flrnla~";1<ilJ:1!f l!ffiola:CJrlc(iver :~U~ 1 @ll~jllJ!ifL I "252 1 $g UD liD UD NO C3

I6f,451i lJu~.naJlle:dl ,Rnlasa giver 4 Il,ill I ,Of.8P.I\ UD UD UD NO C3
tributary

G"{f)A pai!IiI(i<::~~er PaUlI"i" Bav 0:42 'S:M UD UD UD NO C3 i?aiJ!jIU~IB'!Y
,.(§4~t- lli!a'r!a RWe,; Palil,\ucRiver ~sg ~,9_3 UD UD UD NO C3

'G-:i.~[)
,.uh!t·i\'!'rleq

\:rG1~iJclJi;{iv~'fi :~A~?
~f~~ UD UD UD NO C3

ItlblJ]~;Y G~J'UN~f': '~ II

G'-46E
ul),nameul

TinagQ,~ilJer, :0,55
P~5,~: UD UD UD NO C3

,tributarY
0,.18 UD UD UD NO C3

l'g'4~ :~!I,~~e'l R!'l.f!f LBawl)!,c'RiVer 222 !'G~6' llilAAL,-z, 1,;j3 &3 UD UD UD NO C3

fq~~AI~1il1.l4-tl:
0,11

§4 UD UD UD NO C3
,,~ljF; A'8'!'uP'O)'1, ~I,n'giil RI'I/l:lro Oi5J :p:§~ UD UD UD NO C3

,
....Asalon.o·RllJcr I

Talpfofo,Bay, - 1,130
G-4:~·

Matala P.t I '2,54 UD UD UD NO C3 'Talofofii Bay

,,~"'arTied I
G407_INR'I'S 0;30' 53

11l4~·7i/.ll.
'fri~'iJtaN

,As~IOliGo',Rlv'er 0:30' UD UD UD NO C3
1

~ Bubvl~Q'Rlver ItJdlll'T1 River 41\1 4'13~

G-48P
unnamed

Bubulao River 0."'2-
0.42

.tributary

G-48R
uhrtamed

BubdlaooRjVer, 0:43
0043 I

lril>ulalY
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Guam EPA 2010 Integrated Report

Assessment Methodology

Table B4. Rivers Use Support DU1 I:'I,IJ2,' DU3',----------",---- _.
r

.--. --:" --_.._-
o,q,;'iitl,c I!i(WPr:e~,~,

s;riiHp Body Conterf.t
p.rcnocJ;,,~;:op~l'.al~, Singlo

Guam ci~arQel" (primary/ ,,!hol~ .H,uQ).an ~all~['
I

R:e.ceiiiiOgismp S~grn"'Q' Sur,Vt:v,;.r, Prpt;ec.(;. 3Q3Q Category Miles
~lllerl0, ~'llER,NAME Recel,,,in9 WS,ter lenllth: Segm,m"j'i:J tlengtti

GWOG bodYl 5e.condarv
Maintoh,'"cej WQ

ITQ)(!C'l·SPMD,'
lIit(!'d1 Assignmen Assessed

RfofilSoningj tNotu M~rlne
#' rmilesJ /Ilmitedj &~orcanism' f'''Ie;.b;~~Y\01lieS) II;Phvs/Cbel)l ON~Y'(~US' t (Spart)

Enterococci
~io and';T~,~,riI0T 9b~~r I

, ,

6-48.0 un,nar;ne,q ,G-4BR: 0.33
.0..33.

IMbulary

GA8S
unnamed

BllbUiao RLVef
0.33 ' I0.ll3

- lrttiulary

&48)1 unnamed Bubulao River 2.1);1
2,01

EVAL (Dieldrin
fributa')' C-48_TLJ~\J·1A 52 ns NS{JSJ,)

S,PMD)
NO C4A 12.57

G·48J Atate River 'UillU" Rloer 116 1.16
G·48K. leYlIo Rill,er AtalP. RIver 1.15 1.15

G-48L
unnamed

,Alate RI~er 0:2.5
,0:25 III

current sampling effort,
I,

IMbtllBry

'linn~med O,~
although limited In sample

G'48M
Itib~laiy

Ugu,m R~l!r 0.22 quantity, shows TSS and
, sedimentation an issue in this

G-4l;lN
lunnamed

UglJm River 0.3,6
0.39

watershed. Also, Turbidity Is
lI'tJiulaw

'nterm'tlenl 1.10
PS lor this reporting period,

, G-4S0
tnbUlary

ugum,River n.10 SPMD assessment showed
presence of Dieldrin. I'

G-48T
Inlerm Illani

UgumRiver O:G~
0!f34·

I I
tMbwlary EV4 (!'ieldrin

G-48!J
lirihame~, G4iU;URLJ.1C (l.l~ll S2 PS NsHSS.l'lJri,lIIJII:fJ NO C4A 2,96

tribu,tary
Ugurr; f.\l;ver O,8j) SP'~ID)

