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and treatment and presents an updated program for meeting the Island's projected
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e. Existing water storage reservoirs have recently been provided with radio

telemetry level monitoring equipment. However, the frequency must be

changed as there is currently interference from other radio users. Many

reservoirs still do not have effective float valves. This results in periodic

reservoir overflows. As the Island's water demandsincrease, it will become

increasingly important to prevent water wastage and to monitor the

characteristics of the overallwater system. Fully functioning automatic pump

controls andreservoirwater levelmonitoringequipmentwill berequiredto meet

this need.

d. Although some of the CIPs recommendedin the original Water Master Plan

have been implemented, the various PUAGwater systems have considerable

footage of small diameter pipelines(2 inches in diameter and smaller) which

provide no appreciablefire protection.

c. Fire hydrants still receive insufficient maintenanceand are often defective.

b. The majority of PUAG'sexisting water storage reservoirsare unfencedand in
needof repainting.

a. Some chlorination facilities and fluoridation systems are not adequately

protected against direct sunlight and are subject to vandalism.

Many of the existing PUAG facilities need renovations or design modifications to

optimize operation. The following areexamples:

6.

Corrosionof exposedwater system components is a continualmaintenanceproblem

on Guam. This is especially true on exposed piping at the well stations where

corrosion has occurredto the extent that expensive pump control valves have been

renderedinoperative.

5.

In general,much of the water systemappearsto receivelittle maintenanceother than

the bareminimum requiredto keepthe system in operation.

4.

o
o
o
o
o
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4. PUAG's water systems are plagued by a high "unaccounted-tor" water component,

conprising approximately 30 to 40 percent of the total water production. For the long

term, it is assumedthat the unaccounted-for wa1erra1ecan be reducedto 15 percent

by tt-e year 2010. Comprehensive leak detect'on.meter maintenance, and water

conservation programs will need to be implemented to obtain this objective. mn light
o+tre Island's limited water supply, formulation of a water conservation programmn

the imnediate future should be considered a priority issue.

3. PUAG's residential user classification comprises 68 percent of PUAG's overall total

water demand.. The commercial classification is the next highest user accounting for

just over 21 percent of the total.

2. PUAGproduces the majority of the tsland's water supply, approximatelv 51 percent

of the total. The Navy ~sthe second largest producer with about 35 percent of the

over-all production,

Water Requirements

1. A total of 124 source diversions are currently used as water supplies by the U.S..Air

Force, U.S. Navy, PUAG, and private users. Of the total, appmximately 94 percent

are wells.

9. A need for future sanitary surveys of PUAGwater systems has beendemonstrated by

the findings contained ~nGEPAtsWater System Sanitary Survey FY'88 and FY'89

Report.

8. Although PUAGhas prepared an operations and preventative maintenance program,

the program hasyet to be fully implemented. PUAGstill utUizescorrective maintenance

on an "as-needed" basis.

7• PUAG~sleak detection program has been successful in locating and repairing an

estimated 6 MGD in leaks throughout the Island. Evenso, individual water service

meters continue to be a source of leakage and "unaccounted-for" water losses

resulting from defective meter readings. Many meters do not have meter boxes and

are inadequately protected from damage and vandalism.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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13. Production at privately-owned wells such as Foremost and Island Equipment is

expected to remain relatively constant at 2 MGD over the foreseeable futurl9.

12. Water consumption by hotels is expected to increase to about 26 MGD by the year

2010.

11. It is estimated that a typical 18-hole golf course will require about 18,000 gpd to

irrigate the greens alone. However, no projection of the number of golf courses for

year 2010 could be made from available information.

, O. Overall agricultural demand, including aquaculture, is expected to remain constant or

to diminish in the future. Therefore the averageannual water demand for agriculture

is estimated to remain at 4.2 MGD through the year 2010.

9. Although the time schedule and size of the proposedcommercial portlindustrial park

complex is uncertain, the average water demand projected for this use in the year

2010 by the Port's recent Commercial Port Master Plan is approximately 0.27 MGD.

8. The military water demand, excluding water sold to PUAG, is assumed to remain

constant to the year 2010 at 14 MGD.

7. The projected total PUAGdemands for the averageday, averageday in the maximum

month, and the maximum day in the year 2010 are 75 MGD, 90 MGD, and 113 MGD,

respectively.

6. Basedon the population projections and percapita demand, the projected Island-wide

averagedaily water demand for the years' 990,2000 and 2010 is 26 MGD, 60 MGD,

and 75 MGD respectively.

5. The per capita demands used for projecting civilian water use demands, excluding

unaccounted-for water, varied from 99 gallons per capita per day (gpcd) to 138 gpcd

with hotels consuming water at a typical rate of 450 gallons per room perday (gprd).

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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g. Requirementsfor development and maintenance of groundwater protection

programs.

f. Prohibition of the use of lead solders, flux and pipe in public water systems.

e. Monitoring requirementsfor contaminants that are not r,egulated.

d. Requirementsfor disinfection of all pubUcwater supplies- both groundwater

and surface water.

c. Requirementsfor filtration of surfacewater supplieswhich donot meetspecific

criteri'a.

a. ExpandedIlist of regulated contaminants along with maximum contaminant

levels (Mel) for 83 initial contaminants, as we~1as for an additional 25

contaminants every three years.

Water Quality

1. Guam'sSafe DrinkingWater Act of 1977 and the Safe DrinkingWater Regulationsof

1978 were adopted in response to the Federal Safe DrinkingWater Act of 1974.

Guam EPA administers these regulations. The 1986 Safe Drinking Water Act

Amendmentssignedinto law byPresidentReagancontainadditionalrequirementsthat

will impact PUAG as the public purveyor of water on Guam. The impacts are as

follows..

14. The projected water demands are j'nfluenced by water consumption practices,

availabillity of water supply. water quality, increased living standards, and related

factors. It is important, therefore, that per capita use rates be evaluatedon a yearly

basis and the master plan be rev~ewedevery five years to reflect any changes,

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

b. Designation of best available technology for control of each of the regulated

contaminants.



Guam EPA also monitors PUAG's water distribution system. The results of this

monitoring in 1988 and 1989 are as follows.
5.

With one or two exceptions. Guam's surface water quality is satisfactory for all

domestic and irrigation uses as well as most industrial uses contemplated in this

master plan.

4.

The use of chemicals such as pesticides and fertilizers on golf courses and the

increasing number of golf courses being developed in northern Guam raisesconcerns

that groundwater quality will beaffected. A plan for addressingthese concernsshould

be adopted by the government of Guam.

3.

e. Concentrations of lead in the range of 10 to 40 parts per billion have been

detected in production wells islandwide. The sourcesof the lead havenot been

identified and may be derived from the volcanic formation of the Island.

d. Concentrations of Seleniumin wells A-17, A-19 and A-21 are now significantly

below the 10 mg/l MCl concentration.

c. Results of organic analyses consistently showed most levels were bel_owthe

detectable limits of the tests. Inorganic analysesalso show all sources below

the MCL.

b. All wells have some nitrates present but none are approaching the Maximum

Contaminant level (MCl).

a. Five wells (A-l 3, A-14, A-17, A-18 and A-l 9) produced water with chlorides

in excess of 250 mg/!.

In accordancewith recommendations presentedby the Northern Guam Lens Study in

1982, a new water quality monitoring program has been instituted by the Guam EPA

which analyzes each of the PUAG wells for pH, alkalinity, color, turbidity, taste,

hardness, chlorides, and conductivity. The results of the groundwater analyses for

1988 are as follows.

2.

o
o
o
o
o
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3. The development of any significant surface water supply will be quite costly as

CC1TlP;r ed with development of groundwater supplies.

2. Basedon available data, there appears to be sufficmentwater resources on Guam to

meet the needs of the Island through the year 2010 if they are developed and

managedwisely. However, the groundwater supply wilmnot be sufficient to meet the

demands imposed by projected hotel development and hotel-induced populations.

Consequently, alternative water supplies must be developed.

Water Supply and Treatment Alternatives

1. As a result of the findings of Northem Guam Lens Study (NGLS), the northern Guam

aquifer is estimated to have a sustainable yield of about 60 MGD. This is believed to

bea conservative estimate. An ongoing review of well production data collected since

the NGLSwas released indicates that the sustainable yield may be higher with 60

MGDof sustainable yield avalleble to PUAGalone. Apparently, the sustainable yield

may be stressed for Umftedperiods of time without damaging the wntegrityof the

northern Guamgroundwater lens. Therefore it is projected that PUAGwill be able to

produce an average day supply of 60 MGD by the year 2010 which may be

temporarily stressed to 90 MGD under maximum day demands.

d. On many occasions, PUAG was not in compliance with the reporting

requirementsof Guam's Safe DrinkingWater Regulations. A computerized data

processing system iis recommended to aid PUAGin the sampling, monitoring

and reporting tasks, as well as in the investigation of violations.

c, A review of PUAG's practices in sampling for water quality analyses indicates

the need for rev~sionto the number of samples taken in each service area and

locations of the sampli'lJ points.

b. Occasionalinstancesof bacterialcontaminati (Jl ardturbidity occurredgenerally

in the South where surface supplies are used.

a. The most common. water quality problem is chloride contamination from

saltwater intrusion into wells.
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3. It was assumed that the overall "net use" of military water by PUAGwould remain

constant to the year 2010. This condition could change dramatically depending on

decisions made by the U.S. Department of Defense, such as the relocation of forces

2. By the year 2010, approximately 55 MG of additional storage will be required to

provide 24 hours of averageday demand.

ProposedWater Distribution System Improvements

1. Substantial pipeline improvements are neededto provide the necessarytransmission

facilities to meet potable water demandsin the year 2010. In addition, surface water

supplies will have to be developed. If reclaimed wastewater or untreated surface

water is to be used for irrigation. separate transmission facilities will have to be

provided.

The unit cost of brackish water desalinization appears to be comparable to the unit

cost of surface water production on Guam. However, available desalinization

processes would require a large commitment of Guam's scarce power resources.

Further investigation into the cost of desalinization on Guamshould be performed to

conclusively determine the feasibility of the process.

6.

5. Because the potential for wastewater reclamation on Guam is so closely tied to the

future of commercial agricultural and golf course activities, it is clear that a more

detailed analysis of both subjects must be made before definitive conclusions can be

drawn.

4. The potential Ugum and Inarajan Reservoirs lie in close proximity to the bulk of lands

zoned for agriculture. The possible use of such supplies for irrigation purposes might

well be appropriate considering the fact that treatment would not be required.

Although this could reduce the amount of water needing treatment, the bulk of the

water collected by the dams would be required for potable water consumption bv the

year 2010. Dam development and treatment costs, in addition to the environmental

regulations to be addressed, make development of surface waters on Guam a

formidable undertaking. Consequently, the process of their development should begin

immediately if this source of water is to be on line by year 2010.



10. It appears beneficial for the military and the Government of Guam to share in the

development of water supplies and to exchange obligations to serve various water

service areasrather than to continue to makemajorcapital and operating expenditures

to convey the water to users located great distances from a particular source. In order

9. Basedon the results of an evaluation of existing facilities and a hydraulic analysis,

numerous capital improvements were identified. The proposedcapital improvements

are shown in Figures9-2A, 9-2B, 9-2C, and 9-20, located at the endof this document,

and are described in Appendix H.

8. ServiceAreas "B", "C", and "0" havesomewater production capability but apparently

not enough to be self-sufficient. Water exported from Service Area "A" must travel

through Area "B" to Areas "C" and "0".

7. Service Area "A" is the major water-producing area on Guam. In this area it will be

necessaryto install largediameter pipe lines to carry exported water to the other three

water service areas.

(
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6. PUAGis currently reviewing historical production and exploratory well data to update

the groundwater managementprogramrecommendedin the NGlS. The resulting well

developmentand redevelopment programshould be implementedimmediately to meet

projected water demands.

The PUAGproduction deficit will be approximately 89 MGOby the year 2010 based

on present supply capability and projected maximum day demand.

4.

A groundwater managementprogramhasbeendevelopedfor the Northern lens by the

NGlS which also recommends the proper sizing and location of new wells. In light

of approximately 10 years of well production data that has been collected since the

NGlS was done, reevaluation of the program is required to provide an updated

program of well development and redevelopment.

5.

from the Philippines. There is a definite potential for "trading" water and the shared

development of water resources with the military which should be pursued.
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• There is a need to periodically revise water facilities plans to reflect changing

conditions, trends, new goals and objectives, and technological developments. As

Upon completion of the update of the Groundwater ProgramEvaluation, it is recommended

that the Water Facilities Master Plan be reviewed and modified as necessary to reflect the

findings of this Study.

r .

L..J

PUAGis presently undertaking an analysis of well production data in the northern

groundwater lens. The objective of this Groundwater ProgramEvaluation is to more

precisely identify the location and quantity of fresh water availableandwill updatethe

groundwater management plan for properdevelopment and operationof well fields in

the area.

•
\_

It is recommendedthat the Water FacilitiesMaster Planfor the Islandof Guam,as shown in

Figure9-2, be adoptedas the engineeringbasis for the development of an Island-widewater

system for the Government of Guam.

f'• J

The necessarypumping facilities and storage reservoirsto meet
normal development of the Island as well as to supply tourist
demandsand meet fire flow requirements.

•

• A comprehensivenetwork of pipelines for distribution of water
throughout the Island; and

Supply facilities consisting primarily of the groundwater supplies
in the northern aquifer and southern surface water as well as
water purchasesfrom military sources;

•

r

Conclusionsand Recommendations

The primary consideration in developing the Water Facilities Master Planwas to create a

workable system that could be implemented in phaseswithin reasonableeconomic limits as

the Islanddevelopsto the year 2010. The recommendedimprovementsareshown on Figures

9-2A, 9-28, 9-2C, and 9-20 at the end of this document and are summarized in detail in

Appendix H of this report. The improvements consist, in general, of the following features:

n
n

to consummate such agreements, it is essential that the reliability and quality of the

exchangedwater supplies be assured.
n



• The investigation undertakenas part of this project indicates the needto implement

a comprehensivepreventative maintenance program. Sanitarysurveys over the past

10 years have documented significant deterioration of phvsical facilities as well as

substantlal water losses which exceed reasonable standards. Vandalism has also

created operational difficulties with the water system and procedures should be

adopted to minimizethis problem. Sign"lficantrecoveries,of lost water appearto have

beenmade by PUAG's recent leak detection and repair program. An operations and

maintenance program has been developed within PUAG and portions have been

It is recommended that a study be undertaken to identify potential uses of reclaimed

wastewater on Guam. It is further recommended that the GuamEnvironmental Protection

Agency (GEPA)develop and adopt wastewater reclamation criteria for potential uses.

fJ 1
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• A potential source of water supply for agricultural, golf courseand other nonpotable

uses such as groundwater recharge is wastewater reclamation. Much of the

wastewater generated on Guam is presently treated and discharged through

underwater outfalls to the ocean. Basedon the economics involved, this water may.

at some time in the future. be suitable for utilization for agricultural, commercial,

industrial, groundwater recharge, or other purposeson Guam. Separatetransmission

facUitieswould undoubtedly be required to put this source to use.

It is recommended that the Water Facilities Master Planbe updated at least every five years

and at more frequent intervals if any major changes in anticipated growth patterns occur. It

is also recommendedthat per capita userates establishedhereinbereviewed annually for any

changes in water use trends. Systemmaps, prepared as part of the originalWater Facilities

Master Plan,should be kept current by noting changes as they are made in the system and

by periodically updating the originalmaps to reflect the new conditions.

mentioned in this report, long-range planning ~sa valuable tool if it continues to reflect

changing conditions. This Water Facilities Master Planhasbeenbasedon population

projections. per capita water demands, and groundwater supply estimates which will

undoubtedly vary to some extent during Guam's economic development. This, of

course, can affect size and location of pipelines as well as capacity requirements of

pumping and storage facilities.
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• While the planning,design, andconstruction of a water system takes extensive effort,

the efficient operation of the completed system is vital to ensure delivery of high

It is recommended that after careful review of the proposed water system design standards,

an appropriate set of standards be adopted for all construction.

• Manyagenciesand individualshavebeeninvolved in the developmentof Guam's water

system. Over the years, a variety of design standards have been utilized which have

resulted in the use of many different pipe materials, types of equipment, and

instrumentation. Because of Guam's isolated location, it is important that

improvements to the water system bestandardizedto allow a ready inventory of parts

when replacement is needed. PUAG recently completed preparation of design

standards for its water system.

It is recommended that a comprehensive inventory of all existing facilities be undertaken and

that a replacement schedule be prepared and implemented that establishes priorities for

replacement of inadequate equipment.

• Becauseof the lack of a preventativemaintenanceprogramin the past, many facilities

have beenallowed to deteriorate to a point where replacementis needed. Bydelaying

the replacement of worn-out facilities, the chance of serious disruption of system

operations caused by equipment failure is greatly increased.

It is recommended that a comprehensive preventative maintenance program involving leak

detection surveys, meter testing, repairs and replacement, routine inspection of all facilities,

and periodic replacement of deteriorated facilities, be fully implemented on an Island-wide

basis.

implemented. This plan is included as Appendix C. By adopting an effective

preventative maintenanceprogram, it is hopedthe service life of existing facilities can

be increased,thereby resulting in substantial savings in capital expendituresaswell as

a reduction in the cost of corrective maintenance. In addition, by continuing the leak

detection and establishing a meter repair program, the operation of Guam's water

supply can be optimized.

o
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It is recommended that criteria be established to designate a level of water use at which it
would be appropriate to require commercial operations to provide and maintain their own

storage. Once the criteria is established, require all qualifying commercial institutions flo

provide their own storage facilities and provide appropriate adjustment to their impact fees

or water service rates.

• An estimated 40 percent of the additional storage required for year 2010 is directly

related to projected hotel needs. Considerable advantage to both PUAG and
commercialoperationscould berealizedif heavycommercialwater consumerssupplied

their own water storage in conformance to PUAGstandards. PUAGwould save in

capital improvement and maintenance costs and the commercial operator would be

assuredof control over the continuity and adequacyof supply aswell as the timeliness

of the provision and maintenanceof the storage facility. In addition, it would seem

appropriate that provision of their own storage would decrease the impact fee

assessedsuch a developer.

It is recommended that routine meetings be continued between military and GovGuam to

updateemergencyprocedures,resolve operatingdifficulties which relate toboth agencies,and

to establish criteria for utilization of Guam's limited available water resources.

• Both the Government of Guam and the military provide water service to large

segments of the Guam population. To ensure a continued supp~yin the event of

emergency, it is important that close cooperation bemaintained between the military

and GovGuamwater supply agencies.

Considerableimprovementshave been achieved in PUAGoperationssince the original Water

Master Plan through implementation of an operator training and certification program. It is

recommended that this programbe continued and expandedas well as requiring certification

as a condition for classification and advancement.

quality water in adequatequantities. Personnelmust receiveproper training and have

adequatesupport to properLyoperate the system.

o
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FIGURE 3-1
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In 18981 following the Spanish-American War, a U.S. Navy vessel sailed into Apra Harbor,

landed and seized the Spanish Governor. The Spaniards quickly surrendered. In 1899, the

United States formally purchased Guam, ending more than 300 years of Spanish rule.

The Island was discovered during Ferdinand MageUan$sexpedition in 1521 and was claimed

as a Spanish possession in 1565. The Spanish colonization was characterized by a period of

warfare, disease and missionary activity. The population rapidly declined. As Guam emerged

as a link in the early trade route between Mexico and the Philippines, the influence of Mexico

was permanently implanted in the Guamanian culture.

Based on archaeological evidence. Guam was inhabited by Chamorros as early as 1500 B.C.,

who emigrated from Islands in Southeast Asia. The Island was territorially divided and

governed by individual chieftamns. The Chamorros flourished as an advanced fishing,

horticultural and hunting society, eventually developing to a population of between 80,000

and 100,000, approximately the size of the Island's present civilian population.

The Mariana Islands group, consisting of fifteen individual islands, form an arch approximately

500 miles long which separates the Pacific Ocean from the Philippine Sea. As shown on

F~gure3-1 , there are four major islands in the Mariana chain: Saipan, Tinian, Rota and Guam,

with Guam bemngthe southernmost located at an approximate latitude of 13° 38' and

longitude of 1440 45'. Guam is the largest island having an area of approximately 212 square

milles (550 square kilometers). The island is approximately 30 miles in length with a width

of 8-1/2 miles at the northern ti p and a maximum width in the south of 11-1/2 miles. The
northern and southern land areas taper at the Island's center to a width of 4 miles as shown

on Figure 3-2. The boundaries of the Island's 19 villages are indicated on Figure 3-3.

General

Physical and environmental characteristics, as well as land use and growth trends, are
essential considerations in water facilities planning. In this chapter each of these factors is

discussed as it relates to Guam's water system evaluation and future needs.

CHAPTER III

DESCRIPTION AND CHARACTERISTICS OF THE STUDY AREA
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FIGURE 3-2
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It is recommended that PUAG continue to improve the water distribution facilities in the

Tuman area.

• The Tumon area is experiencing explosive growth in hotels, condominiums, apartments

and commercial facilities.

It is recommended that a set of qualifications for golf course development similar to the eight

criteria required by the State of Hawaii's Department of Health, shown in Appendix G, be

developed for use in reviewing and approving permits for golf course development.

• The potential for contamination of Guam's groundwater lens from application of

pesticides and fertilizers to proposed golf courses as well as agriculture is serious but

may be controlled with proper regulatory measures and permitting requirements.

It is recommended that PUAG, GEPAand DPW develop provisions to be included in Guam's

building code that require the design and installation of appropriate water conservation fixtures

and equipment for the permitting of new hotel, commercial and industrial projects. It is

further recommended that incentives such as tax or service fee credits be given to institutions

voluntarily installing such equipment or systems.

• With water resources rapidly becoming a scarce commodity on Guam, conservation
and reclamation of wastewater will probably become a necessity. As an example,

water-cooled air conditioners on hotels have been found to require as much as 33

percent of the hotel's total water demand. This demand could be significantly reduced

with the use of air-cooled air conditioners. Other areas for conservation include the

design and installation of separate "gray" water systems and package wastewater

treatment equipment within hotel or similar commercial structures for the reuse of

wastewater for flushing and landscape irrigation.
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The easterly trade winds with velocities between4 and 12miles perhour (mph)aredominant

throughout the year. Onlyoccasionallydo winds exceed24 mph except duringmajor tropical

storms or typhoons. Small scale storms or squalls can occur at any time with little notice.

The likelihood of typhoons is greatest during July through September, but they can occur

during any month of the year. In May, 1976, Typhoon Pamelacausedextensive destruction

on the Islandwith recordedsustainedwinds of 115 mph and recordedgusts to 159 mph.

Guam'sclimate is characterizedby two distinct seasons: a dry seasonfrom January to May

andawet seasonfrom July to November,with JuneandDecemberbeingtransitional months.

Themeanannual rainfall varies from about 80 inches on the central and coastal lowlands to

about 110 inches on the uplands in southern Guamas indicated in Table 3-1. The average

monthly precipitation at the NavalCommunicationsStation (NCS)monitoringstation is shown

on Figure3-4. A wide variation in rainfall can occur from year to year. In 1952, a maximum

of 145.45 inches was recorded while the minimum rainfall recorded was 60.42 inches in

1955. Severedroughts are common during the periodof Februarythrough April.

Climate

As in most tropical islands in the Western Pacific, the weather on Guamis warm and humid

throughout the year. The mean annual temperature near sea level is about 81°F (27.2°C)

with monthly means ranging from 80°F (26.7°C) in January to a little over 82°F (27.8°C)

in June. Rarelydoesthe temperatureexceed90°F (32.2°C) during the daytime hoursor fall

below 70 °F(21.1 DC)at night. The relative humidity commonly exceeds84 percent at night,

year-round, with the averagemonthly humidity being at least 66 percent.

In December, 1941, the Japanesegained control of the Island. The Japanese occupation

during World War II was relatively short-lived. In August, 1944, the United States regained

control of Guamand thereafter Guamwas utilized as a strategic military command post for

Western Pacific operations. Upon signing of the OrganicAct in July, 1950, Guambecame

an unincorporated territory of the United States. The act declared that the new territory

should be known officially as Guam. The act additionally established a civil government,

created a legislature with full lawmaking powers, established a District Court of Guam,

enacted a Bill of Rightsfor the peopleof the territory, and granted United States citizenship

to the people of Guam. In 1967, the first governor elected by the people took office and

Guambecamea self-governing territory of the United States.
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97.73

96.83

81.93

101.13

92.35

89.69

63.73

86.57

85.97

81.85

90.78

95.40

74.56

81.78

73.18

96.32

98.70

71.55

111.79

81.93

85.48

99.87

Average Annual
Rainfall (inches)

Years
Location of Record

Nationa~Weather Service 1985-1988

Andersen Air Force Base 1985-1988

Naval Air Station 1985-1988

Naval Communications Station 1960-1989

U.S. Oceanography (CTR) 1985-1988

U.S. Oceanography (DEn 1985-1988

GHURA Dededo 1987-1988

Mangilao 1985-1988

Tamuning 1951-1962

Adelup Station 1947-1957

Pago River 1947-1967

Nimitz Hill EWC 1945-1974

Mt. Chachaco Rain Gauge 1985-1988

Mt. Tenjo Station 1947-1956

Windward Hills 1985-1988

Ylig Filter Plant 1953-1974

Fena Dam 1950-1969

Fena Filter Plant 1985-1988

Almagosa Springs 1947-1968

NASA Tracking Stat~on 1985-1988

lnarejan 1947-1966

Umatac 1985-1988

oTABLE 3-1
AVERAGE ANNUAL RAINFALL BY LOCATION

o
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Because of Guam's isolation as an island community, it is totally reliant on its own resources

under all situations. This becomes readily apparent when typhoons periodically ravage the

Island. One of the major tasks in the review of existing facilities was to evaluate the ability

A second element which played a major role in the master planning program is the

interrelationship of the water systems serving the civilian Guam population and the systems

serving the various military facilities on the Island. In the past, the military have developed

their own water supplies which for the most part are separate from those of PUAG. While

the nature of military operations on the Island requires self-sufficiency to be assured of

meeting critical situations, it is nevertheless vital that the total available water resources of

the Island be allocated both for civilian and military needs to ensure that the water is fairly and

equitably distributed.

Purpose of Study

Guam is unique in many ways including the water supply situation. Because of its island

setting, Guam must make full use of its available water resources. In order to optimize

development of the Island, it is critical that the quantity of water available from various

sources be defined as accurately as possible. The capacity of the northern groundwater

_.aquifer is, of course, limited, as are all freshwater lenses on Pacific islands. Surface water

runoff is also limited and varies with rainfall, topography and other physical characteristics of

the various Island watersheds. One of the key elements addressed in the Water Facilities

Master Plan is the impact of projected hotel and resort development on the available water

supply on the Island, and its relationship to Island water facilities and supplies required to the

year 2010.

Background

On October 31, 1989, Barrett Consulting Group Inc., submitted a proposal in response to the

Request for Proposals published for the preparation of a Water Facilities Master Plan by the

Public Utility Agency of Guam (PUAG). After consideration of proposals and an interview. a

contract was negotiated with Barrett Consulting Group Inc. in April, 1990

CHAPTER I

INTRODUCTION
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Organization of Report

The report consists of nine chapters plus Appendices A through I. Chapter I, the Introduction,

describes the purpose of the study and the scope of work. Chapter II summarizes pertinent

conclusions reached during the study and makes recommendations. Chapter III is a

generalized description of the study area and includes population projecdons. Chapter IV

describes in detail all physical facilities reviewed, evaluates the condition and operation of the

facilities as reported by PUAG and GEPA, documents deficiencies and describes possible

remedies. Chapter V describes study findwngs in the areas of water production, water

demands by type of customer. unaccounted-for-water, per capita demand values, and

ultimately develops Island-wide water requirements to the year 2010. Chapter VI enumerates

the basic design criteria used in the evaluation and planning of proposed water system

improvements. Chapter VII discusses study fwndingsregarding bacterlotoqlcet, phys~caland

chemical quality of raw water supplies and potable water as de~iveredto customers and also

discusses the impacts of the Safe Drinking Water Standards. Chapter VIII includes an

Scope of Work

A detailed scope of work was prepared to define the tasks necessary to prepare the Water

Facilities Master Plan. Specific tasks that comprise the scope of work are described in
Appendix B.

Many of the community water systems on Guam have, in the past, experienced operational

problems. A high unaccounted-tor water rate, widely fluctuating water pressures and periodic

poor water quality are some of the difficuldes encountered within the system. Consequently,
the Guam Environmental Protection Agency (GEPA) and the Public Utility Agency of Guam

have performed an in-depth sanitary survey of the water system entitled PublicUtility Agency

of Guam, WaterSystem Sanitary Survey FY'88 and FY'89 Report (WSSSR), which was

conducted by GEPA and completed in 1989. The purpose of the survey was to identify
problem areas and to evaluate exmstingfacilities so that system improvements and procedures

could be identified that would, when constructed and implemented. guarantee water.service

to the affected communities that meets all current standards.

of PUAG's facilities to meet water demands under maximum day demand conditions. Such

an evaluation requires consideration of power supplies, water storage facilities, pumping

equipment and interconnections between various water systems.
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evaluation of the Island's available water resources and discusses the feasibility and need for

future development of alternate sources. Chapter IX discusses the adequacy of the existing

water distribution system in light of future water requirements and includes a discussion of

needed improvements.
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5. Utilizing the population projections presented in the Growth Trends Analysis conducted

for this study, it is estimated that Guam's population, including the current "base"

civilian, hotel-induced civilian and military segments, will increase to approximately

336,,000 by the year 2010.

4. It is probable that the tourist industry will continue to grow in the future at a gradually

decreasing rate. For water system master planning purposes, it has been estimated

that the number of hotel rooms will increase from over 4,000 in 1990 to over 48,700

by the year 2010.

3. Guam's non-military owned land is classified into four land use districts; urban, rural,

agricultural, and conservation. The Bureauof Planning has recommended that no new

water facilities be located within conservation areas because of the tendency to

stimulate growth.

2. Topographic and geologic features divide Guam into contrasting northern and southern

areas. The north is characterized by a porous limestone plateau bordered by steep

cliffs. The southern portion of Guam is volcanic and mountainous and is covered by

ravine forests and savanna grasslands. Unlike the north, southern Guamhas numerous

streams draining into the ocean.

The Study Area

1. The weather on Guam is warm and humid throughout the year. The mean annual

temperature is about 81°F with rainfall ranging from 80 inches on the central and

coastal lowlands to about 110 inches on the uplands in southern Guam. Minor storms

or squalls can occur at any time with little notice and typhoons are not uncommon.

The following paragraphs summarize the contents of the report. Conclusions and

Recommendations begin on Page 2-11.

CHAPTER II

CONCLUSIONS AND RECOMMENDATIONS
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3. The PUAGsystem hasconnections to the U.S. Air Forceand U.S. Navywater systems

at numerous locations; many of which have not been used since the expansions of

PUAG's distribution system.

2. Historically, the southern villages of Guamhave relied on local streams and springs for

their water supply" The majority of these production facilities are marginal, at best.

The completion, by PUAG, of a major water transmission line to southern Guam in

1985 now allows water from northern Guamto be transferred as far south as Merizo.

The local water supply for the village of Merizo is currently augmented by water

imported from the northern groundwater supply, while Yona, Inarajan,andTalofofo are

now totally dependent on imported water. The GeusRiversupply, serving the Merizo

community, does not receive adequate treatment.

Existing Water Systems
1. The northern aquifer, or lens, is Guam's primary source of potable water. PUAG

currently operates a total of 91 producing deep wells in the northern aquifer; an

additional 14 wells havebeenconverted hom production to observation wells. A total

of 105 wells (including the 14 not in operation), and two infiltration tunnels, one of

which is abandoned, comprise the northern aquifer supply. The U.S. Air Force,U.S.

Navy, and private water systems presently withdraw over 8 MGO from the northern

aquifer. Only 25 well stations are provided with standby-power" therefore most

community water supplies are quickly depleted during power outages.

6. Four regional water service areasdesignated "An, "B", "C", and "0" and conforming

to the Bureauof Planning'sLand Use Plan and the original Water Facilities Master Plan

are utilized hereinas a basis for water system planning. RegionalWater Service Area

"A" is located at the northern end of the Island. The communities served by Area "A"

include Yigo, Manchano (AgafaGumas), Dededoand HarmonVillage. RegionalWater

Service Area "B" consists of the north central portion of Guam including Asan, Piti,
Agana Heights, Sinajana, Chalan Pago-Ordot" Mongmong-Toto-Maite, Mangilao,

Barrigadaand Tamuning. RegionalWater ServiceArea "C" is located along the west

central coast of Guamand servesAgat-Santa Rita. RegionalWater Service Area "0"

encompasses the southern end of the Island. The areas served in Area "0" include

Yona, Talofofo, Inarajan,Merizo and Umatac.
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PRECIPITATION BY MONTH
SOURCE: WSMO GUAM

FIGURE 3-4

AVERAGE PRECIPITATION, YEARS 1960-1989
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Soils and Geology

The islands composing the Mariana Islands chain are the high points of submarine ridges that

are paralleled by deep trenches. Faulting has been prominent. causing uplift and tilting in the

northern land areas and steep western cuestas in the southern Guam areas. Due to its close

proximity to the Marianas Trench, Guam is subject to unpredictable earthquakes of high

intensity. Since 1902, at least 100 earthquakes in the Marianas/Guam region have been

recorded w~th a magnitude of 6.0 or greater on the Richter Scale. A minimum of 16

destructive earthquakes have taken place since the 1800's.

Topography

Topographic features divide Guam into a northern and southern portion as shown on Figure

3u,5. In the north. a limestone plateau, bordered by steep cliffs, slopes southwesterly from

an elevation of 600 feet to less than 100 feet at the midsection of the Island. The plateau

surface is generally uniform and is interrupted by just three hills; Barrigada Hill (elevation 665

feet), a broad limestone dome; Mount Santa Rosa (elevation 858 feet) and Mataguac Hill

(elevation 630 feet) both composed of volcanic rock. There are no perennial streams within

the northern plateau area due to the h~ghpermeabillity of the limestone. During heavy rains,

drainage can be seen flowing in ditches and channels, but the water quickly disappears into

numerous sink holes and f~ssures.
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In contrast. the southern portion of Guam is volcanic and mountainous. covered by ravine

forests and savanna grasslands. A nean1y continuous mountain ridge parallels the coastline

from Piti to the Island's southern tip. Several peaks in the ridge, which is approximately one

to two miles inland from the western shoreline, are a thousand f,get or more above sea level,

the highest of which is Mt. Lamlam with an elevation of 1,332 feet. Unlike the northern part

of the Island, southern Guam has more than 40 streams draining into the sea. The streams

on the western slope of the mountain ridge are short and generally characterized by steep

gradients and drainage areas of less than three square miles. The streams on the eastern

slope of the ridge have lower reaches rasultinq in wide, fertile valleys. Drainage areas of the

eastern streams range from less than one square mile to about 28 square miles. Fena

Reservoir, the Island's only major surface impoundment for potable water, is located

approximately 2-1/2 miles to the southeast of Santa Rita. Guam's physiographic divisions are

shown on Fmgure3-6.
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The permeability of the volcanic rock and clastic sediments is low, with the upper few feet

having slightly higher permeability than the underlying material. The limestone overlying the

volcanic and clastic rock has high permeability.

The geologic formations south of an imaginary boundary line between Pago Bayand Adelup

Pointconsist of a complex of pyro-clastic rock and lava flows, clastic sedimentsderivedfrom

the volcanic rock, and small amounts of intermittent limestone which make up the Alutom,

Umatac, and Bonya formations. Overlying parts of the complex are Alifan Limestone

formations forming caps on peaks and ridges, and the Mariana Limestone forming marginal

aprons along the coast.

The Barrigada Limestone in the nonargillaceous formations of the Mariana formations are

virtually purelimestone and are overlain by a thin friable redsoil containing a largepercentage

of aluminaand iron oxide. TheAganaArgillaceousmemberof the Marianaformation generally

contains about 6 percent disseminatedclay and locally up to 50 percent clay in cavities and

fissures. Much of the Argillaceous limestone is covered by several feet of clay soil.

The Agana Argillaceous member of the Mariana Limestone formation underlies an area of

several squaremiles in the southern part of the plateau. This formation extends below sea

level in the narrow waist of the Island and rests on a steep surface of volcanic rock dipping

northward near the southwestern border of the outcrop running from Pago Bay to Adelup

Point. The Argillaceous Limestone has moderateto high permeability.

The northern plateau's principal geologic formation is the BarrigadaLimestone. Lying on an

irregular surface eroded in volcanic rock of the Alutom Formation, the BarrigadaLimestone is

overlain by a thin layer of the MarianasLimestoneformation. The volcanic rock base of the

BarrigadaLimestone is generallybelow sea level. It extends, however, above sea level in an

area of several square miles near the northern end of the Island and projects through the

limestone at Mt. Santa Rosaand Mataguac Hill. The limestone plateau is characterized by

numerous caverns, fissures and other solution openings, thus giving the rock a high overall

permeability. Table 3-2 describesthe various geologicalformations of Guamand their water­

bearing properties.
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Permeability is moderate in a few places but mostly is low. Saturated with
water at variable depths below the surface, but yields water slowly to wells.
Surficial mantle of weathered material contains small perched supplies in
many places.

Largely saturated with water below depths of a few tens of feet beneath the
surface, but the rocks are)poor water-bearing materials because of low
permeability. A surficial mantle of granular weathered material commonly
contains thin bodies of perched water that discharge at seeps.

I

Sand and gravel have moderate to high permeability and, below sea level, are
saturated, mostly with brackish water but locally with small quantities of
fresh water.

Most of the material is saturated with water a few feet below the ground
surface, but because of low permeability it does not release water readily.
Water is fresh except at the shore.

Permeability of nonargillaceous limestone is generally very high but irregular.
Where the rock extends below sea level, it commonly contains relatively fresh
basal ground water, but numerous solution channels and fissures may
promote sea-water intrusion in some places, especially in coastal areas.
Permeability of the argillaoeous member is moderate to high.

Permeability is moderate to high. Contains perched ground water in some
places in southern Guam where it lies on less permeable volcanic rock. Is the
source of several perennial springs. Talisay Member has low permeability, but
clayey limestone yields water at small and mostly intermittent springs.

Permeability low to mOdJatelY high, but does not contain water.

Permeability of the rock ij high. Wherever it extends below sea level, it
contains fresh basal ground water as much as 7 ft. above sea level. This
rock supplies numerous wells.

Generally high permeabiliJ, but because of its small extent it contains very
little ground water.
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Source: Hydrology of Guam, U.S. Geological Survey, Professional Paper 403-H, 1965.o

Poorly sorted clay, silt, sand and small amounts ot gravel occur chiefly in the bottoms of valleys,
and muck and clay in marshy estuarine deposits along the west coast. Maximum thickness is
about 100 ft.

A complex of reef and lagoonal limestone consisting of a fore reef facies, a reef facies, a detrital
facies, a molluscan facies, and the Agana Argillaceous Member. Underlies most of the north half
of Guam; forms a broad marginal aJ?ronalong. the east coast between Pago Bay and Inarajan; and
forms Orote Peninsula. Agana ArgIllaceous Member underlies the narrow waist of the island and is
dominant in the apron along the east coast. Maximum thickness is greater than 500 ft.

Generally massive poorly' to well-consolidated detrital limestone, recrystallized in some places.
Forms caps on Barrigada Hill, Nimitz Hill, and the high ridge between Mount Alifan and Mount
Lamlam, and crops out in small patches along the coast in the Apra Harbor area. Includes Talisay
member, at base made up of volcanic conglomerate, bedded marine clay, marl, and clayey
limestone. Maximum thickness of formation is about 200 ft.
Well-bedded tuffaceous limestone. Small lenticular deposits crop out in several localities along the
northeast coast between Lujuna Point and Anao Point. Maximum thickness is about 70 ft.

Pure detrital limestone, fine grained and homogeneous, massive, and weillithified to friable.
Underlies most of north half of Guam and crops out over a broad ring-shaped area in north-central
part. Width of the outcrop averages about 1 mile. A southern extension of the outcrop encircles
Barrigada Hill. Thickness probably is greater than 540 ft.

Friable to compact clayey medium- to thick-bedded jointed and fractured detrital limestone.
Exposed principally in small outliers in the Fena-Talofofo valley, in small patches on southeast side
of Ugum River, in the Togcha River valley, and near Mount Santa Rosa. Maximum thickness is
about 120 ft.

Predominantly a volcanic formation made up of the following member: Dandan Flow Member
(basalt lava flows); Bohanos Pyroclastic Member (breccia conglomerate, sandstone, and shale);
Maemong Limestone Member (limestone and calcareous tuff); and Facpi Volcanic Member (basalt
lava flows, shale, sandstone). Underlies most of Guam lying south of a line between Talofofo Bay
and Agat Bay. Total stratigraphic thickness is greater than 2,000 ft. Extends below sea level
throughout area.

Fine to coarse Qrained well-bedded tuffaceous shale and sandstone, lenses of tuffaceous
limestone, and Interbedded lava flows. Includes the Mahlac Member consisting of thin-bedded to
laminated friable calcareous shale. The rocks cover a large area in central Guam from the vicinity
of Asan and Piti villages to Mount Jumullong Manglo and the northern environs of the Fena basin.
Underlies younger rock in north half of Guam and crops out at Mount Santa Rosa and Mataguac
Hill. StratIgraphic thickness greater than 2,000 ft. Extends below sea level throughout area.

Unconsolidated calcareous sand and gravel; consolidated beachrock in intertidal zone. Occurs
irregularly along the shore, particularly in beaches in embayments.

Alutom formation

Umatac Formation

Bonya Limestone

Barrigada Limestone

Janum Formation

Alitan Limestone

Mariana Limestone

Alluvium

Beach deposits
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Late Miocene and
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Recent
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RURAL DISTRICT. Those areas of probable future expansion of urban districts and

primarily characterized by mixed, low-density residential lots and agricultural use.

Maximum density (other than certain specific areas existing with a higher density)

should not exceed one dwelling per one:haH acre, where an urban level of services,

structures, streets, and concentration of people are absent.

Within urban and other districts, there will be designated Areas of Particular Concern

(APC) which would generally include areas where natural resource value (including

areas suitable for intensive development, such as ports, power facilities, etc.) or where

hazards play an important role in determining the suitability of land for particular uses.

Designated urban districts are those where the Government of Guamis now providing,

or has projected, expansion of infrastructure (roads, power, water, sewer and other

services) which would enable an area to support high-density development.

URBAN DISTRICT. Those areas characterized by intensive, high density use including

residential, commercial, and industrial uses as well as public facilities and designated

park areas. Boundaries of urban districts included lands now in urban use and a
sufficient reserve area for foreseeable urban growth.

land Use
As mandated by Public Law 12-200, in 1978 the Bureau of Planning prepared the Land Use

Plan Guam, 1977-2000, as a component of an overall comprehensive development plan for

Guam. A new Land Use Plan is currently being prepared, but at the time of this report is

incomplete. In the existing Land Use Plan, Guam's major land areas were identified and

evaluated for development potential, existing characteristics and environmental restrictions

or ecological complexity. Based on this evaluation, four civilian land use districts were

defined; namely, urban, rural, agricultural, and conservation. A map indicating the boundaries

of each of the four general types of districts is presented as Figure 3-7. Excerpts from the

Land UsePlan which characterize and define each of the four types of districts are as follows:

Unconsolidated deposits of alluvial clay having some silt, sand, and gravel underlie the floors

of large valleys and form irregular narrow bands in coastal low lands along with Island's

southwestern coast. These deposits generally have low permeability.
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The delineation of agricultural districts has specifically been limited to land areas that

are fairly level and contain adequate soil conditions. Soil data are concerned with

depth, texture, drainage, stoniness, and fertility. The proximity to watershed areas

(irrigation sources) enhances agricultural growth potential within individual district

areas. Agricultural land, however, is kept at a buffer distance from major surface

drainage rivers or aquifer recharge areas due to the potential adverse effects of

pesttctdes , fertIlizers, and slaughterhouse leachates on w ste: qua ity.

Theprimary development guideline for agricultural areas involves the discouragement

of urban level density within an agricultural district. A necessary amount of

infrastructure and residences must accompany agricultural land use. However,

excessive development of roads and residences, particularly when land-grading or soil

removal is in effect, begins to degrade and dissect large tracts of land and agricultural

acreage begins to assume rural or urban characteristics.

AGRICULTURALDISTRICT. Thoseareas characterized by topography, relationship to

water resources, soils, existing or potential capacity of intensive cultivation.

Agricultural activities include four basic elements: field farming, livestock and poultry

production, aquaculture, and forestry. Hydroponics is a form of agriculture,· however,

self-contained environmental controls can permit its use within an urban or rural

district. Included in the definition of agricultural land useare services and facilities and

uses related to the above elements, but not limited to farm residences, storage

facilities, animal shelters, and road-side markets for the sale of agricultural products.

Open-space areas and small-scale recreational facilities are clearly compatible with

agricultural land use.

Within designated rural districts, the Government of Guam is not committed to

providing such iuben-tevet services as sewers, road improvements for all lots, or water

and power other than at a basic level until such a time as the designation is changed

to urban. If urban development is proposed and accepted as compatible to the rural

district by various overseeing agencies and commissions, the developer should be

charged with the responsibility of providing all infrastructure if the rural district is

retained.
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Forthe purposesof the WaterFacilitiesMaster Plan, the ultimate obiectlve in analyzingfuture

growth trends is to project future water demands and the possible distribution of these

demands. To meet this objective, future population levels and their distribution must be

GiiV'enthese significant shifts in landuse patterns, and the fact that the update of the original

Land UsePlan is just now being undertaken, a growth trends analysiswas conducted for the

purpose of updating the Guam Water Facilities Master Plan (GWFMP)., This growth trend

analysis is discussed in the foUowingparagraphs.

Growth TrendsAnalysis

Need for Analysis. The above district delineations and definitions were derived from a wide

range of data including environmental research, public investment and aerial photography.

The land Use Planwas intended to be used as a decision making tool for Guam's future

development includingplanningof water facilities expansion. However, the land UsePlanhas

not been closely followed by permitting agencies or planning commissions since its

completion. Although land use, in general, still follows the patterns originally prescribedby

the Bureau of Planning(BOP), it is beginning to change significantly with the rapid pace of

resort developmentonGuam. This is particularly true of the easternandsouthern agricultural

areasof the islandwhere large destination resorts are being plannedand constructed.

CONSERVATIONDISTRICT. Thoseareas necessary for protecting water-sheds and

water resources,preserving scenic and historic areas;providing parklands, wilderness

andbeaches;conserving indigenousplants, fish and wildlife; preventing floodsandsoil

erosion; and enhancement of forestry developmentpotential. Theseare usually more

specifically classified as variousareasof particular concernand permitted uses would

include those existing uses within these designated areas. Such uses may include

limited agriculture, associatedstructures, park development, non-intensive recreation

areas, openspace, aquaculture, or other uses not determined to produce irreversible

adverse impacts. Thescenic vistas and detailed beauty of conservation districts are

resources of immeasurable value. Undeveloped areas provide a place for nature

observation, scientific study, and preservation of the overall aesthetic appearanceof

Guam. Conservation districts not only enhance the quality of life for the island

resident, but entice the economically important tourist.
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2. Continuation of Current GovernmentPolicy. The attitude heretofore exhibited by the

Governmentof Guamwhich hasencourageddevelopment of Guam's economy and its

tourism industry is assumed to continue to the planning horizon. The record of

development variances and qualifying certificates issued to projects indicates the

1. Continued Growth of Tourism. At present Guam's tourism market is strong but

inextricably tied to Japan. As of October 1989. visitors from Japanaccounted for 85

percent of the 552,714 tourists to Guam. Ownership of resort facilities are also

almost exclusively Japanese. Consequently. the viability of Guam's tourism industry

is highly dependent on the economic well-being of Japan and its people. For the

purpose of this study, the continued growth and viability of Guam's tourism industry

was assumed.

Assumptions. Sincethere are numerousvariablesthat can affect the course of future events,

particularly the establishment and implementation of a definitive land use plan, reasonable

assumptions about future conditions had to bemade in order to prepare projections useable

in developing a water master plan. The following assumptions were made in preparing this

update of the GWFMP.

It should be noted that upon completion of the update of Guam's Land UsePlan. it will be

necessary to re-evaluatethis Water Facilities Master Planand it may be necessary to revise

specific elements of the plan to reflect the differences in projections of Guam's future
population and land use patterns.

Because the update of Guam's Land Use Plan is yet to be completed, the growth trends

analysis that was performed for this Water Master Plan was conducted considering the

existing population and land usetrends. However, the projectionof future population and land

use trends is not as easily determined. Various assumptions needed to be made and these

had to be combined with factors that may inhibit growth. On this basis. several scenarios of

future population levels and distribution were derived.

projected. A critical factor in such projections is the establishment and implementation of a

definitive land use plan for the planning period.
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"Mega-Resort" Development in the South. Large, seU-contained, destination resorts,

designed for residence and recreation, have been proposed by J1apanesedevelopers for

the southern portion of Guam. Although there msconsiderable land area available in the

south it is currently zoned agricultural and potential developments have met with

vocal opposition from some southern residents. Although it appears likely that such

developments may eventually occur in the south, it is almost impossibmeto reliably

predict when, where, and how big these wm be. Consequently, the study has

projected only those developments that are under construction or are known to be

goilng in by virtue of approved zoning variances. The advent of such developments

4.

Military Population. Mil~tary population, including dependents of military personnel, is

assumed to be constant. Although significant changes in the military population or

water demand could occur, should bases in the Republic of the Philippines be

relocated, for example, there is no way to reliably predict this occurrence. Recent

statements by both the U.S. Navy and the U.S. Air Force on Guam claim that they are

unable to predict any long term expansion or reduction in their presence on Guam and

that the expectation is to maintain the status quo.

3.

Federal government poncies on land ownership shall also be assumed to continue

unchanged. A signifmcantamount of federally held lands are in prime development and

water resource areas. Thiisstudy assumes that ~andscurrently occupied by the federal

government will not be significantly reduced. However, it should be noted that recent

statements regarding sovereignty and the transfer of lands mn8arrigada may portend

future changes to this assumption. There have also been lands under federal

government control which have been declared as surplus lands and which are slated

for return to either the Go,vennmentof Guam or the original land owners.
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government's encouragement of resort and tourism growth. However, ~tnow appears

that a moderate shift in attitude is occurring which will favor management of the

growth being experienced in Guam. It is anticipated that the updated Guam Land Use

Plan currently being prepared will express this shift in attitude. However,. until the

Plan's completion, it must be assumed that the official policy will remain "pro­

development" as in the past.
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2. Resldential Land Use. Residentiallanduses,while in competition for manyof the same

natural resources and conditions sought by resort development, are more likely to

locate in areas of convenience. Proximity to employment, existing infrastructure,

circulation and ease of access significantly influence the location and direction of

residential development. Since existing residential areasalready havemany of these

As has been experienced in Hawaii, a trend towards "mega-resorts" has begun to

appearonGuam. Essentiallyself-contained "destination resorts," such developments

are lessdependent on traditional oceanand beach resourcesfor siting. Instead, their

feasibility dependsmore on the potential for developingon-site amenitiessuch as golf

courses. As a result, they can developon large tracts of interior land and thus put all

of Guamin a potentially developablestatus. Consequently, the entire island of Guam,

not just areas with access to the ocean, must be considered as a potential land

resource for resort development.

The proximity of Guam to Japan is another driving resource. With Japan's strong

position in the world's economy, the opportunity for Japanese to venture to U.S.

territory just 2-1/2 hoursfrom Tokyo, can provideGuama potentially long-term market

of tourists. Evenpresuminga levellingoff or drop in Japan's economic position, Guam

could possibly remaina closer and less expensiveplace to visit than, say, Hawaii, its

greatest competitor for the Japanesetourist.

1. Resort Land Use. The existence of natural resourceswhich make Guamattractive for

resort development are abundant. The entire island, each district with its own

particular land forms and natural advantages, is conducive to resort development.

Land Use Trends. Throughout the last half of this century, land use on Guamhas beenmost

influenced bymilitary presenceonthe island. However, in the past few years, the accelerated

paceof tourism andresort demandhasalteredthe historical patternsof use. Not surprisingly,

in the growth trends analysispreparedfor this plan,two key determinants of future land use-­

resort and residential needs--were identified.

in the south would significantly alter the demandand distribution scenarios put forth

in this version of the GWFMP.
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Commercia I land use is expected immediately adjacent to 1he major roadways. The

Mrcronesian Man is expected to serve the regional sho j:ping reeds of the antmcmpated

popula 10n.Smaller neighborhood shopping complexes w'~1pr ombly avoid competing with the

Mall by the leasing of their shops to service and convenence businesses.

[)ededo. Dededo is foreseen as a residential community of local population servicing the

em plOymentcenters of downtown Agana and resorts at Tu rrnn Bay. Expansion of residential

develop rnentwithin Dededo is imminent, with development and redeve Iopment beginning with

pro pEl rtiescjosest to the highways. A mix of low to mediu mdensity projects is expected with

Jfessure f rJ development of single family residences movin g further north.

North

The northern region of Guam consists of the Municipalities of Dededo, Tamuning and Yigo.

This region is envisioned to be the most heavHypopulated and the first to be urbanized. The

first order of devel.opment pressure is projected to extend progressively outward from the

Tumon-Agana centroid along Marine Drive.

For the purpose of discussing land use trends in this study, the island is divided into three

regions--north, central and south. Figure 3-8 illustrates the predicted direction and preference

of projected growth. A summary lof the conclusions regarding land use trends in these regions

follows.

While vacant lands will likely be developed first, as the growth of development

continues some older areas may be redeveloped. The replacement of many sing~e

family residences in Tumon, Tamuning, and Harmon with condominiums and

apartments is an example of this trend. Consequently, the potential for redevelopment

of existing residential areas must be included in considering the distribution of future

land use.

qualities, they can be ideal sites for additional residential development, providing

sufficient space for the expansion is available.
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The majority of the region's activity is expected to occur In Barrigada, Chllan Page-Ordot,

along the coast of ManaUao. end, to 8 limited extent, Mongmong-Toto-Maite.

Canusl
The Central region incrudes the municipalities of Agana, Agans Heights, Sinajana. Chalan

Pago-Ordot. Barrigada, Mangilao, Mongmong-Tofo-Msite, Piti and ABan.

D
J
o
o
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YIgo. Ylgo Is also expected to receive soma of the growth pressures of the north. More

remote than OedadoandTamuning, Yigo should continue to receive .ingle familv development

end more pre8sure for golf course developments. As densities in Dededoand Tamunlng begin

to increase, overflow should mova into Yigo. A greBter proportion of this increase Isexpected

in the yallrs beyond 2000.

Both sides of Marine Drive are prime epartment areas with easy access to the high

employment centers. It;s also an Ida8110c8tionfor daveJopmemof medium priced housing.

A mixture of commercial, existing Industrial, and residential in-fill are expected to result in

medium density development for this area. Active redevelopment of properties into higher use
should also be expected.

o
o
o
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In the area between San Vitor" Boulevard and the cliffline along Marine Drive. high density

residential use, such as high rlsa condominiums and apartments, can be expected. Higher­

priced single family residential use Is projected to continua in the areas close to the Guam

Memorial Hospital.

Tsmuning. Land use in Tamuning will be dominated bV resort activity at Tuman Bay where

much of the present boom is now occurring. The present pace of development should

continue into the near future with over 11,400 currently proposed hotel rooms coming on Une

within the 1993-1996 tima frame in this areaalona. Landuse along the shores of Tuman Bay

will be traditional resort hotels interspersed with some commercial and shopping

development.. Economic pressures to put property to the highest and best use will continua

to entice the redevelopment of le8ser producing properties. Ultimately, Tumon is expected

to achieve development densities and characteristics similar to those of Waikiki in Hawaii.
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During the latB 1960' a. Guam', tourist industry was severely hindered by the lack of
accommodation,. This situation was ren:tediedin the early 1970's by the construction of
several large hotel. in the Tuman Bay area,(sBeTabte 3-3). The increase in hotel rooms
combinedwith the incralll8 in direct, scheduled airtine flights resulted in tremendous visitor
growth. By 1974. the number of tourists increased to 2.60,568, representing an average
growth rate of 67 percent plr year since 1969.

Tourlam
Until 1961, when PresidentKennedyramovedthe tscurity clearancerequirement for visitors

to the laJand. Guam'. tourist industry was practically non-existent. In 1962 and 1983
Typhoon Keren end Typhoon Olive davastated most of the Illa'nd and vlrtuelly destroyed

physical facilities built to accommodatethe newly developedtourist industry. It wasn't until
1967, nearly five years after the typhoons. that Guamwas once again preparedto enter the
tourlat market. The first direct scheduled flight from Japan to Guamwas initiated in May of

1967.

Larger. "mega-resorts" appear to be In the offing for 'narajan and Aget. These reBortsare
expected to ba 88lf-contalned residential and recreational entities thet would also generate
moderate to low levels of adjacent residential development off-aite.

Yona is currently experiencing oneof the first "mega-rasort" developmenta, ManangonHilla.
Continueddevelopment i,projected fot Yonllllnd ita evolution lIS a southern commercial hub
with a shopping center would not be surprising. Tna development in Yona would have a

secondary affect of stimulating growth in ChelanPagoand Mengilaodue to their advantage

in location betw"en Yona and the more populated districts of Barrigadaand Tamuning.

South

The southern ragion is defined IS the municipalities of Agat, Santa Rita, Umatac, Merizo,

fnarajan.Tafofofo and Yona.

Barrigada is expected to receive a high degree of development of single family end lower
density, multi-family housing as an overflow of Tamunlng and Dededo. However, assuming
no relsase of military lands to civilian authority. this deveropment i8 expected to and,rather
abruptly B8 its available lands Bre axhausted.

JUL 28 '95 09:25 PUAGGUAM(671) 649-0158
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0
0

TABLE 3·3

0 TOTAL NUMBER OF HOTEL ROOMS

Number of Percent Change
Year Room. Ovar Previous Year

0 1968 270
1969 520 92.6

0 1970 680 30.8

1971 1,020 60.0

0 1972 ',240 21.6
1973 2,090 68.5

0 1974 2,250 7.7

1975 2,560 13.8

0 1976 2,360 -8.2
1977 2,081 -, 1.4

0 '978 2,080 0.0

1979 2,336 12.3

0
1980 2,346 0.4
1981 2,345 0.0
1982 2,418 3.0

0 1983 2,919 16.7
1984 2,964 5.1

0 1986 2,991 0.9
1986 3,248 8.6

0 1987 3,864 19.0
1988 3,939 1.9

C 1989 4,133 4.9
1990 4,288 11.4

U Planned 1991 10,610 147.4

Planned 1992 , 6,932 59.6

0 Planned 1993 23,254 37.3

D Source: S,.t16fio"Ab"..et, Vol. " Gu.m 11t11.'9" Qu.mAnnu.U:tIOfl"mk
ReI/lew,.nd Summ~ of GMen!Ten"",,, S,.tn~ end 0",,,,
I1IftlmHIHon.July 1890. a.p.nment of Commoro" Ciovemment of

0
Guam; Tonltori., LendU•• Camml.. ion,.Bur• .u 1)f PI.nning.

J] 3 - 24



• Guam posseHes outstanding natural beauty.

• Guam'. political and social conditions ara favorable facto's for foreign
investment. Guam has 8 hi8tOryof political stability.

• Guamhas opportunities for expanding air routel.

Guam'. proximity to Japan and Its strategic location in the PacIfic wllf make

the 'aJand It uniQue place which no other country can match as a tourist
attraction and 88 a business/financial center.

Other fector. which enhance Guam'. potential as a tourist destination, described in the
Bureau of Planning raport, GfOwth Policy of Gusm# 1977, and cited in the original Watsr

Faci/ities Master Plan, bear repeating here.

Perhaps the single greatest factor in the rejuvenation of Guam', tourism industry has been tha
strengthening of the Japanel8 economy. AI indicated In Tabla 3-15, tha overwhelming
majority of Guam's visitors and tourists have bean from Japan. Consequently, the tourism
industry on Guam ilalmcat totally dependent on the Japanesemarket and the strength of the
Industry is essentiarlytied both to the wen-beingof tha Japanels economy and the willingness
of tha Japaness governmsnt to allow its citizens to Invest in and transport expenditurss to

other countries.

Recently, however, Guam hal seen II resurgence of its visitor and tourist industry. As shown
in Table 3-4. the number of annual visitors to Guam has grown to 8 total of 780,400 for the
year 1990, en increaseof about 22.0percent over the vear '977 and about 74 percent ovar
the year' 987.

In 1915, the industry sufferad another setback as the ffow of visitors declined. Many factors

contributed to the decrease in visitor traffic, including the 1975-1976 worldwide recession,
increasing competition for Japanese tourists from ather ar888, lack of public transportation
facilities, and an increase in the local crime rate. Perhaps the major limiting factor was
Guam's lack of adequate tourist activities and attractions or destination points.
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0
0

TABLE 3-4

0 VISITORARRIVALS

Number of Percent Change
Year ArrIvals Over Previaul Year

0 1969 58,265

1970 73,723 26.5

0 1971 119,124 61.6

1972 , 85,400 55.6

0 1973 241,140 30.1

1974 260,570 8.1

0 1975 239,700 -8.0
1976 205,100 -14.4

lJ 1977 243,330 18.6

1978 238,820 ·1.9

0 1979 272,680 14.2

1980 300,770 10.3

0 1981 321,770 7.0

1982 326,390 1.4

0 1983 360,640 1.4
1984 368,660 5.2

0 1985 378,160 2.6

1986 407,100 7.7

0 1987 447,500 9.9

1988 576,170 28.8

0 1989 668,748 16.1

1990 780.400 16.7

D
0 80\&'0': S,.".t{e.' Ab.t"ct, Vol. 8, Guam 1877.nd 1969 GHm Eeanomle

R.vI.w, Dlp'''m,n, ofComm,roo, Goy.,.,.".nt of Gu.m; L.ndU.,

0 Commi.1Han:Bur.au of PlannlnQ;QUlm VIsitor'. Bureau

0
C 3 - 26
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0
0 TABLE 3-5

DISTRIBUTION OF VISITORS BY COUNTRY OF ORIGIN

0 P.rcent of Total Vilitor Arrival.

Pacific

0 Vear Japan U.S.A. Island. O1her

1969 50 32 18

0
1970 60 24 18
1971 71 17 12

1972 76 16 9

0 1973 70 16 16
1974 66 11 23

0 1976 87 9 24

1976 69 9 17

0 1977 63 12 25

1978 70 14 7 9

0 1979 72 13 9 6

1980 76 12 7 5

0 19B1 81 8 7 4

1982 84 8 5 3
1983 85 6 6 3

0 1984 84 7 8 3

1986 83 7 7 3

0 1986 84 7 8 3

1987 S6 7 6 2

0 1988 86 6 6 2

1989 84 6 6 4

0
[]

U Sourot : S"tllrI~1Ab.".ot.Vol.B ,GUIIn 18:77 .nd "" Ouem Anllull~ R.vi.w. OIJ/lrtmtnt
of Commerol, Gove.mment ot Guem '.

0
0 3 - 27
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It is difficult to project future tourist growth trends. Nevartheless, it is necessary to estimate

a range for future tourism as the industry has direct and indirect impacts on water system

master planning. In making thele projections ;t is important to acknowledge that Guam

currently enjoys an extremely favorable position in the eyes of the Japanese. The

consequence to Guam If the Japanese attitude were to change would \)e ~everB. As it is not

feasible to accurately predict any changes in this attitude, the Water Facilities Master Plan

assumes thlt no change in Japan's positive attitude towards Guam occurs during the 20 yesr

planning period.

It should be noted that these numbers only represent those developments that have applied

to the Territorial Land Use Commission (Tl.UC) for conditional use permits or variances. It

does not Include developments that fell within the requirements of their particular zone and

have no need of TLUC action. While the Department of Public Works (DPW) liste building

permits by type of construction-e.g. Residential, Hotel. Condominium, Commercial, atc.--it

has not indicated. in the past. the total number of units per construction type. However, even

a conservative estimate, based solely on those rooms under construction, approved by

Territorial Planning CommisSion (TPC)and requiring TLUC action (Table 3-8), indicates that

the number of hotel rooms may Increase by about 21 1 percent over the next 5 years.

Just 8S significant an indication of the andc'pated rate of growth in tourism is given by the

number of proposed hotel rooms. An additionsl 18,966 units were identified by the growth

trends analysis 88 being planned for completion in the period 1993-1996, as shown in Table

3-7.

As Table 3-6 indicates, the current trend in increased visitor arrivBlahas pushed existing hotel

facilities almost to their limits. With hotel occupancy rates averaging about 86 percent over

the last five years, the construction of hotel rooms i8 barely keeping up with demand and

continues to be one of the rimiting factors to the industry's growth. The number of existing

hotel rooms on Guam had increased to B total of 4,288 in 1990, representing an average

annual increase of approximately 6.5 percent since 1977.However, most of this growth has

taken place since 19S6, which reflects an average annuel growth rate of about 9.3 percent

per yeat.

• Guam is an Island anrection with its unique heritage, language and culture.
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0
0 TABLE 3-6

MONTHLY HOTEL OCCUPANCY RATES

0 CY 1981-CY 1989
(Percent)

MONTH 1981 1982 1983 1984 1985 1986 1987 1988- 1989-

0 January 78 79 83 85 79 74 93 89 98

February 92 95 101 94 94 97 99 97 102

0 March 94 94 100 94 90 94 97 91 87

April 70 76 74 82 77 87 78 64 73

0 May 70 72 73 73 73 76 78 69 79

June 71 70 89 84 86 97 94 86 96

0 July 81 80 80 86 78 91 105 94 99

August 95 85 92 90 86 98 97 96 99

0 September 89 93 105 93 91 93 92 95 92

October 71 71 82 75 73 74 61 70 84

0 November 82 90 85 80 80 83 68 78 86

December 67 71 81 73 74 78 71 81 84

0 Annual 80 81 87 84 82 87 86 84 90
Average

0
0
0
0

•Note: 1988 and 1989 figures reflect the following hotels:

0 Hilton International Guam Hotel Sotetsu Tropicena Hotel
Pacific Star Hotel Sun Route Hotel
Guam Okura Hotel CliffHotel

0 Guam Dai·lchiHotel Guam Plaza Hotel
FujitaGuam Tumon Beach Hotel Joinus Hotel
Pacific Islands Club Hotel Guam Reef Hotel

0 Source: Guam Economic Development Authority, Guam Visitor' Bureau, Guam Hotel/Motel and
RestaUi'ai"iLAssociation

0 3 -29
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462
1,000

65
450

11,419

500
656
400
276
581
140
172
212
500

123
126
121

300
448

140
382

400
500

1,400
400
820
451

130
400
61

113

300
242

',977

3 -30

Dededo
Grandview Corp.
Uranoa
Hatsuho Int.
Goodwind Dev. Corp.

Tamuning
Tumon

Continental/Marriott
Fujita
Guam AB Inc.
Guam Beach
Guam Hakubotan
Guam Plaza
Guam Reef
Guam Suehiro
Haseko-Hasegawa
Hafa Adai Propenies
Hillside Corporation
Hilton
Holiday Inn Guam
Hyatt Regency

Japan Pacific Development
Leo Palace
Macau-Hong Kong Dev. Inc.
Nikko

Nansay
Pan Pacific

Pacific Is. Club
Rihga Royal

Tumon Holiday Plaza
Tokyu-Micronesian Dev. Corp

Yamanoi
P. & A. Sach Dev. Inc.
Tumon Royal
United Overseas Inv.

No. of Rooms oTotal

o
o

TABLE 3-7
PLANNED HOTEL ROOMS



550

1,090

1,600

1,200

100

590

440

o

o
o

o
o

o
o

o

o
o

o
o

Tumon (continued)
Matsuzato Int. Inc. 157
Milo Corp. 32
Palace Hotel 405

Paul's Hotel 135
Royal Hotel 90
San Byung Han Motel 38
Sunset View 300

Agana
Int. Design Consortium Inc. 440

Mangilao
Hanil Resorts Corp. 590

CP - Ordot
United Pacific Investment 100

Barrigada

Sohbu Marbo Cave Resort 1,200

Agat

Nexus Resort 1,600

Yona
Ylig Shores Inc. 890
Sumitomo/Miyama Hills 200

Inarajan
Inarajan Bay Hotel 100
Dandan Country Club 450

Summary:

North 13,396

Central 2,330

South 3,240

Projected Additional 692

TOTAL PROPOSEDROOM 18,966

o
o
o

TotalNo. of RoomsJJ
o

TABLE 3-7{contJ
PLANNED HOTEL ROOMS

o
o



0
TABLE 3-8 0GUAM'S APPROVED. ANNOUNCED AND SPECULATIVE

NEW HOTEL/MOTEL DEVELOPMENTS

Projected Forecested [1II of Roomel completion
!:,geeg!!II TD!- Nltmeof ComellnllDeveloeerlProject Units Stlltue Dllt_

T4'non-Gun Belich T Hotel N'kko GuemlTNN GUIImIhc_' 500 UC Mllr- 1991 0TaniQlu:hi-Ruth8.AlJ80c.

Tunon T Tumo Rtbliday Plaza 130 UIC JulV 1990

Tuman T RegencyHotel 123 UiC 1990 0Tlrno~ T Pacific Isimds Club 11P'It'lillllIII) 3,13 lie Sept- 1991

Tumo'" T Guam Reef Hotel 160 UC Oct. 1990

Tumo.n T Hj~hlidliiCOrp.~I 63 UC 1990 0
Temuning T' Pa'leceHo,~1 40,5 UC Nov. 1990

Temunjng•Oka Point T OnwaM Agana BeachHotel 300 UC Aug. 1990 0
Tumon T VananoiGuam (67 uCondo151 rmHt! 61 UC 1990

Btwn Okura &. ReefHotels T !-btel LeoPalace 382 'IJC Dec. 1Ir992 0Toto/Acr09s NAS NT Guam Intorna~lOnalHbtel 64 TP 1990

subtotlll ,2.437

Dededo/H~lIrm'On T Goodwind Development Corp./Grandviow Hotel 450 TP 01-1 0
Dededo NT HatsuhD Inti.• Inc. 1S CA ?

Harmon. Dededlo NT M/M ChiangMotel 16 TP 7 0
Harmon T Nansay Guam. Inc. ek» Duenas& Swavely 1000 CA 7

Tumon aiffside T Holiday Inn Guam 291 TF Nov. 1991 0Tunon T .Fujita GuamTuman BeachHot,a! 650 TP 1992/1993

Tumon T Hilton ~nternal.i'onaiIGuamHotel 121 TP Aug, 1991

Upper Tumon NT P. & A. Sachdev/Cornerstone 113 TP 7 a
Upper Tuman T Matsuzato GuamResortComplex(+719 c·on:lO!il.) 157 TP Dec. 1992

Tuman T United O'verseaslnvestment 85 TP 7 0Tuman T Terraza Hotel 10 TP 1990

Tumon T Hyatt RegencyHotel 448 TP Dec, 1992

0Tamunr'lg T Chiyoda GuamCorp. Hotel clo RiChBrdRosario 250 CA 7

Inarajan T DanDanEst.& CountryClub 1+720 TH & Condol 200 TP 1996

Inarajan NT Inarajan Shores 24 TP ., 0
M8ri~ NT Achange Bay Marins Bungalows 6 TP 1990

Agans NT Ely Del Carmen Motel 60 TP .,
0Agana T Agans Bay Marine Hotel 440 TP 1992.

Vona T Sumitomo/Miyama Hills Hotel 200 TP 11995

Barrigada T Marbo Cave Resort (+ 600 CondOs' UOO TP Oec·l~94 0
Subtotd 2.813 .,

3 - 32 0
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0
TABLE 3-9

0 PROJECTED HOTEL UNITS UNDER CURRENT GROWTH RATES

0 PROJECTEDINCREASEIN HOTEl UNITS

DISTRIB. DISTRIB.

0 LOCATION EXISTING ADD. TOTAL ADD. OF TOTAL ADD. OF TOTAL
1990 YR 2010

NORTH

0 OEOEOO 3 1,977 1,980 1,050 5% 3,030 600 3% 3.630

TAMUNING 3,715 11,419 15,134 11,970 57% 27.100 6,800 34% 33.900

YIGO 0 0 0 210 1% 210 600 3% 810

0 CENTRAL

AGANA 145 440 585 420 2% 1.010 0 0 1.010

0 AGANA 0 0 0 0 0 0 400 2% 400
HEIGHTS

ASAN 0 0 0 0 0 0 0 0 0

0 BARRIGADA 0 1,200 1,200 420 2% 1,620 200 1% 1.820

CHALAN 0 100 100 420 2% 520 200 1% 720
PAGO-OROOT

D MANGILAO 0 590 590 420 2% 1,010 BOO 4% 1.810

MONGMONG- 227 0 227 420 2% 650 200 1% 850
TOTO·MAITE

0 PITI 0 0 0 0 0 0 0 0 0

SINAJANA 0 0 0 0 0 0 0 0 0

D SOUTH

AGAT 70 1,600 1,670 630 3% 2,300 400 2% 2.700

0 lNARAJAN 0 550 550 1.680 8% 2.230 3,000 15% 5,230

MER1ZO 128 0 128 0 0 130 800 4% 930

SANTA RITA 0 0 0 0 0 0 0 0 0

0 TALOFOFO 0 0 0 1,680 8% 1.680 3,000 15% 4,680

UMATAC 0 0 0 0 0 0 0 0 0

0 YONA 0 1,090 1,090 1,680 8% 2,770 3,000 15% 5,770

23.254 21,000 100% 44.260 20.000 100% 64,260TOTAL 4.288 18,966

0 NOTE: Totals for projections beyond year 1993 have been rounded off to the nearest ten.

D
0
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oNORTH

DEDEDO 3 1,977 530 5% 2.510 450 3% 2,960

TAMUN~NG 3.715 11.419 5,990 57% 21,120 5,100 34% 26,220

YIGO 0, 0 110 ~% 100 450 3% 550

CENTRAL

AGANA ~45 440 210 2% BOO 0 0 sao

AGANA 0 0 0 0 0 300 2% 300
HEIGHTS

ASAN 0 0 a 0 0 0 0 0

BARRIGADA 0 1.200 210 2% 1,410 150 ~% 1,560

CHALAI)IJ 0 100 210 2% 310 150 1% 460
PAGO·OROOT

MANGllAO 0 590 210 2% 800 100 4% '1.400

MONGMONG· 227 0 210 2% 440 150 1% 590
TOTO·MMI"E

PlTI 0 0 0 0 0 0 0 0

SINAJANA 0 0 0 0 0 0 0 0

SOUTH

AGAT 70 1.600 310 3% 1,980 300 2% 2,280

INARAJAN 0 550 840 8% 1,.390 2,250 15% 3,640

MER!ZO 128 0 0 0 130 600 4% 730

SANTA RITA 0 0 0 0 0 0 0 0

TALOFOFO 10 0 840 8% 840 2,250 15% 3,090

UMATAC 0 0 0 0 0 0 0 0

YONA 0 1.090 840 8% 1,930 2,250 15% 4,180

TOTAL 4.288 18.966 10.510 100% 33.760 15.000 100% 48,760

NOTE: Totals for prcjeetlonabevond veat '1993 have been roundedoff to the nearestten.

o
oPROJECTEDINCREASEIN HOTELUNITS

DISTRIB. DISTRIB.
EXISTING ADD ADDVR OF TOTAL ADD OF TOTAL

LOCATION VR 1990 VR 1993 1994·2000 INCREASE VR2000 VR2010 INCREASE VR2010

oTABLE 3-10
PROJECTEDHOTEL UNITS UNDERSLOWED GROWTH RATES

o
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Using Waikiki as the model, floor area ratios (FAR) of Waikiki were tested and applied to

project densities for Tumon. The FARis the ratio of building floor area to lot size. Typical

FARcalculations for Waikiki are in the 4.5 range. The growth trend analysis projects that

A further assumption in the high growth rate shown in Table 3-9 is that Tumon Bay will

eventually be fully developedto the samedensity asWaikiki in Hawaii. The rationale for this

assumption is that the Tuman area is strikingly similar in size to Waikiki and, with one of the

few sizable, picturesque lagoons on Guamnear an urbanenvironment, Tumon Bay has the

provendraw for hotel development. Circulation in Tumon, with its one largeavenue, is more

efficient than in Waikiki which suffers from an older road system that was laid out for

residential use. In addition, this study estimates Tumon at around 170 acres of prime hotel

zonewhile Waikiki has about 140 acres of similar prime resort area. As the new expansion

of the Fujita Hotel demonstrates, sufficient demandexists to warrant replacement of large

tracts of existing commercial and residential structures with more dense, high-rise hotels.

For the years beyond the current boom--2000-2010--the assumed rate of development is

further lowered to 2,000 units per year. This period would yield an additional 20,000 hotel

rooms for a total of about 64,000 hotel rooms by the end of 2010.

Forthe period 1993-2000, in the high growth scenario, the projected construction of hotel

units would slow from the present rate of 6,000 units per year to 3,000 units per year. This

growth scenario would yield an additional 21,000 hotel rooms for a total of approximately

44,260 hotel rooms on Guamby the end of the year 2000.

Several factors are expected to contribute to this slowdown in development, and are

discussed in detail in the following sections. The single most prominent inhibiting factor is

a shortage of labor to service the expanded tourist industry. Guam's ability to house the

employeeandresidentialpopulationgeneratedby hotel developmentispredictedto beanother

potential inhibitor. The ability of Guam's infrastructure system to provide utilities such as

water, sewage and power to such a rapidly increasingpopulation over such a relatively short

period of time may also contribute to a slowdown in growth. Community resistance to

additional development may occur as the negative impacts of past and current development

becomesobvious, inhibiting further growth.

o
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Onesolution to this potential laborshortagewould be the importation of immigrant labor

under H-2 visa provisions, most likely from the Philippines,Korea or China. However,

obtaining clearances for such visas can be difficult and takes considerable time. At

By the year 2000" even at the reduced hotel construction level projected for the 1994-
2000 period in Table 3-10, over 33,000 hotel rooms could be in place, with direct and

indirect labor requirements almost triple the current labor force in a span of only ten

years.

2,. Labor. Labor'supply is potentially the single most significant inhibitor of rapid growth

in the tourist industry on Guam. Labor estimates for the year 1989 show the total

number of civilians employedwas 39~230. At this level the unemployment rate was

only 2.1% (820 persons). Applying a modest factor of 2 hotel induced Jobsper hotel

room (existing levels are 4 jobs per room) reveals that the additional 18,966 rooms

anticipated for 1993 will require approximately 37,932 employeesor 97% of the total

existing labor force on Guam. Obviously the existing labor force will not be able to

double itself by natural increase in three years. The results of this shortage would be

a wide-scaledeficiency in hotel and hotel related services,a generalslow down in units

coming on line or, most likely, a combination of both.

1. TLUCGrowth Management. A shift in government attitude regardingthe development

of Guam's economy and its tourism industry has occurred recently. Where previously

a policy of encouraged resort and tourism growth has existed, it is expected that a

moderate degreeof control will beexercised in the future. This shift in attitude_should

result in a slowing down of current growth trends.

Table 3-10 representsa slower projected hotel growth scenario resulting from the effects of

various growth-inhibiting factors. These factors are expected to becomemore apparent as

Guam proceedsalong its current development path and are given a brief treatment here. It

should be emphasizedthat these factors are perceivedas only inhibiting and not preventing

development.

Tumon will be at this general level at full build-out, or roughly 400 hotel rooms per acre.

Thus, Tuman would have approximately 34;000 hotel rooms by the end of year 2010.

o
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.,

resistance will occur on an issue-oriented basis. But in the long term, the attitudes of

the local population wm inUuence the government's attitude toward approvals within

4. Community Awareness and Resistance. As witnessed by the recent opposition to the

Taotao Resort in Inarajan and the Achang BayMarina development in Merizo, awareness

of the negative impacts of rapid development and resistance to such development is

increasing on Guam. Reactions to the negative impacts of development will be a

function of the degree of economic and other positive benefits local residents perceive

themselves deriving from hotel and resort development. Variations in the degree of this

3. Housing. In 1980, Guam had a total of about 28,000 housing units. Historically,

housing delivery averages 300 units annually. At this level, a total of approximately

31,000 housing units (not including attrition or demolition) should be available in 1990

Guam for an estimated 27,535 resident households. Hypothetically, by 1993, with

population expanding to meet the hotel induced employment demand, and assuming a

ratio of 0.5 households per hotel employee, an estimated total of 60,000 households

will be required. At current delivery rates, a housing shortfall of about 29,000 housing

units will occur. Conversely, if all hotel units currently proposed are built, approximately

10,000 housing units would need to be built annually over the next three years to

satisfy demand increases created by hotel employees. It is unlikely that this rate of

production will occur and consequently the supply of labor required to sustain resorts

and hotels will be severely impacted. Similarly, as rents, real estate and home purchase

prices are driven higher by this shortage, and entering the home ownership market

becomes more difficult, the more mobile local residents will move away from Guam

adding to the labor supply shortage.

Consequently, the shortage of qualified hotel workers is expected to become the first

and most enduring of inhibitors to affect the rate of hotel development.

present, the U.S. Immigration and Naturalization Service (INS) does not allow such a

temporary worker category for hotel workers. Micronesians are currently being actively

recruited, but the number is not expected to be sufficient to fill the demand. Likewise,

the mainland U.S., Hawaii and other Pacific Island territories are not expected to be

sufficient sources of labor.
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At the time this report was being prepared, the Government of Guam was considering limiting

the total number of hotel rooms on Guam to 30,000. Since no official government policy to

this effect has yet been implemented, and given the recent history of the government's

encouragement of development, the values presented in Table 3-10 have been adopted for

use in this plan. However, should the Government impose such a ceiling to development, the

planning and water consumption projections proposed in this report would have to be revised

accordingly.

Under the slower growth projections, hotel units are predicted to increase at a steady rate of

1,500 units per year between 1993-2010. This results in approximately 33,760 and 48,760

total hotel units, respectively, for the years 2000 and 2010.

The preceding discussion illustrates the rationale for modifying the development trends

projected in Table 3-9. The point is that some time soon, one or more of the various

inhibitory factors described above wiill cause a deterioration and slowing of the entire

development process. Table 3-10 represents the growth trends analysis's prediction of hotel

development under these conditions.

As an example, the finite supply of relatively inexpensive and easily obtainable water

in Guam's northern groundwater lens will support only a limited amount of demand. As

this supply is exceeded, more expensive methods of water development must be turned

to. At the point that water becomes more expensive, the burden of such costs

becomes an additional inhibitor to growth.

5. Infrastructure.The ability of Guam's infrastructure to provide water and power service

and adequately collect and dispose of wastewater in the years 2000 to 2010 are also

potential inhibitors of the higher levels of growth predicted in Table 3-9.

the development process. Traditionailly, the course of events has been one of gradually

escalating resistance to the proliferation of resorts.
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Superimposedon this "natural" baseand its increaseare more elusive increasesinduced by

external forces such as hotel development, military build-ups or cut backs, and immigration

policies. This report feels that, for the planning period, the most significant increases will

comefrom hotel/resort inducedemployment. That is, employeeswho arebrought or attracted

to Guam for employment in hotels, or in hotel related services, and their dependents.

Civilian population is perceived, in this report, as having two layers. The base population,

referred to as the "natural" population of Guam, is essentially the civilian, residential

population onGuamtoday. "Natural" increasesto this populationare consideredto be those

that would occur irregardless of immigration trends and the impacts of hotel and resort

development.

Current military population on Guam is approximately 26,000. As stated earlier,

representatives of both the Air Force and the U.S. Navy have indicated that, since the

redeployment of large numbersof personnelcan happensuddenly, it is almost impossible to

predict any long rangevariations in the military population of Guam. While the recent removal

of the 8-52 wing from Andersen Air Force Base is expected to decrease the Air Force

population by approximately 1,400 (including dependents), it is also expected that other Air

Forceelements may be relocated to Andersen from the Philippines. For the purposesof this

study, the military population is assumedto be constant through the planning period.o
o
o
o
o
o
o
o

Tourist population, as it affects water master planning, is accounted for through reference to

hotel rooms. Throughout the report it is assumedthat each hotel room representsan average

of two tourists. Projectionsof the direct impacts of tourist population on the water facilities

of Guamcan be determined by referring to Tables 3-9 and 3-10.

As in the originalWater FacilitiesMaster Plan,this report looks at population in three general

categories: military; civilian and tourist.

Population

To provide a basis for predicting future water requirements, a population projection must be

made or obtained from a planning source. As described earlier, the population projections

used in the update of the Water Facilities Master Plan were derived in the growth trends

analysis conducted for this report.

o
o
o
o
o
o
o
o
D
o



Since the projections of hotel induced population 'ncreas a; are based on numbers of hotel

rooms, the same assumptions and factors previouslly a IPlied to hotel and resort development

will also apply directly to the hotel-related populadon tends. Table 3·13 presents projected

populations for a range of growth rates wh c h mel u:Jethe hotel mom growth scenarios

previously described. Of the hotel growth trends co rsidered in the growth trends analysis,

the growth slowdown scenario depicted in Tab es 3·10 and 3·14 is felt to be the more

realistic .. Consequently, these tables are used as the baSISfor projecting hotel and hotel­

related water demand in Chapter V. Figure 3-' 0 depic ~ tte projected distribution of the

civilian population for the year 2010 based on Table 3-14.

c
o
o
o
o
o
o
o
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Projecting the increases in population due to hotel development was accomplished by applying

multipliers for direct and indirect employment to the projected number of hotel rooms. An

allowance for employee dependents was lncluded in these multipUers. The rates applied in

this study varied with the type and location of the accommodation as shown in Table 3-12.

The multipliers are based on similar development experience in Hawaii.

Table 3.1 1 st"bws the base popu a: ion B1 drts distrb ution for the years 1980 and 1990. Also

shown aret he gross projections d tet d population fa the years 1990, 2000 and 2010. At

the lme oft he 9'owth trends analvsrs fa this report, the 1990 census for Guam was not yet

cornq ete. Therefore, census Inf orrna b n for 1980 only is presented in Table 3-11. The

projeq,' ons for 1990 and 2000 population totals were based on projections prepared by the
Goverrm ent ofG uam's Department of Commerce. The 2010 population was projected using

district ,'ncrease rates derived from the 1980, - 1990 data, Distributions of the projectt!d base

populatiq, s by election district shown in Table 3-11 and Fi,gure3-9 were also derived from

the 1980 census dct a.

o
o
o
o
o
o
o
o
I]

o

During the period from WorldW ar II to fl e yeer 1960, Guam's civilian population increased

at an am ual rate of approximate." 1. 2p ercert. In 1962, when President Kennedy lifted the

security q earance requirements and allowed unrestricted movement to and from Guam, the

annual rate q population growth,h a eased" Th e rate of growth in 1975 was 3 percent. This

rate slowEij scme""h at betweei 1 975 and 1980 to approximately 2 percent.



0 TABLE 3-11

0
GUAM NATURAL POPULATION

1980 PROJECTED INC RATE

0
LOCATION 1980 DI8T 1990 POP 1980·1990

NORTH

DEDEDO 20,090 0.23 25,300 0.26

0 TAMUNING 13,510 0.16 17,600 0.30

YIGO 5,280 0.06 6,600 0.25

0 CENTRAL

AGANA 900 0.01 1,100 0.23

0
AGANA 2,970 0.03 3,300 0.11
HEIGHTS

ASAN 1,620 0.02 2,200 0.36

0 BARRIGADA 6,040 0.07 7,700 0.28

CHALANPAGO·ORDOT 3,120 0.04 4,400 0.41

MANGILAO 5,980 0.06 6,600 0.10

0 MONGMONG·TOTO·MAITE 4,840 0.06 6,600 0.37

PITI 1,510 0.02 2,200 0.45

0 SINAJANA 2,490 0.03 3,300 0.33

SOUTH

0 AGAT 4,000 0.05 5,500 0.38

INARAJAN 2,060 0.02 2,200 0.07

MERIZO 1,660 0.02 2,200 0.32

0 SANTA RITA 3,400 0.04 4,400 0.30

TALOFOFO 2,010 0.02 2,200 0.10

0 UMATAC 730 0.01 1,100 0.50

YONA 4,230 0.05 5,500 0.30

0 TOTAL GUAM 86.400 1.00 110,000 0.27

0
GROSSPROJECTIONOFNATURALPOPULATIONTOTALS

D YEAR 1990 2000 2010

Population 110,000 140,300 182,000

0
NOTE: Village population projections havebeen roundedoff to the nearest hundred.

0
0 3 - 43
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YEAR 2010

PROJECTED BASE POPULATION GUAM"

FIGURE 3-9

• INDICATES 1,000 PERSONS

- --- -MILES
Q.lO



As will be noted in Chapters V and VI, the need for future expansion of the existing water

facilities on Guam will largely be a function of population growth when and as it occurs.

Thus, the actual date or point in time at which the population reaches a given level is not as

important as is the magnitude of the growth. Hence, the water system improvements

presented in this report are not dependent upon the rate of growth suggested by projections

such as those presented in Table 3-14. Such projections are only approximations of when a

given magnitude of population will be reached.

To evaluate future water supply facilities, the non-military lands that currently require or will

potentially require water service were subdivided into four regional service areas. The

boundaries of the designated water service areas conform to the Bureau of Planning's Land

Use Plan and PUAG's existing water service areas. Each of the four regional areas was then

divided into smaller sub-regions as shown on Figure 3~11. The regionalized areas are utilized

throughout the report to evaluate existing water system operations and to project future water

requirements and needed capital improvements. Table 3-14 is a breakdown of the civilian

population projections, not including tourists, by increments to the year 2010.

0.50.50.5CondofTownhouse

OTHER RESORT TYPE

0.5

0.5

0.75

2.0

1.0

1.0

Tumon, North and Central Guam

Resort; Southern Guam

HOTEL

Employee
Dependant

Indirect
Employment

Direct
EmploymentAccommodation Type

TABLE 3-12
MULTIPLIERSFORDIRECTAND INDIRECTEMPLOYMENT

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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0
TABLE 3-13 0

POPULATION RANGES BY DISTRICT

0
TOTALRES NATURALPOP EMPPOPINCREASE TOTALRANGELOWTHRUHIGH,
POPULATION GUAM2010 POPULATION

0VR2000 VR2000 VR2010 VR2010 YR2010 YR2010 EXCLUDINGMILITARVANDTOURISTS
LOW HigH LOW HigH LQW HigH I.Qw HIGH

DEDEDO 49.100 84,700 54,500 9Q~100 6.700 20.100 61.200 74,600 96,800 110,'100 0TAMUNING 46,800 91.200 52,600 97,000 7,200 21.500 59.700 74.000 104.100 1\8,500

YIGO 12,600 21.400 24,500 33.400 4.800 1",,,300 29.300 38,900 38,,200 47,700

AGANA 1,700 2,500 3.200 4.'100 1,900 5.700 5.200 9,000 6,000 9,800 0
AGANA 4.500 6,300 5.300 7.000 1.000 2,,900 6.200 8,000 8,000 9.900 0HEIGHTS

ASAN 3.400 5,200 3,800 5.600 500 1,400 4.300 5,200 6,000 7,000

BARRIGAOA 25.600 52,200 26,000 52.600 500 1,400 26,400 27,400 $3,100 54,000 aCHALAN ~6.300 34.100 20,200 38,000 4.800 14,300 24.900 34,,500 42,700 52.300
PAGO·ORDOT

MANGILAO 7.800 9.GOO 9,000 10.700 1.400 4,300 10,400 n.200 12.200 15.000 0MONGMONG· 7,800 9.600 10,900 12.600 3,800 11,500 14,700 22.300 16,500 24,100
TOTO·MAIn;

PITI 3.400 5,200 3,800 6.600 500 1,400 4,300 5.200 6,000 7.000 0SINAJANA 4.500 6.300 4,900 6",700 500 1,400 5,400 6.300 7,100 8,000

AGAT 7.300 9.100 8.500 10.200 1,400 4,300 9,900 12,800 11,700 14.500 0
INARAJAN 3,400 5,,200 4,900 6.700 1,900 5,700 6,aoo 10.700 8,600 12.400

MERIZO 3.400 5,200 3,800 5,600 500 1.400 4,3CO 5.200 6,000 7,000 0SANTARITA 5.600 7.400 6,000 1.aoo 500 1,400 6,500 7,400 8,200 9.200

TALOFOFO 3,400 5,200 4,600 6,300 1,400 4.300 6,000 8.800 7,800 10,600

UMATAC 1.700 2.600 2,100 3,000 500 1,400 2,600 3,500 3,400 4,400 0
rONA 11,000 44.100 27,300 50,,400 8,100 24,400 35,400 51.700 58,500 74.800

219,300 407.200 276,800 453,400 47.900 143,100 323,600 418,700 500.900 596,300 0
0

NOTE: Village population prqiec'lions have been ro,*nded off to the nearest hundred.