,
1.43
(},\8

EVAL (Dj~I~,rin
G~8_TU.RU.'IS 82 NS NS'(fSS) S~M~) , NO C4A 0,18 J

,~ ,O~
I"VAL (~ieI8~n

G-48H IJgum ~Iver Talolofo ~Iver 7:48
G.'8_TI!JR112 S2, r-S NS

SPMD.)
NO C4A 1,05

G48_TURU-1A 4:43
EVAl~ (Dieldrin

52 PS NS' SPIv1D) "
NO C4A 4.43

I I

0:39
NO C4A 0,39 SPMO,assessment showed

B48JUEnJ ,S3 UD UD
EVAL (Dieldrin

presence of Dieldrin.o.911 SI?IIID)
NO C3 Assessment limited.

G-4SA Talof0(o. River TaJofofo' Bay 3.,~1 ·G48 TUETO 0,.46 S3: UD UD UD NO C3
G48_7:UR7:-2 '2,0'9

'S:t UD UD NO C3

G....,ey unl1ame~
Mah13c River' 0.8"'

O~8l
UD UD C3

IrihDlary, •• ,1
NO

G-48AA,
,ullnametl

l~ilhl~cIRiv~' a,Sil 0.9'4
UD UD NO C3

·tri~uiaTV G4S_TWRr't'A-1 51'

GA8Z unnamed
G·48AA ..0',70.

0.7.0
UD UD NO C3

tributary

G-488 Mahlac Rivet Talofer" RNer 2.5&
VII UD UD NO C3 SPMD placed at lower roach 01
OJ5 UD UD NO C3 Talofofo River which is

G-4'S'C MalalaiRIv,er Sarasa BAAlr -0,64 d,64' UD UD EiVA~' (Dieldiln NO C3 receiving water of these river

G,48X
'l!rlnilTl)ed

lfal9rolq Riv~r OA:S 9,4$
UD UD

\lPMOl
NO C3

bodies. SPMD assessment

1ributary showed presence of Dieldrin.

G:-48liJ Saaae:River TalClrolo. River, 3.S5 G48J,URT,2 3:85 52 UD UD NO C3 Assessment limited.

G-48E TinechOng River Saslge Rilte; 12J
1.27

UD UD NO C3
"
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Guam EPA 2010 Integrated Report

Assessment Methodolc,gy

Iilui
-- F"---..,...-

Table B4. Rivers Use SUE,Port _ DU1 Dl!J3 ------r-.-.-"---.1
'~ij.lJ.tlc Llfr-J(A'~eil('€,

Body Contact

G.uarn Ch'lnnel'
.SJtv1P,

(primary/ whole
'P"*O!, frqpagate,

~U[1lOn;~~~\lh',
Single

Recelv,n'gs:'PJp S.egmem 5ur~Nall:fro(E:C;t, ~C$i:I Category Miles
~ve(llJ BI\:iERfo;rAME RecelvlA.Q \r.Jaler' leAgtll

S.egmem to l'engtfl,
&WOG body, secondary

Maintenancel,WQ
'CTox<csllsPMD

n'led? Assessed
Rea:~on·lng N6tes MiIDne

# (m'iies) /Iimited) &tClrg~nisms
Assignmen

l~a!¥rti~YI(mnes) Phys/Chem,ONlV, lALUS t(Spartl
Enterococci

B~9,and Td~NOJ,DOl'l~1'I

G-4~iw, unAarne~
Sagge Swer 123

1.2~ UD UD NO C3
m,)U[arv

8-48F Maa,g~s River Talofofo Rfver '2.07
G48 TUR.M-'\ '0.39' S2 UD UD NO C3

G48JURT·2
,1.,68'

.52 UD UD ...!!$- C3

Sarasa River Ta!?fOfo'l3ilier 2;30
'2.25 UD UD NO C3

G-488 G48 liiJRSoj O.OS 'SiZ UD UD NO C3

I
1

, ,
[O,03,i ,:m-:. IG4,!LT!t!f~-X UD UD UD NO C3 ,ogcha,Bay

.11
:~9_TURT&-" 0.0i"

18
.,gg UD UD UD NO C3

"' IG!ll.9, 'T<~95ti~, q!~~r T;9~~Ha'aa:~ .\1§~' /l!l!$.'rt
~,~9~'Il,(i1tG~ .,..... :Sol UD UD UD NO C3

I'
~I)Ll'\!i~r::Q. 'j;f!~1-~

~)
I

I
1& UD UD UD NO C3

G49:..mp'uG.-'1
'~h:2:8~ ~ , UD

Need more ALUS WQ samples

'WWA I 'Inte<riJilleM~ III' '~,651 I IOc65!' sa- NS LDO. TSS Turbl NO C2 0.93

,lril;./itaiy T<>gCha ~~~~ lP.>',
I UD and DO samples.