D
D
0
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0
0 TABLE 3-14

TOTAL POPULATION BY DISTRICT

0 YR 2000 NATURAL YEAR
NATURAL EMP TOTAL INC 2010 TOTAL

PROJ. INC. CAUSED YR PROJ EMP VR
1990 PROJ. POP 2000 2010 CAUSED 2010

0 LQC8T1ON eQP ~~QQ eOp DI§TBIII POe PQP eQe PQP

NORTH

OEOEOO 25,300 31,400 20,000 51,500 37,200 27,600 64,800

0 TAMUNING 17,600 24,600 24,100 48,700 30,800 32,100 62,900

YIGO 6,600 8,100 5,000 13,100 12,300 10,400 22,700

0 CENTRAL

AGANA 1,100 1,200 1,000 2,300 2.900 3,200 6.100

0 AGANA 3,300 3,600 1,000 4,600 4.400 2,100 6,500
HEIGHTS

ASAN 2.200 2,500 1,000 3,500 2.900 1,600 4.500

0 BARRIGADA 7.700 12,200 15,100 27,300 12.•700 15,500 28,200

CHALAN 4,400 7,400 10,000 17.400 11.600 15,400 27.000
PAGO-

D OROOT

MANGILAO 6,600 6,900 1,000 7,900 8,200 2,600 10,800

MONGMONG 6,600 6,900 1.000 7,900 10.200 5,300 15,500

0 -TOTO-
MAITE

PITI 2,200 2,500 1.000 3.500 2.900 1.600 4,500

0 SINAJANA 3,300 3,600 1,000 4,600 4,000 1.600 5.600

SOUTH

0 AGAT 5.500 6,400 1,000 7.400 7.700 2,600 10,300

INARAJAN 2,200 2.500 1,000 3,500 4,200 3,100 7,300

MERIZO 2.200 2,500 1.000 3,500 2,,900 1,600 4.500

0 SANTA RITA 4,400 4,700 1.000 5,700 5.100 1,600 6,700

TALOFOFO 2,200 2,500 1,000 3,500 3,800 2,600 6.400

0 UMATAC 1.100 1,200 1,000 2,300 1,700 1,500 3.200

YONA 5,500 9,400 13,000 22,500 16,500 22,200 38.700

0 TOTAL GUAM 110,000 140,100 100,200 240,700 182,000 154.200 336.200

D NOTE: Villagepopulation projections have been rounded off to the nearest hl.l'ldred.

0
0 3 - 47
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This chapter is divided into several sections. the first of which details the methods and

procedures used to inventory and evaluate existing facilities. To simplify this process, PUAG

facilities are categorized as either water supply or water distribution facilities. The water

supply facilities section discusses groundwater development followed by a description of

surface water supplies and springs. Water distribution facilities are discussed by location

within regional water service areas. The "Water System Evaluation - Summary of Findings"

section suggests possible methods to improve current operations and eliminate maintenance

deficiencies. The final section of the chapter discusses the need for additional sanitary

The information contained in this plan is based on information provided by PUAGand on the

island-wide PUAGWater System Sanitary Survey Report (WSSSR)prepared by GEPAin 1988.

Actual field investigations were I1.Ota part of this study's scope.

For ease of evaluation and understanding by the reader, the non-military lands that currently

or will potentially require water service were divided into four regional water service areas.

These water service areas conform to the areas shown in Figure 3-11 presented earlier in the

report. To aid in familiarizing the reader with PUAG's Island-wide facilities, Figure 4-1, at the

end of the chapter, has been printed on a foldout sheet that allows easy reference to the

various island-wide facilities while reading the text. The reader may also refer to Figures 4-

2A, 4-2B, and 4-2C. entitled "Hydraulic Profile of Existing PUAGFacilities", which are also

located at the end of the chapter.

General

The evaluation of a water system requires a thorough understanding of each component,

including water supply, treatment, storage and distribution. Each plays a key role in assuring

that a safe water is delivered to consumers in adequate quantities under all conditions. This

chapter describes each component of PUAG's water system and how each was evaluated.

Also included is a description of the military water systems as they relate to supplying water

to PUAG customers throughout the Island.

CHAPTER IV
EXISTING WATER FACILITIES

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



PUAG System Maps indicating the locatlon of a~1PUAG facilities were utilized as base maps

for planning PUAG's existing and future water system improvements. The System Maps

consist of 72mylar photomosaic contour maps showing all Island-wide PUAG water lines as

of 1978.

During the facilities evaluation. additional information was provided by PUAGas required. In

addition, interviews were held with PUAG personnel to discuss the current status of the water

facilities. Historical operating data were also utUized in assessing the facilities operations.

Data Collection

Meetings were held with PUAG representatives to discuss the scope of work, limits of the

field survey and proposed survey methods. During the meetings, the following data were
requested from PUAG for use in the facility investigations;

surveys. A priority list for future sanitary surveys is included to identify those water systems

needing study.

o
o
o
o
o
o
o
u
o
o
o
o
o
o
o
o
o
o
o

• Mapping

a) System maps

b) Construction maps and "as-builts tI

c) System schematics

• Military supply connection locations and descriptions

• Physical/chemical water analyses

• Description of health problems encountered
• Description of operating difficulties

• Production/usage records

• Water service meter inventory and description of meter reading program

• System maintenance procedures and records

• Emergency procedures

• Valve and hydrant testing program
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The PUAGwells are identified by a geographicalclassification system, the Air Forceand the

Navy wells by numbers assignedto them by the appropriate command, and the private wells

are designated by owner. All of the groundwater supply sites in Guamareshown on Figure

4-3. The PUAG"A" series wells are located in the Agana regionand extend from the Adelup­

Pago contact northward to Barrigada. The "M" series wells extend from the Naval

Communications Station in Barrigadato Oededo-Yigo. The "0" series runs north from the

village of Dededo along Y-SengsongRoad. The "Y" series is limited to the Yigo area. The

"F", "H" and "AG" series are located in the Finegayan, Harmon Village (Cliffline), and

Machananao (Agafa Gumas)areas, respectively. In the south, the wells are designated as

"Mj" at Malojloj and "T" at Talofofo. In the well classification system a single capital letter

with a number (e.g., Y-1) or a capital letter followed by a lower case letter and a number

(e.g., Mj-1) refers to general geographic location and order of drilling. The lower case letter

There are 117 production wells on Guamwith an averagewithdrawal rate of 28 MGD. 101

of the production wells are located in the north. PUAGhasa total of 86 producing wells and

10 not in operation. An additional 21 wells belong either to the Air Force (9 wells), the Navy

(3 wells) or private entities. Not all of the wells are continuously active, since someare shut

down for maintenance at any given time. No wells were identified as under construction in

the WSSSR. However, PUAGrecords indicate wells underconstruction in the Nimitz Hill and

Anigua zones to provide total production of 966 gpm and 150 gpm respectively.

Thenorthern groundwater lensis currently beingdevelopedby wells which are normally drilled

to depths of 300 feet or more.

Groundwater Supplies -The northern (groundwater) aquifer, or lens, is Guam's primary source

of potable water. As a step to minimizethe potential for degradation of the northern ground­

water, a notice was published in the Federal Register on April 26, 1978, in which the

EnvironmentalProtectionAgency (EPA)designatedthe northerngroundwater system of Guam

as a sole source aquifer. The impacts of this designation are discussed in Chapter VIII.

Water Supply Facilities

Chapter V provides background on Guam's historical water supply development and

production from groundwater, surface and spring supplies. Chapter IV provides descriptions

of the water supply facilities and an evaluation of the facilities operation.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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There are currently 11 wells which have totally inoperableemergencygenerators. Ten other

wells have emergency generators which require only minor repairs in order to function

effectively. In some cases, the only repair needed is replacementof batteries. Photographs

of two typical well stations and a sketch indicating dischargepiping arrangementsareshown

9n Figure4-4.

All discharge piping and controls are essentially the same except for differences in

configuration requiredto adapt eachwell to a particular site. The well pumpsandmotors are

standardized with replacement units carried in inventory so that immediate repairs can be

made in case of a pump or motor failure. Eachwell station is providedwith a meter, a slow

closing check valve and a pumpcontrol valve. The wells are designedwith a pump control

valve located on the "discharge to atmosphere" piping. The function of the pump control

valve is to close slowly when the well pump is started and to open slowly when the well

pump is shut down to prevent surge or "water hammer". Many of these valves have been

inoperative for some time, the controls having been removed. This has not created an

operational problem in the existing system, as the wells are normally run 24-hours per day.

PUAGis currently in the process of replacing the valves with a remote-controlled telemetry

systemwhich will automatically switch the pumpsonandoff, while monitoring the production

and discharge pressureof each pump.

A summary of the physical and operating characteristics for each of PUAG's wells is

presented in Appendix D.

is added to define a geographicalarea different from the areawhich initially preempted the

capital letter - e.g., well M-l in Mangilao is differentiated from well Mj-1 which is located in

Malojloj. A summary of all PUAGwells in current operation is shown in Table 4-1.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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FIGURE 4-4
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o
o

Figure 4-6 is a photograph of a typical pump control valve installation. As indicated

previously, the pump control valveswhich were originallydesignedfor surgesuppressionhave

u
The effects of a marine environment on exposed piping can be seen in Figure 4-5.

o
o

In the past, corrosion of equipment at well stations has beenamajor problem. To combat the

effects of corrosion, exposed piping must be painted with a rust inhibiting coating on a

regularly scheduled basis. As of November 1989, PUAG assumed responsibility for

maintenanceof production wells, which hadpreviously beencontracted to a private operation

and maintenance firm. PUAG plans to contract these functions out again but with a more

specific scope of work and accountable payment scheme.

o

GEPA: Groundwater Management Report, FY 89
PUAG; Total Production and Purchases of Water for FY 89

Source:o
o

o
o

o
o

o
o

o

o
o

TABLE 4-1
SUMMARY OF PUAGWELLS

General Wells In Wells Not In Wells Under Total Number
Series Location Operation Operation Construction of Wells

A Agana 27 5 0 32

AL AsAlonso 0 2 0 2

AG Machananao 3 0 0 3
HGC-2

D Dededo 21 0 0 21

EX Mangilao 2 0 0 2

F Finegayan 12 0 0 12

GH Dededo 1 0 0

H Harmon 1 0 0 1

M Mangilao 15 3 0 18

MJ Malojloj 2 0 0 2

T Talofofo 0 1 0 1

Y Yigo 7 1 0 8

YL Ylig Jl .2. _Q .2.
TOTAL 91 14 0 105

o
o



F~GURE4-5
EFFECTS OF MARINE ENVIRONMENT

ON EXPOSED PIPING
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FIGURE 4-6
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In the past, all of PUAG's wells were operatedmanually; that is, the wells were started and

stopped by manually turning the pumps' power supplly on and off. Normally, pressure

controls were provided to shut off a pump when the distribution storage reservoir, to which

the well was pumping, was full.

Chlorineconcentrations of 40-60 parts permillion (ppm) for 30-60 minutes aredangerous and

concentrations of 1000 ppm kill most animals in a very short time. Unprotected chlorine gas

cylinders are subject to the effects of direct sunlight and vandalism, including rifle fire which

can penetrate the chlorine cylinder wall or chlorinator unit. Becauseof the high coefficient

of thermal expansion of liquid chlorine, a full container whose contents are heated above

70°C (140°F) can burst. A fusible plug on 150-lb. cylinders is designed to release the

contents of the cylinder gradually if the temperature exceeds 70°C but there is always a

chance of failure. Approximately 40 structures to house both the chlorination and the

fluoridation cylinders stored at the well stations are currently under design and construction

by PUAG. Additional improvements include housing the pump controls and chlorine alarms

inside the buildings. The telemetry system, once on line, will also be located inside.

The chlorination equipment at the wells is currently neither housed nor shielded from direct

sunlight and thus constitutes an unnecessarysafety hazard. Chlorinegas can causevarying

degrees of irritation to the skin, mucous membranes, and respiratory system.

been inoperative since before the original Master Plan. All of the solenoid switch leads to

these valves have been disconnected and the manual shutoff valve upstream of each pump

control valve has been closed. When it is necessary to shut a pump off, no precaution is

taken to open the gate valve on the "discharge to atmosphere piping" to reduce the effects

of water surges and likelihood of damageto the water distribution system. Many of the well

pumps operate at pressures in excess of 100 psi, which could result in damage to pipelines

during shutdown if surging is not controlled. In the northern area of Guam, surges could

causea pipeline break resulting in largewater losses. To compound this problem, water main

leak detection is extremely difficult in the northern area of Guam due to the porosity of the

limestone formations. It is recommendedthat complete rehabilitation of all well pumpcontrol

valves be undertaken and proper care be exercised to ensure their proper operation in the

future. It is also recommendedthat stainless steel bolts and hydraulic tubing be specified for

all installations.

o
o
o
o
o
o
o
o
o
o
o
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Existing operations and maintenanceprocedures for PUAGwells are listed in Table 4-2.

Until the telemetry systems arecompletely implemented,manualcontrol of production pumps

will continue. In the meantime. continuous operation of pumpswill result in water wastage

from overflowing reservoirs and insufficient data on the operating characteristics of the

system.

• Pumpstatus - on/off/fail

• Flow rate

• Dischargepressure

The wells are also currently being connected to a telemetry system. At a minimum, the

system should provide the following information at each production well:

Boost'erPumpStations; 2 sites:

• Chlorinealarm

• Low suction pressurealarm

• Dischargepressuresignal

• Flow signal

• Power fail alarm
• Emergencypower generator running

• Wet well level signal

Water Reservoirs;21 sites:

• Level signal
• Power fail alarm

PUAGis currently installing telemetering equipment at wells, reservoirs and booster pump

stations. The reservoir and booster pump station telemetering contract specifies a

SupervisoryControl and DataAcquisition (SCADA) Telemetry System. The SCADAsystem

receivesdata from remote points j'nthe system via radio signalsand records the results at a

central point (control center). The initiall system provides the following:

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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For basal aquifers development:

A. In management zones where fresh water heads are less than 4 feet, wells

should be limited to 200 gallons per minute (gpm) capacity. The well bottom

elevation should not exceed 40 feet below mean sea level (MSL) and preferably

be not more than 25 feet below MSL.

The NGLS recommendations for production well design are summarized as follows:

In the same vein of chloride intrusion prevention, the 1982 GEPA report entitled Northern

Guam Lens Study (NGLS) made recommendations for well development policies in the

northern lens aquifer in order to achieve a sustainable yield of about 60 MGD. The

recommendations are divided into two parts, those for basal aquifers and for parabasal

aquifers. In the basal aquifers, the fresh water floats on top of the saline salt water. In the

parabasal aquifers, the fresh water overlies volcanic mass formations.

Although water quality in wells is generally good, the WSSSRnoted that recent problems have

emerged at several locations. Wells A-16, A-20, A-24, A-27 and M-11 were abandoned due

to high chloride concentration and M-10 due to oil contamination.

PUAG is currently in the process of replacing defective meters. It is recommended that PUAG

maintain an inventory of well meters andlor spare parts so that well meters can be replaced

or repaired immediately upon detection of a malfunction. No meter should be left inoperative

for more than five days. As shown by the data in Table 4-3 there is latitude for improvement

in operation and maintenance of these facilities.

GEPAconducts an annual inspection of the PUAG well system to determine if public health

problems exist and to establish compliance with the Water Resources Conservation Act,

Chapter II, Title LXI, of the Government Code of Guam, and pertinent provisions of the Guam

Primary Safe Drinking Water Regulations. The results of the GEPA inspections are

summarized in Groundwater Management Program Annual Reports and in Table 4-3.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



o

o
o

o
oDeepwells without telemetry shiIJlI be inspect:edto makesure they are Daily

operatingproperly.

o
o

o
oRecordwater meter and pressurereadingfor pump performance; Monthly

replaceas requiredif malfunctionoccurs.

Maintainand repairpump control panelby cleaningthe magnetic As required
contactor with lint free cloth.

Checkelectricalwiring to ch~orinationequipment. Daily

Recordpowermeter readingfar motor's performanceon power As required
consumption. Referto GEPAas requred if malfunction occurs.

Maintain fence and securegate. Monthly

Maintainground insideandoutside fence enclosuresup to 10 feet from Monthly
fence line.

o
Reportto PUAGlaboratory andGEPAany weIllthat is being pulledout As required
so as to analyzethe water chlorideand coliform count prior to
completion.

Checkproperoperationof no slamcheck valveand pumpcontrol valve Monthly
with solenoid.

o
o

Check-upair releaseconnectionand pressuregauges, install one .f As required
there is noneand replaceif it is defective.

Check-upfor leaksand corrosionon piping. coupling. reducer.tee, Monthly
valvesandbends.

o
o

o
Measurevoltage. amperageandresistanceto check motor Monthly
performance.

Checkthat motor will not operatemoreor less than 10% from rated As required
voltage.

Checkthat motor will not operatelessthan specifiedflow of liquid so As required
as not to damagethe starter winding or motor and thrust assembly.

Check-upwater Ilevei. Monthly

Waterwell rejuvenation. Acid treatment and cleaning As required
to maintainwell yield as required.

Checkthat pump head (first elbow) is sealedto prevent water Monthly
contamination.

o
o

MaintenanceTask Description Frequency

o
oTABLE 4-2

EXISTING OPERATION AND MAINTENANCE PROCEDURES FOR PUAG WELLS
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A. In the southern part of the Agana Sub-basin, low permeabilities will probably

limit well capacities to 200 gpm, and perhaps under special conditions 350

gpm. Wells in this area should probably be drilled no deeper than 50 feet below

MSL

For the development of parabasal aquifers. wells should be designed for the maximum that

the aquifer can deliver without exceeding the sustainable yield of the management zone and

without exceeding 750 gpm. However, because of low permeabilities in many parts of the

Northern Lens. the following well designs are provided as guidelines for groundwater

development.

B. In management zones with fresh water heads greater than 4 feet, wells should

be limited to 350 gpm capacity and the well bottom elevation should not

exceed 50 feet below MSL, and preferably not more than 35 feet below MSL

Source: Summaryof Well Inspections,Groundwater MBnBgsmflrlt Program, Annual Report 1985-1989. GEPA_

7

6

o
7

Medium leak

Unsecured Booster Pump

Fluoride leak

Empty CI2 Bottle

No Well Number Tag

CI2 leak

Defective Booster Pump. Motor

15

16

14

9
o
o
2

1

Defective Water Meter

Defective or Missing PressureGauge

Unsecured, Broken or Disrepaired Gate. Fence

Defective Chlorinators or Scales

Elevation Marker Missing

Corrosion Present

Number of WellsItem

TABLE 4-3
GEPA 1989 WELL INSPECTIONREPORTSUMMARY

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



The recommendations of the NGLShave provided a basis for properwell design criteria and

optimum groundwater management practices. Well design is also subject to the rules and

procedures prescribed in the 1985 GEPA Water Resource Development and Operating

Regulations.PUAGshould closely monitor the fluctuations in thickness and horizontal extent

of the basal lens under various demandand recharge conditions. The data gathered by such

monitoring will prove invaluable in responding to changes in both demand and supply.

Duringthe 1970's and 1980's, deeperwells were drilled such as 0-11 at minus 37 feet, 0-12

at minus42 feet, 0-13 at minus 53 feet, and 0-14 at minus 63 feet. The NGLShas indicated

that these are dangerous depths for wells in a basal lens and should be avoided. The "M"

Serieswells have beendrilled to minus 50 feet, because of experiencewith limestone of low

permeability at M-1, but several recently constructed wells are much deeper, including M-6

at minus 80 feet, M-7 at minus 78 feet, and M-l1 at minus 60 feet. The ability to

continuously pump high quality water from the wells at a rate ,of 200 gpm is questionable.

Despite the progress toward implementation of the NGLS recommendations",salt water

upconingmay bea problembecauseof pre-existing situations. Increasedchloride levels have

beennoted in the Mangilao areawells, which required reduction in pumping rates.

Although many existing wells penetrate much lower than the recommendeddepth. PUAGis,

implementing the recommendations for all new wells. Furthermore, in response to

recommended pumping limits, wells A-23 and A-25 pump system head curves have been

changed to decreasewithdrawal rate.

Wens should be placed at least 300 feet apart in both the basal and parabasal aquifers.

Wells should not be placedany closer than 500 feet from the salt water toe in

clean limestone, and 1000 feet from the toe in argillaceous limestone.

C. Wells in all other parabasalzones should have a capacity of about 500 gpm

with well bottom elevations not exceeding 50 feet below MSL

B. In the upper part of the Yigo Sub-basin, wells w·.1probably yie~d750 gpm.

Wells in this areashould probably not be ctilled any deeper than 50 to 60 feet
below MSL.

o
o
o
o
o
o
o
o
D
o
o
o
o
o
o
o
o
o
o4 -14
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Well Construction (In chronological order)

• Pilot boring procedures

• Test pumping requirements

• Reamingthe pilot boring

• Installation of temporary conduction casing

• Installation of well casing and screen requirements

Materials furnished by driller

• Well casing and screen materials, construction diameter. Acceptable screens

are either (1) wire wrap screen or (2) shutter or louver slot screen.

• Sounding tube specifications are schedule 80 threaded PVC.

• Cement specified is ASTM Designation C150 or API ClassG.

• Drilling fluid requirements

• Gravelpack specifications for the annular space between the borehold and the
casing/screen assembly. The possibility of dispensing with a gravel pack is

noted.

In addition to water development procedures presented in GEPA's Water Resource

Development and Operating Regulations, well design and construction standards are also

included in Appendix C of the NGLS. These volumes detail recommended requirements for

production wells, and address the following aspects of PUAGwell construction:

The point has been reachedwhere it is not prudent to construct new wells in some portions

of the lens; however, greater production may be obtained from other zones. Furtheranalysis

of well production data is required to better identify the productive potential of the Northern

Lensand designrestrictions proposedin the NGLSwill likely change in the future as the study

is updated.

In Chapter IX a program for the construction of additional wells is discussed. Assumptions
as to well locations and capacities have necessarily relied to a great extent on the

recommendations in the NGLS. However, it is not reasonableto assume that all future wells

will necessarily be located in the preciseareaswhere they are presently proposedor that they

will all be designed to produce approximately 200 gpm in accordance with current design

practices.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



Regional Water Service Area "B" - Regional Water Service Area 1081• receives spri'ng water

from two sources, Agana Springs and Asan Springs. The Asan Springs facility is ~ocated in

the upper reaches of the village of Asan, and is shown on Figure 4-7. No "as built" drawings

were available to i1d1icatethe layout of the facility. It is believed that the original installation,

constructed by the U. S,. Navy in 1929, included only an uncovered storage basin. a

perforated condist penetrating ~nto the hillside with a gravity discharge, and an overflow

Surface Supplies and Springs

In addition to utilizing the northern aquifer, PUAG produces water from surface and spring

sources and purchases water irom the Navy and Air Force. The surface and spring supply

facilities utilized by PUAG are listed in Table 4~4 and shown on Figure 4-1. Regional Water

Service Area ;,;A 101 does not contain any spring 01' surface supply sources as all water

requirements are met through well production and from water purchased from the Air Force.

1. Well development and testing

2. Pump and motor selecdon

3. We~1completion and start-up

Other portions of Appendix C of the NGLS cover the following areas of production well

projects.

Figures in the document define the required well construction dimensions.

Video survey of well

The following items are checked to insure that proper construction techniques have

been followed:

1. Conditions of casing and screen

2. Proper and complete welds

3. Screen placed at proper interval

• Alignment of well
• Installation of sounding tube

• Installation of gravel pack (if required)

• Installation of grout seal

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o4 - 16
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The Asan Springs Facility has not been comprehensively improved in recent years beyond the

integration of a cathodic protection system. However, several problems noted in the previous

water master plan have been corrected. This work included repairs to pump controls, motors

and pumps to prevent overfilling of the Piti Reservoir and backfeeding from the "on line" pump

to Asan Springs storage basin.

Two vertical turbine booster pumps, shown on Figure 4-8, are designed to operate one at a

time and to pump with sufficient head to supply Piti Reservoir. One pump is equipped with

a 15 HP motor and has a nominal capacity of 260 gpm. The second pump is equipped with

a 20 HP motor and has a capacity of 350 gpm. Pump operation is controlled manually, and

the pumps are alternated on a monthly basis. Chlorine for disinfection is the only form of

water treatment required. The chlorine is injected at the pump discharge piping using a

solution feed gas chlorinator.

spillway. The basin, which is divided into two compartments, is approximately 10 feet deep

and has a total storage capacity of approximately 30,000 gallons. Since 1929, the storage

basin has been covered with a concrete roof to provide protection against potential pollution

from outside sources.

Source: PUAG. Total Production and PurchasBs of Water for FY89.

(11 Indicates estimated average production only. Accurate
records on historical production arll not available.

297

149

39

10

34

None

Asan Springs

Santa Rita Springs

Geus River Dam

Siligin Spring

Laelae (Piga) Spring

A

B

C

D

Estimatedl"
Capacity (gpm)Name of Facility

Regional Water
Service Area

TABLE 4-4
SURFACE AND SPRING SUPPLY FACILITIES

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



FIGURE 4-8
ASAN SPRINGS BOOSTER PUMPS

FIGURE 4-7
ASAN SPRINGS STORAGE BASINS

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o4-U:
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The Santa Rita Springs reservoir was originally developed by the U. S. Navy in 1929 and is

similar in construction to the Asan SpringsFacility. A perforated pipe extends into the hillside

and discharges spring water into one of the two storage basins having a combined capacity

of 105,000 gallons. As the water enters the storage basin, it is chlorinated by means of the

standard chlorination system used by PUAG, consisting of a solution feed vacuum-type

chlorinator with scales. The water from the storage basins flows by gravity into the

distribution system serving the old Agat and Hyundai subdivision area.. During the period of

the year when the spring production exceedssystem demands, water is discharged through

the outlet pipes and over the basin weirs. The averagewater production rate is about 150

Regional Water Service Area "C" -This water servicearea,encompassingthe Agat-Santa Rita

area, receives potable water from two sources, the Santa Rita Springs and the U. S. Navy.

TheAgana SpringsFacility has beenimprovedwithin the last decadeandhas beenconnected

to RegionalWater ServiceArea "8". The facility has beenprovided with cathodic protection

as part of the improvements. The facility consists of two wells, A-29 and A-30, which supply

300 and 700 gpm respectively. The production pumpsrun continuously to supply the Chaot

Reservoir.

In summary, the Asan Springs facility is quite old but remains a viable water supply facility.

It is recommended that the spring be utilized to its maximum production potential as it

provides a good quality and relatively inexpensive source of potable water. Steps must be

taken to remedy the previously mentioned problems noted by GEPAin the WSSSR.

TheWSSSRnoted some significant deficiencies at the Asan Springs facility as follows:

1. Only the 260 gpm pump is operable. It is badly corroded and wiring is exposed

to the elements.

2. The chlorinator is in an enclosed building but there is no door lock.

3. There is no padlock on the cyclone fence pedestrian gate.

4. The storage basin and the surrounding chlorinator building is overgrown with

vegetation creating a hazard for operation and maintenance staff.

5. The right of way for the access road is in dispute with an adjacent private land

owner and is completely impassable to vehicles. Therefore, all materials,

including heavy tools and chlorine cylinders, must be carried by staff.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



The present sources of water supply for the vil~ageof Merizo are the GeusRiver and Siligin

Springs. which are utilized on an intermittent basis only. The springs are located about 3,000

feet upstream from the Geus River Dam in a watershed area that is thick with vegetation.

The water flowing from one spring is collected in a 6 foot by 8 foot concrete structure which

also receives water from a second spring via an 8-inch diameter cast 'ironpipe. According to

U.S. Geological Survey (USGS) records. these springs fllow continuously year-round. The

water from the two springs joins the GeusRiver Dam supply just downstream from the dam.

Together the Siligin Springs and the GeusR~versupply an estimated 100 to 150 gpm which

flows by gravity approximately 1,200 feet westerly to the Pigua Booster Pump Station.

Additional treatment, recommended in the origina~Master Plan, is provided in the form of

pressure sand filters. The water is then chlorinated and pumped to Merizo Reservoir. The

pump station and reservoir will be discussed later in the chapter.

The Y~ig Water Treatment Plant, instaued by the U.S. Navy during World War n, has

deteriorated beyond repair. The original Master Plan had recommended it's replacement as

soon as funding permitted becauseof the planes importance in supplying water demands for

the area. Since that time the plant has been removed from service with no replacement.

Regional Water Service'Area "0 ,"- Historicailly, the southern villages of Guam have relied on

local surface and spring water sources. Wnadequatewater treatment at the majority of these

local sources results in water of a quality below current standards set by the E.P.A. Safe

Drinking Water Act. The local water supply for the village of Merizo msaugmented by

imported northern groundwater. while Yona, Inarajan, andTalofofo are totally dependent on

imported water.

gpm. The facility was recently improved to provide concrete covers for the storage basins,

shown in Figure 4-9. Other storage and distribution system improvements include the

construction of a 1.0 MG steel reservoir above the Santa Rita village and the installation of

a booster pump station at Santa Rita Springsconsisting of two 40 HPpumpswith capacities

of 650 9pm. Old 3- and 4-inch diameter Rep lines ~nAgat have been replaced. The Route

5 booster pump station (aNavy cennectionl has beenabandoned,and two new booster pump

stations with pipelinesconnecting Sinifa Reservoir to the system have been constructed.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o4 - 20
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Currently under construction is a river intake structure and treatment plant designedto supply

approximately 2 MGDto the communities in the Malojloj-Inarajanarea. The water source site

is located along the Ugum River approximately 1.2 miles northeast of Talofofo Bay. The

collected water from the river will drain into a concrete wet well from which it will be

transferred by two 150 HP submersible pumps to the treatment and storage facilities.

Treatment will consist of chemicaladdition for flocculation, followed by gravity sedimentation

and rapid sand filtration. The water will flow by gravity through the treatment plant and into

The Umatac community water system is supplied by laelae Springs, also known as the Pigua

Spring. The spring is located approximately onemile east of Route4 off Mandino Street and

produces approximately 65 gpm. Although no drawings are available, it is believed that the

spring water is collected using two perforated pipes that penetrate the hillside. The water

drains from the perforated pipesinto an uncoveredtwo cell storage tank approximately 6-feet

by 8 feet in size. Fromthe storage basinthe water flows by gravity through a 6-inch diameter

pipe into a 30,000 gallon steel reservoir and is piped through a 4-inch galvanized iron pipe to

a chlorination building located approximately 1,000 feet east of Route 4. After the water is

chlorinated it flows by gravity into the distribution system. A second previous water source

for the Umatac Region, the La Sa Fua River intake, has been abandoned.

In the WSSSR, Guam EPA recommended the permanent abandonment of the Geus Dam

source. It would then be necessaryto locate another source of water supply for the southern

villages.

Water obtained from these sources is of high turbidity, especially during the wet season, and

hason several occasions failed to meet the Maximum Contaminant level (MCl) standard for

total coliform count. The GeusRiversystem is occasionally shut down when the river water

becomes highly turbid, especially during the wet season, and periodically runs dry during the

dry season. For this reason, it has never been a dependablesource of water supply for the

southern villages.

TheGeusRiverwater supply is impoundedbehindan old concrete damanddiversion structure

shown on Figure4-10. The volume of water impounded is approximately 100,000 gallons.

Thestored water must passthrough a sand filter located in the damstructure before entering

the transmission main to the PiguaBooster Pump Station.
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FIGURE 4-10
GEUS RIVER DAM

FIGURE 4-9
SANTA RITA SPRINGS STORAGE BASINS
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The water flows from the raw water pit into a baffle chamber where alum and lime are added

for coagulation to improve the solids removal process. From the baffle chamber, the water

flows into the pretreatment tank, shown on Figure 4-12, which consists of a flash mixer cell

located in the center of a 125-foot diameter sedimentation tank. The settled solids (sludge)

are discharged to a washwater tank while the clarified water flows to one of six dual media

filters for removal of remaining turbidity. After filtration, the water is chlorinated for

disinfection and is discharged into a one million gallon clearwell. The six filters are periodically

backwashed to clean the filter beds. The spent washwater from backwashing is discharged

into the washwater tank where the solids are settled and discharged under NPDESpermit by

L
L

Raw water from the two springs and the reservoir are combined and pre-chlorinated in the raw

water pit. A schematic flow diagram of the treatment plant is shown on Figure 4-11. The

treatment plant can process a maximum flow of 13.5 MGD.

FenaReservoir was constructed by the Navy in 1951 to supply its existing and future military

operations on Guam. The reservoir, located in the Naval Magazine, has a six-square mile

watershed and a capacity of approximately 2.3 billion gallons (7,050 acre-feet). Fena Dam

is approximately 85 feet high and ',050 feet in length. The Almagosa Spring and the Bona

Spring are also located within the Naval Magazine and supplement the impounded supply.

Water is pumped three miles from the Fena Reservoir to the FenaWater Treatment Plant by

four 3,500 gpm, 300 HP pumps located at the reservoir. While water from the Almagosa

Spring flows by gravity to the treatment plant, the Bona Spring is located at an elevation such

that water from this source must be pumped to the treatment plant.

\_

Military Supply Sources - Guam's second and third largest water producers are the U. S. Navy

and U. S. Air Force, respectively. The Navy's main water supply is FenaReservoir, although

they do operate three wells near NCS-Finegayen and obtain water supplies from Bona Spring

and Almagosa Spring on the southern end of the island. The Air Force, with nine deep wells

and one infiltration tunnel, relies on the northern groundwater lens as its sole source of water
supply.

I.

r
!

l •

1
n reservoir tanks for storage. Booster pumps located on Route 4 will then lift the water to

Malojloj and Windward Hills reservoirs for distribution.



FENA WATER TREATMENT PLANT

SCHEMATIC DIAGRAM

FIGURE 4-11
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In late 1988, Guam EPA, in conjunction with the U.S.Navy PWC, conducted an extensive field

sanitary survey of the U.S. Navy water system on Guam. This survey included inspection of

the entire system to assess the environmental impact of the facilities, to identify operation and

maintenance problems, and to determine the existing condition and location of the water

production, treatment, storage, transmission and distribution facilities. The GEPAconcluded

The use of a drying bed currently under construction at the FenaWater Treatment Plant will

minimize the pollution of creeks and rivers now caused by the discharge of solid waste via the

outfall.

The clearwell, shown on Figure 4-13, is used as an equalization reservoir for finished waste

distribution to the Navy's NavMag, Maanot, Apra Heights and Tupo Reservoirs which have

capacities of 0.75 MG, 0.5 MG, 5.0 MG and 5.9 MG, respectively.

outfall to local creeks and rivers, their ultimate destination Apra Harbor. The decanted

washwater is returned to the baffle chamber for reprocessing with the incoming raw water.

FIGURE 4-12
FENA WATER TREATMENT PLANT

PRETREATMENT TANK

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



An excerpt from the Agreement reads as follows:

"The Navyassumesno responsibility for increasing the quantity of water availablefor

use or distribution by the Government of Guam beyond existing commitments

aggregating4.25 million gallons per day, of which 0.75 million gallons per day are to

bedeliveredto the Government of Guamsystems served from the portion of the Navy

system south of the junction of Routes 1 and 2A, 2.50 million gallons per day north

of the junction of Routes 1 and 2A, and 1.00 million gallons per day from the Navy's

In an agreementbetween the U. S. Governmentand the Governmentof Guam.dated July 1;

1956, the Navy is committed to provide a portion of its water supply for use by the

Government of Guam.

that the FenaWater Treatment Plant:and its associated facilities are structurally in sound

condition. However, it did recommendthe replacementof many of the instruments; controls,

chemical feeders, and associated components. some of which have been in continuous use

since their originalmstallatlon in 1953.

FIGURE 4·,13
FENA WATER TREATMENT PLANT CLEARWELL

o
o
o
o
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The base has nine production wells, and one well for irrigating the golf course. The water

from the nine wells is pumped into a reservoir for treatment before feeding into the

distribution system.

J
]

]
]

Anderson Air Force Base (AAFB) is located on a relatively flat limestone plateau on the

northern end of Guam, surrounded by steep limestone cliffs. No surface streams exist here;

storm water on AAFB is channeled relatively short distances into natural or man-made

depressions in which underground injection wells have been drilled. These injection wells

allow infiltration of surface waters into the Northern Lens, which is the island's major aquifer

and is described in detail in Chapter 8. More than 100 of these injection wells have been

installed on AAFB.

Since the execution of the agreement. the Agana Springs system has been abandoned by the

Navy and rehabilitated by PUAG. Although the agreement indicates a geographical allocation

of water, the Navy has permitted additional diversions south of the junction of Routes 1 and

2A in the Agat-Santa Rita water area provided that the overall Government of Guam water

use is maintained below the present (i.e., without Agana Springs) 3.25 million gallon per day

allocation. The Navy has requested that PUAGmake every effort to disconnect and abandon

Navy supply locations as soon as possible. Typically, during the months of April through

June, the Navy has difficulty meeting their own water demands plus their commitment to

PUAG. According to the U.S. Navy Water System Sanitary Survey of FY 1989, Naval water

usage averages 285 gallons per capita per day (gpcd)' a figure almost double the 150 gpcd

usage usually expected in large American industrial cities. As explained in detail in Chapter

5, the average current per capita use for the civilian population on Guam is 124 gpcd. The

high water demand generated by the military population results in water shortages for Agat­

Santa Rita consumers, requiring water rationing and other emergency measures. The U.S.

Navy has drilled five production wells located in the central and northern parts of the island

primarily intended to supplement the water demand, especially during the dry season.

Agana Springs system. The Navy may, if re-requested, furnish additional water to the

Government of Guam subject to the availability of such water after the needs of the

military services have been fulfilled".

o
o
o
o
o
o
o
o
o
o
o
o
o
o
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In addttion to the Tumon Maui Well, the Air Force maintains five deep wells in the Air Force

Marbo Annex area and three deep wells along Marine Drive.

[
[
[
[
[
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The existing water supply and distrlibution system relies on a 12-mile length of line from the

Tumon Maui Well, located in upper Tumon. The water, which supplies approximately 35

percent of the total water production for the base, is collected in an infiltration tunnel and is

pumped through a transmission main to Marbo Tank #2, a 250,000 gallon concrete reservoir,

located in Dededo. The water supply is limited by the pumping capacity of the booster

stations. Booster Station #3, feeding the Santa Rosa 2.0 MG Storage Tank, can feed

approximately 3.0 MGD (in 20 hours of pumping) into the tank, while a combination of pumps

could provide (in 20 hours) as much as 4.2 MGD, which is considered maximum pumpage of

the existing system. The Air Force has recently negotiated an agreement with PUAG to

exchange the Tumon Maui Well for equivalent PUAG water from northern lens wells located

closer to Anderson Air Force Base. However. the Air Force may terminate the agreement at

any time that security requires it.

The 1.0 MG concrete Tarague Reservoir, located on the north side of the base, has been

abandoned due to high chloride content in the supply well. AAFB has no plans to return the

well to use.

The 2.0 MG concrete Santa RosaStorage Tank supplies the water requirements of AAFB by

a 6,500 foot length of 16-inch diameter gravity line. The Santa Rosa tank is supplied from

the Marbo Booster Station #3, which in turn is supplied by the 0.42 MG concrete Marbo

Storage Tank #4. Marbo Booster Station #3 and water production wells 5 through 9 supply

Marbo Tank #4. The 0.25 MG Marbo Tank #2, which feeds Marbo Booster Station #2, is

supplied by production wells 1, 2, 3 and the Tuman Maui Well. On the line between

production well 5 and Marbo Tank #4 is a chlorination, fluoridation and polyphosphate water

treatment plant. Pipes on this system consist of unlined cast iron pipe, asbestos cement pipe

and PVC pipe.

o
o
o
o
o
o
o
o
o
o
o
o
D

A 0.075 MG elevated steel water tank, located at the former Northwest Housing Area, is

gravity fed from Santa Rosa Storage Tank. The elevated tank feeds the 0.15 MG steel water
tank at Detachment 5 and the Navy 0.15 MG steel tank for Ritidian by gravity.
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Distribution storage is utilized to equalize and reduce peak loads, incllJding fire demands,

which all'eplaced on the production and transmission elements of the system and to provide

standby suppliesduring emergenciessuch as typhoons. A list of all PUAGdistribution system

reservoirs is found in Table 4-6.

The distribution system must provide adequate pressure for normal residential, commercial,

and industrial uses and for fire protection purposes. It is often necessary to pumpthe supply

to a higher elevation to provide adequate service.

Water Distribution Facilities

After the development and treatment of a water supply, the distribution system must deliver

the water to the users. To be consideredadequate, the distribution system must be capable

of furnishing anample supply of water of satisfactory sanitary andaesthetic quality whenever

andwherever it is required in the water servicearea. Distribution system components include

booster pumps, pipelines, control valves, hydrants, storage reservoirs, service connections,

and meters.

The locations of all major military water supply, transmission and storage facilities that

traverse non-military lands are shown on Figure 4-14. Figure4-14 also shows the location

of military connections to PUAGwater supply. Table 4-5 lists the monthly water deliveries

in 1989 for each of the supply connections. The information presented in Table 4-5 shows

that the Navy supplied an averageof 4.6 MGDthrough 56 supply connections. The Air Force

supplied negligible amounts of water through 7 connections.

Preciseconsumption andunaccounted-for water data is not availabledue to a lack of metering

devices within the system. Metering is currently used only for production wells and for the

sale of water supplies to GovGuam.

The U.S. Air Forcesupplied PUAGwith approximately 0.2 MGD through seven connections

during FY 1989. PUAG is currently investigating each military water supply connection to

determine the feasibility of abandonment. However, the elimination of supply connections

that are remote from the main PUAGsystem will require extensive capital investments. The

agency has no plans to completely eliminate water supply connections from either military

sector for at least the next ten years.

o
o
o
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FIGURE 4-14
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183,043145.280

6 4175 990
AIR FORCE SUPPLY CONNECTIONS4

Sub-Total

TOTAL

OSI Port A & B

Figarul #2

GovGuam Cabras #1

GovGuam Cabras #2

GovGuam old In

Yacht Club OSI

Rt. #3 NCS GovGuam

Tamuning Ex B

sub-Total

NAVY SUPPLY CONNECTIONS

Air Terminal - NAS

Barrigada Village #12

Halmi Res., Barrigada2

Agana Junction2

Adelup Point

Agana c:ty #13

Agana City tl23

ESSO

New Commercial Port

Laquas Bridge Piti

Mobile Petroleum

GORCO Fuel Tank

Route 3

BLack Construction

Asan Village

Harmon Team Center
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H-l3

N-38

N-39

H-40

N-41

H-42

H-43
N-46

H-47

N-48

N-49

N-98

H-159

N-l72

N-201

N-241

N-229

N-234

N-235

N-236

N-238

H-284

N-285

N-152

(1) Shows water deliveries from Oct. 1988 through Sept 1989
(2) Emergency use only
(3) Permanently closed
(4) No individual connections shown on PUAG records

38

10

o
19,612

59,409

377

640

99

385

91

284

362

5,637

o
o
o

8,233

243

5,650

134

560

3,570

246

1,885

29,850

1,425

8,676

o
o
o

7,000

9

5

o
17,566

52,597

111

316

32

320

30

131

191

5,165

o
o
o

4,697

202

4,814

112

382

2,614

183

1,054

23,702

662

7,566

o
o
o

117

NAVY SUPPLY CONNECTIONS

Rizal Beach

Gov. Guam Rt. #5

Route #17 Inter-Island

Sinifa

Santa Rita/Agat

Route #2 PUAG

Orchid #1

GovGuam Fugawari Beer Garden

Palai Housing

Gov Guam School Bus Pool

New Piti School

Piti Warehouse3

GPA Cabras Island

Standard Oi l Conpany

Standard Oil #1

Standard Oil #2

Piti ViLlage2

Johnston's Residence

Larson Rd. Nimitz Hill

Maina Housing

Maina Housing (Upper)

Pan American Housing

Maina Housing (lower)

Hansen Rts. #6 & #7

Naval Hospital Housing Area2

MongMong

Maite Village

Maite Old, Trust Territory

NAS Agana D.P.l.3

Old Trust Territory

Old MCD-3 Area NCS

N-1

N-2

N-3

N-4

H-5

N-7

N-8

N-9

N-10

N-11

N-12

H-13

N-14

N-15

N-16

H-17

N-1S

N-19

N-20

N-21

N-22

N-23

H-24

N-25

N-26

N-27

N-28

N-29

N-30

N-31

H-32

Month~ Water Deliveries
( 000 gaUmo)

Average Maximum

15 26

0 0

0 0

0 0

966 1,099

0 0

0 0

0 0

0 0

0 0

26 31

1,139 1,408

548 645

0 0

7,399 10,022

8 26

91 281

0 0

0 0

5,778 7,182

735 1,445

14 66

0 0

-7.4 -21

139,290 176,626

LocationNo.MaximumAvera eLocationNo.

Monthly Water Deliveries
(1000 gaUmo)

TABLE 4-5

MILITARY SUPPLY CONNECTIONS TO PUAG FACILITIES,1.
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0 TABLE 4-6
DISTRIBUTION SYSTEM STORAGE

0
PUAG RESERVOIRSI1I

Overflow Floor
Capacity Height Elevation Elevation

0 Location (mg) (ftl (ftt (ftl

Regional Water Service Area "A"
Barrigada Reservoir #1 1.00 40 497.8 457 ..8

0 Barrigada Reservoir #2 2.00 39 N/A N/A
Agafa Gumas Elevated Reservoir Abandoned

D Yigo Reservoir 0.50 40 658 618
Ysengsong IAstumbol 1.00 39 N/A N/A
Gayinero 1.00 39 N/A N/A

0 Regional Water Service Area "B"
Agana Heights Reservoir 1.00 40 236 196

D Upper Barrigada Reservoir 1.00 40 497.8 457.8
Chaot Reservoir 1.00 32 381.6 349.5
Mangilao Reservoir 1.00 40 381.6 341.6

0 Piti Reservoir 1.00 40 236 196
Tumon Reservoir 1.00 40 236 196

0 Tuman Loop Reservoirl21 1.00 40 252.6 212.6
Dededo Ground Reservoir 0.50 18 386 368
Dededo Elevated Reservoir Abandoned

0 Regional Water Service Area "C"
Sinifa Reservoirl21 1.00 40 725 685

D Santa Rita 1.00 40 392 352
Regional Water Service Area "0"
Yona Reservoir Abandoned

0 Windward Hills Reservoir No. 1 0.10 24 450 426
Windward Hills Reservoir No.2 1.00 40 444 404

0 Brigade Reservoir Abandoned
Merizo Reservoir 1.00 40 334 294
Malojloj Reservoir Abandoned

0 Malojloj Reservoir No. 2 1.00 40 410 370
Inarajan Reservoir 0.20 24 297.5 273.5

0 Umatac Village Reservoir 0.40 16 N/A N/A
Laelae Springs 0.50 40 360 320
Umatac Subdivision Reservoir 0.50 40 360 320

0 Agat-Umatac 0.60 24
Pulantat(Yona) 1.00 65 420 355

0 Malojloj-Ugum Riverl31 1.00 40 N/A N/A

(1) Reservoirswith capacities less than 40,000 gallons not included.

0
(21 Reservoirspresently not connected to PUAGwater system.
(31 Reservoirscurrently under construction.

0 4 - 32



The Air Forcemaintains four water supply connections utilizing PUAG-owned meters to serve

PUAG customers in areas not contiguous with the main zone. Figure 4-15 is a schematic

diagram of the Air Force-PUAG water system facilities. As shown on Figure 4-15, the

Andersen Elementary school meter is located adjacent to the Route 15 entrance to Andersen

The Yigo water distribution system is comprised of two zones or subsystems. The main zone

serves the majority of the Yigo area, including Ypapao Estates.. Perez Acres, Yigo Virlage,

Marianas Terrace, Takano Subdivision. customers adjacent to Route 1 (Marine Drive), and

those low density residential and agricultural areas located west of Route 1. A 12-inch

diameter asbestos cement transmission main extends along Route 1 from Ypapao Estates to

Gayinero Drive where a 16-inch main is currently under construction to augment the existing

a-inch main that extends northerly along the east side of Route 1 to Yigo Reservoir. From the

intersection of Route 1 and Gayinero Drive, an a-inch diameter asbestos cement water main

extends along the south side of Gayinero Drive to the Marianas Terrace and Takano

Subdivisions. The 8-inch water main continues through Takano Subdivision and terminates

at,the corner of Carnation Avenue and Route 15, Mangilao. The a "Y" series wells are the

main sources of water supply in this area and the 0.5 MG reservoir located at Yigo serves as

the control and storage facility.

The Yigo system is described and evaluated in the WSSSR prepared by GEPA. The following

is based on the WSSSR and current information supplied by PUAG.

Regional Water Service Area "A" - Regional Water Service Area "A" includes the Yigo.

Machananao (Agafa Gumas). Dededo and Harmon Village (C~iffline)water systems. The Yigo

and Harmon Village Water Systems are both autonomous with the exception of three, 2-inch

diameter pipelineswhich interconnect the Yigo and Dededowater systems. TheAgafa Gumas

and Dededo water systems are interconnected near Route 3, where an a-inch line from the

"F" series wells intersects a 6-inch line running from the "'AG1ll series wells further north.

The following sections describe PUAG's existing water distribution facilities and their

operating characteristics. Each water system is discussed sequentially according to location

by regional water service areas. The reader should refer to Figures 4-1 and 4-2 while reading

the following descriptive material.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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FIGURE 4-15

AIR FORCE-PUAG WATER SYSTEM
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Under a joint-use agreement between the Government of Guam and the Air Force, a 75 gpm

submersible pump..mounted in Santa RosaReservoir, is used to deliver water through a 2-inch

water main to a 10,000 gallon tank located on top of Mt. Santa Rosa. The submersible pump

is owned by the government of Guam but is operated by the Air Force. In the event of a

pump failure. the Air Force notifies GovGuam to make the necessary repairs. A small

hydropneumatic tank owned and operated by the Air Force is located at the top of Mt. Santa

Rosa to serve the adjacent military operations and civilian population. The Air Force also

maintains one connection to the PUAGYmgowater system at the intersection of Marine Drive

and the Marbo entrance to the Air Force facmt~es. The 4-inch metered connection is used

only ~nemergency situatlons when PUAG is in need of a backup water supplv, The meter and

two msolatinggate valves are housed in a locked underground vault. In addition to the Air

Force connections, PUAG has constructed its own booster pump station in Gayinero. The

Gayinero Pump Station equipment inc~udestwo 450 gpm pumps with 10 HPmotors, which

boost water through a 12-inch main along Route 15 to PUAG's 1 MG steel reservoir on Mt.

Santa Rosa for distribution through the existing lines.

The Yigo tntersection Meter is presently inoperative as the meter face is missing, and

therefore, monthly water deUveriesmust be estimated.

The Yigo Intersection Meter serves between 50 and 70 residential customers depending upon

the operation of Control Valves No.1 and 2 (see Figure 4-15). According to PUAG operations

personnel, Control Valve No.1 is normailly left ~nthe closed position which results in the

PUAGcustomers north of Gayinero Drive being served from the main Yigo distribution system.

If the water level in Yigo Reservoir drops, the pressure to several of the PUAG customers

located along Route 15 south of Gaytnero Drive decreases to an unacceptable level. In this

situation, Control Valve No. 1 is opened and Control Valve No. 2 is closed.

The Santa Rosa-Lower Meter serves approximately 50 customers in the Lupog area while the

Santa Rosa-Upper Meter serves approximately 25 residences in the Mount Santa Rosaarea.

AFB. The meter serves Andersen Elementary School plus five customers Uormerly

Department of Education housing) located adjacent to the school.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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The common overflow anddrain pipehasbeenpluggedwith concrete asanexpedient method

of preventing leakage from a malfunctioning drain valve. The original Master Plan

recommended that the next time the reservoir was dewatered for cleaning, the drain valve

should be repairedor replacedand the concrete plug removed. These repairshavenever been

performed, as the reservoir has never beendewatered for cleaning. At present any overflow

is still via the access hatch on the reservoir roof.

The reservoir is provided with overflow, drain, and common inlet-outlet piping. The inlet­

outlet piping arrangement includes an altitude valve, check valve, and isolating gate valves.

The valves and piping are located in a concrete pit which was originally covered with grating

which has since beenstolen by vandals. The function of the altitude valve is to prevent flow

into the reservoir when high level is reached. The function of the check valve is to allow flow

in one direction only through the bypass piping (Le., from the reservoir to the distribution

system). The altitude valve has been repairedsince the original Master Plan. However, the

check valve is still wedged open to permit flow in either direction. For that reason, the water

level never reaches the top of the reservoir, and the altitude valve is never utilized. The
SCADA system previously described provides the reservoir with level sensing and recording

instrumentation and solar power supply. At some future date, a transmitter for control of one

or more of the Yigo wells will be provided so that the reservoir level can be controlled and

overflowing prevented without the use of the altitude valve.

Yigo Reservoir, shown on Figure 4-16, is a 40-foot high by 46-foot diameter, 0.5 million

gallon, welded steel tank. The reservoir was constructed in 1966 and has since been

repainted. The reservoir site should be fenced to reduce the possibility of vandalism.

Those customers residing in the low density area to the west of Route 1 are served by a

random network of pipelines with diameters of 2 inches and less. The system obviously

affords no fire protection to customers in this area.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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• Only one pump serves the upper Mount Santa Rosaarea. Without a standby

pump, those customers served from the Santa Rosa Upper Meter will be

without water in the event of pump or motor failure until the necessaryrepairs

can be made.

• Only two water system leaks were located by observ~ngsurfacing water and

subsequently determiningits origin. The two locationswere at BengBingStreet

andQuail Court in YpapaoEstatesand in YigoVillagealong MataguacAvenue.

• Those areas serviced by 2-inch water mains do not have adequate fire

protection. Some of the 2-inch mains are located above ground. Unless

located in BOP designated conservation areas, all water mains should be

located undergroundand of sufficient size to meet fire fighting requirements.

The WSSSRmade the following observations on the Yigo distribution system.

FIGURE 4-16
YIGO RESERVOIR

o
o
o
o
o
o
o
o
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The distribution pipelines in the Machnanao area are old and in some locations undersized.

Some of the mains are located on private property and should be relocated to public rights-of­
way.

The Machananao (Agafa Gumas) water system is located just south of Route 9 at the northern

end of the island. The old Agafa Gumas Reservoir has been abandoned. The water supply

is now pumped from 11 "F" series wells and wells AG-l and AG-2 through a 6-inch, an 8-inch

and a 12-inch asbestos concrete pipe to the new 1.0 MG Astumbo Reservoir, shown in Figure

4-17. The reservoir serves the Machananao Community, the New Santa Ana Subdivision,

residences located on the east side of Route 3, GHURA 503 and 505, PerezGardens, NCS

Villages, Dededo Village and all residential and agricultural development along Y-Sengsong

Road between the intersection of Route 3 and the vicinity of Astumbo Reservoir.

Plans for construction of a system to boost water from Yigo to the Mount Santa Rosa

Reservoir through expanded transmission lines and to supply water to Andersen Elementary

School are presently under design.

• Leak detection surveys indicated extensive water losses in the Yigo area. One

major leak was identified and subsequently repaired by PUAG. Survey findings

indicate that extensive leakage is still occurring. A probable source of the

leakage is in an old 4-inch galvanized water main along Route 1 and Gayinero

Road. The 4-inch main should be abandoned as soon as funding permits.

• The PUAG meters at the Air Force supply points are subject to vandalism as

evidenced by the condition of the Yigo Intersection Meter. All supply meters

should be located underground in locked meter vaults.

• In the event of a power failure, the customers served from the Santa Rosa
Upper Meter will bewithout water as the Air Forcehydropneumatic system and

the Santa Rosa Reservoir booster pump are not provided with standby power.

o
o
o
o
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The Oededoarea is me of the Island's prime groundwater development sites as evrdenced by

the existing 15 "0" series we'Ds, 12 •F" series wells, and 5 "M' series walls. Jn addilon to

the new Astumbo Reserv(ilr, hydraulic control (i.e., pressure) 'm the O'ededo system is also

suppied by the Barrigada ReserVOirs,located at Latte Heights and shown in Figlre 4-18. A

second reservoir of 2.0 MG capacity was C cnstructed in 1988 adjacent to the aliginal

Improvements proposed by the WSSSRto the Yigo/Oededo Water Source andStorage System

include the deSign and constructron of si x production wells. a 5.0 MG reSErVOir and 45,,000

I.f. of 24-hch water transmission line.

The system is 'interconnecred wi'th tille Oededo water system by a 12-inch transmission lme

with aplressure sustalnmg valve located at Y-Sengsong Road. TJ1erefore itmsdesirable to keep

the manually colif:rolled wells AG-1 and AG-2 operating on a continuous basesto allow water

production in excess of Machananao"s demands to flow into Dededo and thus maMm'lze

utilizatron of the existing wells.

FIGURE 4·17
ASTUMBO RESERVOIR
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The water source of the Harmon Village (Cliffline) area consists of 6 production wells of the

"0" series in addition to wells H-l and H-2. The main control and storage is the Dededo

concrete reservoir (0.5 MG capacity) located at Oededo. The system serves Harmon Loop.

Harmon Village, and portions of the Tamuning and Tumon areas.

Most of the Oededo community consists of planned residential developments which, with a

few exceptions, have resulted in a well-gridded water distribution system. Thus. the piping

is generally up to modern water service standards. The major areas or subdivisions currently

served by the Dededo water service area are Dededo Village, Liguan Terrace, Gugagon. and

Y-Sengsong.

All of the "F" series and "D" series wells, excepting 0-1 through 0-6, supply the Oededo

community water system. Wells 0-1 through D-6 are located in Oededo but supply the 0.5

MG Dededo Ground Reservoir, shown on Figure 4-19, which serves as distribution storage

for the Tumon-Tamuning community located in Regional Water Service Area "B".

The construction of a new 16-inch transmission line from Route 4 to Route 17 and a l6-inch

transmission line from Route 10 to Route 4 via Mai-mai Road has been completed. A 16-inch

transmission line with two 250 gpm booster pumps which was not being utilized due to low

pressure at the existing 1.0 MG Barrigada reservoir is now operational since the completion

of the new 2.0 MG storage tank. This existing 16-inch line along Carnation Avenue can be

utilized to divert water to Route 15 and then to southern Guam.

The Y-Sengsong booster pump station located along Y-Sengsong Roadto the north of Dededo

near Well F-8 has been abandoned and replaced by pump station F-12.

The Wusstig Booster Pump Station located on the eastern side of Wusstig Road just north of

the two GHURA developments pumps water to the upper Wusstig area.

The Oededo Elevated Reservoir has been abandoned.

Barrigada reservoir. The new reservoir has provided badly needed storage capacity to the

south Oededo system.
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FIGURE 4-19
DEDEDO GROUND RESERVOIR
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FIGURE 4-18
BARRI GADA RESERVOIR
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The 1.0 MG Tumon Loop Reservoirwas constructed in 1976 for the purpose of providing

storage to serve the lower Tuman areawith its many hotels. It is supplied by an 8-inch main

from Dededo and provides flow through a 12-inch main along San Vitores Road. PUAG

operations reports that the reservoir is not being used at the present time, and believes that

the reservoir is possibly beingbypasseddue to a 12-inch lineconstructed between the inflow

and outflow piping by the Department of Public Works (DPW). Further investigation is

recommended to determine the exact cause of the problem. A float valve is to be installed

in the near future, and if the bypassing problem were to be corrected at that time, the

reservoir could then be returned to operation. The water system in the lower Tumon area

along SanVitores Roadis currently being fed from two connections. One connection is at a

pressure regulator located west of the intersection of San Vitores Roadand Marine Drive.

This regulator is fed from the 8arrigadaReservoir. This water is delivered to the lower Tumon

areathrough 8-inch and 12-inch diameterwater mainstraversing LiguanTerrace. Thesecond

connection is located at the intersection of SanVitores RoadandTumon Loopadjacent to JFK

As mentioned in the precedingsection, the water system servingTamuning is interconnected

with the DededoGround Reservoirwhich in turn is filled from several of the "0" serieswells.

A large percentageof Tamuning's water is supplied from this source; the remainder from the

"A" seriesand "M" serieswells, via Agana HeightsReservoiras shown on Figure4-2. A 14-

inch diameter water main conveys water from the DededoGround Reservoirto the 1.0 MG

Tumon Reservoirlocated on Route lOA near the GuamInternational Airport. The Tumon and

Tumon Loop Reservoirsarethe storage facilities serving the Tamuning-Tumonarea, although

during peak demand the Agana Heights Reservoiralso serves the Tamuning-Tumon area as

it is located at the same elevation as the Tumon Reservoir. The Tumon Reservoir is in good

condition, but is unfenced, and therefore subject to vandalism. Water level in the reservoir

is controlled by a float valve which closes the inlet valve when the reported maximum

operating level is reached. However, it has been reported that the inlet valve shuts off flow

before the maximum reservoir level has been reached.

Regional Water Service Area "8" - Servingthe villagesof Asan, Piti, Agana Heights, Sinajana,

Chalan Pago-Ordot, Mongmong-Toto-Maite, Mangilao, 8arrigada and Tamuning, Regional

Water ServiceArea "8" supplies the vast majority of Guam's population. With the exception

of the Asan-Piti area, the water systems serving all the villages are integrated and operate as

one system utilizing several pressure zones.

o
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The Tamuning system is interconnected with the Agana area water system via a 16-inch

water main along Marine Drive. Tumon Reservoir and Agana Heights Reservoirare located

at the same elevation. Thus the Tamuning system and the Agana system fall in a common

pressure zone.

TheTamuning distribution system isa randommixture of recently constructed andolderwater

mains. Many of the old mains are located on private property, sometimes running under

buildings. Many were constructed to serve dwellings and commercial buildings that are no

longer in existence. PUAGrecords do not indicate whether these lines were left in service or

abandoned. The potential for water losses from older metallic mains is obviously high.

As indicated on Figure 4-2, the Tamuning area is served by a 12-inch main from the Tuman

Reservoir and a 12-inch main located along JFK Road which is supplied by the 14-inch

transmission main from the DededoGroundReservoir. In effect. the Tamuning area is served

by two different pressurezones. Pressureregulating valves (PRVs),are located along both

JFKand SanVitores Roadsin order to equalizethe pressure. Another solution is to serve the

Tarnuninq area frern a single pressure zone with hydraulic control from a reservoir near the

airport, at the same elevation as Dededo with a backup connection to the Dededo zone

through a pressure regulator.

High School. This connection is supplied by a 14-inch main from DededoReservoir. Thus,

the Tumon area is supplied from two different pressure zones requiring a pressure regulator

on the higher pressuresupply side. The water mains alongSanVitores Roadin lower Tumon

vary in size from 4 inches to 12 inches in diameter. Supplied by Tumon Loop Reservoiris a

new 12-inch water main, recently installed by DPW. It runs along San Vitores Road but

currently only provides service to new fire hydrants as few service laterals were provided.

PUAGhascompleted the design to install additional lateralsto the new 12-inch main and the

work is in progress. When completed, the Tumon distribution systemwill bemore reliableand

will improve the ability to deliver fire flow in the system. The Tumon Loop Reservoirshould

be incorporated into the system to improve fire protection in the resort hotel area. Water level

in the reservoir is controlled by a float valve which closes the inlet valve when the maximum

operating level is reached.
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The BarrigadaHeights reservoir is also able to serveGuam International Airport via a 12-inch

main constructed in 1986. Mainswere installedabout 15 feet deep resulting in maintenance

difficulties for PUAGstaff. It is recommendedthat additional blowoffs be provided to ensure

proper maintenance. In addition, the mains were installed without fire hydrants. It is

recommended that hydrants be provided to conform with PUAGdesign criteria.

The 8arrigada Heights distribution system is constructed of relatively new asbestos cement

lines. GEPAfield investigations indicated that the network is in good condition.

The 1.0 MG steel 8arrigada Heights Reservoircurrently serves BarrigadaHeights from it's

location just south of the village. The BarrigadaHeights subdivision is served by a network

of 6-, 8- and 10-inch asbestos-cement (A.C.) mains fed by gravity from a 12-inch main

connection to the 8arrigadaHeights reservoir. A 1O-inchA.C. mainextends from UrioAvenue

at the northwest corner of the subdivision to Route 16. The overflow elevation of the

8arrigadaHeights reservoir is 705 feet MSL;the finished floor elevation is 665 feet MSL. The

highest point of service in the subdivision is at elevation 625 feet MSL. A 4,500 If length of

6-inch line has been installed along BelloRoadto alleviate low water pressure in the area and

provide fire protection. The point of connection to the existing line is between 8arrigada

Reservoirand 8arrigada Heights Reservoir.

As discussed earlier, the 8arrigada Reservoirsare utilized to serve the OededoArea. These

reservoirs also function as a supply for a more elevated pressure zone serving the Latte

Heights area. The BarrigadaBoosterPumpStation, shown on Figure4-20, pumpswater from

8arrigada Reservoirs to the 1.0 MG BarrigadaHeights Reservoir. Equipment at the pump

station includes two identical vertical turbine pumps with globe-type check valves and a
pressure relief valve discharging to the suction piping. Designcapacity of the 50 HPpumps

is 500 gpm. The pumpsoperate only in the manualmode as level control equipment servicing

the booster pump station and BarrigadaHeights Reservoiris inoperable. According to PUAG

personnel,the levelcontrol system hasneverfunctioned. The8arrigadaBoosterPumpStation

is not often used since there are two wells, M-17A and B, which can supply the Barrigada

Heights Reservoirand BarrigadaReservoirs.
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The 12-inch water main continues sou~halong Route 15 to the Mangilao distribution system.

At the point of connection, a pressure-reducing, pressure-sustaining valve reduces the

upstream pressure controlled by Barrigada Reservoir to Mangilao system pressure which is

The 8arrigada Reservoirs serve the Latte He~ghtsarea through an 8~inch diameter water main.

The average elevation in the Latte Heights area is about 400 feet MSL, resulting in a static

water pressure of about 40 psi if the Barrigada Reservoirs are full. Thus the water pressure

in the Latte Heights area is marginal. The a-inch diameter water main continues south

through Latte Heights to Route 15 where the water main increases iin size to 12 inches in

diameter. Several "M" series wens are located along the 12-iinch Jiineand deliver water to

either Barrigada Reservoir or Mangilao Reservoir or both depending upon water demands. The

elevation at the location where the 8-inch water mamnmeets Route 15, is approximately 441

feet, resulting in a static water pressure of approximately 24 psi when Barrigada Reservoir is

full. The operating water pressure in the Latte Heights - Route 15 area is less than that

recommended in Chapter VI, "Design Criteria."

FIIGURE 4-20
BARRIGADA BOOSTER PUMP STATION
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The Mangilao-Chaot system feeds the RegionalWater Service Area ItO" through one 12-inch

and one 16-inch water main along Route 4 south of Route 10. This interconnection will be

discussed later in the chapter. The Mangilao-Chaot system also serves the Agana and
Tamuning areas through the Agana Heights Reservoir, shown on Figure 4-21 ..

The Mangilao, Agana, Chalan Pago-Ordot, Sinajana, Agana Heights, and Barrigada

municipalities are supplied from the "A" series wells and lie within a single pressure zone

controlled by the 1.0 MG Chaot and Mangilao Reservoirs, both having the same overflow level

elevation. The" A" series wells are intended to be automatically operated in response to

water levels in the Mangilao and Chaot Reservoirs. Apparently the controls and/or pumps are

not working properly because the reservoirs never fill completely and therefore the pumps run

continuously. The cause of this condition should be further investigated and rectified by

control system maintenance or improvements to the pumping system.

regulated by the 1.0 MG Mangilao Reservoir. The pressure sustaining feature of the valve is

to allow excess water from the 8arrigada Reservoir to flow to Mangilao but not to the extent

that it will deplete the Dededo water supply. The Latte Heights Booster Pump Station

consists of three 550 gpm pumps which boost the water from Barrigada Reservoir to the 12-

inch main on Route 15 that supplies Mangilao Reservoir. It draws water through a 16-inch

diameter main that follows Carnation Roadand connects to the 12-inch inlet/outlet main from

Barrigada Reservoirs. The pump station's discharge line is also 16 inches in diameter and

follows Carnation Roadeast to connect to the old Carnation Road 12-inch main shortly before

it joins the Route 15 main to Mangilao. However, PUAG reports that due to operations

problems, the station is not used. PUAG operations have reported that there is inadequate

pressure on the suction side of the pump station to safely run it. One PUAG inspection

indicated that the low suction side-pressure was due to a closed valve on the inlet piping that

should have been open. Further investigation of this problem should be conducted to resolve

the difficulties and formalize the proper operation of the station.
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The Mongmong-Toto-Maite area is served in part by the U.S .. Navy distributi,on system using

five connections. The five metered locations are shown on Figure 4-14 as locations N-27

through N-31. Metered water deliveries for each are shown in Table 4-5. Currently plans are

being formulated by PUAG to disconnect the water service area from the Navy supply.

Previous problems with the reservoir, including a blocked overflow and a leaking fill pipe, have

been repaired by PUAG staff.

The Agana Heights Reservoir is a steel tank constructed in the old uncovered concrete basin

that served this area previously. The 1.0 MG tcnk is reported to be in fair condition.

According to PUAG personnel the reservoir is equipped with a 11oat control valve to prevent

overflow. Water from the Chaot-Mangilao system enters the reservoir through an 8-inch

diameter inlet. The separate 12-inch diameter outlet discharges water from the reservoir to

serve the Agana-Tar'!'luning area.

FIGURE 4-21
AGANA HEIGHTS RESERVOIR
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Other PUAG customers located in the Nimitz Hill area reside in the Nimitz Hill Estates and in

Nimitz Hill towers off Route 6 east of the Piti community, and in a small residential area north

of Larson Road on the west side of Route 6. These customers are served from a PUAG

distribution system, but the actual water supply is from Navy connection N-20 located at the

intersection of Larson and Turner Roads. A 6-inch PUAGmain extends from the connection

point along Larson Road to Route 6 and extends north to a small number of homes and also

south to Nimitz Hill Estates and Nimitz Hill Towers. An old 2-inch water line parallels the 6-

inch main from Larson Road southerly along Route 6 for a distance of approximately 3,200-

feet. The 2-inch water line should be abandoned. The major problem associated with serving

Along and adjacent to Route 6 in the Nimitz Hill area, PUAG serves customers using water

supplied by the U.S. Navy from two connections, N-19 and N-20 (see Figure 4-14). A few

privately owned dwellings located south of Larson Roadalong Turner Roadare served by the

small Nimitz Hill Booster Pump Station which takes suction from connection N-19. The pump
station consists of a single 52 gpm centrifugal pump which works directly from the main. A

vertical hydropneumatic tank formerly used at this location has been removed from service

due to a "flooding" problem which caused the pump to cycle for 3 seconds at approximate

45 seconds intervals to meet small demand bursts, causing excess wear and deterioration of

the motor. Direct operation is now used. The existing Nimitz Hill BPS is to be replaced by

a new pump station currently under design which will include two 100 gpm pumps.

The Piti water distribution system is generally well-gridded with few deficiencies other than

the typical water system maintenance problems.

The Village of Asan water distribution system is undergoing rehabilitation as part of a GHURA

urban renewal project and is in relatively good condition in those areas where the urban

renewal has been completed.

The Asan-Piti water system is isolated from other PUAG water in Service Area "B". As

previously described, the major water source for these two villages is Asan Spring. The Asan
Spring source is pumped to Piti Reservoir, a 1.0 MG steel tank, through a 12-inch line. A

second source of water, a U.S. Navy connection, is utilized only for emergency purposes. The

Navy connection is shown as N-18 on Figure 4-14.
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The seco n:t zone in the distribu jon system is fed from Santa Rita Spri rgs and serves Old

Agat. the San fl Rosa (Hyundai )Subdivision and those dwellings located s 'lit hof Santa Rita

along Route 12and Pale Ferdinan Way fro m Route 12 to Truman Elemen~ 'v Sch Q:)1. An 8-

inch water main ectends from San t:I Rita Spr(rgs northerly along Pale 0 lenas a rtf westerly

along Route 12 to Pale Ferdina nWay. lhe 8-inc hline continues wester It a bng Route 12 to

The 12-inch transrmsslon main contsiues westerly along Route 12 and southerly along Pale

Duenas Street where it leaves the traveled roadway and traverses westerly and southerly

through an undeveloped area to New Agat Village. Just above New Agat Village a pressure

regulating station reduces the up-stream pressure from th! 80 to 100 psi range to

approxima tely 45 psi. The distribution system consists of a we I-gri'dded pattern of 4-, 6-, and

8-i n::h cast ',on water mains which feed a 12-inch asbestos cement water main that extends

sOJtherly from NewAgatVillage" abng Route 2" for a distarce of approximately 5,100 feet.

At this point t~ 12-inch main again redu::es to an 8-inch diameter cast-iron main and

ccfltinues for anott,sr 3,900 feet. Ttere are several 2-inchand smaller water mains which

connec t tot h8 Route 2 main and serve scattered dwellings.

The water distribution system is comprised of two zones or sub-systems. One zone serves

Santa Rita Village and New Agat Village with the clearwell at the Navy's Fena Water

Treatment Plant serving as both the water source and as distribution storage. A 10-inch

diameter cast iron transmission main extends from the Navy's FenaWater Treatment Plant

to Route 12 where its size increases to 12 inches in diameter and continues westerly along

the south side of Route 12 (Bishop Olano Drive) to Santa Rita Village. The Santa Rita Village

distribution system consists of 4-inch and 6-inch cast iron and asbestos Cement water mains.

The normal water surface elevation of the clearwell is approximately 360 feet which provides

static pressures in Santa Rita Village ranging from a low of approximately 25 psi to a high of

105 ps~depending upon location. The majority of customers are provided service pressures

in the 40-80 psi range.

Regional Water Service Area "C" - Regional Water Service Area "C" encompasses the Agat­

Santa Rita water systems.

these two areas is the lack of fire protection afforded other than that provided by the U.S.

Navy.
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The Route 5 subsystem thus includes two pressure zones: a lower zone providing a cross-feed

to the Santa Rita Springs zone regulated from the Navy's Maanot Reservoir (water surface

elevation 409 feet); and a higher, pumped zone serving customers as high as 425 feet. The

second small subsystem serves customers located along Route 17, also known as the Cross

Island Road. Water is purchased from the Navy at the Apra Heights Reservoir where it is

metered. The Apra Heights Booster Station boosts the water along a 6-inch main to Route

In addition to the two main zones previously described, there are two small subsystems

serving the Route 5 and Route 17 service areas. The Route 5 system is served from a 6-inch

metered tap to the Navy's 14-inch transmission main located along Route 5. After the meter,

the PUAG 6-inch water main continues north and east along Route 5 to Pale Ferdinan Way,

terminating at the Truman Elementary School. The 6-inch main connects to the 8-inch main

serving the Santa Rosa Sub-division. The Naval Magazine (Nav Mag) Booster Pump Station,

owned by PUAG, is adjacent to the 6-inch Navy meter. The station serves customers located

at higher elevations along Route 5 near the station.

As mentioned earlier, the two zones of the distribution system are interconnected to allow use

of water purchased from the Navy Old Agat and Santa Rosasubdivision areaswhen the Santa

Rita Springs production is less than demand. To serve Old Agat and Santa Rosa, the flow

from the Navy source must be manually controlled by throttling two gate valves located at

the intersection of Route 12 and Pale Duenas Street.

The normal water surface elevation of the storage basins at Santa Rita Springs which serves

this zone is approximately 290 feet, which provides static pressures in the range of 80 to 100

psi in the Santa Rosa subdivision and static pressures of 110 to 125 psi in Old Agat.

Pressures under average to peak demand conditions would be somewhat lower. Pressure

regulators are provided on customer services.

serve the Old Agat area and north-easterly along Pale Ferdinan Way to Santa Rosa Avenue

to serve the Santa Rosa Subdivision. The Old Agat distribution system consists of 2-, 3-,4-,

and 8-inch water mains. The majority of the water mains are asbestos cement but some

mains are cast iron or galvanized steel. A portion of the water main along Route 2 is located

west of the roadway along the beach and was constructed under houses in several locations.

A 2-inch pipeline connects the Old Agat and New Agat Village distribution system.
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o

oMany valve box covers were missing; consequently, the boxeswere filled with
rocks, dirt and debris, rendering the valves inoperallie.

•

oSeveral fire hydrants located on newly improved roadways were not at the
correct grade, rendering them inoperable.

•

oSome fir'e hydrants had beenshut off at the main due to leaking valves.•

oMany fire hydrants lacked gate valves on the service line; on others, the valve
boxes had been covered by dirt or paved over.

oThe general condition of fire hydrants indicated minimal maintenance, as
evidenced by leakingvalves, rusty bolts, and hydrant valves that were difficult
to open.

• Approximately 70 percent of existing fire hydrants~ackedprotective guard rails.
oTwelve (12) production weCImeters were either inoperable or defective.•
oSeveralmeters were located in areas subject to flooding, were buried, or were

covered with thick vegetation.
•

oMany water meters were lacking meter boxes, leaving them vulnerable to,
damage from roadway traffic or vandalism.

•

o
The originalWater Master Planincluded an inspection report on the distribution system. The

original report is amended basedon information provided by PUAGandGEPA'sWSSSR. The

amended inspection report j;sas follows;

o
oThe Santa Ana Booster Pump Station currently pumps water to the end of the Agat

distribution finesat Facpi Point.

D
o
o

o
o5 to an 8-inch main that runs north and east aplJroximately 3,750 feet overfand to the Sinifa

Booster Pump Slation on Route 17. The Sinifa Pump Station uttfizes two 85 gpm pumps with

10 HP motors to move the water east along Route 17 through a 12-inch main to the 1.0 MG

Sinifa Reservoir wiith a floor elevation of 685 feet and an overflow elevation of 725 feet.

Sinifa Reservoir also receives water from the 12-inch diameter main from the Windward Hills

Booster Pump Station. Water ~sreleased from the Sl'nifa Reservoir through a 12-inch main

that connects to the 8~inch main from Apra Heights Pump Station at the Sinifa Booster Pump

Station.
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Yona, the most northerly of the five villages, receives its water supply from the 12- and 16-

inch water transmission rnalns from the Chaot-Mangilao pressure zone (Service Area "S").

Yona's water distribution system is located on both sides of Route 4. The distribution system

Regional Water Service Area "D" - The Island's southern villages, including Yona, Talofofo,

Inarajan, Merizo and Umatac, are served by a combination of local surface and spring supplies,

two small wells. and groundwater transported from Service Area "B". The water systems
serving all of the villages are interconnected as shown on Figure 4-2.

•

Two new booster pump stations and water mains have been constructed to

connect Sinifa Reservoir to the system.

Leaks in the Santa Rosa (Hyundai) Subdivision from corroded pipes have been

repaired.

•

• New 1.0 MG steel reservoir above the Santa Rita Village.

• A new booster pump station at Santa Rita Springs.

• 3- and 4-inch mains along the beach in Agat have been replaced to provide

adequate service.

• Two booster pump stations and connections to Navy systems have been

abandoned.

As noted previously, the Santa Rita Springs Basins have been covered in accordance with

recommendations in the original Water Facilities Master Plan. Other recommended

improvements to the system that have been implemented by PUAG include the following:

Typical 2-inch water mains, commonly used on the Northern end of the island,
were constructed of galvanized iron pipe which is susceptible to corrosion.

Of the 88 wells operated by PUAG islandwide, only 17 have emergency
generators, none of which are operable due to mechanical defects or lack of
batteries.

•

A survey of 25 percent of the PUAG water system resulted in the location of
90 leaks with a total estimated flow of 2,019 gallons per minute, or almost 3.0
MGD.

e'

Several gate valves were located in concrete blow-off vaults without surface
valve boxes to allow operation of the valve from the street level.
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The Windward Hills-Talofofo system is currently connected to the 12-inc.hwater main that

parallels Route 4 at two locations. The two connections are both via 2-inch mains that, in

effect, function as pressureregulators. The Ilocationsof the connections are due east of the

Talofofo community at Route4 and at the intersection of Route4 and Route 4A.

The Talofofo community water distribution system is we~1griddedwith adequatelysizedwater

mains. A few houses immediately north of the community will be served by an 8-inch

diameter main currently underconstruction which wUl connect the Notre DameLinewith the

12-inch line on Route 4.

Windward Hills Reservoirs No. 1 and No.2, with capacities of 0.1 MG and 1.0 MG,

respectively, serve the Baza Gardens and Talotofo areas. The newer tank, No.2, was
constructed in 1974. Both tanks are reported to be in good structural condition and are

shown in Figure4-22. The Windward Hills Booster PumpStation. located nearthe Takayama

Golf Course, is rated at 400 gpm and consists of three 60 HPpumpswhich move water from

the Windward Hills Reservoirs to Sinifa Reservoir through the 12-inch main along Route 17.

The pump station has three 60 HPpumps rated at 400 gpm each.

An 8-inch main branches from the 12~inchmain at the intersection of Route4 and Route 17,

follJowingRoute 17 to the BrigadeBooster Pump Station No.3. The 16-inch main from Pago

Bay also continues along the same route to Br~gadePumpStation No.3. This pump station

provides the additional pressureneededto fill Windward ReservoirsNo. 1 and No.2 through

the 8-inch and 16-mnchmains followwngRoute 17. The pump station is equipped with three

pumps with capacities of 500 gpm each and 50 HPmotors. Plannedrepairs on the Brigade

Booster PumpStation have beenhalted, as it is anticipated that the pump station will seldom

be requireddue to the new booster pump station on Route 17.

is served by Pulantat Reservoir which in turn is supplied by the three 1,000 gpm pumps at

Pago Bay Booster Pump Station. The Pulantat Reservoir is a 1.0 MG steel structure with

overflow at elevation 420 feet and footing elevation 325 feet. A 12-inch main connects the

reservoir to the Vona distribution system. Pulantat has replaced the Vona elevated reservoir,

which has been removed from service. The Pago Bay Booster Pump Station is currently in

operation 24 hours a day in an attempt to provide adequatepressurein the areaeast of Route

4.



4 - 54

Malojloj Reservoir discharges into an 8-inch and a 12-inch water main which parallel Route 4

and supply water to Malojloj and Inarajan. A PRV is utilized along the 8-inch water main in

order to lower the water pressure in the Inarajan community. The Inarajan Booster Pump

Station is a package, constant-pressure system which utilizes three 20 HP 150 gpm pumps

to supply water through an 8-inch main to Inarajan High School and a small number of

dwellings to the north of Route 4. The station lifts the water to a 0.2 MG steel reservoir

Well M-l discharges into the 8-inch diameter water main along Route 4.

The new Malojloj Booster Pump Station, shown on Figure 4-23. was recently built to boost

water to the 1.0 MG Malojloj Reservoir. The existing Malojloj Booster Pump Station, built by

DPW, is rated at 230 gpm and is soon to be taken off line. The new station. which is

expected to be completed soon. will provide two 540 gpm pumps and one 200 gpm pump.

The design capacity of the new station is 740 gpm with one of the large pumps out of

service.

FIGURE 4-22
WINDWARD HILLS RESERVOIR
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oThe mainconnecting the Inarajanareato the Pigua Booster PumpStation in central Merizo is

12 inches in diameter. The Pigua Booster Pump station, shown on Figure4-24, is about ten

yearsold. Thestation receivesits supply from both the lnarajan-Merizotransmissionmainand

the GeusRiver-SiligenSpring and boosts the water to Merizo Reservoir. The Pigua Booster

PumpStation is equipped with two vertical centrifugal pumps, each rated at 300 gpm, with

a 40 HPmotor and a single 550 gpm 25 HPunit. Of the three pumps, the 550 gpm pump

is currently not operational. As the water supply to the Pigua Booster Pump Station varies

with the season, only one of the small pumps is used on an intermittent basis. According to

PUAG,if the two 300 gpm pumps are operated simultaneously at design speeds, they create

a negative pressure in the suction piping. thus entraining air. This entrainment of air will

cause cavitation and drastically shorten the useful life of the pumps. The water from the

Geus River and Siligen Spring is chlorinated at the pump station and is then discharged

through an B-inch diameter main into Merizo Reservoir.

o
located northwest of the high school, which provides fire protection and emergency storage

capabilities to the high school and residences.

o
o

o
oFIGURE 4-23

MALOJLOJ BOOSTER PUMPSTATION
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Water System Evaluation - Summary of Findings

The preceding sections of Chapter IV described PUAG's existing facilities, commented on each

system's operational characteristics, and indicated various deficiencies that require attention.

The nature of many of the deficiencies will necessitate capital improvements for correction,

but in many cases simple operational and/or preventative maintenance practices will provide

all or part of the solution. In other instances, the problems suggest that a modification to

management practices is warranted.

In spite of improvements in the form of a new 6-inch transmission main and two reservoirs,

the Umatac area water system is still in poor condition and is unable to satisfactorily meet the

community's water requirements. The distribution system consists largely of undersized

mains that provide little fire protection.

The Laelae Booster Pump Station, also called Umatac BPS #1, is rated at 22 gpm but is

currently not in use.

The second reservoir, Umatac Subdivision Reservoir, has a 0.5 MG capacity and is located

east of the Umatac Subdivision, south of Umatac on the east side of Route 4.

The Umatac Booster Pump Station #3, shown in Figure 4-25, is located along Route 4 at the

south edge of the Umatac community, and is used only intermittently, as it's water source

is seasonal. Two steel reservoirs now serve Umatac. A 200,000 gallon reservoir, Umatac

Village Reservoir, is located on the right side of Route 2 adjacent to a 10,000 gallon storage

tank traveling north out of Umatac.

A 6-inch water main connects the Merizo system to the Umatac system. Umatac Booster

Pump Station #2, located on the west side of Route 2 at the north end of town, moves water

from the 6-inch transmission main to Umatac Village Reservoir.

The Pigua/Merizo Reservoir, located above Merizo Elementary School, is a 1.0 MG steel tank.

The SCADA System will monitor and record water level and alarm power failure.
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FIGURE 4-25
UMATAC BOOSTER PUMP STATION 0
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Keepingdistribution system records up-to-date is often consideredsecondary

to other engineeringwork. It should be expected of the engineer,just as it is

expected of the accountant, that he keep an accurate record of his work.

Accurate System Maps will aid PUAG in the initial development of a

recordkeeping program. It is recommended that one PUAGengineeringstaff

member be assigned to develop a current set of maps and then maintain the

recordkeeping system on a full time basis. Periodically, the responsibility

should be transferred to increasepersonnel's awareness of the system. All

water system improvement contract drawings should be routed through the

recordkeeping system and added to the System Maps with an identification

number - e.g. work order number-that can be used to determine where the

detailed construction information is filed. An excellent guide for developing

recordkeeping practices can be found in the AWWA publication, Water

• The System Maps prepared for the original 1979 Water Facility Master Plan

reflected inaccurate water system facility information which was to be

corrected. In addition, the maps should be updated to include improvements

to the system since 1979. Limited action has been taken to remedy this

problem in the interim. PUAGshould continue to move away from reliance on

the memory of key personneltoward the more reliableand permanentmethod

of mapping the existing system.

Management Deficiencies

The following problems should be addressed:

The following paragraphscategorically summarizethe types of problems encountered during

the facilities evaluation. Many of the problems listed below are the basis for developing the

capital improvement program. The reader is remindedthat this chapter does not evaluate the

adequacy of PUAG's facilities in meeting the projected water demands for the next twenty

years. Instead, this chapter evaluates the performance of existing facilities under current

operating and water demand conditions. Results of a hydraulic analysis of PUAG's facilities

is presented in Chapter IX, "Water System Improvements," which describes additional

improvements that are neededbasedon hydraulic criteria.

o
o
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improvements to water meters should improve consumption records.

Improved recordkeepmq on production and demand would assist the PUAG
EngineeringDivision in evaluating the benefits of system improvements. It is

anticipated that recordkseplnq improvements will follow telemetering of

..

Separate groundskeeping functions at water facilities from the Source and

Supply Section. Assign groundskeeping function to support services or

contract to a private entIty.

Currentlv PUAGwater systems personnel are responsible for groundskeeping

tasks at water facillties, which have nothing to do with water producnon and

reduce time available for system operation and maintenance.

iii

Job descriptionsshould be reclassified to requirecertification within six months

of employment for new employees and as soon as practical for existing

uncertified employees. Trainingsession opportunities have beenprovided for

operatorssince 1989 and this practice should be continued on a regular basis.

Currently, approximately 16 percent of PUAGoperators are certified operators

as required by the Safe DrinkingWater Act.
•

It is recommended that the current PUAG Standards for water be revised to

include theAWWA standards and the lead solder ban for copper water service

pipe. Furthermore, standard details showing plan and elevation views of all

appurtenancesshould be developed.

The PUAGDesign Standardsshould be improved in accordancewith AWWA

standards.

..

Distribution TrainingCourse. Oneindividual shouldbe responsiblefor checking

and supervising all recordkeeping work.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Recommendedproduction and storage components of the system.
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• Some of the well station water production meters are inoperative. The GEPA

Water System Sanitary Survey Report indicated that the problem is improved

It is recommended that complete rehabilitation of all the well pump control

valves be undertaken and proper care be exercised to ensure their future

operation.

• All of PUAG'swells arepresently operatedby turning the pumps' power supply

on and off manually. The pump control valves originally designed for surge

suppressionare inoperative,substantially increasingthe chancesof water main

breaks. Although a telemetry system is currently being installed which would

record tank levels, it may be some time before automatic production pump

controls are providedfor wells. Whether controlled manually or automatically,

the pump control valves are an essential component of the system.

Exposedpiping at wells and booster pump stations must bepainted on amare

frequent basis than is the current practice. A schedule for protective painting

of PUAG facilities has been implemented but is insufficient to fully meet the

protection requirementsof apreventativemaintenanceprogram. In the future,

stainless steel bolts and tubing should be specified for use on expensive flow

control valves and consideration shouldbe given to the use of quality plastics

where appropriate.

• Corrosionof exposedwater system components is a neverendingmaintenance

problem on Guam. This is especially true for exposed piping at the well

stations.