"

!"GA" ur\'~~edl T~9%aj~(~'lir '~\P.'j; ,~~a2.l1iO~f,·~i'
~~'ilf I :§~ UD UD UD NO C3,'- !.~9~

:'rl~tlt~ry

unnamed 1.23,
123

UD UD UD C3G·5UV ~g River NO YllgBa'fIJiblll,a1Y

13-5.0G
'intennillenl

Ylig RJl(er 0,81
G50_YNlW-2 0.81 S3-

UD UD UD C3
tributary

NO

1.29' UD UD UD NO C3
0.41

Need moreALUS WQsamples
G·SOA Y!lg R'rver Vlig Say 8.93 G5(LYNRY-3 S3 ~JS PS UD NO C2 0.41

and DO samples.

7.ra, UD UD UD NO C3

1'--50El M~npngon,~iy<:!r Ylig'Rj~.". ,H11
~.a·l UD UD UD NO C3

\G·50Q
l1llnarn~p'

Manengofj, River 0.5,1
\).51

UD UD UD NO C3 II
.trIQula""
UMamed

~~neogOr1 RiVer 0.7l
0.'71 UD UD C3G-50R. . UD NO

lrlJJ(llary

-G-.5DS
unnamed

Manerigon I'IllIell 0.85
(l,1l5

UD UD UD NO C3
tii~taiY

G-5QT
unnamed

Manepgon River 1.17 ",l.7 UD UD UD NO C3
tfibula",.

unnamed 0.30-
UD UD UD C3G..50U

tnbulary
G·50T 0'30 NO

G-50C T'llmn River 't:lig River 2157 2'J37 UD UD UD NO C3

·G·508 uni1a!1i~d Vlig F;iv:el 0.\13
0:98

UD UD UD C3
Iribll\ary

NO

'G-50E
1.1I1n.am~d

o/lig River 0.89
09.9 UD UD UD NO C3

IrlbLllalY

llnnauied
G50~YroJRY-1

0.53
$3 UD UD C3G-50F

tnblltaiy
·YlIg RJver 0,53 UD NO

G-&QH
'un~amcd

Yjig R'tver 9:4~
0.49 UD UD UD NO C3

IrfbLjlalY

8-501
'unnamed

Tarzan River 0..84
0.~4- UD UD UD NO C3

'------
IrlbtJlaiY
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Guam EPA 2010 Integrated Report

Assessment Methodology
·._..-

Table 84. Rivers Use Support DU1 Clln DU3
,....c.._. -----'.-'--,.-------r-.---r-.------ ---- . ---_.

I '",q~~tic ~1(~I(P,..s~("<;e.

$JMP
Body Contact

r,qte,\;,'r:ropagate, Single
Guam" ,Channel I (primary/ vihol,. ,Human f!ealth, ~eee.i~iil.91

R'J'l,fE'R NAME rengih'
STMP·.; Segment $urvlyal"Pr.otect:, 31J3d Category Miles

RilierlD' ReceNin-2 WaterrJ GW0C body, ~etohdary f!'ox;c,}SPMD R~asoii;he, Klotes ('JaIln'eSegmenVID, Leng,lh Meinteh'ance) Wa lilted;' Assignmen Assessed
tt' I ,tmire$)

~Iesj
/liraitf>lj)

Ph'ysjOhelP ONI>.y'(AtUS
"&lofit~~Wi\s

t (Spart) 0ai~fii9:cl.y
EnterocOr.cl

6iO,~~,~. T,~X,NQT.DO.~eJ.'
, I

1S.50')
unnameO

'l'1ig River 0:32'
.0.32·,

UD UD UD NO C3
trllJutary

tlni)~mlad'
'l:li9 River 0.76

0.75
UD UD C318·501<

tributary
UD NO

G-EOL urin~ined
'Illig RiVer 0.75

G.15-
UD UD ,UD NO C3

triilutarv

unnamed G.50e o;n '0.1·:<
UD UD UD NO C3G-50M

'tributary

'G-50N
lInnamed

Ylig River 0.74
0174

UD UD UD NO C3
tributarY

G-'i\ll? ~n7altled ',Y~g River 0.12
0_72

UD UD ,UD NO C3
IriUlIWW

G-500
unnamed

Ylig River 0.38
0.3$.

UD UD UO NO C3
lrib.lIlary

l,lGt5'lH I 'li:itermjlteill
IB~!i!l'R\ii"m MrS

'I I Lpa l I UD LID C5 1.08 'Pllg'8'iElilWtIHo~H~~,~
UD NO,.,. I ...~.r--

I I1{~11
rne'rmiiienL

P~gftIR'«I'e'~ P::iW Mg.rl~)",~r.'"'''' UD UD UO NO C5 0.99
',Irlli. f.w

:·~51.PGA'I\l!2; ~i Not assessed for WQ or other II DUs. SPMO assessment

2'1>5 UD un EVA,L YES C5 2.66 showed presence of Dieldrin.
3030 listed for e.coli and

"",- DO.
Assessment limrted and need

more investigation.