Operation Deficiencies

The following is a partial list of the operational problems encountered during evaluation of

PUAGwater system facilities:

Comprehensive record-keeping should be required and should include the

accurate metering of water production and consumption. Information an all

system repairs should also be documented.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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All of the PUAG steel reservoirs should be inspected by a representative of a

reputable tank contractor for corrosion damage and overall condition.

Thereafter the tanks shouldbe regularly inspected and, as required,painted to

AWWAspecifications. All reservoir sites should be fenced and locked. Water

PUAGreservoirsaregenerallyin needof repaintingas evidencedby rusting and

the effects of' vandalism.
•

All new chlorination facilities, whether located at treatment facilities, wells, or

pumping stations, should include a small concrete block building to house

equipment and cylinders. This policy should be extended to existing well

stations as funding permits.

Not all existing chlorination facilities are enclosedwithin protective buildings

and are subject to intense heat and possiblevandalism.
•

It is recommended that PUAG return to using a private contractor for well

maintenanceand operation. Thenew contract should clearly delineateall the

duties requiredof the Contractor. Routinepayments shouldbe tied to submittal

of completeand accuratemaintenanceandoperationreports by the contractor.

As evidenced by the GEPA Water System Sanitary Survey Report, and

information provided by PUAGstaff field inspectionsduringthe study, the well

stations receive little maintenance other then the bare minimum required to

keep the wells in operation.

•

It is recommended that PUAGmaintain an inventory of sparemeters and key

parts, where appropriate, for all well meters so meters can be replaced

lmmediately upon detection of aproblem. After replacing themeter, PUAGcan

make the needed repairs to the defective meter before it is placed back into

service. Nometer should be left inoperative for more than one day.

over past years. As of November 1989. PUAG assumed control of all

maintenancetasks at production wells.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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Fire hydrants receive little maintenance and are often defective. The

responsibility for the inspection of fire hydrants has been placed under the

control of each local fire department. However, 'flAG IS responsible for any
deficiencies revealedby inspectionsof fire hydrants including leaks,breakdown

and replacement.

The 4-inch water main should be abandoned and existing services reconnected

to the new 8- and 12-inch water mains.

The old 4-inch water main in Yigo along Marine Drive and GayineroRoad is a

source of water loss.
•

The pilot valve should be replaced and the altitude valve tested to determine

whether the problem is solved. If the problem persists, other appropriate action

should be taken to restore normal reservoir operation.

The Yigo Reservoir pilot valve actuating the altitude valve is not operating
properly. In response,the drain valve for the reservoir has beenwedged open,

wasting water to prevent reservoir overflow.

•

Well pump on/off control based on reservoir level should be included in the

telemetry system at the earliest possible date.

Reservoirlevelmonitoring equipment has beenprovided for all PUAGreservoirs

as part of the Motorola telemetering project scheduled for completion on

September 30, 1990. The monitoring equipment encountered some signal

interference problemscausedby other local systems using the samefrequency.

The signal is being changed to a different frequency, which should eliminate

interference problems. In October 1990 Andersen AFB will begin converting

to a telemetering system which will use equipment identical to the PUAG

system.

•

tanks should be cleaned each time an inspection is made. Inspections should

be scheduled at maximum intervals of five years.

o
J
J
]
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The majority of problems associated with the meters were Identified in the

various sanitary surveys conducted since the original Water System Master

Plan. All service meters should be calibrated every five years. In addition, the

computerizedmeter records should be reviewed by thePUAGengineeringstaff

every six months to identify unusually high- and low-reading meters.. Meters

with extremely high usage may be an indication of water leakage in the

customer's water system. A regularly scheduled program for meter

[
[
[
[
[
[

Individual water service meters are a major source of unaccounted-for water

due to underregistering meters. Many meters are exposed without meter boxes

and thus are inadequately protected from inadvertent damage and vandalism.

Some meters are buried and cannot be read.

•

Sanitarysurveys shouldbe conducted for the variousvillage water systemsnot

yet surveyed aspart of this study. Thesurvey should include the identification

of water mains that are no longer in use and should be abandoned. Proper

abandonment procedures should be developed and implemented.

Some water mains are located on private property and under buildings. PUAG

records do not indicate which of these 'ines were left in service or abandoned.
•

All pipelinessmaller than 2 inches in diameter that are located in public right-of­

ways and are not within Conservation Lands should be replaced with

adequately sized water mains.

The various water systems have considerable footage of pipelines 2 inches in

diameter and smaller.
•

o
o
o
o
o
o
o
o
o
o
o
o
o

The hydrants should be inspected on a frequency of not less than four times

per year on a quarterly basis. Some defects are reported to have been

corrected by PUAG,but approximately 40 percent of the improvements on the

island remain to be completed. It is also recommended that PUAGnumber all

fire hydrants island-wide for ease of identification and for maintenance

purposes.
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PUAG has implemented a leak detection survey and crews are currently

repairing leaksdiscovered in the initial survey.
•

It is recommended that approximately 25 percent of the existing wells be

provided with permanent standby power generators. Thegenerators should be

located in optimum locations so that generators can be used to serve up to

three well stations. Those wells not provided with permanent generators

should be equipped with standby power hook-ups to allow mobilization of

portable generators to areas of power outage.

The well stations are not provided with standby power facilities and

consequently, upon power outages, communi.ty water supplies are quickly

depleted.

•

If allowed by law, PUAGshould select a single source for water meters and

purchase all future and replacementmeters from that manufacturer. Such a
policy would greatly reduce current inventory problems and simplify operation

and maintenance of meters.

PUAG residential water meters have been purchased by bidding with the

contract awarded to the lowest bidder. The result is that no standard water

metermanufacturer exists, and PUAGmust maintaina large inventory of parts.

Also, staff must understandrepairsandcalibration for severaltypes of meters.

All meters should be verified as to the number of dwellings served. No

residential meter should servemore than one dwelling.

In many cases, residentialmeters servemore than one dwelling, thus resulting

in a loss of revenueand low pressureto one or more of the dwellings.
•

maintenance and recalibration is required to minimize leakage and

underrecording of services.

o
o
o
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Future Sanitary Survey Requirements

In spite of nomenclature connotations. a sanitary survey is not a study of sewerage facilities

but rather a detailed field study and evaluation of potable water system facilities. The two

are somewhat related in that a sanitary survey investigates the posslble sources of water

contamination due to direct or indirect cross-connections to sewerage facilities. The basic

scope of a sanitary survey must include the study and evaluation of the water system's

influencingenvironment, historical water supplyand water demandrelationships,water quality

and physical and operating characteristics.

The problems pinpointed above do not necessarily reflect all of me observed deficiencies.

Many of the problemsencountered aremore appropriately addressedelsewhere in the report

under chapters which discuss future water supply and distribution system improvements. In

general~most of the operating problems noted above could be prevented in the future by

strengthening design, construction and operating standards.

Where dead end mains exist, flushlng should be ,provided at least twice a
month.

• A number of non-looped,dead-endmainsexist in the distribution system. Non­

loopedma~nsareundesirablebecauseof reduceddelivery capacity and because

relatively stagnant conditions may cause sediment deposition.

It is recommended that a comprehensive study of Series "A III' wells be

conducted to determine the source of the elevated levelsof nitrate and chloride

and to recommend action to remedy the situation.

• Production well water quality analyses performed for GEPAhave shown til at
some Series "A" well water exhibits relatively high concentrati ons of nitrates

and chlorides.

It is recommended that the leak detection survey be extended to include the

remainderof the islandandsubsequentrepair work be carriedout expeditious ~

o
o
o
o
o
o
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A sanitary survey is not worth the investment if the recommendations are not implemented.

Thus it is important that the operating agency, such as PUAG, carefully digest the findings

and schedule required system improvements. It is equally important that an enforcement

agency, such as GEPA, follow-up on the progress of the implementation of the recommended

system improvements on a regular basis. If the findings and subsequent recommendations

are not taken seriously, there is no value in conducting additional sanitary surveys. It is

important to resurvey the water system after a period of time to identify any changes and

conditions and to document improvements.

The 1978 Agat-Santa Rita, the 1979 Yigo. and the FY 1988 and 1989 GEPAsanitary surveys

identified problems that when corrected will reduce the operating budget by more than the

actual costs of the surveys. Thus, sanitary surveys should not be postponed due to financial

concerns as they are generally a cost-saving measure with immediate benefits. The current

53 million dollar bond, capital improvement program will implement some of the Agat-Santa

Rita sanitary survey recommendations. Items completed since the original Agat-Santa Rita

survey include replacing the old 3- and 4-inch mains in Agat along the beach.

The first sanitary survey conducted on Guam was for the Merizo water system. The survey

was conducted by GEPA's staff and has been used as a basis for developing a framework for

subsequent sanitary surveys. As part of the original master plan, two additional sanitary

surveys were completed covering the Agat-Santa Rita and Yigo water systems. These

surveys are quite comprehensive and may also be used as a guide for conducting further

surveys. GEPAcompleted a sanitary survey in 1988 to comprehensively evaluate PUAG's

Island-wide water system and recommend physical and management improvements. The

GEPA survey was based on review of PUAG data and records, field investigations, and

interviews with staff. The survey report is a major information source on the current status

of the system for the Water Facilities Master Plan Update. A properly conducted and

complete survey is valuable since only an in-depth study can define specific operating

conditions and potential problems. Water systems are constantly modified as water service

areas expand, new buildings and commercial areas areconstructed and others are abandoned,

and water mains and mechanical equipment become old and worn. Because of these changes

it is necessary to periodically review water system operations. It is more productive if the

sanitary survey is conducted by a consultant or other party not in the direct employ of the
operating agency as this policy will maximize the objectivity of the survey.

o
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The major objective or thrust of a sanltaevsurvey is usually known at the start of the survey

but should allow flexibility to pursue major problem areasas they arise during the course of

study. Generally,the types of problemscan be categorized aseither water quality, excessive

water losses or identification of facility locations. Elevenservice areas have been listed in

Table 4-7 asneeding future sanitary surveys. Basedon findings developedin the master plan,

the areashavebeengiven a priority indicating the importance and proposedsequencingof the

sanitary surveys. The table alsoshows the major area(s)of concern for eachsanitary survey;

Basedon the findings of the Agat-Santa RitaandYigo SanitarySurveys, future surveysshould

include more extensive field verification of facilities, especially ~nareas where "as-built"

construction drawings are unavailable. It is recommended that future surveys include

verification of water mains by actual excavations ut~lizingPUAGpersonnel and equipment.

The excavation of facilities could provide useful information in evaluating the reliability of

information shown on the System Maps and updating the information where appropriate.

As an example, the Yigo water system was characterized by large water losses and,

therefore. much of the study was oriented towards leak detection. The Agat-Santa Rita

survey utilized leak detection surveys but also emphasized locating and identifying existing

facilities becausethe system was old and few construction drawings were available.

Eachsanitary survey is normally uniqueto the system surveyedas the nature of the problems

may be quite different in any two systems.

None of the sanitary surveys recommended in the previous water master plan have been

implemented. The last municipal sanitary survey conducted was the Yigo Sanitary Survey

completed in 1979. The inaction on additional surveys may have beendue to slow progress

in implementingthe Agat-Santa RitaandYigo recommendationsor to low enforcement priority

for the ·Improvements. Nonetheless, many ,of the recommendations from the two sanitary

surveys completed thus far have now been implemented, so the way may be clear for

additional sanitary surveys. In addition. the GEPAWater System Sanitary Survey Report

defined a basis for more detailed local surveys. GEPA has established a priority for

implementing the recommendations contained in that document. It is strongly recommended

that the programbe revived and that the recommended sanitary surveys be implemented on

a regularly scheduled basis.

o
o
o
o
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e.g. water quality, location of facilities, or leak detection. Selection of areas receiving the

highest priority are, of course, somewhat subjective and may be revised to reflect acute

problems.

11) A sanitary survey for Harmon Villageahould be conducted before the lIystem is connected to the Dededo system and therefore
the priority may need to be revised.

WQ = Water Quality
LF = Location of Facilities
LD = LeakDetection

1

2

3

4

5

6

7

8

9

10

11

Problems

WQ, LF, lD

WQ, LF

WQ, LF, LD

WQ, LF

WQ, LF, lD

WQ, LF

LF, LD

WQ, lD

LF, LD

LF, LD

LF

Community

Barrigada-MongMong-Toto-Maite

Umatac

Mangilao-Chalan Pago-Ordot

Talofofo-Inarajan

Agana-Agana Heights-Sinajana

Yona

Tamuning-Tumon

Asan-Piti

Agafa Gumas-Finegayan

Dededo-Latte Heights-Barrigada Hts.

Harmon Village (11

Priority

TABLE 4-7
SANITARY SURVEY PRIORITYSCHEDULE
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There are few records of water development by the U. S. Navy during their initial occupation

of Guam. It is known, however, that the Navy relied heavily on the Agana and Asan Springs

and also constructed several shallow wells and small surface water impoundments. In 1937,

the Navy brought a drill rig to the Island and bored the first well near 8arrigada. Several

additional wells were drilled later confirming the existence of a substantial fresh water aquifer.

Historical Water Production

During the Spanish occupation, the Agana and Asan Springs were utilized as the two major

fresh water sources. The Spanish left no sizeable water development construction but did

have a good working knowledge of the Island's hydrology.

The difference between production and demand is normally referred to as "unaccounted-for"

water and includes leakage, metering inaccuracies, and unmetered public use of water. The
"Per Capita Use" section of this chapter utilizes the historical production, demand, and

"unaccounted-for" water data to develop a unit, or per person, demand figure that can be

applied to population estimates in order to project Public Utility Agency of Guam (PUAG)

water requirements for master planning purposes. The "Island-wide Future Water

Requirements" section projects Guam's future overall water requirements including military

and private needs. Finally, comments on the impacts of possible variations in per capita use

rates are included in the "Variations in Water Demand Projections" section.

General

A public water system must be capable of furnishing water of acceptable sanitary and

aesthetic quality at adequate and reasonably consistent pressures and quantities sufficient to

meet normal patterns of demands for all categories of customers within the service area.

"Water production" is the water entering the system from supply sources. Not all water
entering a system is actually sold to consumers. The portion that is sold (i.e., metered) can

be categorized by type of useand analyzed. The "Historical Water Production" section of this

chapter deals with the established pattern of water use by customers.

CHAPTER V

WATER REQUIREMENTS

o
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Since that time, a marked change in the island's water demand has been caused by the

dramatic boom in the tourist industry described in Chapter III. The sharp increasein the

number of hotels and resorts created by this boom is also resulting in the development of

large tracts of land into golf courses. The majority of this developmentcan be found in the

central part of the island. near Tumon Bay. Regular hotel use, in addition to hotel air

conditioning and golf course irrigation, have significantly increasedthe demand for water.

Severalfleld studies have beenconducted investigating hotel water use on Guam. Themost

lin1963 •.TyphoonKarenswept over the Islandcrippling andlor destroyingmany of the water

facilities that had beenturned over to the Governmentof Guamby the Navy. Shortly after

the effects of the typhoon were recognized, the Federalgovernment granted substantial

funding to GovGuamfor rehabilitation of services, and in particular, water supply. Shortly

thereafter numerouswells were constructed through extensivewell-drilling programs. Bythe

summerof 1974 a total of 57 wells were withdrawing about 15 MGDfrom Guam's northern

aquifer.

Historical recordsindicate that by 1947, approximately 7 milliongallons perday (MGD)were

beingproducedfrom the wells in the northern aquifer and from the Tumon infiltration gallery.

In addition, Agana Springs produced up to 3 MGD while the total production from the

southernGuamsourcesmay havebeenas high as 5 MGD. Unfortunately, the majority of the

Navy's water supplieswere unreliableand the Navy elected to construct FenaReservoirand

Damwhich hasa watershed areaof 5.8 squaremiles and a dependableyield of 15 MGD.

During the Japaneseoccupation from December.•.1941, to July, 1944, little was done to

update existing or construct new water supply facilities. The American liberation of Guam

requiredimmediateconstruction ofnewwater systemimprovementsasapproximately30,000

U.S. military personnelwere then occupying the Island. Whereas the initial U. S. Military

installatlons were generally concentrated in the Agana and Apra Harbor areas, the

reoccupationleft military installations scattered throughout the Island. To satisfy the sudden

increasein water demands, severaldiversion structures were built on small streams. Wells

were drilled near new military installations and two infiltration gallerieswere constructed.

Although many of these early water supply facilities can still be found. few are still in use.

Many of the wells drilled either failed during the drilling or failed because of salt water

intrusion.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o5-2



5-3

As described in Chapter IV, "ExistingWater Facilities," PUAGobtains part of its water supply

from both the Air Force and the Navy. Overall, the water purchased from the military

accounts for slightly less than 20 percent of PUAG's total water supply.

PUAG'ssourcesof water supply are tabulated in Table 5-3. Approximately 88 percent of the

total supply is obtainedfrom the central and northern geographicalareas (i.e., ServiceAreas

"A" and "8").

Table 5-2 summarizes the total water production by operating agency from 1986 through

1989. The Government of Guam produces the majority of the Island's water supply, at

approximately 51 percent of the total. The U.S. Navy is the second largest producer with

about 35 percent of the overall production. The U.S. Air Force comprises 11 percent of the

Island's water production, while private suppliersproduceapproximately 3 percentof overall

production. The historical water production picture is shown graphically on Figure 5-1.

Today, there are approximately 124 source diversions used by four different types of users

or operatingagencies:Governmentof Guam(PUAG);U.S. Air Force; U.S. Navy; and private

wells. Of the total number of diversions, 117, or approximately 94 percent, are wells. In

1989 these wells produceda total of approximately 28 MGD, about 19 MGD of which was

withdrawn from PUAG-operatedwells. Table 5-1 indicates the yearly water production by

source for each of the four different operatingagencies from 1985 through 1989. Overall,
little increase in total production has occurred during the five year period; approximately 65

percent of total production has been derived from wells, 4 percent from springs, and 31

percent from surface sources.

recent of these, the Tuman Bay Infrastructure Study (1989), was sponsoredby the TAWSA

consortium of hotel owners and developerswith the participation of and review by PUAG.

Results of the study are discussed in the "Per Capita Use" section of this chapter.
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o

Note: 111ProdUl;lion baed on PUAG atim.les
121 N.vy SUr1.ce a. Spring Production b.Md on USGS estim.tes.o

o
o

Source: uses
GEPA: GroundwII., Management Report, NB6·Sa
PUAG: Tot .. Produelion a. FV~ of W.t., for NB6·SS

o

o
o

o
o
o

o
o

o

o
o

1985 1986 1987 1988
11989

Average

Sourcel Water Production Water Production Water Production Water Production Water ~ . Water PercentPr uctlOn
Operating Total Per Day Diver- Total Per Day Diver- Total Per Day Diver- Total Per Day Diver· Total Per Day Diver- Production of
Agency (MG) {MGDI sions (MG) (MGD) sions (MGI (MGDI sions (MGI (MGD) sions (MG) (MGD, sions (MGD, Tota'

Groundwater Production from Wells

Government of 6825 18.7 81 7094 19.44 81 7004 19.19 80 7110 19.48 83 6874 18.83 86 19.13 49.6%
Guam

U.S. Air Force 1241 3.40 10 1405 3.85 10 1504 4.12 10 1673 4.31 10 1894 6.19 10 4.17 10.8%

U.S. Navy 106 0.29 3 80 0.22 3 164 0.45 3 200 0.55 3 256 0.70 3 0.44 1.1%

Private 197 0.54 1 120 0.33 7 153 0.42 7 507 1.39 8 1029 2.82 8 1.10 2.8%

Subtotal 8369 22.93 101 8699 23.83 101 8825 24.18 100 9390 25.73 104 10053 27.64 107 24.84 64.4%

Groundwater Production from Springs

Government of 262 0.12 5 262 0.72 5 260 0.71 5 257 0.70 5 258 0.71 5 0.71 1.8%
Guam

U.S. Navy 365 1.00 2 365 1.00 2 365 1.00 365 1.00 2 365 1.00 2 1.00 2.6%

Subtotal 627 1.72 7 627 1.72 7 625 1.71 6 622 1.70 7 623 1.71 7 1.11 4.4%

Surface Water Production

Government of 5 0.01 5 0.01 t 12 0.03 20 0.05 25 0.07 0.04 0.1%
Guam

U.S. Navy 4380 12.00 4380 12.00 1 3480 12.00 4380 12.00 4380 12.00 12.00 31.1°~

Subtotal 4386 12.01 2 4385 12.01 2 4392 12.03 2 4400 12.05 2 4405 12.07 2 12.04 31.2%

Grand Total 13381 36.66 110 13711 37.56 10 13842 37.92 108 14412 39.48 113 15081 41.32 116 38.59 100.0%

o

o
TABLE 5-1

HISTORICAL WATER PRODUCTION BY SOURCEo
o
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Water Demands

The Public Utility Agency of Guam categorizes users into five groups: residential; commercial;

governmental; agricultural; and irrigation. The type of user classified under residential is self­

explanatory. The commercial category is composed of the business and industrial sectors,

including hotels, golf courses and resorts. The agricultural service classification is issued to

a customer requesting meter service for livestock watering purposes. The irrigation service

classification is for commercial crop production. The governmental classification includes

public schools, commissioner's offices, trre departments, police stations, ltbrarres,wastewater

treatment plants, and other Government of Guam facilities.

A monthly record of PUAGwater production for FY 1989 is shown in Table 5-4. Due to the

unavailability of accurate spring and surface water production data, PUAG has estimated

production for these two sources. It is interesting to note that the monthly production shows

little seasonal variation in PUAG water production.

Note: Production is based on estimates by PUAG

Source: PUAG. Total Production & Purchases of Water FY86.89
GEPA.Groundwater Management Report FY86.89

11I Includes production sold to PUAG

TABLE 5-2
HISTORICAL WATER PRODUCTION BY OPERATING AGENCY

Production in MGO

AGENCY 1986 1987 1988 1989 AVERAGE PERCENT

GOVERNMENT OF 20.17 19.93 20.23 19.61 19.99 51
GUAM

U.S. AIR FORCE(1) 3.85 4.12 4.31 5.19 4.37 11
U.S. NAVyl1I 13.22 13.45 13.55 13.70 13.48 35

PRIVATE 0.33 0.42 1.39 2.82 1.24 __L

TOTAL 37.57 37.92 39.48 41.32 39.07 100.0

o
o
o
o
o

o
o

o
o

o
o

o

o
o

o

o
o
o
o
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Water Demands

The Public Utility Agency of Guam categorizes users into five groups: residential; commercial;

governmental; agricultural; and irrigation. The type of user classified under residential is self­

explanatory. The commercial category is composed of the business and industrial sectors,

including hotels, golf courses and resorts. The agricultural service classification is issued to

a customer requesting meter service for livestock watering purposes. The irrigation service

classification is for commercial crop production. The governmental classification includes

public schools, commissioner's offices, fire departments, police stations, libraries, wastewater

treatment plants, and other Government of Guam facilities.

A monthly record of PUAGwater production for FY 1989 is shown in Table 5-4. Due to the

unavailability of accurate spring and surface water production data, PUAG has estimated

production for these two sources. It is interesting to note that the monthly production shows

little seasonal variation in PUAG water production.

Note: Production is based on estimates by PUAG

Source: PUAG.Total Production & Purchasesof Water FY86·B9
GEPA. Groundwater ManagementReport FY86·B9

(1) Includes production sold to PUAG

TABLE 5-2
HISTORICAL WATER PRODUCTIONBY OPERATINGAGENCY

ProductioninMGD

AGENCY 1986 1987 1988 1989 AVERAGE PERCENT

GOVERNMENT OF 20.17 19.93 20.23 19.61 19.99 51
GUAM

U.S. AIR FORCEC1I 3.85 4.12 4.31 5.19 4.37 11
U.S. NAVYClI 13.22 13.45 13.55 13.70 13.48 35
PRIVATE .aaa 0.42 1.39 .aaa 1.24 _L

TOTAL 37.57 37.92 39.48 41.32 39.07 100.0

o
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o

o
o
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0
0 TABLE 5-3

HISTORICAL PUAGWATER PRODUCTIONAND PURCHASEDMILITARY SUPPLIESBYWATER SERVICEAREA

0
PUAG Production (MGDl PurchasedMilitarl: Su~~lll

0 Regional WII!i!r §!i!rvi~!i! Wells Surface!1' §~ring!1' TQtal P!i!rcent Ni!Vlf Air Force Total Percent Total Percent
Service Area "A"

0 Dededo 8.52 0.00 0.00 8.52 34.8 0.00 0.00 0.00 0.0 8.52 34.8
Yigo 2.54 0.00 MQ 2.54 10.4 2:.QQ 0.19 QJJ! M .1n 11.2

0 TOTAL 11.06 0.00 0.00 _ 11.06 45.2 0.00 0.19 0.19 0.8 11.25 46.0

Service Area "B"

0 Asan/Piti 0.00 0.00 0.43 0.43 1.8 1.00 0.00 1.00 4.1 1.43 5.8
Agana/Agana Hts/Sinjana 1.40 0.00 0.00 1.40 5.7 0.78 0.00 0.78 3.2 2.18 8.9

0 MongMong/T oto/Maite 0.00 0.00 0.00 0.00 0.0 0.29 0.00 0.29 1.2 0.29 1.2
Chalan Pago Ordot/Mangilao 6.02 0.00 0.00 6.02 24.6 0.00 0.00 0.00 0.0 6.02 24.6

0 Tamuning 0.00 0.00 0.00 0.00 0.0 0.00 0.19 0.19 0.8 0.19 0.8
Barrigada 0.17 0.00 0.00 0.17 0.7 0.02 0.00 0.02 0.1 0.19 0.8

0 TOTAL 7.59 0.00 0.43 8.02 32.8 2.09 0.19 2.28 9.3 10.3 42.1

Service Area "C"

0 Agat/Santa Rita 0.00 0.00 0.22 0.22 0.9 2.41 0.00 2.41 9.8 2.63 10.7

0 Service Area "0"
Yona 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.0 0.00 0.0

0 Talofofo 0.04 0.00 0.00 0.04 0.2 0.00 0.00 0.00 0.0 0.04 0.2
Inarajan 0.13 0.00 0.00 0.13 0.5 0.00 0.00 0.00 0.0 0.13 0.5

0 Merizo 0.00 0.07 0.00 0.07 0.3 0.00 0.00 0.00 0.0 0.07 0.3
Umatac 0.00 0.00 0.05 0.05 0.2 0.00 0.00 0.00 M 0.05 0.2

TOTAL 0.17 0.07 0.05 0.29 1.2 0.00 0.00 0.00 0.0 0.29 1.2

0 GRANDTOTAL 18.82 0.07 0.70 19.59 80.1 4.5 0.38 4.88 19.9 24.47 100.0

0
(11 PUAGsurface and spring sources are generally unmetered. Data represents estimated production.

0 NOTE: Data obtained from PUAG records and military meter readings for calendar year 1989.

0 5-1
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o

Source: PUAG recordso
o

(1) PUAG surface and spring sources are generallv unmetered. Data represents estimated producti ...n.

o
o

o
o

o

o

o
o
o
o

o
o

o
TABLE 5-4

PUAG MONTHLY WATER PRODUCTION

PUAGSources (MG) PurchasedSupplies (MG)

(1) (1) Total
Month Ground Spring Surface Total Air Water

Navy Force Total Prod.

Oct 88 571.51 21.60 2.06 595.17 127.31 14.36 141.67 736.84

Nov 88 565.93 20.98 2.11 589.02 123.44 15.58 139.02 728.05

Dec 88 551.20 21.63 2.03 574.86 123.81 14.52 138.33 713.19

Jan 89 596.37 21.60 2.06 620.03 138.58 16.00 154.58 774.61

Feb89 581.04 19.56 2.11 602.70 118.74 12.62 131.36 734.06

Mar 89 578.50 21.65 2.16 602.31 130.62 14.69 145.31 747.62

Apr 89 593.68 20.95 2.23 616.87 146.09 12.88 158.97 775.83

May 89 579.19 20.88 2.25 602.31 148.26 9.26 157.52 759.83

Jun 89 547.11 20.92 2.24 570.27 151.88 6.27 158.16 728.42

Jul89 571.23 21.09 2.14 594.46 152.45 6.22 158.67 753.13

Aug 89 576.78 21.03 2.15 599.96 150.06 9.74 159.79 759.75

Sep 89 561.40 zaaa 2.13 !2a4.;2!2 131.§§ 8.58 14Q.24 724.59

TOTAL 6873.95 252.70 25.66 7152.32 1642.88 140.73 1783.61 8935.92

AVERAGE 572.83 21.06 2.14 596.03 136.91 11.73 148.63 744.66o

o
o



0
Since October. 1977. PUAG has utilized a computer for storage of water service meter 0
records for billing purposes. The computerized records not only expedite customer billings but

aid in the retrieval of historical water use records for estimation of future water demands. 0
Table 5-5 lists the monthly water demand for each user category for the period from October,

1988. through September, 1989; while Figure 5-2 shows each user category's percent of 0
annual demands by month foil' the same time psrjod.

0
TABLE 5-5

ISLAND-WIDE CIVILIAN WATER USE CHARACTERISTICS 0
October 1988 Through September 1989

Month Res Comm GovGuam Agr Irr Tgtal 0Oct 300203 96619 80161 6716 6521 490220
Nov 341984 101414 60756 7165 9542 520861

0Dec 307008 88087 3212 7441 2110 407858
Jan 299192 90526 17334 9126 6672 422850
Feb 274289 90638 18406 8201 7475 399009
Mar 291376 92964 31456 10810 11233 437839 0Apr 249386 90749 19478 7277 8279 375169
May 311149 100974 40717 11498 12679 477017
Jun 320915 114187 19217 8632 9816 472767 0Jut 274331 81344 25736 4783 5908 392102
Aug 379355 109415 23206 8351 6044 526371
Sep 292801 109779 23568 2110 3016 431274 0

TOTAL 3,641,989 1,166.696 363,247 92,110 89,295 5.353,337

PERCENTOF 0TOTAL 68.0 21.8 6.8 1.7 1.7 100

MONTHLY 0AVERAGE 303,499 97,,225 30,271 7,676 7,441 446,111

DAILY 0AVERAGE 9,978 3,196 995 252 245 14,667

DAILY 0AVERAGE
GPM 6,929 2.220 691 175 170 10,185

0
Source~PUAGWat. Mater Records

N'OfE: Unit ; 1000 gallonsexcept where otherwise noted 0
0

5~9
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WATER DEMANDS BY MON TH

FIGURE 5-2
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1.7

1.7

100.0

Percent []

68.0

21.8 0
6.8

o

o
o

o
o

o
o

o
o

Note: See Figure 3·11 for delineation of service areas.
Distribution between service areas is estimated from PUAGdata.

Source: PUAG,Meter Consumption Records, FY88

Octeber 1988 through September 1989

Average Dailll Water Use IMGD)

Service Service Service Service
Type of Customer Area "A'" Area "8" Area "C" Area "0" Total

Residential 2.81 4.84 1.07 1.26 9.98

Commerciall 0.15 2.80 0.14 0.11 3.20

Governmental 0.04 0.80 0.08 0.08 1.00

Irrigation 0.08 0.06 0.02 0.09 0.25

Agricultural 0..09 0.04 0.04 0.07 0.24

TOTAL 3.17 8.54 1.35 1.61 14.67

PERCENTOF TOTAL 21.50 58.30 9.20 11.10 100.00

TABLE 5-6
WATER USE BY REGIONAL WATER SERVICE AREAS

Severalfactors influence water demands in the various regions of Guam including localized

climatic conditions, the character of the community or village served, the relative amount of

commercialand agricultural developmentand the availability of an adequatewater supply.

Table 5-6 illustrates differences in total water usageand in water useby customer category

between service areas. The regionalservice areasconsideredwere those shown on Figure

3-11. The data in Table 5~6are presentedgraphically in Figure 5-3. The central regional

service area, designated "'S", includes the majority of Guam's hotel and commercial

enterprisesand accounts for a large percentageof the lsland's civilian population. Service

Area "B" utilizes the majority of PUAG'swater, accounting for 8.5 MGDor about 58 percent

of the total meteredwater consumptionon the Island. ServiceArea IIA, II includingYigo and

Dededo, is second highest and is responsible for over 21 percent of PUAG's water use.

ServiceAreas "COl and ~ID" taken together account for sllightlyover 20 percent of the total.

for just over 10 percent of the total.

o
The monthly water demand characteristics show that the highest user group is residential, 0
comprising 68 percent of the overall total water demand for the Island. Second is the

commercial classification which accounts for just under 22 percent of the total. The 0
remainingthree usertypes, governmental.,agricultural, andirrigation taken together account
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Basedon data supplied by PUAG.water demand versus water production relationships were

evaluated by comparing PUAG~stotal water production, including water purchased from the

milli'tary.to PUAG's meter records. The comparison, presentedwnTable 5-7, indicates that

unaccounted-for water for fiscal year 1989 averagedapproximately 290 million gallons per

month (equivalent to 9.5 MGD) and represented 39 percent of the total water production.

This is consistent with PUAGdata which indicates a yearly level of unaccounted-for water

within the 40 to 50 percent range for the past decade, as shown in Table 5-8.

According to the AmericanWater WorksAssociation (AWWA), the unaccounted-for water or

unsoldwater component typically rangesfrom as little as 5 percent to asmuch as 35 percent

dependingupon characteristics of the particular water system. TheAWWA alsostates "a fair

averageof unaccounted-for water might be 10 to 20 percent for fuillymeteredsystems having

a good maintenance program and averageconditions of service."

• Leakingwater main piping and joints

• Leakingservice piping and appurtenances

• Leakingfire hydrants

• Leakingvalves

• Leaks in customer system
• Meter underregistration or malfunction

• mIIegalconnections andlor unmetered use

• Fire fighting requirements

• Pipelineflushing

Unaccounted-for Water

Unaccounted-for water is by definition the difference between water production and water

salese. It is extremely important to minimizethis non-revenue-producing"demand" to prevent

unnecessaryand prematuredepletion of the water supply, to reduce operating costs, and to

reduce power demands. Additionally, from a capacity standpoint, suchmeasuresstretch the

useful life of existing facilities and thus permit deferment of expenditures of capital for

expansion of water supply and treatment facilities. There are many sources of unsold or

unaccounted-for water including:

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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A leak-detection and meter repair program initiated in 1989 and completed in February, 1990,

is expected to significantly reduce the amount of unaccounted-for water. PUAG estimates

that approximately 6 MGD has been retrieved through the program. The results are not

reflected in the latest PUAG records used for this report, as the project was completed only

recently. However, PUAGdata over the next several years should reflect these improvements

in the water system. PUAG's objective for the leak detection program is to reduce

unaccounted for water to approximately 15-20 peresnt.o
o
o

NOTE: (1) Production in millions of gallons
(2) Production is based on PUAG estlmates

Stlurce: PUAG. Total Production & Purcha!l8~ of Water. FY 89
PUAG. Meter Consumption Records, FY 89

o
o
o
o
o

o
o
o
o
o

o

TABLE 5-7
METEREDWATER DEMAND VERSUSWATER PRODUCTION

- Total Metered Unsold Percent
Month Production Sales Water Unsold Water

Oct 88 722.658 490.220 232.44 32.16

Nov 88 715.854 520.861 194.99 27.24

Dec 88 702.225 407.858 294.37 41.92

Jan 89 763.085 422.849 340.24 44.59

Feb 89 726.643 399.009 327.63 45.09

Mar 89 738.276 437.839 300.44 40.69

Apr 89 768.553 375.169 393.38 51.19

May 89 743.068 477.017 266.05 35.80

Jun 89 724.461 472.767 251.69 34.74

Jul 89 752.428 392.102 360.33 47.89

Aug 89 755.531 526.371 229.16 30.33

Sep 89 721.329 431.274 290.05 40.21

TOTAL 8834.111 5353.336 3480.78 39.4

AVERAGE 736.176 446.111 290.06 39.32o

o
o
o
o



Per Capita Use

The average volume of water utilized by one person tn one day is commonly referred to as the

per caplta use and is expressed 'In gallons per capita per day (gpcd). The per capita use can

be based on the metered sales for the residential user group alone" a combination of user

groups, or the sum of all the user groups. For the purpose of this plan, the per capita rate is

based on the sum of all user groups, except hotels, applied to the total civilian, non-tourist

population.

The importance of routinely conducting leakage surveys and effective monitoring of

unaccounted-for water cannot be overemphasized. Guam, because of its limited water

resources, cannot afford unnecessary water losses or wasteful energy use to maintain such

losses.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

In Guam the per capita use varies throughout the Island, largely with the degree and type of

supportive services within the community. As an example, Regional Service Area "B", where

the majority of the Island's hotel and commercial activities are located, has a much higher per

capita use than the northern or southern areas. To evaluate the variation in per capita use,

consumption values were calculated for each of the four regional service areas. The

estimated 1989 civilian, non-tourist population, interpolated from Table 3-11, and the Island­

wide metered PUAG water use, as shown in Table 5-6, were utilized to calculate present per

capita use for each service area. Resu~ts are shown in Table 5-9, and do not include

unaccounted-for water or hotel use. As noted, Service Area "B" has the highest per capita

water use, approximately 140 gpcd. The second and third highest are service Areas "C" and

"0", with per capita use rates of about 135 and 120 gpcd, respectively. Service Area ··A."

which encompasses the Dededo and Yigo area, has the lowest of the four rates at

approxlmatelv 100 gpcd. The Island-wide average is about 125 gpcd, an approximate 8

percent increase above the value of 1115projected for the year 1990 in the original master

plan. One cause for the increase in the per capita use rate may be the implementation of

capital improvements In the water system suggested in the original master plan, making more

water available to a larger number of wslandresidents. Another possibility is that as a result

of a meter inspectiion program executed by PUAG. the water use is recorded more accurately

than previously, resulting in less unmetered water use. The Implernentatten of a better

system of record-keeping may also have been a contributing factor.
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(1) Water use data for October 1987 through September1988. Water usedata does not include
hotel water useor unaccounted-for-water.

(2) Percapita use is roundedto the nearest5 gpcd.o
o
o

TABLE 5-9
EXISTING PUAG PERCAPITA USE

Water use'" 1989 Per CapitalZI
(MGD) Population Use (gpcd)

Service Area "A" 3.17 31930 100

Service Area "8" 7.59 55098 140

Service Area "C" 1.33 9902 135

Service Area "0" .i.sa 13207 120

TOTAL OR AVERAGE 13.67 110137 125

o
o
o

Source: PUAG.Metered ConsumptionRecords,FY1980-1989
o
o

Average = 45%

o
o

o
o
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TABLE 5-8
UNACCOUNTED-FOR-WATER

o
o



At the same time, an extensive advertising campaign was conducted to inform the public of

the importance and methods of water conservation, and conservation education programs in

local schools were expanded. A drought ordinance was passed, containing the following

provisions:

In March 1987, EBMUDbeganefforts to limit water usage. A voluntary conservation program

with a goal of 12 percent reduction in water use was adopted for the June-September period

of that year. However, the result of the voluntary programwas only a 3.5 percent reduction.

Therefore, a more rigorous conservation program was enacted for the following year. To

provide a financtel incentive to all customers, an inclining-bl,ockrate schedulewas established

that progressively increased the cost of water above a base alletment of 200 gpd per

household. The primary target group was single-family residential customers and irrigation

customers, whose combined usageaccounted for approxtrnatelv 77 percent of the total peak

summer consumption.

In recent years, throughout the United States, numerous communities have launched

extensive water conservation programs. Many areas of the country and, in particular,

California have been forced to adopt water conservation measures as a result of prolonged

drought. Other communities choose to exercise water conservation programs In lieu of

constructing costly water supply improvements.

Several factors affect the future per capita use rates, including water conservation practices,

improved water system facilities, and increased standard of living. Increased public

awareness of water conservation methods and realistic water service rates which reflect the

true cost of water production can effectively reduce water wastage and, in tum, reduce the

per capita use.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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o
o
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One example of a community which has effectively utilized a water conservation program to

reduce consumption during a period of drought is the East Bay Municipal Utility District

(EBMUD) of California. EBMUD, located on the east side of San Francisco Bay, serves an area

of over 300 square miles having a population of 1.2 million. By September 1987 .•storage

levels in reservoirs provIding the source of EBMUD's water had dropped to 30 percent below

normal. A second dry year, in which precipitation amounted to only 56 percent of normal,

further reduced total storage to 48 percent of normal levels.



More and more water utility agencies across the United States and world-wide are enacting

water conservation legislation and formulating this type of program to extend the life of their

potable water resources. In light of Guam's limited water supply, it is critical that the

Government of Guamestablish a water conservation program in the immediate future. There

are numerous methods and approaches to water conservation, all of which have definite

advantages and disadvantages. In order to enact a successful program, all the various

economic and social factors must be carefully evaluated with extensive public involvement.

In addition, the program must be equitable and strongly enforced.

One result of the drought crisis is that the majority of the customers found that reducing their

daily water consumption could be done with surprisingly little sacrifice. Although long range

impacts have yet to be determined, it is almost certain that one result of the drought will be

a permanent reduction in per capita consumption in California.

The conservation measures enacted by EBMUD and it's clientele caused the actual

consumption during the summers of 1988 and 1989 to be reduced by 30 percent and 25

percent respectively. This reduction exceeded the objective of 25 percent and 15 percent,

enabling the reservoir storage levels to rise to more normal levels. The 15 percent drought

emergency was called off in late summer, 1989.

More than 50,000 conservation kits containing flow reducing devices such as low-flow

shower heads were distributed free of charge. A subsequent survey of recipients indicated

that 90 percent of the conservation devices had been installed.

1. Requiredhose shut-off nozzles for car washing purposes;

2. Noplacement of new turf on lawns, and only plants requiring minimal amounts

of water to be planted;

3. Mandatory drought-compliance agreement for new service connections;

4. The water district would not be expanded beyond it's ultimate service

boundary;

5. Establishment of a patrol to recognize violations;

6. Required installation of flow-restricting devices for repeat violators.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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As will be discussed in Chapter IX, !'Water System Improvements," several capital

improvementsare proposedfor the future. Someof the improvementsmay result in increased

consumption when the water supply mmproves.Such increasesare often temporary in areas

where system improvements have beenmade. ln the past, it has beencommon practice to

escalate per capita use values employed in rnaklnq projections upward with time; however

recent trends have been in the opposite direction, reflecting the national concern about

conservationof natural resourcesand the country's very realenergyproblems. Therefore, for

water master plandesignpurposes,it is anticipated that the basepercapita use, not including

hotel use or unaccounted-for water, wimlremain close to the following present rates:

Severalother meansof reducingwater consumption on the Islandof Guamconcern the tourist

industry and hotels in particular. Basedon it's field investigations and PUAG records, the

TAWSA's TumanBayInfrastructure Study (1989) determinedatypical hotelconsumption rate

of approximately 450 gallons per room per day (gprd). In many hotels a significant fraction

of this consumption is due to "water-cooled" air conditioning systems. A switch from the

morecommonly-used "water-cooled" air conditioning systems to the "air-cooled" type could

reducea hotel's water consumption by an estimated 33 percent. decreasing the hotel unit

consumption rate from 450 to approximately 300 gprd. Another candidatefor conservation,

golf courses require about 0.13 million gallons of water perweek per course to irrigate only

the greens. The use of treated wastewater for this purposewould contribute to a reduction

in the Island's water demand whUe providing an accepted method of treated wastewater

disposal.

Current~y the rates paid to PUAG by water customers do not nearly reflect the actual cost of

water production. One method of encouraging the public to conserve water resources would

be to increase the rate gradually to cover that cost; for, as shown in the EBMUD example

earlier, a higher price for water ~sa strong incentive for reduced consumption. The key factor

~sthe term gradually, as the peopleof Guamare not accustomedto having to pay for the full

cost of water service. As seen in 1987, when PUAGabruptly instituted rates reflecting the

true cost of water service, a large and sudden jump in rates can create a very powerful

negative public response. Translated into political action, this strong responsemay result in

elimination of the rates and their conservationist effects.
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General Civilian Water Demands - As discussed earlier in the chapter, PUAG categorizes

customers into five groups, namely, residential, commercial, governmental, agricultural, and

irrigation. These five user groups comprise the General Civilian Water Demand category. A

subcategory, hotel use, has evolved from the commercial category as the primary demand

force affecting future water consumption. For purposes of future projections, hotel use will

be considered in this report as a separate category within the General Civilian Water Demand.

To estimate the future average daily water demands for the General Civilian user group, the

anticipated per capita demands listed above were applied to the population projections shown

in Table 3-14, while the typical hotel consumption rate of 450 gpd was applied to future hotel

unit projections under the slowed growth rate scenario shown in Table 3-10.

Hotel water requirements have the greatest single projected impact on islandwide water

demand. Consequently hotel requirements have been evaluated separately. In addition, this

category bears no direct relationship to the natural population trends of the island. The

following sections provide discussion and rationale for the development of the water

requirements for each of the four water use groups.

Future Civilian Water Requirements

The projected water requirements for general water use have been based on anticipated per

capita use rates and then applied to the projected populations as presented in the Growth

Trends Analysis, prepared for Barrett Consulting Group by Wil Chee Planning. The Island's

future agricultural-irrigation requirements and water demands for the proposed Commercial

Port expansion and Industrial Park complex have been included in the "General Civilian

Demand" category, as the individual requirement for these two groups is not significant
relative to the Island's overall water demand.

The impacts of possible variations in the foregoing rates are discussed in subsequent sections

of this report.

Nota: Ratas ara rounded to tho nearost 5 gpcd.

100 gpcd

140 gpcd

135 gpcd

120 gpcd

Water Service Area "An

Water Service Area "B"

Water Service Area "C"

Water Service Area "0"

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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As indicated earlier in the "Water Demands" Section. PUAG's current Island-wide

"unaccounted-for" water amounted to approximately 39 percent of the total 1989 water

demand. This is a substantial water loss considering that a 10 to 20 percent unaccounted-for

water rate is typical for a system in good repair, PUAG estimates that through the recently

completed leak detection and meter repair program, approximately 6 MGD has been

recovered. However, additional reduction should be possible through the establishment of

on-going leak detection/prevention and meter inspection programs. For the purpose of

As described in Chapter 3, the current high rate of hotel growth recently experienced on

Guam is expected to begin slowing markedly, The slackening in rate iisexpected to be most

pronounced with the completion of hotel units now in the design and permitting process

which is anticipated to occur around the year 1993. Because the year 1993 represents a

significant breakpoint in hotel growth rates (and consequently water consumption rates) it has

been applied in Table 5-10, and subsequent tables and figures of this chapter, as a more

useful benchmark year between 1990 and 2000 than the incrementally uniform year 1995.

Water consumptlon values for the year 1995 in Table 5-10, and subsequent tables and

figures, may be derived as a straight-line value between those for years 1993 and 2000.

The ratio used for the average day in the maximum month is a close approximation of the

average demand during the actual maximum month, August, that occurred during the 1988-

1989 period. As is usually the case with small communities, no data was available for

estimating maximum daily or peak hourly demands so ratios were developed from experience

with other communities. The resulting GenerallCivilian water demands projected by service

areas from 1990 to the year 2010 are determined by combining the hotel and general

population demands, as shown in Table 5-10.

"Ratio is to average daily demand.

Water demand variations employed in making projections were determined by the following

ratios.

a
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Ratio~

1.20

1..50
3.00

Demands

Average Day (in Maximum Month)

Maximum Day

Peak Hour



Note: Unaccounted·for water and water
production values have been
rounded off to the nearest full
MGD.
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Apra Harbor is one of Guam's key natural resources and, if properly developed, could serve

all types of vessels, including cargo ships and large oil tankers. and thus significantly

contribute to the Island's economic growth. However, in the past, two major constraints had

restricted the Government of Guam from expanding the current commercial port lands. The

In an effort to accommodate the growing port needs, the Government has, in the period since

1979, acquired several tracts of land from the Navy for the use by the Port Authority of

Guam. The tracts total over 400 acres, although one tract of approximately 200 acres is

comprised largely of environmentally sensitive areas and shallow inlets that cannot be

developed. The Government has already taken a first step in the proposed port growth with

the recent expansion of the Container Yard from 15 to 26.5 acres. If the remainder of the

land is to be developed to further expand the commercial port, an increase in water usage will

result.

According to the New Master Plan for the Commercial Port of Guam, the volume of goods

passing through the port has nearly doubled in the last decade. In addition, the use of the

port for passenger vessels and recreational crafts is increasing due to the boom in the tourist

industry. This increase in activity is expected to continue into the future.

Commercial Port/Industrial Park Water Demands - For some time the Government of Guam

has been giving strong consideration to the expansion of the existing commercial port, and

recently has begun action on that expansion. To better evaluate the feasibility of such a

development, the Guam Economic Development Authority (GEDA) performed a study

summarized in a report entitled Program Development of Apra Harbor, dated October 1977.

To serve as a guide to port development, a GovGuam Task Force prepared an Economic and

Land-Use Plan for Apra Harbor which was completed in August, 1979. More recently, the

New Master Plan for the Commercial Port of Guam, dated June 1990, was prepared for the

Port Authority of Guam (PAG) by TAMS Consultants, Inc. It's purpose was two-fold: to

assist the PAG in dealing with the numerous responsibilities resulting from the increased use

of the port over the past decade and to provide guidance for future expansion of the port.

projecting future water production needs, unaccounted-for water is predicted to decrease to

15 percent by the year 2010. Figure 5-4 graphically illustrates the resulting increase in water

production required if this goal is not accomplished.

o
o
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FIGURE 5-4
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Indeveloping projected water consumption figures, the Commercial Port of GuamMaster Plan

estimates an average daily use of 35 gpd per worker, and 5 gpd per cruise passenger.

Industrial process water was determined by applying a figure of 75 gpd per industrial worker,

and water deliveries to vessels were estimated to average 60,000 gpd by 2010. Projections

of total daily consumption for the years 2000 and 2010 are 150,000 gpd and 265,000 gpd,

respectively. These water demand figures are relatively small with respect to the total Island

use, and therefore have not been considered as a separate demand but have been included

in the General Civilian Demand category.

The Port Master Planestimates the current daytime population of the Port to be approximately

1,050. Expected continued growth of the Port and planned development of the Industrial Park

could increase this value to 2,450 by the year 2010.

It is difficult to accurately predict the future commercial port/industrial park water

requirements without knowing the type and extent of industrial and commercial activities that

will be located in the complex. Water use data for the current commercial port complex and

projected workforce populations were utilized by the Port Authority of Guam in their

Commercial Port of Guam Master Plan to estimate the future water needs.

According to the Port's 1990 Master Plan, port expansion plans include a multi-purpose

commercial portlindustrial park development with a commercial port, fishing port, passenger

complex and industrial park activities. The land-use for the port area and the land areas for

each use, proposed by the Port's 1990 Master Plan, are shown in Table 5-11.

The first constraint has been eliminated with the previously-mentioned acquisition of Navy

land by the Government; the second by the relocation of the Navy's ammunition wharf to

Orote Point.

first was the fact that the U.S. Navy owned the great majority of the land surrounding Apra

Harbor, the exception being the Government of Guam's commercial port. The second has

been the Navy's ammunition loading and unloading wharf along the breakwater at the western

end of Cabras Island which posed potential dangers associated with the munitions handling

operation.

o
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SOUfce: New Master Plan for the Commercial Port of Guam. June 1990

Note; Does not include lend and wata, araas for recreation. conservation of wetlands and
conservation of fishery reseurees (coral reefs and tidal fiats).
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A related concern, which must be addressed by government regulatory agencies, involves the

types and applications of fertilizers and pesticides used in agriculture and golf course

maintenance. As discussed in Chapter VII, studies have shown that certain agricultural

chemicals leach into the groundwater over a period of time, with the potential to contaminate

the aquifer. If this leaching occurs to the sale source Northern Groundwater Lens, the

outcome could be disastrous. Strict guidelines must be in place, with close monitoring for

compliance and heavy penalties for abuse, if contamination is to be averted.

One policy presently being developed to address this issue deals with requiring the golf

courses to irrigate with only reclaimed, treated water from the wastewater treatment plants

serving the resorts.

Another water use related to the resort industry is the irrigation of golf courses. Currently

there are five 18-hole courses available for play on the island, with another eleven either under

construction or planned for the near future. One estimate of the irrigation water required for

these golf courses can be made using the method shown in the Agriculture section of this

chapter. Assuming only the course greens will be irrigated and an average green size of

5,000 square feet, the minimum water supply required is 18,000 gallons per day per course,

or 0.29 million gallons per day total for the 16 courses lsland-wlda,

The typical water consumption rate for hotels on Guam has been calculated to be 450 gallons

per room per day (gprd) by the Tuman Bay Infrastructure Study. As previously mentioned,

one factor which contributes to this high demand is air conditioning. Most hotels use "water­

cooled" air conditioning systems, which utilize water in a way that allows it to continuously

evaporate during the process. The water demand of hotels using "air-cooled" systems, in

which no water is able to evaporate, is typically reduced to approximately 300 gpd/unit, a

reduction in usage of about 33 percent. If all hotels were to utilize the "air-cooled" system,

the result could be a potential savings of as much as 10 MGD in the year 2010 for the

projected number of hotel units.

Hotel Water Demands - As mentioned previously, Guam's economy has witnessed a rapid

growth in recent years due to the continued expansion of the tourist industry. This boom in

tourism has resulted in a vast increase in the number of hotels and related population as

discussed in Chapter III.
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Water Supply Level II. the 67 MGD supply scenario; assumes that: an additional 30 MGD of

sustainable groundwater yield can be obtained from the Northern Ground Water Lens, that the

Ugum River intake provides 2 MGD upon completion. and that military purchases continue at

the current level. This level represents maximum use of the entire sustainable yield of the

Northern Ground Water Lens as esdmated by the NGLS. However, as explained in Chapter

VIII, the prel~minaryresults of PUAG#srecent ground water analysis program indicate that as

much as 60 MGD sustainable yield may be available under civilian lands alone. The area of

the demand curve between Levels 1 and It represents that portion of the demand that can be

supplied by these sources.

Water Supply Level I corresponds to 37 MGD and represents PUAG's existing water

resources. These include existing purchases from the military, PUAG production and a

conservative estimate, derived from the NGLS, of potential groundwater beneath civilian land.

The area of the demand curve below Levell represents that portion of the demand that can

be supplied by these ex,sting sources.

In both F~gures5-5A and 5-58., Line A represents the demand projected for the natural growth

of Guam's existing residential or non-tourist base population. Line B represents the demand

of the projected base population plus demand due to hotels and hotel-induced residential

population. Figure 5-SA compares the average day water supply with the average day water

demand projected to the year 2010. The two horizontal lines on the graph represent two

different supply scenarios for PUAG.

Figure 5-5 demonstrates the effect of tourist industry-related water demands on Guam's total

water demand and the relationship of that total water demand to supply over the 20 year

period from 1990 to 2010. The supply estimates are based on the most comprehensive

estimates of available groundwater to date, those made in 1982 by the Northern Guam Lens

Study (NGLSJ. The sustainable yield of the entire northern aquifer is estimated at 60 MGD,

although the sustainabilleyield can be exceeded for limited periods of time without damaging

the aquifer. Therefore, it is assumed here that well production can be temporarily increased

by the maximum day demand factor of 1.5 to meet maximum day demands.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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Line A of Figure 5-5B shows that the projected growth in maximum day demand for Guam's

existing non-tourist population reaches a level of approximately 40 MGD in the year 2010.

As shown, this demand remains well below the total available supply of 52 MGD provided by

groundwater resources currently accessible to PUAG plus the allotment from the Fena

Reservoir. As shown by line B, when projected hotel and hotel-induced demands are added

to those of the base population, the total existing maximum day supply of 52 MGD is

exceeded in the early 1990's. This deficit can be met by development of additional

Figure 5·5B compares PUAG's existing and potential maximum day water supply with the

maximum day water demand projected to the year 2010. The two horizontal lines indicate

the same water supply scenarios for PUAGdescribed for Figure 5-SA. However, it is assumed

that with proper management, groundwater sustainable yields can be temporarily exceeded

by a factor of 1.5 to meet maximum day demands.

In Figure 5·5A, Line A shows that during the 1990·2000 period the projected growth in

average day demand due to natural increase in Guam's natural population is offset by the

anticipated decrease brought about by a reduction in the unaccounted·for water rate resulting

from leak detection surveys and repairs. After the year 2000 Line A begins to rise and

reaches a rate of approximately 27 MGD in the year 2010. As indicated, this demand remains

well below the total available supply of 37 MGD provided by groundwater sources currently

accessible to PUAG plus the current allotment from the Fena Reservoir. As shown by Line

8, when projected hotel and hotel-induced demands are added to those of the base

population, the total average day supply of 37 MGD is exceeded before 1995. The deficit

thus imposed may be met by development of additional groundwater sources until shortly

after the year 2000. At that point, the total potential average day supply of 67 MGD;

provided by all groundwater sources plus the Ugum intake and military purchases, would also

be exceeded. A deficit of about 8MGD would result by the year 2010. This deficit could be

supplied by anyone or a combination of several options, including conservation, reclamation,

the development of additional surface water sources, and desalination. A discussion of these

options as they pertain to the island of Guam is presented in Chapter VIII. The potential for

the Northern lens to produce a sustainable yield greater than described in the NGLS is also

discussed in Chapter VIII. The area of the demand curve above level II represents that portion

of the demand that must be supplied by one or more of these sources in addition to the

maximum potential groundwater yield projected by the NGLS.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



During that period the Bureau of Planning (BOP) utilized available data to delineate the prime

agricultural areas on Guam in their report entitled Land Use Plan Guam, 1977-2000.

In the 1970's there was a renewed interest in redeveloping the agricultural industry with the

hope that Guam could again return to self-sufficiency. This "return-to-the-Iand" movement

brought about several studies to evaluate the feasibility of intensifying Guam's agr~cultural

sector; including Irrigation Feasibility Study for the Government of Guam, GuamPublic Market

Feasibility Study, and the Agricultural Development Plan for the Territory of Guam.

Prior to World War II, the Island of Guam was largely an agrarian society. The local

production of food was sufficient and minimal importation of agricultural products was

required. Agriculture was severely curtailed by World War II as Guam saw a dramatic change

in its economy and lifestyle. Guam became militarily strategic with much of the agricultural

lands converted into military bases. Many civilian jobs were created by the military presence.

As a result of these sudden changes agricultural activities diminished and the Island quickly

transformed from an agriicultural to a military-based economv,

Agricultural Water Demands - An in-depth evaluation of potential agricuWturalwater demands

requires investigation of several factors including historical agricultural production, projected

consumption of agricultural products; availability and location of agricultural lands.

climatologicall conditions, type of crop production, and anticipated production characteristics
including crop yield.

It must be stressed that this maximum day supply mevelprovided by groundwater can be

sustained for a limited time only without causing damage to the aquifer. U the maximum day

supply must be provided on a long term basis. the deficiency must be provided by the other

water sources described previously.

groundwater sources, in combination wlth the current water sources, until shortly after the

year 2000. At that point, the total potential maximum day supply of 97 MGD as provided by

all groundwater sources estimated by the NGLS plus the Ugum intake and mi~itary purchases

would be exceeded. A deficit of about 16 MGD would result by the year 2010. As this

deficit is beyond the maximum poss~bleyield of the northern lens, wtmust be met through the

same sources described for the average day scenario.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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The goal of "import-substitution", however, is not reflected in production, as evidenced by

the fact that the Island now imports 90 percent of its food. Cultivated agricultural land is

estimated by the Department of Agriculture and u.S. Soil Conservation Service (USCS) at

between 500 and 800 acres. This is well below the projection of 1100 acres made by the

original Water Facilities Master Plan for the year 1990 and comprises only about 10 percent

of the total land suitable for agricultural use.

Since the 1970's, the official focus of agricultural growth on Guam has shifted. Where

previously, redevelopment of the agricultural industry to achieve self-sufficiency was adefinite

goal, today the government's objective appears to be that of "import-substitution". The

purpose of this new plan is to reduce the Island's dependence on imports, reintroducing and

expanding cultivation of native fruits and vegetables, and experimenting with new agricultural

varieties.

In their Overall Economic Development Plan, the Bureau of Planning outlined in some detail

the procedures to be followed to develop additional irrigated lands on Guam. Constraints to

be overcome in the areas of land development, operatorloperations support, marketing, and

distribution were carefully detailed. However, none of the programs recommended by the

BOP in their report are currently being implemented.

The work of the Bureau of Planning in the area of agriculture resulted in the establishment of

Agricultural Districts as shown on Figure 5-6. An estimate of the land available for agricultural

use in Guam is shown in Table 5-12. With the exception of some acreage in the Yigo area,

all the Agricultural Districts are located in the southern villages of Guam. The main reason

for the lack of designated agricultural lands in the north is the need to protect the northern

groundwater aquifer from the polluting effects of fertilizers, herbicides and pesticides. The

entire northern lens has been designated as a "sole source aquifer" by Federal EPA and the

importance of protecting this valuable natural resource cannot be overemphasized.

Topography, soil data and climate were the criteria used by the BOP for designating lands

well-suited to agriculture. Those lands that are level or gently sloping were considered well

adapted for agriculture. Climate is important as rainfall is needed to support crop growth. Soil

data is a basic element in the delineation of prime agricultural lands as the type of soil greatly

influences both the variety of crop production and crop yields.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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Reports and planning documents of venous GovGuam agencies have, in the past, identified

at least three factors which needed to be addressed ff the scale of commercial agriculture was

to be significantly expanded on Guam. These factors included agricultural land development

and management, farm labor development and management, and comprehensive marketing

practices. To date, neither GovGuam nor any private organization has implemented a program

that has significantly increased agri'cultural land use. Consequently, no effective action haso

o
o

o
Table 5-13 shows the decline in staple crop output from Guam's pre-World War II days when

the Island was self-sufficient. Since World War II, the agricultural sector has not maintained

growth equal to that of other economic sectors. As shown in Table 5-14, production of fruits

and vegetables increased only 27 percent in the ten year period from 1979 to 1988, and has

in fact fallen slightly from 1986 to 1988. Based on available data, it appears that no plans

have been implemented by the government to expand existing agricultural lands or increase

crop production.

o
Source: Bureau of Planning,Agricultuf1J1Growth Policy and Land Usa Plsn Guam, 1977-2000.

Note: The total agricultural land suitable for Merizo and Umatae is 320 acres and 250 acres, respectively, which is
not included.

o
o

o
o

o
o

TABLE 5-12
LAND SUITABLE FOR AGRICULTURAL USE

land Area (acres)

INLAND
RIVER COASTAL PLATEAUS PERCENT

AREA BOTTOMS UPLANDS AND HILLS TOTAL OF TOTAL

Water Service Area "A"

.L1QQ .L.1QQ ~
SUB-TOTAL 1,110 1,100 19.4

Water Service Area "0"

Yona 200 ',040 ',240 21.9

Talofofo 360 220 1,190 1,770 31.2

Inarajan ill ~ .aJ..Q .1.&§Q 27.5

SUB-TOTAL 970 560 3,040 4,570 80.6

TOTAL 970 ',660 3,040 5.670 100.0

o
o

o
o

o
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o
o

o
o

Source: Departmentof Agriorlture. Go'Vs;nmentof Guam

o
o

o
o

6,186
2,976
6,208
4,833
6,616
6,631
6,762
8.035
7,595
7,878

1979
1980
1981
1982
1983
1984
1985
1986
1987
1988

TABLE 5-14
PRODUCTION OF FRUITS AND VEGETABLES

o
o
oProduction

(in pounds)Fiscal Year

oSoullC'l!I~GuamPublic Marktit Feasibility Study. D~p8rtment of Commer~.
Government of Guam;andU.S. Censusof Agriculture. various iSBues.

o
o
o
o
o

TABLE 5-13
HISTORICAL AGRICULTURAL PRODUCTION

Production {in thousands of gounds)

CROP 1929 1939 1949 1959 1964 1975 1986

Cassava 195.5 472.7 15.7 95.5 95.8 85.2 30.3

Sweet Potato 587.4 756.4 107.0 67.5 83.9 43.3 95.3
TaR!) 1,825.0 N/A 280.7 169.8 153.2 111.6 36.2

Van 1,1603 840.0 87.3 97.8 76.8 47.2 14.8

o
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Another factor that has restricted the redevelopment of agriculture on Guam is the devastating

impact of typhoons and tropical storms as evidenced by the agricultural damages suffered in

the Sixties during Typhoons Karen and Olive. Between 1910 and 1990, other typhoons of

varying intensity have passed over or sufficiently near the Island of Guam to cause significant

damage. With an average of one typhoon every other year, the selection of crops and the

timing of their growth and harvesting must be carefully planned and executed in order to

minimize the crop damage. Such strategies would be to encourage the production of crops

with short growing seasons, planting from nursery stock rather than seed, and minimizing the

use of certain orchard and other crops particularly vulnerable to wind damage since production

for an entire year could be lost in a single storm.

A third factor affecting the growth of Guam's agricultural industry is marketing practices.

These practices have not changed significantly since World War II. There appear to be no

immediate plans to educate the farmer or modernize the marketing process, although the

Guam Legislature has recently passed a bill appropriating funds to revitalize the Agricultural

Extension Agency on Guam.

The island-wide labor shortage also affects the agricultural sector. Guam is experiencing a

period of intense growth related to the tourist industry, resulting in the creation of thousands

of jobs. According to the Department of Commerce, this economic boom has virtually

eliminated unemployment to the extent of causing a severe labor shortage. Historically, farm

laborers are lower paid, unskilled workers. This class of workers on Guam has been absorbed

by the hotel/restaurant and construction industries. Most farmers on Guam employ family

members to help with crop production, as no other labor is available. This restriction has

contributed to the small number of acres under cultivation and also the quantity and quality

of produce available.

A decrease in available arable land has been one contributor to the decline of agriculture. One

factor in this decrease is the potential for the development of golf courses on agriculturally­

zoned land. The water requirements necessary for irrigating these courses will also affect the

farming industry.

been taken with regard to addressing any of these factors since the original Master Plan. and

the entire industry seems to have declined rather than progressed toward any goal.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



TheCorpsof Engineershasestimated that typical vegetableand fruit crops in Guamconsume,

through evapotranspiration, approximately 6.4 Inches of water per month on the average.

The GuamNationalWeather Bureaurecords show that the minimum monthly rainfall ever to

occur on Guamwas 0.5 inches. Ignoring the water that might be temporarily availablefrom

The Department of Agriculture indicatesthat irrigated crops onGuamrequire an inch of water

every three days to sustain healthy growth and high production. Approximately 65 percent

of the total rainfa~1on Guam occurs during the period of July through November and 35

percent between December and June. While supplemental irrigation supplies are normally

neededduring the dry months, there areextended periodsduring the wet seasonswhen crops

would suffer without supplemental water. Hence,a dependableirrigation water supply must

be available on a year-round basis.

~norder to project irrigation water demands, a knowledqe of the water required by the

particular crops currently grown on Guam is necessary. Due largely to a lack of crop data,

this information is not readily available. The irrigation water demand is therefore determined

utiliz~ngrainfall recordsand information obtained from the Departmentof Agriculltureand U.S.

Army Corps of Engineers.

Hydroponic farming, proposedas analternate strategy by the originalmaster plan"has, in the

past decade,shown itself to beamoreexpensive,morewater-intense processthan previously

believed. For example,all hydroponic farming projects implemented in the State of Hawaii to

date have failed due to the high costs of special structures, equipment, and skilled

technicians. With regard to water consumption, two types of hydroponic farming exist:

closedand open. Inthe closed systemwater is recirculatedcontinuously, allowing for a lower

water use than that of traditional agriculture. But it is also a risky method in that if a bacteria

or fungus should enter the system. an entire crop could be lost. In an open system the water

is disposed of after one circulation through the system. This exerts a water demand greatly

in excess of traditional agriculture. Since hydroponic farming is performed in a greenhous,e.

moreprotection from less severestorms may beoffered. However, the greenhousecould not

beexpected to withstand a storm of the intensity of the typhoons which regularly devastate

the island. In summation, in all three areasof conssderatlon (cost, water demandand weather

resistance), hydroponic farming is not' considered a feasible option to revive the stagnant

agricultural industry of the island.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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o

NFF = Cj (OJ)(X+P)j

where Cj = 18 F AO.5

= the construction factor
F = coefficient related to the class of construction
Aj = the effective floor area
OJ = the occupancy factor
Xj = the exposure factor
Pj = the communications factor

5 - 38

o
o
o

o
The ISO has established a formula for estimating the needed fire flow (NFF) for a given fire

condition as follows:
o

o
o

o
o

Fire Protection Demands - The method used in this report to determine flow rate and duration

for fire protection purposes was the Insurance Services Office (ISO)method, as presented in

the American Water Works Association's (AWWA) Distribution System Requirements for Fire

Protection, 1989. The ISOhas developed the Grading Schedule for Municipal Fire Protection,

which is used to classify municipalities with reference to fire fighting capabilities and physical

conditions. From a study of pertinent conditions and performance records, the ISO has

developed fire fighting and water supply standards which are compared to the various

features of the fire defense in the community being rated. For each deviation from the

standards, deficiency points are assigned proportionate to the seriousness of deficiency. The

total number of deficiency points charged against a municipality determines its relative

classification. Although Guam has not been evaluated by the ISO to date, the schedule can

be used as a guideline in evaluating existing facilities as well as in projecting the need for

future fire protection facilities.

o
o

Basedon current crop production, economic trends, official governmental policies, agricultural

land management, farm labor development, and marketing practices, it is assumed that the

amount of land under cultivation will remain constant from the present through the year 201 O.
Therefore, the projected 4.2 MGD irrigation demand should also remain constant and has been

included in the General Civilian Demand category.

o
o
o

within the soil, it may be necessary to apply as much 8S 5.9 inches of water per month to

irrigate crops under extreme conditions. This translates into an island-wide rate of 4.2 MGD

for the 800 acres under cultivation, a relatively insignificant amount when compared with the

overall water demand.
o
o

o
o



Required distribution storage capacity was evaluated as the average daily demand, or 24

hours worth of average daily flow (ADF), as recommended in the April 15, 1989 issue of

Public Works: City, County and State. This volume of water was determined to be adequate

for several reasons. A large majority of the new commercial buildings and subdivisions on the

island are constructed of concrete whichl being non-flammable. thereby reduce the potential

for a large-scale fire problem. The major water crisis is therefore seen to present itself in the

form of typhoons or tropical storms, which may cause power outages of 24 hours or more

Fire protection requirements for the year 2010 were estimated from the fire protection

classifications in Table 5-16 and the Bureau of Planning Land Use Plan. The various classes

of fire protection required for each service area are given in Table 5-17.

Estimated fire flows based on the ISO method and on discussions with the Department of

Public Safety (DPS) are tabulated by type of land use as shown in Table 5-16. The fire flow

requirements tabulated by type of land use as shown in Table 5- 16 cannot be realistically

satisfied in most areas within the next few years. However, fire flows can be utilized for

planning purposes in the sizing and locating of proposed water distribution and storage

facilities. It should be noted that the fire flows presented are approximations for typical

structures or clusters of structures in each land use category and should not be utilized for

establishing fire flow requirements for specific buildings. Instead, fire flow requirements for

specific locations should be established on a case-by-case basis.

Note: The fire flow durations Bra based on the 16th edition of the National Fire Protection
Association's Fir6 Prot6ction Handbook.

Duration
(hours)

Fire Flow
(gpm)

TABLE 5-15
FIREFLOW DURATION REQUIREMENTS

The AWWA's manuaI also presents the required fire tlow duration based on the magnitude

of the fire flow. This fire flow versus duration is shown in Table 5-15.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

2
3
4

2500 and less
3000 to 3500
4000 to 12000



Total Civilian Water Requirements - The total projected civilian water requirements were

obtained by combining the projected water demands for general civilian use, agriculture,

commercial portlindustrial park, hotels, andhotel-induced population. The total civilian water

requirementthus obtained is shown inTable 5-19 for the years1990, 1993,2000,2005, and

2010. Figure 5-7 shows the variation in demand dependingupon the extent to which the

unaccounted-for water component is reduced.

Application of the foregoing criteria to each water service area resulted in the fire flow

demandsand water storage requirements shown in Table 5-18.

duration. Most existing hotels provide their own 24-hour storage supply. It is likely that

future hotels will also provide storage sufficient to meet their own 24 hour demand.

Approximately 40 percent of the averagedaily storage island-wide could be provided in this
manner.

Note: Land use classifications conform to those establishedin the Land USB Plan.

500

1000

1500

2500

3500

2500

3500

3000

3500

RuralResidential

UrbanResidential (low density)

UrbanResidential (medium-highdensity)

Commercial (low density)

Commercial (high density)

Public Institutions

Resort

Industrial (light)

Industrial (heavy)

Fire Flow
Requirement (gpm)LandUse

TABLE 5-16
FIREFLOW REQUIREMENTSBY TYPE OF LAND USE

o
o
o
o
o
o
o
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Regional Water Service Area "A"

yigo X X x X 2500

Dededo X )( X X X 2500

Regional Water Service Area "B"

Assn/Pit; X )( X X )I; 2500

Agsns/Agans Hts./ X X X' X 3500
Sinajana

MongMong/Toto/Haite X X II 3000

Chalan Pago Ordot/ X X X X 2500
Mangilao

Tamuning X X X X Ie )( )! 3500

Barrigada X X X X IC 2500

Comnercial PO'II't./ X 350!0
Industr;al flI'l'k

Regional Wate, Service Are. "C"

Agat/Santa Riga X )! l( ;sao

Regional Water Service Area "D"

Yona X X )( X X X 2500

Taofofo )( X X X X X 2500

Inarajan X X X X II 2500

Her;zo )( X X X 2500

Umatac )( X II: X X 2500

(1) LowDensity
(in Iti gh D'ensitv

Residential Commercial I Industrial
I Public Maximum

Rural
I

Urban Urban tLI"l I ~HJ12l Bldgs. (Ught) (Heavy)

I

Fire Flow
Il.ocation Ill'" lHJ'21 Resort Igpml

TABLE 5-17
FIRE PROTECTION REQUIREMENTS

BY SERVICE AREA



c
0 TABLE 5·18

FIRE FLOW AND STORAGE REQUIREMENTS BY SERVICE AREA

0 Fire Row Fire Minimum
Basic Fire Duration Reserve Distribution
Row (gpm) (hours) (MG) Storage (MG)

0 Service Area ..A"

1990 2500 2 0.30 5

0 1993 2500 2 0.30 7
2000 2500 2 0.30 10

2005 2500 2 0.30 11

0 2010 2500 2 0.30 12

0 Service Area ..S"

1990 3500 3 0.63 15

0 1993 3500 3 0.63 31
2000 3500 3 0.63 38
2005 3500 3 0.63 42

0 2010 3500 3 0.63 44

0 Service Area "C"

1990 2500 2 0.30 2

0 1993 2500 2 0.30 3
2000 2500 2 0.30 4
2005 2500 2 0.30 4

0 2010 2500 2 0.30 4

0 Service Area "0"

1990 2500 2 0.30 3

0 1993 2500 2 0.30 5

2000 2500 2 0.30 8

2005 2500 2 0.30 12

0 2010 2500 2 0.30 15

0
0
0
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REGIONAL WATER SERVICE AREA

5
1
7

29

11
46

8
Z
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34

!
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4
Q
4
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37
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Z
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3
1
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3
1
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1
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1993 WATER DEMANDS (MGD)

REGIONAL WATER SERVICE AREA

1 1

Z
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9
5
14

7
4

11

D

4

Z
6

39

24

63

3

1
4

31

.lit
50

3

1
4

26
1.§.
42

cB

3
Q
3

19

!
23

3
Q
3

15

J.
18

2
Q
2

12
J.
15

TOTAL

Hotel Use

14

3

17

Maximum Dayl21

General Civilian Use

Average Day in Maximum Month'"
General Civilian Use 11
Hotel Use 2
TOTAL 13

9
2

11

Average Day
General Civilian Use
Hotel Use
TOTAL

ADEMAND

2005 WATER DEMANDS (MGDt

REGIONAL WATER SERVICE AREA

DCB

Maximum Dayl21

General Civilian Use 8
Hotel Use 0
TOTAL 8

Average Day in Maximum Monthl11

General Civilian Use 6
Hotel Use 0
TOTAL 6

Average Day
General Civilian Use 5
Hotel Use Q
TOTAL 5

TOTALADEMAND

1990 WATER DEMANDS (MGDJ

REGIONAL WATER SERVICE AREA

TABLE 5-19
WATER DEMANDS

o
o
o
D
o
o
o
o
o
o
o
o
o
o
o
D
o
o
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PROJECTED CIVILIAN WATER DEMANDSo
FIGURE 5-7NOTE: INCLUDES COMMERCIAL PORT. HOTEL AND

AGRICULTURAL DEMANDS

_____ ASSUMES REDUCTION IN UNACCOUNTCD-FOR
WATER FROM 39% TO 15% BY 2010

- ~ - - - - - UNACCOUNTED-FOR WATER EQUALS 39%

LEGEND:
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The Navy's projected demand for the year 2000 (13.7 MGD) included water sold to PUAG.

"Our (l.a., Navy) record indicates that the Navy water demand is about 3.3 billion

gallons a year {9.04 MGD}. The projected Navy demand for the year 2000 basedon

factors contained in the Naval Facilities Design Manual No.5 (NAVFAC DM-5) is 5.0

billiongallons (13.7 MGD). Experienceindicates that Navyoperations,eitheranticipated

or unanticipated, increasethe Navydemandfor water. Theammowharf project will not

significantly increase the Navy water demand.If

The Navy was requestedto estimate future water demandsas best possibleat the time that

the oriqinel Master Plan was prepared and to discuss the effects of unanticipated water

demandssuch as mobilization or the construction of the ammunition wharf. The response

was as follows:

The h~storicalwater production for the period of 1985 through 1989 for both the U.S. Navy

and the U. S. Air Force is shown in Table 5-20. The Navy and Air Force's annual water

production varied only 5.3 and 7.2 percent from the five year average, respectively.

untortunatetv, as the military water systems are not fully metered, it is not possibleto define

that percentageof the total water production which representstrue demandand that portion

which is unaccounted-for water,

Guam is currently a possible site for the relocation of U.S. millitary bases now facing an

uncertain future at their present locations in the Philippines. The restationing of these troops

on the island would certainly increasethe military water demand through an increase in the

military population and operatlons.

Future Military Water Requirements

It is extremely difficu~t., if not impossible, to accurately faecast water demands fa the

military on Guam because of the uncertain and ever-chanqinq nature of military 0perations.

An exampleof anunanticipatedwater demandwas the Vietnameserefugeeoperationof1975

which taxed the Navy water system to the limit, resulting in curtailment of use during peak

periods.
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Both Navy and Air Force rates have remained fairly constant si'nce that time, with

consumption at 9.19 MGD and 4.81 MGD for the Navy and the Air Force, respectively.

Recent responses from both the U.S. Navy and Air Force with regard to updated demand

projections are that demand is expected to remain "status quo". Therefore future projections

are made under the assumption that this existing trend continues over the 20 year projection

period, as shown in Table 5-21.o
o

o
o

"We (Le., Air Force) do not anticipate any significant increase in our water demand in

the foreseeable future. Unless some unforeseen action causes an increase in the base

population, we expect the baseconsumption will remain stable, and we hope our energy

consumption program will decrease the amount of water used by Anderson."

o
o

The Air Force responded at that time to the same question as follows:o
o

Source: GEPA, Groundwater Management Report, FY89

(11 Includes production Bold to PUAG

o
o

o
o

TABLE 5-20
ANNUAL MILITARY WATER PRODUCTION

Annual Production (MGD)

Year US Navy 11, US Air Force Total

1985 13.29 3.40 16.69

1986 13.22 3.85 17.07

1987 13.45 4.12 17.57

1988 13.55 4.31 17.86

1989 13.70 ~ 18.89

AVERAGE 13.44 4.17 17.62

PERCENTOF TOTAL 76% 24%

o
o

o
o

o



• The implementation of a comprehensive water conservation program as

recommended.

Variations in Water DemandProjections

As discussed earlier in the chapter, the general civilian water demandswere projected on the

basis that the current per capita use rates, as computed in Table 5-9, will remain constant.

Many factors were considered in the making of this assumption. Those factors that will tend

to restrict use are as follows:

Island-wide Future Water Requirements

In the preceding sections of this chapter water demands for the years 1990, 1993, 2000,

2005 and 2010 have been projected for the civilian (l.e., PUAG),military, and private use

sectors. The requiredannual island-widewater production hasfor these years beenestimated

by totaling the projected averageannual demands of the three suppliers asshown in Table 5-

24 and Figure 5-8.

The current policy, effective 1990, is to allow the construction of new wells only on approval

by GEPAand PUAG; therefore no major increase in the rate of private well production is

expected and projections will assume a constant rate of 2.8 MGD.

Future Private Water User Requirements

There have beenapproximately eight private water supplierson Guamduring the past decade.

These entities. listed in Table 5-22, obtain their water from private wells. For the most part

they are industries that utilize the wells for processwater. Historical water production for the

period from 1985 through 1989 is shown in Table 5-23. Private water production remained

fairly constant over the first three years, then tripled between 1987 and 1988, and doubled

from 1988 to 1989. The large increase in production during the period 1987 through 1989

is apparently due to the construction of a new well at the Hatsuho Resort and a new well

owned by RCA. Another reason may be adjustments and repairs made on water meters

during recent years that have led to better accounting of water production.

o
o
o
o
D
D
o
o
o
o
o
o
o
D
D
o
o
o
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Source: GEPA.Groundwater ManagementProgram

0.54
0.33
0.42
1.39
2.82
1.10

1985

1986

1987
1988

1989

AVERAGE

TABLE 5-23
SUMMARY OF PRIVATEWATER PRODUCTION

Production (MGD)Year

Source: Well Permit Applications. 1981·1990

111Not connected to PUAGsvstem.

1
1
1
2
2
1
1
1

Black Construction Corporation
Cocos Island Resortl11
Foremost Foods, Inc
Hatsuho Golf Course
Hawaiian Rock Products
Island Equipment Company
RCA
Shell (GORCO)11I

No. of WellsName

TABLE 5-22
PRIVATEWATER SUPPLIERS

(1) Excludes water production from military facilities for PUAGdemands. Assumes military consumption will remain
constant from 1990·2010.

14.004.819.191990-2010

TotalU.S. Air ForceUiU.S. Navy!!)Year

TABLE 5-21
PROJECTEDMILITARY WATER DEMANDS

Demands (MGD)

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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The "no increasein percapita use" assumption reflects the belief that conservationmeasures,

a limited water supply, and energy considerations will offset the normal tendencies for

increased usage. However, in order for the Water Facilities Master Plan to be an effective

management tool, lit must be sufficiently flexlble to evalluate the consequences of water

demands in excess of these projected, based on the fcwegoingassumption.

•

• o
D

Higher operating pressure

Improved economic status will encourage the use of water-consuming

appliancessuch as washIng machines, dishwashers, and garbagedisposals.

Available water will encourage water use for landscaping. car washing.

gardeningr and other outside uses.

•
• Improved water Quality

o
On the other hand. there are several factors which wi'll stimulate water use, including:

o
o
ouse.

Increasedenergy costs will require increasedwater rates and therefore tend to

reduce. or at least suppress increases in usage. Scarcity of fuel may at times

force conservation of energy, and thus water.

•

o
• The Northern groundwater lens is a limited water supply source. When the

demand reaches the available capacity of the groundwater lens, a more costly

alternative supply must be utilized. Increasedwater rates to offset the costs

associated with utilization of a more costly water supply will tend to suppress

o
o
o

(1) Assumesreduction of uneccounted-forwater fJom40 percent
in 1990 to 15 percentbV 2010.

o
o
oTABLE 5-24

PROJECTEDISLAND-WIDEAVERAGEANNUALWATERDEMANDS

Demands (MGD)

Agency 1990 1993 2000 2005 2010

PUAGU) 25 47 60 68 75

Military 14 14 14 14 14

Private 2 2 2 2 2

TOTAL 41 63 76 84 91

o
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The importanceof periodicreevaluationof current water demandscannot beover-emphasized.

The Government of Guamshould evaluate the per capita use demandson a yearly basis as

one means of self-monitoring the success of its water conservation practices. The Water

Facilities Master Planshould be reviewed at least every five years and updated as required.

The effects of increasedper capita use rates on the total water demands for the civilian use

sector are shown on Figure5-9. Assuming CaseI, that is, that the unaccounted for water is

reducedfrom 40 percent to 15 percent by the year 2010, and assumingthat the existing per

capita use were to increase by 10 percent, the total water demand of 75 MGD for the year

2010 would occur in the year 2005, 5 yearsearlier than projected. If per capita usewere to

increase by 30 percent instead of 10 percent, the projected average water demand of 75

MGD would occur in 1998, 12 years prior to the projected date. Thus, additional water

facilities would be neededsooner than expected.

To evaluate the effect of increased per capita use, Table 5-25 was prepared. This table

shows that by the year 2010, assuming a 50 percent increase in per capita use and an

unaccounted-for water rate of 15 percent, the effective per capita usewould increase from

the present 205 gpcd to 220 gpcd. Similarly, if the unaccounted-for water remainedat the

current 39 percent level, the percapita usewould increasefrom the present205 gpcd to 305

gpcd if a 50 percent increase in per capita use occurred.

As indicated in Table 5-9, the current Island-wide average per capita use, excluding

unaccounted-for water, is approximately 125 gpcd. Including allowances for 39 percent

unaccounted-for water, the effective per capita use is approximately 205 gpcd.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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REQUIREMENTS

ISLAND-WIDE PRODUCTION

FIGURE 5-8

NOTE: ASSUMES REDUCTION tN PUAG UNACCOUNTED-FOR
WATER FROM 39% IN 1990 TO 15% BY 2010
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o
o
~

o
o

o
o

o
o

It should be emphasizedthat the most important factor in water demand projections from a

facilities planning standpoint is not the magnitude of the water demand itself (within

reasonable limits), but rather the time frame in which the water demand is reached. It is

critical that the Governmentof Guam,either through its own agenciesor through the use of

an engineering consultant, continually evaluate their current water demands so that

adjustments in the Capital Improvement Programcan bemade.

o
o

PerCapita Use - Year 2010 (gped,

Percentof 0% Unaee-for 15% Unaee-for 39% Unaee-for
Increase Water Water Water

0 125 145 205

10 135 160 225

20 150 175 245

30 160 190 265

50 185 220 305

o
o
o
o

o

TABLE5-25
RELATIONSHIPOFUNACCOUNTED-FORWATER

TO PERCAPITAUSERATES

o
o
o



USE ON CIVILIAN WATER DEMANDS

EFFECT OF INCREASED PER CAPITA

FIGURE 5-9

CASE II

ASSUMES UNACCOUNTED-FOR WATER
REMAINS AT 39 PERCENT

2000 201019951990

LEGEND:

( ) INDICATES PERCENT OF INCREASE IN PER CAPITA USE BY THE YEAR 2010.
NOTE: INCLUDES COMMERCIAL HOTEL AND AGRICULTURAL DEMANDS.

CASE I

ASSUMES REDUCTION IN UNACCOUNTED-FOR
WATER FROM 39 PERCENT TO 15 PERCENT BY 2010
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Piping and the structural components of treatment plants and pump stations, and distribution

storage facilities can serve 50 years or more with proper maintenance. These components

may in some instances be constructed in 10 to 15 year staged increments. The feasibility of

Mechanical equipment in treatment plants and pumping stations normally has an economic

life in the 10 to 20 year range. If consideration is given during design to future requirements,

such equipment can be (a) conveniently replaced with larger units or (b) phased with the

installation of additional equipment at the appropriate time.o
o
o
o

The design periods assumed for the individual components of a water system are based on

such factors as ease of expansion, service life of the facilities, and ability to finance or fund

the improvements.

Design Period
The design period used for master planning of water system improvements is the next twenty

year period (i.e., through the year 2010). Use of such criteria for locating and sizing supply,

treatment and distribution system components does not necessarily imply that a component

will be obsolete or so physically deteriorated that it will require replacement by the year 2010.

In general, the design criteria employed herein conform to current waterworks practice.

Where applicable at the master planning level, the proposed PUAG design guidelines have

been used. Table 6-1 (at the end of this Chapter) lists key design criteria used in developing

water supply and treatment alternatives and for formulating distribution system

improvements.

General
Planning for new water facilities requires the development of basic criteria upon which the

design of new supply, treatment, storage, and distribution elements will be based. These

criteria should take into consideration basic water demands, projected rates of increase, period

of design, financial capability of the utility agency, and various other related factors.

CHAPTER VI

DESIGN CRITERIA

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



System Demands

The average volume of water utilized by one person in one day is commonly referred to as the

per capita use and is expressed in gallons per capita per day (gpcd). Chapter V, 'Water

Requirements, n provided the basis for estabUshing the per capita use throughout the Island.

In hilly or mountainous regions, such as those found in the southern areas of Guam, it is

necessary to subdivide the water service area into pressure zones in order to prevent

excessively high pressures at lower elevations in the system. High pressures require more

expensive higher pressure-rated pipe, fittings, and valves and also complicated operating

procedures. Pressures in excess of 80 psi should preferably be avoided but sometimes this

cannot be done. If necessary. a recuction in pressure at the customer's service may be

accomplished with individual household pressure regulators.

System Pressures

Pressures within an existing system vary greatly and are dependent on numerous variables

(for example: size of pipelines, topography. height of buildings, etc.). It is desirable that

system design pressures for ordinary service be greater than 40 pounds per square inch (psi)

and preferably be in the 50 to 80 psi range during the peak hourly demand throughout the

distribution system. An additional factor which must be considered is the requirement of

PUAGthat aminimum residual pressure of 20 psi be maintained throughout the system during

fire flow conditions.

Distribution mains have a relatively high initial cost and are not expandable. If additional

capacity is required. a second pipeline must be constructed or additional pressure applied to

the system which increases energy costs. However, an increase in size at the design stage

prior to construction can be made at relatively little cost and assures the availability of

adequate capacity in the future. particularly in borderline cases. For the Public Utility Agency

of Guam (PUAG) all mains will be capable of meeting ultimate local development in the areas

they serve. Transmission mains that wm support the anticipated growth through the year

2010 have been included in the recommended capital improvement program.

staged construction depends on many factors. including physical characteristics of the

particular system. site conditions, the projected rate of increase in water demands. and the

availability of funding.

o
o
o
o
o
o
u
o
o
o
o
o
o
o
o
o
o
o
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The hydraulic analysis, as described in Chapter IX, "Proposed Water System Improvements,"

utilizes the Hazen-Williams formula. The pipe friction coefficients "C" used in the analysis

were 110 and 120 depending on the pipe diameter.

where Q = flow in cubic feet per second (cfs)

C = Hazen-Williams coefficient of roughness

A = cross-sectional area of the pipe in square feet

R = hydraulic radius in feet

and S = hydraulic slope in feet per foot of length

Q = 1.318 C A RO.83S0.54

The most common formula used in the evaluation of pipeline hydraulics is the Hazen-Williams

formula which states:

To reduce the effects of water surging and to minimize energy losses due to pipe friction, the

water velocity should be limited to six feet per second during normal flow (non-fire flow)

periods. During fire flow conditions a maximum velocity of ten feet per second can be

maintained.

Pipelines

A properly designed and operated water distribution system should be capable of supplying

adequate quantities of water of reasonably consistent pressures to meet normal demand

patterns. In particular, the distribution system must be capable of delivering the year 2000

maximum day demands plus any fire flows. For those transmission pipelines used to convey

water to another service area, the pipelines must, in addition, be sufficiently sized to carry any

inter-region water import/export requirements.