Rlf,90'Ba}h .3:79,
I

'(G'5JAI P'l9'" 'RIver ,:G,!!~ F.\GEf,: I 11!s-r. ·83 UD UD ,UD NO C3
.1S5.1 ?GMRW'I l%5il $3 UD UD UD NO C3

I
I I

Current assessment 5 e.coli
I' I

.J

~\~'6 samples fully ,upporting. 3 of

Ii 6 N03 samples exceed WQS.

~I
I

~SD1tP€l'Bi;l~r, ~~ FS' NS n~0:l. 001, ~~\YiW. YES C5 0.1 DO needs more sampling. 3030 listed for e.colL

I SPMD assessment showed

II
&.O!l- presence of Dieldrin in the

'6-S·I.E' L<!>mU R"'~:r F1a~91:RJver 4,'90: watershed.

,'(is:1 RGRc"< 1'.07' $Q UP Un tiD YES C5 1.07

I 3~91 un LID ~D NO C3

i:G'S'lE
lnf!'(llill00lJ 1:-29

UD UD UD C3
.f~b",tal;\i,

UonfilfWen 129 NO

'GiM'f' lrl'~'ltnitle'tlt JLi!1JfilJltlrit'ii, ~~~
~G!\~~I>J.!;Rl-1 Uj9

I
S.):

UD UD UD NO C3
M~~!a&'

.G.-f;-:fG Int",M~I)\ 'lwor.Wl B.1",~r. \:l:1l:9 II Q',~~ I UD UD UD NO C3
"

\I:(Qu181Y

1;.6:.:s119
lJil)dllI[lL.eMMltJ '11S51!..peRL~O,1 ~

0.G5

lldOfilPJ"ilt. e~05 S~ UD UD UD YES C5 0.05
~,~~fjr( , '"

"
'1

1B;:~1f;; Slg1Jai'Ri'ii.er IIp-agriiRIV8(1 1>.11$ ~Ii~ UD UD UD NO C3

~-9,1G
~u!WaT1)"!I,

p~ga·~l.'!~r. ~mll
~pU;'G~.s !J;(f~ I §11

UD UD UD NO C3
UJbutary II

G531LRSGl~
Od,\! I

S1 un UD C3
c;J-53'

iSajl6.lI)Gago,
It\,1bi1$ Rlvet , ~49

UD NO Nt.
'Riv:er

O:::~'7- f sjt, UD UD UD NO C3 f---.
K:\Moniloring\IR\ZOlO IR\Tablel-8/84.Rivers U,e Support 80f9



Guam EPA 2010 Integrated Report
Assessment Methodology

Table B4. Rivers Use S_~'pP9..!:! '_' '-r-__..,... r DU1 D'UZ-, ......,~ _. l
Body Contact .AlIU~tkft,fe,t~~~'~r?"e/

_ SIMP' . :y.r.ote;;;ty,i1"rpp8gale. Single
G~.~., " ... _. _ :~~~an~'el sm;pJ Se menL1 , {primary/whole S(Jr,viv.alProte~t.r .Hl:l~.:anllie.a(fh~. "3038 Category Miles ',,~ .. .y ~~bjV~~.1

I~RiY,eL£D' IRIVERiNAME l'rC\'\'VIh!1 IWate, Ilerrgu" Is-,,, -- 't"" IL Q lfi GW~G.l body, secondary [1,1" ,-- " , :"I'WQ ,ifoXICS},Sp.Mm II" d" A . A d R.alo'nIf\~1 <1IIOt)'>' ,~l",li1e
..,ll~ ""(IDIe ) .e,~r:oen u.;,I egg II" . d) alnl"'=!n:iltll:~ 1 rj&... ,~,_ !5 :;':Je - sSlgnmen ssesse atr~" C)(j'
~ ,t s., ((nir€s) Imlte P.hi'S!C1Iem 0NLY'(MUS' 0'G",~, ms t (5part) 'IN •. "I{b ljI, 'II Ente,ococci)', : 'd"IT'-" '"0"1": ~O"iIEI\ I

~~o.~n . Q~,N' .0 .... ..( I I

"GJ53\Q, I ,rn:'ru:.~J rJSalJ"{i:l~...Q(;fBjJ.ie~1 il'l7,il ,. It>~n,RI~Z' '00'7.91' 1 S1 UD UD UD NO C3

'iSJ5'Z' I' .~ .... 'H1Ve~,l penitllilfl(;;-! iffillJ I' P:7£~ I ~~ UD UD UD NO ~
'." "\9J.1.f1~,., i ,., '.. ~. ~ ....' ·,l~1;J ~~ I UD UD UD NO C3

ill <,. .' 'I @..2. I'I,II:iI'!;i ---fir'",Gls"'c" 1",l!f!1\J,j\fiilll-. Ilm:&n91'dl~<fr I :9;7.A ·,:..5,i;&III;,><.I, ,::r~ ;«a UD UD UD NO C3
,'Pi' :lllb.ut~lY "...c,· .~. " ~_;C9:

&5S; , 'UMame.of;s't'lfaml FemJ'LIake' ,O:<l8 11 Q%)~ I ~X' ~1 I UD I UD I UD I NO I C3

1"18'1
~;4' , ,;,%,Irr.t~~!',~)~:€r,~ f1~i'"!i'1!~~ .'tIN I' ~'1 I UD I UD I UD I NO I C3

11'G,,5'~ 1",~fl.ar5:~lJ\ ~iTI:"ifoi::il!R[tI'erl' );I,t6 G~..J~2' -',Qtl:.o\1 ~ I UD I UD I UD 'NO I C3
1"=' ,~' . ,ilflbJIl;\I;\I,\ ,'..,.... '.- ":" I :' .&.'" ,,' I 1"~-3Il ."

l'"i3t5:4B ~U~t~~~' ,~lmaJle:saJ~f\fer, Q,'lQ P. ~..IIS1 I UD I UD UD NO I C3

-I iO:!l91
,:eW4g;;:"i'IJffiliii9.~Sjl)'jn~ i'\1P\~~<s-aIRilie.ri, 0':Q~1' G54:....6l.RA·1J " IS,' UD $D~D~O~3'" . I ( "" '1',,,," ".),r, ., x.. :-;. ~',"

6=""'. "10' 'li!tfBr"'~ I r"en'H!it~~ ~'.7·1 "i$§.ft>lF,OI\!l)l"ffi ,f,i~~' S~ UD UD UD ~ C3
.. "~>"",I ~u."'~, "Po' I '" .... '.,,'" I '-" 1 Ib~ UD UD UD NO C3

, UI -.. eO' I ".. .•••• ,. 1 :ql,,\57 --
"'56A· ,m·ro... I Mau ....n~Riv~'. ,if$'< ."",. '\. -I .... ~ UD UD UD NO C3..... ~ !lJ1b.m'll¥.. "",""U. .. .u. I ,. ". 'l2i5~rFl.lii<M ..2:: :81

.~ "d I . 1 ( II 'lfl.\i9.J!~~ ~J,~,~.lJ,.rzt~ ~Jao1.Riv~.r I 0i.'59 - UD UD UD NO C3
'. 11nbNlallY .., .r.-.: "

.G-.57,' '113'oj'iv,a,!;ljwr M.qrro.wJtl1ik~ '3',:0;1 "_ J •. _ .. ,I ?~!l,7 ,UD UD UD NO C3 I lfil"
"'4 cunna~eM.. 'G'5, MlIl"'" II 0 illL 8'C!ko7 ' 0:' ,'" ~ "-oJ)Y'l Ri~er 0\82. I eo" ~ ,-"" . • ~ " UD UD UD NO C3. . , Ji1b.lI(alY' ,., . " .. . . ...

:0,5]8 1"inJ1"'~:ed B<Jilya RiSler 0,82. (N.1\\ (N"'ll, 08' UD I UD UD NO C3
, ,trlbuliiJ:V. (. '•.<' .>:

.",-~, ,~-!!' q., l1!I<. llI"i, S] "" I "D I~D~I~
.G,Sh Talisavi,f.liv.e~ I M~.emong &\fen' ~.7.:2." (IiI~) IJlJbl'! ·$1' UD UD UD NO C3
. ur-mame:d crr;-'~ ,i,':..~,. ~~ ----

G'6Z.t;{bu;~~ Ta,say R'l'iIe" O~ IN!''01 IN!,!.] 81 UD UD UD NO C3

G',~3' ' unt'l,~~:,d., Ma»mu'i1g Ri~~1 0.22 (~)J (NA)' S~ , UD UD I UD I NO I C3
(.~ I rJ,J-U..laIY ,.. .., .11 ,,, ,. ,.~~

,Grl>.'4J :fAi>'?lri§l1g' F.\t,Ii§A Tio!aeyu~1;,a!~~ir'Z:ii,~ jf),Ril~ ~t,4) §'ll I UD UD I UD I NO I C3

13..,65> u~lbr~rn~d: Maemong Brve,. ,0',5;/ (Nl«l, ft:iit Sl I UD I UD I UD I NO I C3
l( .Utal)' .

<'>'68\ I l1i:='b',~:~':~ Mj'iemMgJRiver 0:66' (~' (~l ,S'I I UD I UD I UD I NO I C3
t IIIl .-!J1Q.!;Y. " ~ :r, (. "J, \ ....

202 Tolal M,es of, Z3Z 65
River/Streams . UD Not sampled

=some DUs assessed but not all so need more information

=no DUs assessed this reporting period so need more information

= A TMDL to address A specific segment/pollutant combination has been approved or established by EPA

=Available data and/or information indicate that at least one des. Use is not supported or is threatened. TMDL is needed.