Established fire flows based on the ISO schedule and on discussions with the Department of

Public Safety (OPS)were established by type of land use. The fire flow requirements by land

use and the required fire flow duration are summarized in Table 6-1.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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Supply

The basic criteria used in establishing Guam's water supply needs for the year 2010 assumes

that the combined water supplies will be capable of producing sufficient water to meet the

maximum day demand requirements. As discussed in Chapter VIII, "Water Supply and

Treatment Alternatives," Guam currently has two major sources of water supply available:

groundwater from the northern aquifer and southern surface supplies. As indicated in Chapter

VIII, additional water sources will likely need to be developed, including additional

groundwater and surface water supplies. In addition, it is likely that the Government of Guam

will need to begin the use of desalinization treatment of brackish waters and wastewater

reclamation in order to meet long-term water supply needs. The establishment of an intensive

conservation program, in combination with any of these methods, can greatly contribute to

Often, a criteria of meeting the "maximum day demand" is used to establish water distribution

storage. Using this criteria, over 110 million gallons of storage would be required on an

Island-wide basis. This criteria is currently not economically feasible for Guam, particularly

with the predominant source of supply being groundwater. Standby power provisions are

being incorporated into the capital improvement program, thereby allowing water production
to continue even if GPA power is interrupted. Thus, the natural storage of the groundwater

aquifer will be used for storage, thereby allowing a reduction in design criteria. Based on this

criteria, the quantitative storage requirements for each service area are presented in Chapter

IX.

• Fire flow volume required for the worst fire condition in the subregion plus 25
percent of the maximum day demand.

• Twenty-four hours of the average day demand (year 2010) within each regional
water service area.

Distribution Storage

Sufficient distribution storage must be included in PUAG's water system to provide emergency

fire reserves in each service area and to permit supply and treatment facilities to operate at

a constant rate not to exceed the average demand during the maximum day (i.e., equalizing

storage). Two criteria were established to determine the required storage capacity within

each water service area. The total volume of distribution storage required was determined

to be the larger of

o
o
o
o
o
o
o
o
D
o
o
o
o
o
o
o
o
o
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The southern surface supplies require turbidity and color removal in addition to disinfection

for domestic use. With the proper selection and application of chemicals, coagulation,

flocculation. sedimentation, filtration and chlorination will produce a water meeting the Guam

Safe Drinking Water Regulations. However, exact treatment requirements must beestablished

on a case-by-case basis for each surface supply developed. As PUAG has little previous

experience with water treatment, conservative design criteria should be adopted. Plant layout

and piping should be such that expansion to double capacity could be achieved by merely

adding additional process units.

As discussed in Chapter VIII, current technology and cost considerations limit Guam to two

sources of water supply: groundwater in the north and surface water in the south. The

northern groundwater supply has historically required chlorination for disinfection only when

tests on samples collected from individual wells has shown excessive coliform counts.

Chlorination of the wells can be best accomplished through the use of individual solution feed

chlorinators with alarm systems and automatic well shutdown features.

Water Treatment

Treatment process design criteria must be based on raw water quality and seasonal quality

variations as well as on water demands. Treatment facilities for domestic use must produce

a finished water meeting the Guam Primary Safe Drinking Water Regulations (GPSDWR).

reducing the overall demand, thereby decreasing the amount which must be supplied by these

additional sources.

o
o
o
o
o
o
o
o
o
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Pipe Friction (Hazen-Williams) Coefficients ("C")

Limited to a maximum of 6 feet per second (fps) and 10 fps for non-fire flow
and fire now conditions, respectively.

Velocity - o
o
o

= 110 (12" and smaller)
= 120 (14" and larger)

To meet year 2000 maximum day demands plus fire flow plus any inter-region
water import/export requirements.

Capacity -

o
o

o

o
o

o
o

100 gpcd
140 gpcd
135 gpcd
120 gpcd
450 gprd
1.2 x average day
1.5 x average day
3.0 x average day
Varies from ~5 to 40%
(See Chapter V)
500 gpm (2 hours)
1,000 gpm (2 hours;
1,500 gpm (2 hours)
2,500 gpm (2 hours)
3,500 gpm (3 hours)
2,500 gpm (2 hours)
3,500 gpm (3 hours)
3,000-3,500 gpm (3 hours)

20 psi (minimum)
o
o

40 to 80 psi Undividual pressure
regulators provided where pressure in
main exceeds 80 psi)

o
o

20 years
10 to 20 years
50 years

o

PIPELINESIV

Fire Flow Required (rural}
fire Flow=Residential tlow density)
Fire Flow-Residential (medJumto high density)
Fire Aow=Commercial (low density)
Fire Flow-Commercial (high density)
Fire Flow-Public including schools
Fire Flow-Resort
Fire Flow-Industrial

Average per capita use-Service Area" A"
Average per capita use-Service Area "8"
Average per capita use-Service Area "C"
Average per capita use-Service Area "0"
Hotel Room per unit use
Demand Ratio-Average day in maximum month
Demand Ratio-Maximum day
Demand Rado~Maximum hour
Unaccounted-for Water

SYSTEM DEMANDS[II

Fire Flow Conditions

Normal Service

SYSTEM PRESSURESu

Planning for future capital improvements
Useful life of mechanical equipment
Piping

DESIGN PERIOD

TABLE 6-1
SUMMARY OF KEY DESIGN CRITERIA

o
o



o
o

o
o

o
o

o

Coagulation/Flocculation
Sedimentation
Filtration
Disinfection

Surface Water Supplies

Disinfection Casrequired}Groundwater Supplieso
o

Type of TreatmentSourceo
VII WATER TREATMENT

- As described in U.S. Corps of Engineers feasibility study of the
Ugum River Basin.

Surface Supplies

Design to conform to recommendations contained in Northern
Guam Lens Study.

Wells

To meet Island-wide year 2010 maximum day demand
requirements.

Total Capacityo
o
o

SUPPLYVI

2) Fire flow volume required for the worst fire condition in the subregion plus
25 percent of the maximum day demand.o

1) The average day demand (year 2010) within each regional water service
area.

To meet year 2010 requirements in each subregion. The total volume of
distribution storage provided shall be the larger of:

Capacity -

DISTRIBUTION STORAGEVo
o
o

TABLE 6-1 (cont.)
SUMMARY OF KEY DESIGNCRITERIA

o
o
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• Expanded list of regulated contaminants along with maximum contaminant levels
(MeU for 83 initial contaminants, as well as for an additional 25 contaminants
every three years.

Important key elements of the amendments are:

Safe Drinking Water Act

The Safe Drinking Water Act (SDWA) Amendments of 1986, signed into law by President

Reagan in June 1986, are additions and changes to existing earlier legislation, the Safe

Drinking Water Act of 1974. The 1974 Act required EPA to set limits for several chemical,

physical, and biological parameters. Resulting regulations established maximum contaminant

levels (MCLs) for ten inorganic chemicals, six organic chemicals, five radionuclides, turbidity,

and coliforms. The 1986 amendments were formulated and passed by Congress as a result

of growing concern over contamination of public drinking water supplies. These new

amendments contain requirements that will impact every purveyor of water in the U.S.

The GSDWA and its companion GPSDWRare subject to regulations promulgated pursuant to

the Federal law, including the Safe Drinking Water Act.

The U.S. Environmental Protection Agency (EPA) concluded that the GSDWA and its

companion GPSDWR were in compliance with the requirements of the FSDWA. On that

basis, GovGuam, acting through Guam EPA, was granted primacy for the purpose of

administering the Federal law on Guam on September 10, 1978.

General

The Guam Safe Drinking Water Act (GSDWA) was adopted by the Government of Guam on

December 27, 1977, as the territorial response to the Federal Safe Drinking Water Act

(FSDWA). Section 57288 of the GSDWA authorizes the Guam EPA to prescribe such rules

and regulations as may be necessary to implement its provisions. Pursuant thereto, the Guam

EPA adopted the Guam Primary Safe Drinking Water Regulations (GPSDWR) on March 27,

1978.

CHAPTER VII

WATER QUALITY

o
o
o
o
o
o
o
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o
o
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o
o
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o
o



Surface Water Treatment Rule - The basis for the SWTR is the OCCUn'I81IIICeof waterborne

disease outbreaks across the mainland U.S. from both Giardiaand En tEl'iic Viruses. Giardia and

viruses have been·.dertlfied in most all surface waters wh~ch have beEn tested. These two

Each purveyor is requr ed to am duct monitoring and test'mg, evaluate whether CJ' not the

system meets the cntena set forth in the reguJati ons of the SWTR. 8I''IIdthlen deslgn and

construct any necesserv system +Improvemelilt:s. The comptance schedule set forth rn the

SWTR requires compliance for systems treating by d.slnfection withoud~lltrcti on by December

1991.~and systems treating by filtration and dsinfec1i on by June 11 '993,

Lead and copper
Organic and inorganic compounds
Disinfectants and disinfection by-prodlJi.':.ts
Radionuclides
Groundwater disintectien

o
o
o
o
n
o
o
o
o7-2

The Environmental Protection Agency (EPA), under the requirements of the 1986

Amendments to the SDWA, promulgated a National Primary Drink~ng Water Regulation

(NPDWR) pertaining to public water systems using surface water sources. This regulation is

referred to as the Surface Water Treatment Rule (SWTR). The final SWTR regulations were

promulgated on June 19. 1989 and were published in the June 29, 1989 Federal Register (54

FR 27486). An extensive Guidance Manual has been prepared by EPA to aid in

implementation of the requirements. Other regulations will be promulgated of which the

following is a partial Ilist:

• Monitorng requirements for contaminants that are not regulated.

• Requfrements for disinfec ticn of all public water suppl'es M both groundwater and
surface water.

• Requirements for filtration of surface water supplies whch do not meet specifl'C
criteria.

• Designation of best available technoloQlY for control of each of the regulated
contam 'nants.

o
o
o
o
o
o
o
o
o
o

• Prohibi'tion of the use of lead solders, flux and p~e in public water systems.

• Requfre ments for development and ma,intenance' of groundwater protection
programs.



Water Quality Criteria for Industrial Uses

While the total volume of industrial water demandson Guamis not anticipated to be great,

some industrial processesare particularly sensitive to certain constituents found in typical

water supplies. For example, a bottle washing operation requires soft water, even though

harder waters may be utilized for boiler feed, cooling, or production purposes. Boiler feed

waters ideally have a pH of around 8.0 for the lower pressuresystems and in the range of

9.0-9.6 for higher pressureoperations. Soft water is generally required for most boiler feed

purposes, particularly for the higher pressure systems. Food processing operations are

particularly sensitive to waters of high turbidity or with detectableamounts of color, taste and

Water Quality Criteria for Domestic Use

Presentedin Table 7-1 aremaximumcontaminant levels for inorganicand organicchemicals.

The organics listed in Table 7-1 include all those parameters for the Primary Drinking Water

Regulations.

The SWTRconsists of requirements for public drinking water systems using surface water
sources including: (1) criteria under which filtration would be required and procedures by

which the States must determine which systems must either install filtration or upgrade

existing filtration facilities; (2) requirements for disinfection as a treatment technique; (3)

regulationsfor Giardia lamblia, enteric viruses,Legionella, heterotrophic plate count bacteria,
coliforms, and turbidity; and (4) performancerequirements in filtered water systems.

Significant field and research data has shown that a properly operated filtration plant with

disinfection can beexpected to providethe requiredinactivation of Giardia and viruses-- 99.9

percentand 99.99 percent, respectively. The purposeof the SWTRis to assurethat all public

water system usingsurfacewater sourcesprovidea treatment level equalto that of a properly

designedand operated filtration plant with disinfection. Therefore, in the case of Giardia and

viruses (aswell as turbidity, heterotrophic bacteria,andLegionella)' filtration plusdisinfection

is the required treatment for surface water supplies.

contaminants are potentially present in all surface water supplies. Since there is no

economically and technically feasible method for monitoring and analysis, the EPA has

establishedrequired treatment techniques in lieu of monitoring and analysis for comparison

of a measuredconcentration against a MeL.

o
o
o
o
o
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Pesticides/Herbicides/PCBs o
o0..002

0.,01
0.01
0.04
0.003
0.04
0.002
0.000.2
0..0.7
0..0.0.0.0.5
0..0.0.04
0..0.00.2
0..000.2
0.4
0.000.5
0.2
0..0.0.5
0..0.5

Alachlor
Aldicarb
Aldicarb sulfoxide
Aldicarb sulfone
Atrazine
Carbofuran
Chlordane
Dibromochloropropane
2,4-0
Ethylene dibromide
Heptachlor
Heptachlor epoxide
lindane
Methoxychlor
PCBs
Pentachlorophenol
Toxaphene
2,4,5-TP (Silvex)

o
o
o0.07

0.005
0.7
0.1
0.6
0.005/0.1
0.005
2
0.1
10

cis-l .2-Dichloroethylene
1,.2-0ichloropropane
Ethy~benzene
Monochlorobenzene
o-Dichlorobenzene
Styrene
Tetrachloroethylene
Toluene
trans- 1,2-Dichloroethylene
Xylenes

Volatile Organics (Solvents)
o

o
o
o

7 million fibers/liter
5
0.005
0.1
0.002
10
1
0.05
0.05

Inorganics

Asbestos
Barium
Cadmium
Chromium
Mercury
Nitrate las N)
Nilrite (as N)
Selenium
Silver

o
Maximum Contaminant Leve.

ma/IContaminant

oTABLE 7-1
NATIONAL PRIMARY DRINKING WATER REGULATIONS

MAXIMUM CONTAMINANT LEVELS FOR ORGANIC & INORGANIC CHEMICALS

o
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The sensitivity of plants to the variousconstituents in the water supply can vary widely under

actual field conditions depending on the climate, soils and the particular plant species. In

many cases an inferior water supply may be used for irrigation purposesas long as the user

accepts the consequent penalties in lowered crop quality and production. Hence, criteria for

the classification of irrigation water supplies are usually expressed as a range of limiting

concentrations with the lower limit reflecting the threshold value above which the impact of

a particular constituent can be detected. A suggested list of criteria for the classification of

surface and groundwaters on Guamfor irrigation purposes is presented in Table 7-5.

Water Quality Criteria for Irrigation Water

Five parametersareprimarily usedfor the classification of water suppliesas to their suitability

for irrigation purposes. These include: (1) percent sodium, (2) total dissolved mineral solids,

(3) boron concentration, (4) chloride concentration, and (5) sulfate concentration.

Presented in Tables 7-2, 7-3, and 7-4 are suggested water quality criteria applicable to the

more restrictive industrial process requirements reasonably anticipated to occur on Guam.

Table7-2 presentssuggested limits of tolerance for boiler feedwaters applicableto the power

industry or any other industry where boiler feed waters are employed. Table 7-3 presents

suggested threshold tolerances for a few parameters of concern to the food processing
industry, and would be applicableto both vegetable processingand fish canning. In addition,

all food processing operations require waters which meet bacteriologic requirements of the

GPSDWR. Special requirements for waters used for laundering are presented in Table 7-4.

odor. Iron and manganese can contribute to these problems. Tolerable threshold
concentration for various constituents vary dependingupon the food and the process. For all

food processingoperations, whether fresh or salt water is used, the water must meetexacting

bacteriologic standards.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



0
0
0

Over 400

01

2

03

0.0

0 0
2

3:1 0
0.01, 01

0 020

15

050

9.6

0
0
0
0
0
0
0
0
07·,6

$i)'urcC: Progress Rrp art of thfl Committflfl on Watsr Quality Tolflrsncfls for Industrial USflS,NEWWA; McKee&Wd f
(1963).

N:lle: Units in mgn except as otherw se noted.

41) Except when odor in live sream would be oq eetionable
42) limits applicable onlYto feed weta" entering bd ler; not to ar iginal wBII·ersuPJty.
(3) Given as ml per liter. MultiplYby 0.70 for mg/1
(4) Depends on design of boiler.

Pressure Cpsit

Constituent 0-150 150-250 250-400

Tumidity 20 10 5

ColOr 80 40 5

Oxygen Consumed 15 10 4

DissoLVedOxygenl2U3) 2.0 0.2 0,,0

Hydrogen Sulfidelt) 5 3 0

Total Hardness (CaC03) 80 40 10

Sulfate-carbonate Ratio 11~:1 2:1 3:1

IASMEI (Na2S04C031
Aluminum Oxide 5 0.5 0.05

S~lca 40 20 5

Bicarbonatet21 50 30 5

Carbonate 200 100 4·0

Hydroxide 50 40 30

Total Solids'4' 500·3000 500-2500 100-1500

pH value (minmum) 8.0 8.4 9.0

TABLE 7-2
SUGGESTED LIMITS OF TOLERANCE FOR BOILER FEED WATERS



o

Source: McKee&Wolf (1963)o
o

Manganese

Alkalinity, as CaC03

pHo

0-50

0.2-1.0

0.2-1.0

0.2

60

6.0-6.8

Hardness, as CaC03

Iron and manganese

Irono
o·

o Range of Recommended
Threshold Values in mg/l

Constituent

TABLE 7-4
RANGE OF RECOMMENDED THRESHOLD AND

LIMITING CONCENTRATIONS FOR LAUNDERING PURPOSES

o
o

Source: McKee& Wolf (1963)
o

250

infinitesimal

0.2

0.2

0.2

30-250

10-250

684-710

1.0

Manganese

Iron and Manganese

Alkalinity, as CaC03

Hardness, as CaC03

Total dissolved solids

Fluoride

Organic matter

Chlorides

o
o
o

none

1.0

5-10

Turbidity

Color

Taste and odor

Iron

o
o
o

Range of Recommended
Threshold Values in mg/l

Constituent

TABLE 7-3
SUGGESTED THRESHOLD TOLERANCES FOR THE FOOD PROCESSING

INDUSTRY

o
o

o
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With one or two minor exceptions, surface water qualities listed in Table 7-6 are satisfactory

for all domestic and irrigation uses, as well as most industrial uses contemplated in this

master plan. All of the waters identified in Table 7-6 appear to satisfy the mandatory

requirements of the GPSDWR and they all generally contain constituents below the

recommended limits in the U.S. Public Health Service Drinking Water Standards for other

inorganic constituents. Minor elevations of iron and manganeseare to be noted in Table 7-6

at Fena Reservoir, which the Corps of Engineershas suggested may be due to ammunition

disposal practices of the Navy in the vicinity of the reservoir. However, the more recent

analyses of surface waters in that area suggest that such waters are generally suitable for

most beneficial purposes. A continuous monitoring program in the downstream areaswould

confirm the existence of the problem if one does exist.

Quality of Surface and Spring Water Supplies

A summary of available analyses of surface and spring water sources on Guam is presented

in Table 7-6 and the locations of sampling stations are shown on Figure 7-1.

Most of the data utilized in this assessmentwere obtained from published and unpublished

records of the USGS or from the 1976 report by John Mink, Groundwater Resources of

Guam: Occurrence and Development, and the June, 1974, report by Kennedy Engineers

entitled Fena River Watershed and Reservoir Management Study.

Water Quality Monitoring Program

Until a recent water quality monitoring program was instituted in response to

recommendations of the Northern GuamLensStudy (NGLS)'the availabledata was generally

limited to the results of sampling and analysesconducted for specific projects or reports. The

new water quality monitoring program analyzes each of the PUAGwells for pH, alkalinity,

color, turbidity, taste, hardness, chlorides, and conductivity.

o
o
o
o
o
o
o
o
o
o
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o
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WATER QUALITY SAMPLE LOCATIONS

FIGURE 7-1
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Guam's future hotel water demands have been evaluated independently from those of the

general civilian population as the two groups bear no direct relationship to each other.

As indicated in Chapter V, the number of hotel rooms is expected to increase from

approximately 4,100 in 1990 to over 48,000 by the year 2010. To account for the increasing

water demand attributed to hotel rooms, a "per room use" demand of 450 gallons per day is

being used.

Since the preparation of the 1979 Water Facility Master Plan, Guam has experienced a

phenomenal growth in tourism. As discussed earlier in the report, this growth was not

anticipated during the preparation of the 1979 Water Facilities Master Plan. At that time the

water demand exerted by hotel developments was insignificant when compared to the total

PUAG water demand. Today, the water demands attributed to hotel usage is a significant

percentage of total demand and the percentage is expected to increase.

By utilizing the existing per capita use rates to project future water demands it is assumed

that the per capita use rates will remain relatively unchanged. Chapter V indicates the various

factors that influence the tendency to increase and decrease per capita use rates. Also

provided in Chapter V is a discussion of the effects of increased per capita use rates on the

future water demands.

In Guam, the per capita use varies throughout the Island, largely with the degree and type of

supportive services within the community. As an example, the central Guam area, Regional

Services Area "8", where the majority of the Island's business activities are located, has a

much higher per capita use than the northern or southern areas. The results of the per capita

use analysis indicated that Service Area "8" has the highest per capita use (140 gpcd) as a

result of intensified commercial business development in the Agana and Tamuning

communities. Service Areas "C" and "0" have per capita use rates of 135 and 120 gpcd,

respectively. Service Area "A", which encompasses the Dededo and Yigo area, has the

lowest of the four rates at 100 gpcd. The Island-wide average is 125 gpcd. As would be

expected, the per capita rates have increased slightly since the preparation of the 1979 Water

Facilities Master Plan. These calculated per capita use rates, shown in Table 6-1 , were used

to project future water demands.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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o
o
o



Water supply requirements for fire protection purposes are established by the Insurance

Services Office (ISO). The ISO has developed the Grading Schedule for Municipal Fire

Protection, 1973~ which is used to classify munic.paliities with reference to fire fighting

capabiltles and physicat condition of eXisting facilities. An abbrevIated version of the ISO's

fire flow versus duration table was presented in Chapter V.;

It is extremely dmffmcultto accurately forecast water demands for the military on Guam

because of the ever-changing nature of mmtary operations. Based on a review of historical

military water demands and projections of future demands recelved from both the U.S. Navy

and U.S. Air Force. future demands were estimated and are indicated in Chapter V.

The ratio used for the average day in the maximum month is a close approximation of the

average demand during the actual maximum month, July, that occurred during the 1988-89

period of record. As is usually the case with small communities, no data was available for

estimating the maximum daily or peak hourly demands so ratios were developed from

experience with other communities. The water demand ratios used are shown in Table 6·1.

Once the average daily water demand is established, demand ratios must be employed in

making projections for the average day in maximum month demand, maximum daily demand,

and the peak hourly demand.

o
o
o
o
o
o
o
D
U
o
o
o
o
o
o
o
o
o
o

Unaccounted-for water is, by definition, the difference between water production and water

sales. It is extremely important to minimize this non-revenue-producing "demand" to prevent

unnecessary and premature depletion of the water supply, to reduce operating costs, and to

stretch the useful life of existing facilities from a capacity standpoint. This will enable the

deferment of capital expenditures for expansion of water supply and treatment facilities.

Based on a comparison of PUAG's metered sales and production, as presented in Chapter V,

an existing unaccounted-for water rate of approximately 30 to 40 percent was established.

It was further assumed that with an effecdve preventative maintenance and leak detection

program the unaccounted-for water losses would be reduced to approximately 15 percent by

the year 2010.
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0
0
0 TABLE7-6

SURFACEANDSPRINGWATERQUALITY

0 Fena Almagosa Imong Maulap Agana SantaRita Tara_gue Mataguac Janum
Constituent Units Reservoir River River River Spring Spring SprlDg SprlDg Spring

0 Arsenic mg/l 0.003 0.003 0.003 0.003
Chromium mg/l 0.02 0.02 0.02 0.002
Copper mg/l 0.02 0.02 0.02 0.002

0
Fluoride mg/l 0.03 0.03 0.07 0.03 0.1 0.1
Lead IIg/l 20 20 20 20
Zinc mg/l 0.05 0.10 0.40 0.20
Calcium mg/l 24 40 34 43 101 64.1 74 36 4.2

[" Iron mg/l 0.83 0.20 0.15 0.15 0.02 0.003 0.05
Magnesium mg/l 4.8 5.8 5.3 7.7 6.6 3.42 14 5 8.7
Manganese mg/l 0.06 0.02 0.02 0.02 0.007

0 Mercury IIg/l 0.2 0.2 0.2 0.02
Nitrate (asN) mg/l 0.01 0.01 0.01 0.20 1.59 1.53 3.5

" Phosphate(Total) mg/l 0.30 0.013 0.010 0.014 0.1 0.6 0.01

C Potassium mg/l 2.5 2.2 3.2 4.0 2.4 3.7 1.3
Silica mg/l 22 32 34 48 8.2 1.6 71 13
Sodium mg/l 9.6 14 15 20.5 26 92 7.5

0 Sulfate mg/l 0.5 0.6 0.6 0.6 11 25 3.4 3.0
Chloride mg/l 7.5 9.0 9.0 9.0 36 155 19 9.9
Alkalinity (asCaC03) mg/l 80 137 123 155 162

0 Conductivity Mmhos 179 286 254 307 310 932 299
Hardness(asCaC03) mg/l 80 124 96 140 174
pH mg/l 7.7 7.9 7.7 7.8 7.4 7.3 8.2 7.5 8.0

0 Total OrganicCarbon mg/l 3.75 1 3 4
Total DissolvedSolids mg/l 118 189 167 200 389 542 226 179
Color mg/l 6 5 5 5 5

0 Phenols mgll 0.001
DDT 119/1 0.05
Chlordane 119/1 0.01

[J Aldrin I1g/l 0.01
Endrin 119/1 0.01
2, 4, 5-0 119II 1.0

Q
Note: Analyses for Fens Reservoir. AlmagosB Rive, 1119ng RYe, M ..II.., River tlke n t om iii 1'1 RI...,r Waters. ed SId Reservoir Management Study. dated June. 1974.

Analyses for Agana Spring. Tarsgue Spring. Mataguac Spring and Janum Spring taken from Groundwater ResourclIs of Guam: Occurrence and Development.

L Agana Spring end Mataguec Spring samples analyzed during period of 1951·1957. Tarague Spring and Janum Spring samples analyzed in 1969.

7 - 11
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The monitoring of wells A-1 7, A-19 and A-21 for selenium which was identified
as being high in the NGLScontinued. The results show that the concentration
is now significantly below the 10 pg/l MeL concentration.

4.

Organic and inorganic water quality was routinely monitored. The results of the
organic analysis consistently showed mostly levels below the detectable limits
of the tests. Detection limits are set at a minimum of one tenth of the MCL
down to one thousandth of the MCL. The inorganic analysis also show that all
sources are below the SDWA MCL's.

3.

Nitrates - The nitrate analysis showed all wells have some nitrates present but
none are presently approaching the Maximum Contaminant Level (MCL).
Presently nitrate concentrations are less than 50 percent of the maximum
contaminant level of 10 mg/I and therefore pose no health risks. Several
studies have indicated that the major source of these nitrates is native
vegetation.

2.

Chlorides - There were five (5) wells (A-13, A-14, A-17. A-18 and A-19). which
produced water where the chlorides exceeded the 250 mg/l recommended
maximum concentration. The chloride concentration of groundwater produced
from the northern lens has shown a slight increase in salinity in response to the
lesser amounts of rainfall and increased pumpage at various locations. As the
chloride content in Groundwater Zone 33 is increasing. some of the wells in
this zone may have to be shut down to reduce the increasing chloride content.

1.

All production wells were monitored quarterly for nitrates and chlorides. Organic and
inorganic analyses were performed on a representative cross-section of wells on a
quarterly basis. Grab samples were collected from selected ponding/percolation
basins, both natural and man-made, and analyzed for organic and inorganic
constituents identified in the Safe Drinking Water Act (SDWA).

o
o

o
o

o
'0

o

o
o

o

o
o

o

Quality of GroundwaterSupplies

In response to the groundwater monitoring recommendation, the GEPA initiated a monitoring

program, the results of which are tabulated and summarized in annual reports. The following

is a summary of the findings of the Groundwater Management Program Annual Report - 1988:

o
o

o

All of the water supplies listed in Table 7-6 appear to be suitable for the production of

agricultural crops appropriate for commercial irrigation applications on Guam. Although the

available analyses have not reported boron concentrations. there is no evidence that boron

concentrations on Guam are sufficiently elevated to cause problems for the sensitive plants.

The collection and analyses of samples of a representative group of streams and springs for

their boron concentrations would provide positive verification of any problem.

o
o

o



The principal chemical constituents of the groundwaters of Guam, in terms of significance

related to origin and movement of the groundwaters, are: calcium (CaL,chloride (CI), silicate

(Si02)$ nitrate (N03), magnesium (Mg) and total hardness, with the relative concentrations of

each reflecting the origin of the water. Perhaps the two most important factors are chloride,

which reflect salt water intrusion, and total hardness, which is due to the presence of

limestone.

In summary, the northern lens groundwater was found to be particularly pollutant free and of

excellent quality. However, the study recommended that a groundwater monitoring program

be established and that the selenium concentrations in the groundwater be monitored.

Arsenic, Iron, lead, manganese, selenium, and zinc were the only inorganic chemicals detected

during the priority analyses. Iron and manganese concentrations in all samples were well

below the EPArecommended secondary drinking water limit of 300 and 50 microgramslliter

(pg/l), respectively. These constituents are almost certainly of natural geologic origin. Zinc
and lead concentrations were also well below recommended drinking water limits of 5,000

and 50 pgll, respectively. These constituents may result from pipe corrosion, although they

could also be of natural origin. Arsenic concentrations were well below the recommended

drinking water limit ,of 50 pg/l. Though arsenic could be of natural origin, it is also associated

with industrial waste discharges from electronics and plating industries. However, no such

industries are known to exist near Wells A-1 5 and A*17.

In conjunction with the preparation of the Northern Guam Lens Study, Guam's northern

groundwater resource was sampled and analyzed for those priority pollutants identified by the

U.S. Environmental Protection Agency (EPA) (See Table 7-7). Of all the priority pollutant

constituents for which analyses were conducted, only eleven constituents had concentrations

above the detection limits. and" of these, only one constituent (selenium) in one well (A-17)

was above the EPA recommended drinking water limit.

o
o
o
o
o
o
o
o
o
'0
o
o
o
o
o
o
o
o
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0
0 TABLE 7-7

LIST OF PRIORITYPOLLUTANTS

0 Vglatile Organic ~gmg2ynd! A,id Qrgani, Cgmg2!,!nds Nilrogen ~2nS8ining Comogunds

Acrolein 4-Chloro·3-methylphenol Benzidine
Acrylonitrile 2-Chlorophenol 2.4-Dinitrotoulene

0 Benzene 2.4·Dichlorophenol 2.6-Dinitrotoluene
Bromomethane 2.4-Dimethylphenol , .2-Dephenylhydrazine
Bromodichloromethane 2.4·Dinitrophenol Nitrobenzene

0 Bromoform 2-Methyl-4.6-dinitrophenol N·Nitrosodimethylamine
Carbon Tetrachloride 2-Nitrophenol N-Nitrosodi-n·propylamine
Chlorobenzene 4~Nitrophenol N-Nitrosodiphenylamine
Chloromethane Pentachlorophenol

0 2-Chloroethylvinyl ether Phenol Chlgrj[!ated HXdrg,grbons
Chloroform 2.4.6-Triclorophenol
Chloromethane 2·Chloronaphthalene

0
Dibromochloromethane Ethers and Esters 1.3-Dichlorobenzine
Dichloroethylene Bis(2·chloroethyl)ether , .4-Dichlorobenzene
, •, -Dichloroethane Bis(2-chloroethoxy)methane , .2-Dichlorobenzene
, .2-Dichloroethane Bis(2-ethylhexyllphthalate 3.3-Dichlorobenzidine

0 ' . , -Dichloroethene Bis(chloroisopropyllether Hexachlorobenzene
trans·l.2·Dichloroethane 4-Bromophenyl phenyl ether Hexachlorobutadiene
1.2·Dichloropropane Butyl benzyl Phthalate Hexachloroethane
cis~1.3·Dichloropropene 4-Chlorophenyl phenyl ether Hexachlorocyclopentadiene

0 trans·l .3-Dichloropropene Diethylphthalate 2.3.7.8-Tetrachlorodibenzo-
Ethylbenzene Dimethylphthalate p-dioxin
Methylene chloride Oioctylphthalate 1.2.4-Trichlorobenzene

0 1.1.2.2-Tetrachloroethane Ol·n·butylphthalate
Tetrachlorethene Isophorone Elements
,.,., -Trichloroethane
,., .2-Trichloroethane P!stlcide CgmlUzunds Antimony

0 Trichloroethene Arsenic
Trichlorofluoromethane Aldrin Barium
Toluene a-BHC Beryllium

0
Total Tricholomethane B-BHC Cadmium
Vinyl chloride d·BHC Chloride

Y-BHC Chromium
BaselNeutral Qrganic ComQounds Chlordane Copper

0 2.4.5-TP Silvex Fluoride
Acenaphthene 4.4-DDO Iron
Acenaphthylene 4.4-DDT Lead
Anthracene Dieldrin Manganese

0 Benzo(a)anthracene Endosulfan I Mercury
Benzo(b)fluoranthene Endosulfan II Nickel
Benzo(k)fluoranthene Endosulfan Sulfate Nitrogen (N02)

0 Benzo(a)pyrene Endrin Selenium
Benzo(g,h,i)perylene Endrin aldehyde Silver
Chrysene Heptachlor Thallium
Dibenzo(a,hlanthracene Heptachlor Epoxide Zinc

0 Fluoranthane Undane
Fluorene Methoxychlor Miscellaneo!,!,
Indeno(1,2,3-cdlpyrene Toxaphene

0
Naphthalene PCB-l015 Asbestos
Phenanthrene PCB-1221 Cyanides
Pyrene PCB-1232 Phenols

PCB-1242 Sulfate

0 PCB-1248 Foaming agents
PCB-1254 Oil and grease
PCB-1260
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Water hardness is an important water characteristic as hard waters require considerable

amounts of soap to produce a foam or lather and also produce scale in metal water pipes, hot

water heaters, and boilers. The hardness of water varies considerably from place to place

The groundwaters have variable concentrations of total hardness (catclum and magnesium

carbonate). The concentration is associated with the carbon dioxide content of the incident

water and 'its action upon the limestone. The carbon dioxide is derived from both the

atmosphere and from biological activity in the overlying soil. Also. additional hardness is

derived from sea water interaction. Hardness levels of up to 400 mgll are found in some

groundwaters, particularly in the nAn Series well region.

Wells in most areas of the northern ~enshave operated successfully and are not experiencing

severe degradation of water quafiity as a result of upconing. In the Andersen Groundwater

Subbasin and the northwest part of the Agana Groundwater Subbasin,.chloride concentrations

are generally elevated. In the Andersen Groundwater Subbasin, all wells, except for the well

located at the golf course. were abandoned because they exhibited high chloride

concentrations which made them useless as a drinking water supply. This problem may have

arisen because the wells were dri'lled too deep into the fresh water lens, which increases

upconing potential. The Tamuning areabetween the town of Agana and the Naval Air Station

has historically exhibited elevated chlorides. This may be because rainfall runoff from the

airport is diverted by storm drains to Agana Bay. Diverting the water in this fashion

significantly reduces recharge to the groundwater system, thus allowing encroachment of salt

water from Agana Bay toward Mount Barrigada.

Chloride concentrations generally indicate the success of a well in a fresh water lens which

is underlain by or immediately adjacent to salt water. Elevated chlorides indicate upconing

or intrusion of the salt water into the fresh water lens. Based on a comparison of historic

water quality (particularly chloride concentration) in northern lens wells and each

corresponding well's location relative to estimated basal and parabasallens areas, chloride

concentrations of less than 30 mg/l probably indicate parabasal conditions in the underlying

aquifer. Concentrations between 70 mgtl and 150 mgtl in wells indicate basallconditions in

the underlying aquifer. Concentrations between 30 and 70 mgll probably reflect the area

overlying the salt water toe. Concentrations over 150 mgll may mndicatea critical upconing

condition in the basal aquifer.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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Specific conductance, which correlates closely with total dissolved solids (TDS), is an

indicator of overall water quality. Water produced from the northern lens exhibits specific

conductance in the range between 300 and 1,300 micromhos and averages from 550 to 600

micromhos. This is equivalent to about 400mg/l TDS. These values for specific conductance

are somewhat high by drinking water standards, but, at these levels, do not constitute a

health hazard. These levels are indicative of the often high chlorides associated with nearby

salt water. Historically, specific conductance has usually remained steady from well to well.

Tt"!osewells displaying above average specific conductance are usually the same ones that

also exhibit high chloride concentrations caused by unusual hydraulic properties of the aquifer

or by improper well design. If the general well design criteria that are outlined in the NGLS's

Nitrogen has long been used as an indicator of pollution in ground and surface waters. Nitrate

concentrations are generally indicative of waste contamination. Because people live over the

groundwater lens, minor contamination is expected. For the most part, nitrate levels have

remained reasonably low, in the range of 2 to 10 mg/l (as N03). However, Mink (1976) noted

that the nitrate load from on-site sewage disposal systems is not sufficient to account for the

nitrate levels observed in the lens. He felt that nitrates contributed from on-site disposal

systems should not be any higher than 2 mg/l in the Northern Lens. He suggested that the

nitrate-fixing, tree-like shrub called tangan-tangan (Leucaena glauca), which is very common

throughout Northern Guam, could generate enough nitrate to account for at least 20 mg/l

concentrations in the groundwater system. However, more research is needed to substantiate

the magnitude of the impact that tangan-tangan has as a major nitrate source to the

groundwater system.

The optimum water hardness is usually considered to be in the range of 80 to 100 mg/l as

CaC03• The limestone formations in northern Guam cause the Yigo water supply to be high

in hardness, having an average hardness of 270 mg/l as CaC03•

Soft
Moderately Hard
Hard
Very Hard

75 mg/l
150 mg/l
300 mg/l
up mg/l

o
75
150
300

although generally surface waters are softer than groundwaters. Waters are commonly

classified in terms of the degree of hardness as follows:

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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o
o

oMost of PUAG's supplied water is drawn from groundwater sources, the quality
of which is generally safe for drinking. The most common water quality
problem encountered in the PUAG system is chloride contamination. The basic
cause of chloride contamination is saltwater intrusion resulting from the

1.

o
o

o
o

oDistribution System Water Quality

The GEPA conducts a monitoring program on PUAG's water system to ensure that water

quality is maintained within Guam's Safe Drinking Water Regulations (GSDWR). GEPAis the

regulatory agency responsible for applying GSDWR to all public water producers and ensuring

that all water supplied meets the established standards set by GSDWR. GEPA keeps track

of sample results. conducts sanitary surveys, takes enforcement actions when necessary, and

responds to water complaints. Annual Water System Sanitary Survey Reports (WSSSR) are

prepared by GEPAwhich summarize the water quality findings. The results of the FY 88 and

FY 89 Report are summarized below:

o
o

o
o

o
o
o
o

One factor which can greatly affect groundwater quality is the use of chemicals which can

leach into the groundwater over a period of time, resulting in contamination of the aquifer.

Local concern has arisen recently due to the development of golf courses covering significant

portions of northern Guam and the expectation of additional golf course development in the

future. The concern stems from the fact that the thin layer of topsoil overlying the extremely

permeable limestone allows for very little filtration of chemicals such as the pesticides and

fertilizers commonly used for golf course maintenance, before their incorporation into the

groundwater lens. This concern must be addressed by government regulatory agencies. with

resultiing imposition of strict guidellines, close monitoring for compliance and heavy penalties

for abuse, if contamination is to be averted. When faced with a similar situation; the Hawaii

State Department of Health (DOH) instituted eight conditions as part of the requirement for

permitting gollf course development. These conditions are given in APPENDIIXG and it is

recommended that a similar plan be adopted by the government of Guam.

o

o
o"Well Construction Manual" are followed, future wells shou~d not exhibit unusually high

specific conductance or chloride concentrations. Occasionally, wells such as Nos. 0-13. A-

16, and M-11 will be drilled properly yet have poor quality water, probably due to extreme

anisotropic aquifer conditions in which vertical permeabi~ity far exceeds horizontal

permeability. This condition cannot be predicted. However, proper well design can help

insure that water quality remains high.



On many occasions, PUAG was not in compliance with the reporting
requirements of GSDWR. A computerized data processing system is
recommended to aid PUAG in the sampling, monitoring and reporting tasks, as
well as in the investigation of violations. Without the aid of a computer,
compliance with requirements would require a very extensive communications
system and complex coordination of personnel staffs. Moreover, record
keeping by means of data processing is more accurate and much faster than
the existing methods, and would be a valuable aid to planner/engineers in the
evaluation of performance of the water system.

4.

Review of PUAGwater quality analyses over the five years prior to the WSSSR
with respect to Mel compliance, and sampling and reporting techniques
indicates that the number of samples taken in each service area and sampling
points should be revised. An accurate statistical analysis is based on the
sampling of a true cross section of a population. Sampling points should be
selected to represent each different water source entering the system and
conditions within the system, such as dead ends, loops, storage facilities, and
old pipelines. The number of samples in each service area should be uniform
and sufficient to permit accurate evaluation and determination of water quality
in each of the areas, and thus in the entire system. This is not currently the
practice in the PUAG system. For example, ninety (90) samples were taken in
the Agafa Gumas/lnarajan areas, while in the same time frame only two (2) and
four (4) samples were taken in the Harmom and Asan/Piti areas, respectively.
The results of too many samples in some areas and not enough samples in
others can result in misinterpretation of water quality in the system.

3.

In some instances, water quality analyses indicated a higher-than-normal
contaminant concentration which was still below the MeL. For instance, in the
Asan area, a total trihalomethane concentration of 86 pg/I was reported in
March 1987, and the Agat area reported a concentration of 100 pg/I in
September, 1986. The Mel for trihalomethane concentration is 100 pg/I.
Preventative programs should be formulated and implemented to identify the
potential causes of the contamination before the Mel is exceeded and the
supply is rendered unusable. Corrective action should also be taken to resolve
conditions that may cause fluctuation in water quality.

Occasional instances of bacterial contamination and turbidity occurred in the
distribution system, generally in the Southern areas where surface supplies are
supplemented by groundwater. Although check samples taken on the following
days showed negative results, previous reports exist which indicate areas
where contamination has occurred repeatedly. Attention should be focused on
correcting this problem.

2.

overpumping of a well. Overpumping occurs when the water demand imposed
on a well exceeds the rate of recharge of fresh water to that specific area of
the lens. A close monitoring of groundwater resources and land use programs
is recommended to prevent further water contamination.

o

o
o

o
o
o
o
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o
olead analysis performed by GEPAindicated that there is lead content in me

range of 10-40 parts per billion (ppb) existing in production wells islandwide.
Thesourcesof leadhavenot beenidentified, but somebelievethat it isderived
from the volcanic formation of the Island. Extensive study on the lead
concentration in Guam's groundwater is essential to the public health. In the
nearfuture. new regulationswill be implementedto lower the Mel with regard
to lead in order to provide a greater degreeof protection to the public health.

5.
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In 1982 the Northern Guam Lens Study, sponsored by the Guam Environmental Protection

Agency (GEPA),was completed by Barrett, Harris & Associates, Inc. under the direction of

Hydrologist, John F. Mink. The scope of work for the Northern Guam Lens Study (NGLS)

was, first of all, to more accurately determine the limit of the limestone aquifer yield of the

Northern Lens. A second objective was to reevaluate the sustainable yield, originally

estimated in Mink's 1976 report, Ground Water Resources of Guam: Occurrence and

Development, basedon existing reports, hydrogeologicdatathat hadbeenrecentlygenerated

by GEPAthrough seismicand gravity surveys, a topographic survey and the drilling of eleven

test wells. The NGLS is the most comprehensive report on the geology and hydrology of

Guam's northern groundwater resources to date. Of particular importance to water master

planning, the report describes the nature and extent of Guam's northern groundwater lens,

providesestimates of the aquifer's sustainableyield, presentsa recommendedgroundwater

development and management program, and outlines the consequences of failure to

implement such a plan.

Introduction

In past years both the Federal Governmentand the Government of Guamhave sponsored

several studies of the water resourcesand their potential for development on the island of

Guam. The original Water Facilities Master Plan (1979) cited the USGSreport, Geology and

Hydrology of Guam, Marianas Islands (1965) and the U.S. Army Corps of Engineers' report,

UgumRiver Interim Report and Environmental Impact Statement (1979) as providing the most

comprehensive studies of southern Guam's surface water resources. Since 1979 the

following additional studies have beencompleted which add significantly to the information

provided by the previous reports: Water Supply Analysis For The Guam Comprehensive

Study, USACOE (1982); and Potential Water Resources Development, U.S. Bureau of

Reclamation (1984). Together, these studies provide valuable insight into the character of

southern Guam's major watersheds, potential quantities of collectable surface water,

resource availability and the economic as well as other limiting aspects of surface water

development.

CHAPTER VIII

WATER SUPPLV AND TREATMENT ALTERNATIVES
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The southern half of Guamis characterizedby ruggedand deeplydissected uplandswhich are

mostly underlain by volcanic rock. The land surface is crisscrossed by numerous channels

which have eroded the terrain. The area is dominated by a mountain rangewhich rises to a

maximum elevation of 1332 feet at Mount Lamlam. with several other peaks rising to over

Topography

The topography of Guamis broken into two distinct zones. The northern half of Guamis an

undulating limestoneplateauwhose elevationvaries from approximately 100 feet to 600 feet.

It generally slopesto the southwest and is borderedby steep wave-erodedcliffs. Within this

region there are three hills with a common basement complex of volcanic origin penetrating

the limestone. and which rise to elevations of between 630 feet and 860 feet. There are no

defined channels of any length in the limestone as all runoff quickly drains into the many

fissures and sink holes that abound in the formation. On the three volcanic mountains there

are short lengths of channels but these disappear within a short distance once the stream

crosses the limestone. There are no perenniallstreams on the plateau but the area overlays

an extensive groundwater supply in the form of a basal lens.