C2 35.84,

C3 167.88,

C4a 21.58 '

C5 7.35,

232.65

K:\Monito,ing\IR\2010 IR\Table1·8/B4.Rivers Use Support 9019



Guam EPA 2010 Integrated Report
Assessment Methodology

I ~~E_ I.. I
303d

Single Category

listed?
Assignment

;;IE::'; 1\=-- -_
(Spart)

GB1, GB2 3.42
Tarague Beach/Scout UD UD C3
Beach

GB3 1.28 Jlnapsan Beach UD UD C3
GB4 2.21 Ritidian Beach UD UD C3
GB5 1.74 Uruno Beach UD UD C3

GB6 0.37 Falcona Beach (Urunao) UD UD C3

GB7 0.24
South of Falcona Beach

I I R
UD UD

ffiItUrunaol

GB8 0.19 Haputo Beach UD UD C3

GB9 0.19
Intermittent beach -

UD UD C3
Shark's Hole

GB10 I 0.261lntermittent beach- I I I I UD I UD I I C3
Tanguisson Pt.

GBll
IIntermittent beach - I

I I I UD I UD I I C30.26 North of NCS/Tanguisson

---
GB12

INCS Beach/Tanguisson
N-01 ITanguisson Beach'

I
0.25

I
53 I NS I NABS I 47 I NS I NABS I Yes I C4a0.25 Beach

GBl3 I 0.37lFafai Beach UD
~ UD

~GB15 I 0.231Gun Beach, Tumon Bay N-24 Gun Beach 0.23 53 I PS I NABS 47 r-:- I NABS Yes C4a

GB16 I 0.14lGonga Beach, Tumon Bay N-25 Gonga Beach 0.14 53 NS NABS

~
I ~S I NABS I Yes I C4a

GB1l 1.1lNaton Beach, Tumon Bay N-02 Naton Beach - San Vitores 0.23 53 NS NABS 47 1115 I NABS I Yes I C4a

GB1l I I N-23 Naton Beach - Fujita 0.36 53 I P5 I NABS I 47 I PS I NABS I Yes I C4a

GB18 I I IN-03 I~:::","'h'M""oo,""h~ 53 NS NABS 47 NS I NABS I Yes I C4a

GB1l I I IN-04 INaton Beach - Guma Trankilidat 0.18 53 F,S NABS 47

~
NABS Yes C4a

GB19 0.42lVpao Beach, Tumon Bay IN-OS IVpao Beach I 0.42 I 53 ~S NABS 47 PS NABS Yes C4a

GB21 I
jAlupang Island Beach,

UD UD I I C30.02
11

~ -East Hag tna Bay

O""'G'''",h·51"" ~'OO"~0.99rUngC~'s Beach, East
-------

GB22

I
N-06 53 NoS NABS 47 NS NABS I Yes I C4a

GB22

Hag~tna Bay

N-07 Dungca's Beach 0.65 53 ,NS NABS 48 111& NABS I Yes I C4a

K:\Monitoring\IR\2010 IR\Tablel-8/B5.Guam Beach Use Support 1 of 5



C4a

Single Category

Assignment

(Spart)

Yes

303d

listed?

NABSI\J>48NABSNS530.25

Guam EPA 2010 Integrated Report

Assessment Methodology

1.151Trin~hera Beach, East IN-26 lEast Hagatiia Bay - Alupang
Hagatiia Bav Towers Beach

GB23

GB23 N-08
East Hagatiia Bay - Trinchera

Beach
0.48 53 NS NABS 47 NS NABS Yes C4a

GB24 N-09 Padre Palomo Park Beach 0.42 53 NS NABS 47 'NS NABS Yes C4a

GB25 0.42lHagatiia Marina N-10 Hagatiia Channel2 0.15 53 NS NABS 47 "Ns NABS Yes C4a

GB25 N-ll
Hagatiia Channel - Paseo

Outrigger Canoe Ramp2
0.15 53 IllS NABS 47 rlS NABS Yes C4a

GB25 N-12 Hagatiia Boat Basin2 0.12 53 N'i NABS 47 N.S NABS Yes C4a

GB26 1.1liWest Hagatiia Beach N-13 Hagatiia Bayside Park2 1.11 53 NS NABS 47 'N5 NABS Yes C4a

GB27 I
Beach at Fonte River,

0.13
West Hagatna Bay

N-21 Adelup Beach Park 0.13 53 ~s NABS 47 N'S NABS Yes C5

GB28
0.411 West of Adelup Point,

Asan Bav
N-22

Adelup Point Beach (West of

Adeluo Park)
0.41 53 Ns NABS 47 ,jIJ$ NABS Yes C5

West ofvoicanic I I I I UD I UD I I C3 I~9 I 0.37Iheadland. Asan Bay ., -, I 1

GB31 I
Asan Memorial Beach,

0.53
Head of Asan Bay

N-14 Asan Bay Beach 0.53 53 NS NABS 47 :NS NABS Yes C5

GB32 1.081Beach at Piti Bay
Teoungan Beachl

N-15 Piti Bay 0.62 53 ,NS NABS 47 'Ns NABS Yes C5

GB33 N-16 Santos Memorial Park Beach 0.46 53 N"S NABS 46 'NS NABS Yes C5

GB34
Iunited Seamen's Service

0.52 Beach (USO Beach)
N-17 United Seamen's Service 0.52 52 1'$ NABS 46 p.~ NABS Yes C5

GB36

GB35
I I ~1*-1----~~1 I I0.46 Outhouse Beach Outhouse Beach 0.46 53 ~~_ 'l\JS 47 NABS, !\is Yes C5

0.15 Family Beach Family Beach 0.15 53 NS NABS 47 1'5 NABS Yes C5

GB37 0.46lPortAuthorityBeach IN-20 IPort Authority Beach I 0.46 153 I NABS ] NS 147 I NABS N$ I Yes I C5

GB38 0.41Ski Beach I I UD I UD I I C3

GB40 0.4ISRF Beach I I I UD I UD I I C3

1-==-------1--11---I I ~: I ~: I I~: I
GB43 0.65lGabgab Beach I I I I UD I UD I I C3

GB44 0.4610rote Point Beaches I I I I UD I UD I I C3

GB45 0.15lTipalao Beach I I I I UD I UD I I C3

GB46 0.57lDadi Beach I I I I UD I UD I I C3

GB47 0.261Rizal Beach I I I I UD I UD I I C3

GB48 0.14lApaca Park Beach I I I UD I UD I I C3

GB50 0.79lTOgcha Beach aka Agat IS-02 ITogcha Beach - Namo I 0.33 I 53 I NS I NABS I 47 I NS I NABS I Yes I C5
Beach

GB50 S-03 Togcha Beach - Agat Bay O.lS 53 I '!%' I NABS I 47 I NS I NABS I Yes I C5

K:\Monitoring\IR\2010 IR\Tablel-8/BS.Guam Beach Use Support 20fS



Guam EPA 2010 Integrated Report

Assessment Methodology
Table BS. Guam Beach Use Support

:~ la Single CategoryI -..~ ~-- == ~. =."j = 303d

listed?
Assignment

~ - - ~_= - __ - .' ~ I~~- - (Spart)

GBSO 5-17 Togcha Beach - Beach at SCA 0.31 53 NS NABS 47 ,('IS NABS Yes C5

GBS1 0.49 Salinas Beach UD UD C3

GBS2 0.3
Beach North of Finile

UD UD C3
River

GBS3 1.17
Beach South of Finile

S-04 BangiBeach 1.17 53 !\IS NABS 47 NS NABS Yes C5
River

GBSS 0.49 Nimitz Beach S-OS Nimitz Beach 0.49 53 NS NABS 47 NS, NABS Yes C5
GBS6 0.87 Taelayag Beach UD UD C3
GBS7 0.62 Sagua Beach UD UD C3
GBS8 0.66 Facpi Point Beaches UD UD C3

GBS9 0.29 Beach south of Ach ugao UD UD C3

GB60 0.2S Beach south of Agaga Riv UD UD C3

GB62 0.12
Beach north of Asmafines

UD UD C3
Riv

GB63 0.12 Beach south of Sella Riv UD UD C3

GB64 0.62 Abong Beach UD UD C3
GB6S 0.5 Mouth of Cetti Bay UD UD C3
GB66 0.06 Head of Fouha Bay UD UD C3
GB67 0.14 Head of Umatac Bay S-06 Umatac Bay 0.14 ::JU B6 I NABS 47 NS' NABS Yes C5

GB68 0.2S
South of Machadgan

UD UD C3
Point

GB69 0.46 Toguan Bay S-07 Toguan Bay 0.46 ::JU NS I NABS 47 oN5- " NABS Yes C5
GB70 0.16 Ajmo Beach UD UD C3
GB71 0.03 Bile Bay Beach UD UD C3
GB72 0.08 Pigua River Beach UD UD C3
GB73 1.16 Cocos Island UD UD C3
GB74 0.07 Islet UD UD C3

GB7S 0.46 Merizo Public Pier Park S-08 Merizo Pier - Mamaon Channel 0.46 53 NS NABS 47 N~ NABS Yes C5

GB76 0.42 Piga Beach/Talona Beach UD UD C3

GB77
Cocos Lagoon (btw

UD UD C3
Pil!a&Aba Beach\

GB78 0.19 Aba Beach UD UD C3
GB79 0.12 Aang Beach UD UD C3
GB80 O.5S Achang Bay UD UD C3

GB81 0.77 Beach to Liyog Riv Mouth UD UD C3

GB82 0.18 Liyog river Mouth UD UD C3
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Table BS. Guam Beach Use Support

Guam EPA 2010 Integrated Report

Assessment Methodology

r _ ~ ~=;I - ·r~t-C-il~[2r';l~~~-~· ~I~I-' . Single Category
iii lift f:: -. __.--==- ~-,' .'.--==,'! _ . ==."L~'.?~ oJ za ~-t*I=l:JwIrt 303d

~'2?'=;"-~;~~~i ~~=--=j~I~~~1 l':!~-,-_ listed?
Assignment

(Spart)

GB83 0.04 Beach to Asgadao Bay UD UD C3

GB84 UD UD C3

GB8S UD UD C3

GB86 UD UD C3

GB87 UD UD C3

GB88 UD UD C3

GB89 UD UD C3

GB90 UD UD C3

GB91 UD UD C3
GB92 UD UD C3
GB93 UD UD C3

GB94 0.27 Beach north of Acho Pnt. UD UD C3

GB9S 0.07 Agfayan River Beach UD UD C3
GB96 0.07 Inarajan Pools S-09 Inarajan Pool 0.07 53 illS NABS 47 ~s NABS Yes C5

GB97 0.46 Beach at Inarajan Bay 5-10 Inarajan Bay 0.46 53 NS NABS 47 N5' NABS Yes C5

GB98 0.28 Beach at Pauliluc Bay UD UD C3
GB99 0.11 Ulomai Beach UD UD C3
GB10l UD UD C3

GB102 UD UD C3

GB103 0.09 Head of Paicpouc Cove UD UD C3

GB10S 0.21 Head of Talofofo Bay 5-11 Talofofo Bay 0.21 53 NABS 47 NABS Yes C5
GB106 0.06 First Beach S-18 First Beach - Talofofo 0.06 53 NABS 47 NABS Yes C5
GB108 0.51 Calvos Beach C3
GBllO 0.09 Jones Beach C3

GBlll 0.3
Ypan Beach Park Beach

5-12 Ipan Beach 0.3 53 ps. NABS 47 PS NABS Yes C5
(lpan Public Beach)

GBl13 0.27
Beach north of Togcha

S-13 Togcha Bay - Talofofo 0.27 53 N:;; NABS 45 N5 NABS Yes C5
River

GB1l4 1.03 North ofTogcha Point UD UD C3
GBllS 0.18 Head of Ylig Bay UD UD C3

GBl16 0.07 Beach North of Ylig Bay UD UD C3

GB1l7 0.07 Tagachan Beach Park 5-14 Tagachang Beach 0.07 53 NABS 47 NABS Yes C5

K:\Monitoring\IR\ZOlO IR\Tablel-8/BS.Guam Beach Use Support 4 of 5



Guam EPA 2010 Integrated Report

Assessment Methodology

O.96IBeach at Pago Bay

0.241North Pago Bay Beach

303d

listed?

Yes

Single Category

Assignment

(Spart)

C5
C3

FS Fully Supporting -Entero geomean max not exceeded and single sample max not exeeded

PS Partially Supporting- Entero geomean max not exceeded and single sample max is exeeded

NS Not Supporting -Entero geomean max exceeded

NABS Not Applicable to Beach Stretch

UD Not sampled

43.65 103

1 Seafood Consumption Advisory in effect

Z Beach Closure to Swimming and Wading in effect

'From IR Table 12 & 13

42 15.46
I

2008 TOTAL 2008 MILES 2009 TOTAL 2009 MILES

~
-------

2- 0..~4 FS
I

t!l
I

0

: .4 1.4~ 1'5 7 I 1:951

~p 130.81 N'S 3.5' 1
'
3;47,

42 15.46 42 15.46

= A TMDL to address A specific segment/pollutant combination has been approved or established by EPA

=Available data and/or information indicate that at least one des. Use is not supported or is threatened. TMDL is needed.

17 Clia 5.S1'

25 C5 9:.$5 '

42 totals 15.46
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Appendix C. 2010 IR Categorization Figures

Figure Cla. Northern Guam Marine Waterbodies 2010 Categorization
Figure Clb. Southern Central Guam Marine Waterbodies 2010 Categorization
Figure C2. Guam River Waterbodies 2010 Categorization
Figure C3. Guam Beaches 2010 Categorization



Guam 2010 Integrated Report
2010 IR Catagorization of Marine Water Bodies

Northern Water Bodies
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Figure Cla. North and Central Guam Marine Waterbodies 2010 Categorization



Guam 2010 Integrated Report
2010 IR Catagorization of Marine Water Bodies

Southern Water Bodies
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Figure Clb. Southern Central Guam Marine Waterbodies 2010 Categorization



Guam 2010 Integrated Report
2010 IR Catagorization of Rivers and Streams
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Figure C2. Guam River Waterbodies 2010 Categorization
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