As a result of this current effort to update the Water Facilities Master Plan, PUAGis currently

conducting aGroundwater ProgramEvaluation(GWPE)as part of the $53 million bondwater

CIPimplementation. Thegoals of the GWPEareto reevalluatethe productivity of the Northern
Groundwater Lens and recommend a well development program that will optimize

groundwater development in northern Guam. PUAG's GWPEwill examine drilling logs and

well performance data collected iln the nine years since the completion of the NGLS. In

addition, the programwill evaluatethe resultsof time domainelectrornaunetic (TDEM)surveys

of the volcanic basement in areaswhere seismic data was either scarce or ambiguous in the

NGLS and will direct an exploratory well drilling program to refine the limits and potential

productivity of various areaswithin the Northern Groundwater Lens.

o
o
D
o
o
o
D
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o
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o
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o
o
o
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This chapter draws freely from the results and conclusions of the studies referenced above.

as well as the original Water Facilities Master Plan (1979). and specifically incorporates the

more significant information from these studies into the water master plan. Referenceshould

be made to these studies for more detailed descriptions and analyses of the summaries

presented in this report.



The southern portion of Guam consists mainly of a mix of pyroclastic rock and lava flows,

clastic sediments originating from volcanic rock with occasional occurrences of limestone.

Some Alifan Limestone forms caps on the peaks and ridges and some outcrop rock and

caustic sediments are often weathered to a depth of 50 feet or more. The upper few feet are

often granular and friable. The weathered and un-weathered rock has a low permeability;

The plateau in the northern region of Guamis basically BarrigadaLimestonewhich lies upon

an irregularly eroded base of volcanic rock of the Alutom Foundation. The base of this

limestone formation is mostly below sea level. A veneer of MarianaLimestonealso overlaps

the main formation. The limestone has numerous caverns, fissures and other solution

openings which give it a high permeability as opposedto the volcanic material which has a

very low permeability. The limestone areasare overlain by a friable layer of top soil which

was likely derived from materials transported to the site and which supports a heavy

vegetative growth.

Geology

Guam is divided into roughly two geologic regions, which basically correspond to the

topographic regions discussed previously. The geology of the Island is more fully discussed

by Tracy et al (1963)' Stazek (1963) and Schlonges (1964).

The topographic relief of the Island is not very pronounced and there is no marked

orthographic effect (USGS 1965). Thus, the overall rainfall pattern of the Islandis reasonably

uniform. However, the steepnessof the stream gradesand the relatively impervious nature

of the underlying formations causesmany of the streams to flow only during and immediately

after heavy rainfall. Often no sustained baseflow is observed.

There are some40 streams that drain the volcanics of the southern area. The streams to the

west tend to be steep, have a short stream length and drain small areas; usually Jessthan 3

squaremiles. The easternstreams tend to drain largerareaswith someas largeas 28 square

miles. Thesestreams are steep in their upper reachesbut they flatten out into gentle grades

and wide flat valleys in the lower reaches.

1000 feet. In someareasthe mountainsaresurroundedby a narrow limestone plain that rises

to some 200 to 300 feet.

o
o
o
o
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TheNGLSgoeson to estimatethe sustainableyield of the NorthernLensat approximately 60

MGO. The sustainableyield is defined in the Aquifer Yield Report of the NGLS as " .•. the

maximum amount of water that can be continuously withdrawn from the fresh water lens

without impairing the integrity of the lens and the water quality". As stated in the Aquifer

Yield Report, the sustainableyield is not equal to rechargebecausecontinued leakagefrom

the lens to the ocean along the coastline must be taken into account. By the NGLS's own

account, however, its estimatesof the sustainableyield areconservative. As discussedlater

in the "Guam Groundwater" section of this chapter, there is good reason to believe a

considerably higher sustainableyield may be obtained. In fact" the preliminary results of

Mink's reevaluation of the productivity of the Northern Lens (June 1991) now indicate a

In 1982, the NGLS estimated that rechargefrom rainfall to the areaof potential production

in the Northern Lens is about 112 MGD, taking into account evapotranspirationand runoff

from the FonteRiver. In addition, an estimated 53 MGDof rechargefrom rainfall infiltration

occurswithin the 4,,000-f,00twide coastal buffer zone to makethe total estimated recharge

for the Northern lens 165 MGD.

As reported in the originalWater Facilities Master Plan (1979), the averagerainfall on Guam

is slightly less than one billion gallons per day. Approximately one-half this amount falls on

the northernhalf of the islandwhich is a highly permeable,limestone plateau. According to

theNGLS (1982), surface runoff from northernGuamis sliqht-sonlv about 1.44 MGDfrom the

Fonte River in the Nimitz Hill watershed. Thus, once the rainfall has satisfied evapo­

transpiration requirements it is available to percolate into the underlying aquifers. These

phenomenahaveallowed the formation of a well developedfresh water lens undermuch of

the northern area.

An Overview of the Water Resourcesof Guam

The freshwater resourcesof Guam fall into essentially two categories: the groundwater of

northern Guamand the surface waters of southern Guam.

however, the associated limestone is very permeable. Unconsolidateddeposits of clay with

some sands and silts have occurred in the bottom of the river valleys. These deposits
generally havelow permeability. The beachesare composedof highly permeablecalcareous

sandsand gravel.

o
o
o
o
o
o
o
o
o
o
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o
o
o
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o
o
o
o
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Of these two, the Ugum Riverwas recommended as the more economical site to develop,o requiring a total storage or about 1.4 billion gallons to provide a yield of 12 MGD at a 95

percent confidence level. Similarly a storage reservoir on the Inarajan River of about 1.6o billion gallons could provide a yield of 8.5 MGD from this river, at a 95 percent confidence

level.

o
o

Theaverageannual flow representsthe amount of water that maytheoretically bedeveloped.

Although this Quantity representsapproximately 26 percent of the total runoff for southern

Guam, the flows are highly variable and the averageannual flows occur less than 22 percent

of the time. Consequently, the Corps' study assumedthat a "firm yield" of about 75 percent

of the average annual flows (or about 49 MGD)could be realistically developed. The report

concluded that the Ugum and the Inarajan rivers had the greatest potential for development.o

o

o
basins:

River Average Annual
Flow (MGD) Length of Record

Inarajan 11.2 1952-1979

Ugum 19.0 1952-1979
Ylig 18.7 1952-1979

Pago .lil 1952-1979
Total 65.5

o

o
o

Of these 40 streams, very few have sufficient flow and available dam sites that make them

suitable for major development. In its Ugum River Draft Interim Report and Environmental

Impact Statement (1979), the U.S. Army Corpsof Engineersindicated that only four drainage

basinswere considered capableof significant development. Thesewere the Inarajan,Ugum,

Ylig and Pago basins. The Corps estimated the following average annual flows for these

o
o

The USGS(1965) asserts that of the averagerainfall on the Island (which is estimated at 1.0

billion gallons per day), approximately 250 MGDgoes to runoff from some 40 streams that

drain the southern half of the Island. Assuming, as stated in the NGLS, that rainfall is

uniformly distributed throughout the Island, about 50 percent of the incident rainfall for this

half of the island is therefore transformed into runoff and flows into the sea.

o
o
o

o sustainable yield of the entire lens in the range of 70 to 80 MGD. Of this, the amount

available to PUAGis estimated at approximately 60 MGD.

o
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The fresh water mound of the Northern Lens is, in some places, up to 6 feet above sea level.•

giving the lens a maximum thickness of about 240 feet including the portion below sea ~evel.

As the water flows outward from the lens in a radial direction it mixes with the sea water

An important assumption of the Ghyben-Herzberg model wsthat a sharp interface exists

between the salt and fresh water .. In reality, these two phases mix to form a transition zone
with a salinity gradient varying from sea water to fresh. Obviously, the thickness of the

transition zone will affect the amount of fresh water to be actually found in a mensdescribed

by the Ghyben-Herzberg model. On Guam, it is estimated that the thickness of the transition

zone varies from approximately 27 to 50 feet.

where "z" and "h" are" respectively, the dimensions of the depth below sea level of the

underground sea water surface and the depth above sea Ilevelto the top of the fresh water

layer, as shown in Figure 8-1. By applying the Ghyben-Herzberg relation to known elevations

of the fresh water surface, the size of the fresh water lens can be estimated.

z = 40h

In a typi:cal Ghyben-Herzberg system, shown in Figure 8-1, the water percolating from the

surface of the island floats on the underlying sea water because of the latter's slightly higher

density. The continued infiltration of fresh water causes the formation of a mound of fresh

water, the depth of the mound being about 40 times the height of the mound above the

surrounding sea level.. The depth to which the sea water is depressed--Le. the thickness of

the fresh water lens--is described by the Ghyben-Herzberg relation:

Guam Groundwater System

As previously described, the significant groundwater resources are found in the northern half

of the Islland. The limestone which underlies this area is very porous and has been a suitable

medium for forming a Ghyben-Herzberg lens.

To summarize the available water resources" there appears to be at least 60 MGD of

sustainable yie~d avetlable to PUAG from the Northem Groundwater Lens. In the south a

reliable yield of anywhere from 20 to 49 MGD is available depending on the volume of storage

provided.



FIGURE 8-1

GHYBEN-HERZBER GLENS FORMATIO
SOURCE:NGLS GROUNDWATER

MANAGEMENT PROGRAM

z = 40h

Center of
Transition ZoneSalt Water
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The NGLSdescribes two categories of fresh water lens--basal and parabasal--that are defined

by the geology of the greater Northern Lens. These two lens types are illustrated in Figure

8-3. A parabasal lens is that portion of the freshwater ~ensdirectly underlain by the

Excessive extraction of groundwater wi'l also reduce the volume of the fresh water lens and

increase the zone of salinity. For example, during 1946, when there was heavy pumping

associated with a high level of military activity, the contours indicating chloride concentrations

of 500 parts per million in the groundwater almost met in the center of the Island. Once the

pumping rate was reduced, the contours receded as the lens recovered in approximately two

years time.

Accord~ng to the NGLS, the permeabilit.y, or hvdraune conductJivity, of the limestones of

northern Guam varies from very high in the pure ~imestoneareas of the Yigo-Andersen area

(approximately 17,600 ft/day) to a somewhat lower value (about 1,500~3,000 ft/day) for the

argillaceous limestones toward the center of the Island. In the regions of greatest

permeability I the diurnal effects of tides as well as the effects of storm surges can be

measured many thousands of feet in~and. In these zones the constant rising and falling of the

water table induces greater mixing and hence creates the transition zone. The mixing effect

is not as significant in the less permeable areas.

The characteristics of a groundwater lens are defined by physical factors which include the

rate of fresh water recharge and the permeability and homogeneity o~the media that contain

the water + The presence of many fissures ~nthe aquifer will cause the lens to exhibit localized

discontinuities. These phYSIcal factors are discussed below as specifkally relating to Guam's
northern groundwater lens.

nearer the coast to form a band of Increasinq saIDin·lty. The radial symmetry of the lens on

Guam is distorted by the outcrops of igneous rock associated with the mountains in the

northeast corner of the Island and also by the underly'lng igneous strata which forms an

impermeable barrier. Figure 8-2, from the NGLS Aquifer Yleld Report, illustrates the several

groundwater subbasins defined by these relatively impermeable volcanic formations. The

bourdanes of the subbasins represent the approxinate ridgelines of the volcarics as

determined by the seismic and gravity surveys and exploratory drillng conducted fa the

NGLS.
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FIGURE 8-3

CROSS SECTION OF FRESH WATER LENS

WITH SHARP INTERFACE

IN A COASTAL UNCONFINED AQUIFER

SOURCE:NGLS AQUIFER YIELD REPORT

SALT WATER

VOLCANIC
BASEMENT
ROCK

FRESH WATER LENS

LIMESTONE

GROUND SURFACE

PARABASAL LENSBASAL LENS

I
~

I
~

I

'"
I
..vI

..v

RA N FALL

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



The brackish water of the transition zone does not exist as a discrete. independent resource.

It is continuous with the fresh water core and is actually just the freshwater mixed with small

amounts of sea water. Disturbances of the brackish portion of the basal lens will therefore

be reflected in the fresh water portion as well. In some areas this effect will be negligible.

Recentliy there have been proposals for pumping brackish water from the buffer zone for

krigation supply. The rationale is that extraction of the brackish water near the outlet of the

fresh water flux to the sea will have little effect on the up-gradient fresh water supply. This

approach must be evaluated very carefully on a case specific basis before committing to any

general policy. In some areas it may be a feasible approach to augmenting irrigation supplies.

In other areas it risks endangering the integrity of the basal lens up-gradient from the pumping

site ..

Figure 8-6 from the NGLS shows the general distribution of the parabasal and basal lenses in

northern Guam. The currently ongoing groundwater program evaluation is intended to help

refine the ~imits of the parabasal and basal zones through time domain electromagnetic

surveys and reviews of exploratory drilling results.

Because of the potential for upconing, wells in the basal groundwater region must be pumped

at rates lower than wells in the parabasal region. As stated in the NGLS, determination of

pumping rates for wells should be based on the specific results of pump tests at the site.

However, in general, ranges of 350 to 750 gpm for wells in the parabasal zone and 200 to

350 gpm in the basal zone were established in the NGLS.

The importance of the distinction between these two types of lens is in the effects of

pumping from them. As shown in Figure 8-4, salt water can rise vertically into a pumping

well (upconing) located in the basal lens. Obviously, upconing does not occur in the parabasal

lens because, by definition, there is no salt water directly below the lens of fresh water.

However, overpumping of the parabasal lens could lead to intrusion of the salt water inland

as shown in Figure 8-5. If the salt water toe migrates to a point beneath the pumping well,

that well could then cause upconing.

impermeable volcanic rock. The basal lens is a continuation of the parabasallens except that

it is directly underlain by salt water.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

8 - 11



FIGURE 8-4

DIAGRAM OF PUMPING INFLUENCES
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In the nine yearssincetheNGLSwas completed,data includingwell performance,water table

elevationsand groundwater quality have beenregularly monitored and annually recorded by

GEPA. Themodellingcurrently beingconducted for PUAG'sGWPEhasthe advantageof this

long term data base that was unavailable for the NGLS. The Program's preliminary

conclusions, based on analysis of this long term data, were reported by Mink in his draft

paper, "Groundwater In NorthernGuam, SustainableYield and Groundwater Development"

(June21, 1991). Mink's analysisalsoconcludesthat virtually no long-term drophasoccurred

in the groundwater table since the NGLS was completed. In this same period of time an

additional 12 productionwells havebeenconstructed onthe NorthernLensand groundwater

production has increasedby approximately 34 percent.

The hydrodynamics of the NorthernLenswere also evaluated for the NGLS with a computer

simulation of a steady state groundwater rechargeof 112 MGDand a pumping rate of 60

MGD for a period of 5 years. Dueto limitations of the model, steady cyclic conditions were

never reached by the simulation. The primary limitation of the model was its lack of a long

perioddata base. Consequently,any predictionsresulting from the model should be viewed

with considerablecareandrecognition of the model's limitation. Giventhis limitation, it is still

worth noting that the results of the simulation generally supported Mink's previous

calculations, by predicting a decreasein the lens's freshwater headof about 0.5 feet and an

increasein saltwater headof only 0.25 feet at the end of the simulated 5 year period.

The hydrodynamics of the Northern Groundwater Lens were first modeled in a preliminary

manner by John F. Mink in his report, Ground Water Resources of Guam: Occurrence and

Development (1976). Certain simplifying assumptions were made but these do not

detractfrom the validity of the generalconclusionsdrawn. His calculations were predicated

on a lens height of 5.5 feet abovesea level, a radius of 12,000 feet and a daily seepage to

the seaof 100 cubic feet per foot of shoreline. The model showed that if the lens received

no rechargefor six months, its height would fall only 0.5 feet due to natural seepage. Also,

if a draft of about 15 MGD was then imposed upon the lens, the extra decreasein height

would be of the order of only 0.06 feet.

Consequentlyt proposals to pump brackish water near the coast should be evaluated

individually in relation to the particular local and regional groundwater environments.

o
o
o
o
o
o
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o
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The most criticall difference lies in the concept of hydraulically continuous Aquifer Systems

as applied in the GWPE. The NGLS model estimated the sustainable yield of Guam's entire

Northern Lens based on several conservative assumptions applied to 47 groundwater

managementzones, shown in Figure8-7. However. although the Groundwater Management

Zonesprovide a starting point for management of the groundwater resources,hydrologically,

their boundaries are arbitrary-there are no actual geological or hydrological definitions of

these zoneswithin any particular subbasin. An arbitrary buffer zone. extending 4,000 feet

inland from the coast, was also established from which it was assumed no fresh water

production was to occur. This left only 67 of the 100 square miles of Northern Guam

available for recharge and groundwater analysis. The 67 squaremiles was divided into the

discrete Groundwater Management Zones basedon the limited knowledge availablewith the

hydraulic continuity of the lens. Hydrologic budgeting. including recharge and pumping

calculations, was then performed on each independent zone.

Second, particularly with regard to Mink's 1991 modelling and its long term data base, the

results suggest a greater contlnultv in the groundwatelr aquifer than previously described in

the NGLS model. Thus, wells could be expected to draw from a much greater areathan the
discrete Management Zones of the NGLS. With the advantageof the perspective allowed by

GEPA'slongterm data base,Mink's methodology in modellingthe NorthernGroundwater Lens

for the GWPE, and his conclusions, differ from those of the NGLS ~nseveral important:

respects.

The significance of these results is several fold. First, the apparent lack of long term impact

to the fresh water table elevations with the increasein production suggests the Northern Lens

has a high recharge rate and robust recoverability. This, in turn, supports the potential for

withdrawing water at rates higher than the sustainable yield for short periodsof time without

damaging the integrity of the aquifer. While the NGLS does not specify what length of time

would beacceptable for exceedingthe sustainable yield. Mink's June 1991 report implies that

a period of three months could be supported.

o
o
o
o
o
o
o
o
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Table 8-1 lists the Groundwater ManagementZonesfrom the NGLSalongwith their projected

yields as used in preparation of this Planuntil the ongoing groundwater program evaluation

is completed. These projections must be continually examined and, if necessary, revised in

the light of future well performance data and the results of ongoing exploratory well testing.

Basedon the results of this model and the analysisof GEPA'sdata, the conclusions of Mink's

draft report for the GWPEare that the sustainable yield of the entire Northern Groundwater

Lens is in the range of 70 to 80 MGD with 60 MGDavailable to PUAG.

Another significant difference in the GWPE's approach is in analyzing the Lens through a

dynamic or transient model versus the steady state model applied in the NGLS. The steady

state approach assumesan average rate of recharge, draft and an initial head in the system

prior to the start of pumping. As such, it does not account for the significant effect of the

seasonson dewatering and replenishingthe basal lenses. This model is more appropriate to

very large aquifers with relatively uniform recharge flux as is common in southern Oahu,

Hawaii. In northern Guam the effects of the seasons on recharge cannot be ignored.

Pumping during the dry season can causea noticeable decline in headwhile heavy rains of

the wet season result in greatly increased recharge and a sharp recovery of head. In the

transient model, the seasonalvariations in rechargeare reckoned into the calculations and the

continuity in groundwater action is taken into account from dischargeat the coast line inland

to a natural boundary such as a groundwater divide or the emergenceof the basement above

sealevel.

In essence, a hierarchy of aquifer categories is presently proposed by Mink which would

include an Aquifer Sector, subdivided into Aquifer Systemswhich are further subdivided into

Aquifer Types. A more detailed explanation of this new hierarchy of aquifer categories is

presented in Mink's report Ground Water in Northern Guam: Sustainable Yieldand Ground

Water Development, 1991.

The approach as applied in the GWPE treats the entire Northern Lens as a continuum

subdivided into functional aquifer categories. The aquifer categories are based on

groundwater hydraulics with values for recharge being derived from a water balance. In this

approach the entire 100 squaremiles of Northern Guamfrom the coast inland is considered

in the hydrologic analysis.
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Groundwater Quality Management

The Government of Guam has properly acknowledged the importance of regulating land use

in the recharge areas of the groundwater lens in several of its planning documents. The

Government of Guam has also entered into a memorandum of understanding with the U.S.

Environmental Protection Agency concerning the protection of this resource, which has been

designated as a sole source aquifer. Protection of the long-term sustainable yield of the lens

requires the enactment and strict enforcement of land use, waste discharge, and well design,

construction, and operation regulations. In its several volumes, including "Appendix A:

Operation and Maintenance Manual", "Appendix B: Well Operations Organization Manual",

"Appendix C: Well Construction Manual", and "Appendix D: Laws, Regulation, and

Access to the groundwater is just as critical a factor to water master planning as the total

amount of the lens's yield. Guam's Public Law No. 17-87 and Executive Order 89-5 reserves

all waters on or below the surface of Guam for the People of Guam. Although this is intended

to give PUAG a legal basis to withdraw water from wherever it can be found, the realities of

obtaining a site suitable for direct, vertical pumping may make such withdrawal difficult.

Figure 8-8 highlights the areas of U.S. military reservations relative to the basal and parabasal

groundwater. It is estimated that approximately 25 percent of the Northern Lens's sustainable

yield lies under lands occupied by the U.S. military, and is not directly accessible for civilian

use. Outside the military reservations, private property would have to be acquired or

easements obtained to provide access to additional groundwater resources,

Current information, then, suggests that with a carefully and conscientiously implemented

groundwater management program, it is likely that considerably more yield can be sustained
by the Northern Lens than was originally reported by the NGLS study.

New technologies may also increase the yield of various zones. For example, underground

"dams" have been constructed across aquifer drainages in Japan by drilling cores at close

intervals and filling them with relatively impermeable substances such as a bentonite clay.

This technique works best in aquifers of lower permeabilities and might be very successful

in the Agana Swamp area where groundwater now flows out to sea.

However, for the purposes of the WFMPU, the available groundwater supply is based on the

previously established Groundwater Management Zones.

o
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This contract was not renewedand PUAGhasbeenresponsiblefor well operation and

maintenancesince the contract's expiration. However, PUAGhas stated its intention

to initiate a new contract for well operations and maintenance, with more specific

requirements included. This contract should be formalized as soon as possible since

PUAGcurrently lacks the manpower and equipment to properly maintain the wells.

• Amend the well operation and maintenance contract to provide more specific

maintenance and reporting requirements and procedures.

Although a wastewater collection system has been constructed in the Harmon

Industrial Parksince the NGLS, the areabetween the KoreanCommercialCenter west

of HarmonPlazaand Fort Muna is still not serviced. Portions ofthe.existing collection

system are now also inadequate and should be upgraded.

• Construct a wastewater collection system in Harmon Industrial Park.

Although not yet enactedby legislation, this recommendationhas been implemented,

to a limited degree, by GEPAand PUAGin their permitting capacities. To enable

broaderand consistent application, this recommendationshould be enacted as a law
or formal zoning regulation.

• Legislate that minimum lot size for a single dwelling within the groundwater protection

zone not be less than 40,000 square feet if an on-site wastewater disposal system is

used. Proposals for higher densities must include provisions for public sewer system.

AgreementsManual", theGroundwater Management Program of the NGLSpresentsprograms,

including draft regulations and legislation, necessary for the proper development and

maintenance of Guam's northern groundwater system. Most of the recommendations for

groundwater management from the original Water Facilities Master Plan (1979) and the

Groundwater Management Program volumeof the NGLShavebeenimplementedbyGEPAand

PUAGand should still be followed. However, some of the recommendations that have not

been implementedand are still neededaresummarizedas follows (original recommendations

from the NGLS shown in italics).

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



The plan for well development proposed in the NGLS is one approach to regulating the

number", location and production rate of wells to match the estimated yield a given area can

support" Although the results of the GWPEmay alter some aspects of this pian" it is, on the

whole, expected to remain applicable. Elements of the NGLS plan are presented as follows.

As the NGLS shows, the rational placement, construction and operation of all wells is also

critical for the proper management of the aquifer. Past experience on Guam has shown that

excessive pumping of wells can easily lead to the intrusion or upconing of sea water and

hence degradation of the water quality.

In 1986 PUAG raised water rates to cover the actual costs of water production.

However, the increase was abrupt--increasing Guam's exceptionally low rates by as

much as 200 percent--and met with considerable public opposition. A more gradual

increase over a greater period of time with a structure that fairly represents the

demands imposed by different user categories might be more successful and is still

recommended. In addition, PUAG has recently procured a $53 million bond issue for

capital improvements including additional wells in the Northern Lens. However, as

indicated in Chapter IX of this report" additional money must be procured to implement

all the CIPs necessary to meet the water demands projected for year 2010.

• PUAG should procure additional funding to implement well construction and related

activities and increase water rates to cover other groundwater management activities.

• Representatives of the Government of Guam and the military meet and negotiate a

comprehensive and mutually beneficial program for the development of the Northern

Lens,

• Evaluation of well production and recharge data should be conducted every five years

to ensure that capacities of management zones and priorities for well development are

up to date. Wells should be developed in the first and second priority zones listed in

the Groundwater Management Program volume of the NGLS, unless future analysis

indicates an improved order.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

8 - 23



8 - 24

If intensive irrigation is to be expanded on Guam, sound farming and golf course maintenance

practices must be encouraged to insure the efficient use of water, fertilizers, and other

agricultural chemicals. For instance, poor irrigation practices, the excessive use of fertilizers

and pesticides, their misapplication or the application of improper fertilizers and pesticides will

easily increase the prospect for groundwater pollution. Efficient farming and proper siting of

irrigation enterprises can reduce the input of most pollutants to acceptable levels. The

objective of all such practices should be to control the level of pollutants which cannot be

totally eliminated, to levels that can be flushed by outward seepage of the Ghyben-Herzberg

lens system. Similarly, sound urban run-off and land use management practices, as described

in the Department of Public Works' Storm Drainage Manual, should be pursued to maintain

The greatest potential for pollution of the groundwater from civilian sources is from the

application of pesticides and fertilizers from agricultural and golf course operations and from

septic tank leachate. Although land use regulations are supposed to limit the density of

development with onsite wastewater disposal, they are not effectively enforced. The only real

protection of the groundwater, in this case, will be for all developments to be connected to

sewer systems.

With additional information a more successful management program for the basal lens might

be developed. The primary need is for analysis of well log information, observations of the

fluctuations in the thickness and horizontal extent of the basal lens and the underlying

transition zone under varying conditions of recharge and demand, that have been collected

by GEPAand USGSover the last 10 years as well as evaporation and other basic climatologic

data. Such analysis can enable the formulation of the necessary management practices that

will optimize the yield of the lens on a sustainable basis. The volumes of the Groundwater

Management Program provide the additional guidelines necessary for the proper development
and maintenance of the Northern Lens.

Table 8-2 lists the management zones, proposed well numbers and sizes of first and second

priority well fields recommended by the NGLS for development. The general locations of these

fields are shown in Figure 8-9. Table 8-3 lists priority for development of the groundwater

management zones, based on the Well Development Priority Matrix that was recommended

in Chapter 6 of the Groundwater Management Program volume of the NGLS as well as

pumping rates recommended by the NGLS.
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Source: NGLS. ~Gl'I)undwat8tM8n~ement Program" 1982

o
o

(l) Assumes consUucti:onof first priority wells reducesremaining availableyioold.See text.
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oTABLE 8-2

PROPOSED WELL DEVELOPMENT PRIORITIES

Remaining Recommended Well Sizes (gpm)
Available

Yield (gpm) 200 350 500 750

First Priority Wells
Y-Sengsong 1,350 1 1
Adacao 650 1
Sabanan Pagat 550 1
Mt. 8arrigada West 900 1
Yigo West 850 1
Agata Gumas Central 2.650 4
Yigo East 650 - - ...1 _,- - -
Sub-Total 0 0 9 2

Total Yield of First Priority Weilis = 6,000 9pm (8.6 mgd)

Secondary Priority Wells
Finegayan East 750 1 1
Mt. Santa Rosa 500 1
Mataguac 600 1
Dededo North 1,200 6
Mt. 8arrigada West 40011' 1
Agafa Gumas Central 650111 1
Nimitz Hill 1,150 4
Lupog 1,000 - ~ .a~ -
Sub-total 11 1 6 0

Total Yield of Second Priority Wells"" 5,550 gpm (8.0 mgd)
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FIGURE 8-9b

SECOND PRIORITY CIVILIAN WELLSSOURCE:NGLS GROUNDWATERMANAGEMENT PROGRAM
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TABLE 8-3

0 NGLS WELL DEVELOPMENT PRIORITIES
NGLS RECOMMENDED PRODUCTION

0
No.ofWellsby Siza(GPM)

G.W. G.W. GROUNDWATER NGLS CURRENT REMAINING
TYPE ZONE MANAGEMENT SUST. YIELD TOTAL PROD. YIELD

ZCriE (GeMI IG ZQO 350 500 150 GeM (Ge~ln I (GeM)

0 PARA BASAL 16 AgafaGumas Central 2920 5 2500 471 2449
PARABASAL 29 Vsengsong 2060 1 1250 0 2060

0
PARABASAL 9 Adacao 660 1 500 125 535
PARABASAL 28 VigoWest 1320 1 750 610 710
PARABASAL 10 SabananPagat 550 1 500 0 550

0 PARABASAL 21 Mt.BarrigadaWest 900 1 1 850 470 430
PARABASAL 25 VigoEast 750 1 500 964 -214
PARABASAL 19 FinegayanEast 760 1 1 700 0 760

0 PARABASAL 26 Mt.SantaRosa 530 1 500 0 530
PARABASAL 27 Mataguae 610 1 500 0 610

0 PARABASAL 14 Lupog 1015 2 1000 0 1015
PARABASAL 3 NimitzHill 2510 5 1000 1544 966
BASAL 44 Dededo North 1340 6 1200 1098 242

0 BASAL 32 Agana Swamp 870 2 400 0 870
PARABASAL 6 Mt.BarrigadaEast 510 1 500 0 510
PARABASAL 4 Anigua 810 4 800 0 810

0 PARABASAL 18 CalionTramojo 660 1 200 410 250
PARABASAL 1 PagoBay 310 1 200 117 193

0 BASAL 31 Toto 430 2 400 50 380
BASAL 46 Maeheehe 870 4 800 3 867
PARABASAL 8 MangilaoNorth 290 0 696 -406

0 PARABASAL .13 Salisbury 1980 4 2000 0 1980
BASAL 33 SabananMaagas 1200 0 1391 -191

0
BASAL 34 Manaea 1150 5 1000 0 1150
PARABASAL 15 AgafaGumas West 600 1 500 0 600
BASAL 37 Sasajyan 90 0 0 90

0 PARABASAL 17 AgafaGumas East 1130 2 1000 0 1130

PARABASAL 2 ChalanPago 860 0 1190 -330
PARABASAL 24 Marbo North 240 1 200 0 240

0
0 8 -29

0
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NOTES: t) 10 rapntlentllnflltratlon geUeryor horilantel type well production ntqulntd. Allumel maximum productivity II tOO IIpm. Further lublurfece Inwatlgetlonl erantqulntd.

Source: NGLS;PUAOWell Summery. September 19B9
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TABLE 8·3 (cont)
NGLSWELL DEVELOPMENTPRIORITIES

NGLS RECOMMENDED PRODUCTION

No. of Wells by Size (GPM)
G.W. G.W. GROUNDWATER NGLS CURRENT REMAINING
TYPE ZONE MANAGEMENT SUST. YIELD TOTAL PROD. YIELD l

ZCtllE UlI!M) IG Zgg 35g Sgg 150 GeM 'GeMl 'G~M)
PARABASAL 11 Janum 460 4 400 0 460
PARABASAL 20 Potts 600 1 500 0 sho
PARABASAL 22 Mogfog 450 1 350 0 450
BASAL 47 Asatdas 1330 0 1137 193
BASAL 43 NCS 1110 3 600 752 3~8
BASAL 30 Barrigada 260 0 183

In
BASAL 36 Taguan 210 0 464

!
·254

PARABASAL 12 Tarague 710 1 700 0
760PARABASAL 23 Marbo South 450 1 350 0 4 0

BASAL 45 Dededo South 2400 0 4321 ·1921
BASAL 40 N.W. Field East 2360 11 2200 0 2360
PARABASAL 5 Mt. Barrigada South 210 1 200 0 3'0
PARABASAL 7 Mangilao South 220 1 200 0 220
BASAL 41 N.W. Field West 870 4 800 0 870
BASAL 35 Asbeco 230 1 200 0 230
BASAL 38 Anao 240 1 200 0 240
BASAL 42 Finegayan West 440 0 1085 .~45
BASAL 39 Andersen 390 2 400 0 j90

TOTAL 40,865 4 57 3 25 2 26,850 17,081 23,784

o
o
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The frequency-distribution curve prepared by the USGS and shown on Figure 8-10

summarizes much of the statistical information about surface stream flow in southern Guam.

Surface Water Supply

Virtually all the surface runoff that flows to the sea is carried by some forty streams that drain

the southern half of the Island. The hydrologic characteristics of these streams are very

similar because the meteorologic conditions across the Island are homogeneous and the geo­

morphology of the basins are similar. All the streams may be characterized as being flashy,

that is. they rise very rapidly in response to rainfall because of the steep slopes and the low

permeability of the underlying strata. They also have fairly rapid recessions with little

sustained base flow, and exhibit marked seasonality because of the distinct seasonal pattern

of the rainfall.

Given proper management controls there appears to be a good possibility of maintaining an

average day sustainable yield of 60 MGD for PUAG's system. Thus the resource should be

able to produce between 2 and 3 times its present production rate and supply much of the

needs of Guam in the near future. However, without such controls it is entirely conceivable

that even current yields cannot be sustained. Under such a condition, the question of growth

controls must be addressed or else future water development costs will be significantly

inflated over those presently anticipated to be achievable.

Following the recommendation of the NGLS, the Guam EPA has been tasked with the

responsibility of regularly monitoring the Northern Lens and permitting any well development

there. GEPA's on-going monitoring program measures water quality and fluctuations of the

elevation and configuration of the basal lens and underlying transition zone. The results of

the monitoring program are published annually in GEPA'sGroundwater Management Program

Annual Report. Some of the results of GEPA's water quality monitoring are compared in

Chapter VII of this report with values reported in the NGLS.

the present level of infiltration of rain water with a minimal pollutant load. With respect to

the permitting of golf course developments, a set of qualifications was recommended in

Chapter VII which have also been proposed in Hawaii and are intended to enhance the

protection of groundwater resources from pollution by pesticides and fertilizers applied to

these developments. The qualifications are listed in Appendix G.
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FIGURE 8-10

FLOW DISTRIBUTION CURVES

FOR SOUTHERN GUAM RIVERS

SOURCE: U.S. GEOLOGICAL SURVEY
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The USACOEhas preliminarily identified potential reservoir sites on the Ugum and Inarajan

Rivers. Area-capacity curves for each site, as prepared by the USACOEare presented in

Figure8-12. Flow duration curves and families of storage-yield probabllltv curves, presented

in Figures 8-13 and 8·14, are significant and useful for assessing the practical limits of the

sustainable yield which could be developed at each of the two sites.

As part of the study leading to the original Water Master Planand this report, the work papers

and progress reports of the Corps of Engineerspertaining to its Ugum River studies were

examined. On the basis of an independent analysis of stream flow characteristics in the

southern portion of Guam and examination of many of the storage sites considered by the

Corps, it is concluded that the development of any significant surface water supply will be

quite costly as comparedwith other sources of supply. The steepnessof the terrain limits the

effective capacity of most potential storage sites and the unit cost of water so developedwill

likely be high. However, as water demand is expected to exceed sustainable yield from the

northern aquifer in the near future, it will be necessaryto develop new water supply sources.

Onepossiblemethod of supplying year 2010 requirementswould bethe development of these

surface sources. While there are a number of possible storage sites, the two which appear

to be the most promising are located on the Ugum and Inarajan Rivers, and are shown in

Figure8-11. These two sites should begiven the greatest priority in any future surface water

development program.

The discharges for the five rivers shown in the curves have been normalized. A river's flow

is normalized by dividing its discharge at various points in time by the river's average flow.

Figure 8-10 shows that the normalized curves for the various rivers of southern Guam are

virtually the same for discharges greater than a river's mean flow. As a result of this

coincidence, if flow data obtained from one river, over a short period of time, is greater than

its mean flow it can be used to draw general conclusions about flow on the other rivers.

Figure 8-10 shows that in all the rivers a flow greater than their mean occurs 20 to 25

percent of the time, a flow greater than 10 times the mean occurs one percent of the time

and 30 times the mean about 0.1 percent of the time. Thesestatistics indicate that the flows

are quite variable with little persistence. For flows less than the mean there is a divergence

between the streams because of the varying contribution to base flow from groundwater

sources.
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POTENTIAL STORAGE SITES

FIGURE 8-11
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FIGURE 8-12

AREA-CAPACITY CURVES

UGUM AND INARAJAN RIVERS
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Regional Water Service Area "A" - As can be seen from Table 9-1, Service Area "A" will

require a distribution storage capacity of 12 MG by the year 2010. The present storage

capacity for Region "A" consists of a 0.5 MG reservoir located in the Yigo subregion, the 3

In general, an attempt was made to use ground level storage as opposed to elevated storage

tanks based primarily on the lower capital and operations and maintenance (O&M) costs of

ground level storage reservoirs.

Figures9-2A, 9-28, 9-2C and 9-2D,located at the end of this book, show the locations of the

additional storage capacity required by the year 2010. The locations are approximate since

more in-depth engineering analysis will be required to select the exact location prior to final

design. Wherever possible, transmission mains were routed through the reservoirs by using

separateinlet and outlet lines. Inthis way the reservoirs provide a pressurereducing function

and decreases the need for PRVs at some locations. A hydraulic profile of the reservoir

system is shown in Figures 9-3A and 9-38.

Approximately 26 MG, or 45 percent, of the 55 MG additional capacity is required to meet

projected hotel demand. While resorts and hotels are predicted to have the most significant

impact on water facilities in the future, other commercial facilities would also havean effect.

If these hotels and other commercial enterpriseswith high water consumption provided their

own storage, the capital outlay required of PUAGwould be significantly reduced. Such an

arrangement would also benefit the owners of these facilities by providing greater assurance

of the continuity of supply during times of system stress such as typhoons. In addition, it

would seem to follow that by reducing the capital outlay required of PUAG, developers

incorporating storage into their own facilities would also be reducing impact fees necessary

to provide infrastructure service for development throughout the Island. While anexpenditure

for storage would still have to be made, the developer would have better control over how

the money was spent and, especially, the timeliness with which the service was provided.

Although this approach to developing storage should be explored, no such policy is now

effect. Consequently, the estimate of requiredadditional storage is conservative andassumes
the entire amount shall be provided by PUAG.

storage required by the year 2010'and thus reduced the overall storage deficit. In summary,

by the year 2010 approximately 55 MG of additional storage will be required.
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Regional Water Service Area "s" -Table 9-1 indicates that approximately 37 MGof additional

storage will be required by the year 2010. Figure 9-2A shows the proposed location of

storage reservoirs required for the year 201O~ Of the total 44.5 MG storage required,

approximately 23 MGwould be requiredprimarily for the coastal areasfrom Tumon to Agana,

this area being the most densely populated and having the most stringent fire flow

requirements. Most of the proposed additional,storage is located at existing reservoir sites

with the exception of the 5 MGin 8arrigada(new Mongmong-Toto-Maite Reservoir),the 6 MG

near the A~rportIndustrial Park, the 1 MG on Nimitz Hill and the 1 MG at Asan. It is expected

that the storage will be constructed in increments as the demand increases, Increments

As slhown in Figure 9-2A, and Table 9-', large capacities are planned for the Agafa Gumas

Reservoir and the additional storage at Vigo and Astumbo Reservoirs to take advantage of

their elevations and proximity to the major well fields. In this way pumping costs would be

minimized and large reserves would be available to supply smaller storage sites in the lower

pressure zones by gravity.

As shown in Figure 9-1, a total of four major pressure zones are defined by the existing

elevations and pressure requirements of the Service Area "A". The highest of these zones,

served by Mt. Santa Rosa Reservoir, intersects Marine Drive, Route 9 and Route 15. The next

two zones intersect Route 3. Marine Drive and Route 15 and are served by Vigo. proposed

Agafa Gumas, and Astumbo and Barrigada reservoirs respectively. The lowest zone

intersects Marine Drive near Route 16 and would be served most directly by 8arrigada

Reservoirs and the proposed Agafa Gumas and, to some extent, Astumbo Reservoir. Vigo

Reservoir would serve to step pressure down from the Mt. Santa Rosa pressure zone. The

proposed Agafa Gumas Reservoir would reduce pressure from the Vigo pressure zone and

Astumbo would reduce pressure from the Agafa Gurnas pressure zone to serve the Dededo

area.

MG Barrigada Reservoir, the 1 MG Astumbo Reservoir and the 1 MG Mt. Santa Rosa

Reservoir. The 0.5 MG Ground Reservoir rocated near Dededo cannot be considered part of

Service Area ~A;~due to the fact that it serves Service Area "B." In addition" the 8arr"lgada

Reservoirs also serve Barrigada Herghts Reservoir and contributes to the Route 15 flow to

Mangilao Reservoir. As a result, at least 7 MG of additional storage capacity must be

provided.
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The new reservoirproposedfor the Airport IndustrialParkor Machecheareawill step pressure

down from the Barrigadapressurezoneto a level appropriate for the lower Tamuning zone.

At the sameelevation asDededoReservoir,this storagewill be close enoughto Oka Point to

provide appropriate service pressures. The addition of this reservoir is as much for hydraulic

considerations as for providing storage capacity. If site constraints limit the amount of

storage that can be provided at this location, the remaining capacity required to service

eastern Tamuning could be sited at the alternate Barrigada site, discussed above, on

As previously discussed, the 8arrigada Reservoirs are intended to serve as the hub of

distribution from the north to central regions of Guam. Stepping the pressuredown from the

Yigo, Agafa GumasandAstumbo pressurezones,the 8arrigadasite would redistribute supply

to the lower pressurezonesof Dededo,Tamuning, Mangilaoand Barrigadavillages. The large

storage capacity of this site facilitates its function as a source of reserve supply for these

lower pressure zones as well as the 8arrigada Heights Reservoir. An alternate site of the

sameelevation is located between the 8arrigadaReservoirsand Route 16 on Government of

GuamLot 5382. According to the GuamAirport Authority's (GAA) Water Facilities Master

Plan (Barrett Consulting Group; February1989), this site alsohasthe potential for production

well development. As such, the location is well suited for providing additional supply and

storage at an elevation that would support the 8arrigada Reservoirs's function as a water

distribution hub for the high demand areasof Central Guam.

As shown in Figure 9-1, a total of three major pressurezones will be required in order to

maintain pressures within acceptable limits. Two zones are located along Marine Drive.

Pressuresin these zones, which are served by the Tumon, Tumon Loop, Mongmong-Toto­

Maite, MangilaoandAganaHeights Reservoirs,mayhavestatic pressuresomewhat in excess

of 100 psi at the lowest elevations. Pressureregulatingvalves will be requiredin theseareas.

The specific locations and settings of the valves must be determined by the designer of the

pipeline. Where pressureregulation is not recommendedbecauseof restrictions to fire flows

which may occur in commercial areas,high pressurepipeand fittings would berequired. The

third zone includes the developedareasaround the loop formed by Routes4, 8, and 10 and

is served primarily by Mangilao and Chaot reservoirs.

projected for the years 2000 and 2010 are given in the list of Capital Improvements in

Appendix H.
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Due to the very high elevation of the Sinifa Reservoir, a total of four pressure zones are

required for the Agal-Santa Rita water system. These zones are shown in Figure 9-1. As

shown in Figure 9-38, a primary function of the proposed new Santa Rita Reservoir is to

An additional 0.5 MG reservoir is proposed adjacent to Route 2 on the east, above Sella Bay,

as one of PUAG's $53 mmiion bond projects. Although not essential from the standpoint of

additional storage capacity, this reservoir will serve a hydraulic function by stepping pressure

down from the proposed reservoir at Jumollong Manglo pass and will provide some service

to the area west of Route 2. In addition it will serve as an intermediate point for boosting

additional supplies to the reservoir at Jumollong Manglo pass.

Regional Water ServiceArea "C" - It can be seen from Table 9-1 that by the year 2010.,.

Service Area "C" will require approximately 2 MG of additional storage. The present storage

capacity consists of the 1MG Santa Rita Reservoir and the 1 MG SinUaReservoir .. As shown

in Figure 9-2C. a future 1MG reservoir is proposed for Santa Rita near Torres School, as well

as 2 MG in the Pagachao area located south of New Agat Village along Route 2. PUAG's

preferred site for the latter reservoir is within the Pagachao GHURA housing at a location

formerly proposed for a storage reservoir. However, there is currently some controversy with

an adjacent landowner over ownership of this site. An alternative site would be at the same

elevation in the Ascola Sita area somewhat south of the Pagachao site.

New storage is proposed on Nimitz Hill to provide adequate service to existing civilian

development in this area. In addttion. it serves as a point from which water could be boosted

to higher elevations to enable further civilian development between Nimitz Hill and Sinifa.

The reservoir proposed for Route 16, between Barrigada Heights and Toto, will step pressure

down from the 8arrigada pressure zone to the lower Barrigada and Mongmong-Toto-Maite

zones. At the same elevation as the Mangilao and Chaot Reservoirs, this new site will provide

much needed balance to the western portion of this service area by decreasing the distance

between points of demand and source of supply.

Government of Guam Lot 5382 by a connection from a Lot 5382 reservoir to the transmission

line between the Barrigada Reservoirs and that proposed for the Airport Industrial Park or

Macheche vicinity"
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The existing 1 MG reservoir at Malojloj does not have the elevation to provide adequate

service pressureto the residencesin its immediate vicinity. A 65-foot standpipe adjacent to

the existing reservoir will provide the neededpressure and will be easier to maintain than an

elevated reservoir. An additional 1MG will be required in the Inarajanareato meet projected

An additional 1 MG of storage is proposed for the Merizo reservoir to meet the requirements

for the design year 2010.

A new 0.5 MG reservoir is proposed for the Jumollong Manglo pass on Route 4 above

Umatac. This reservoir would be supplied by booster pumps at the proposed Sella Bay

Reservoir. like the new reservoir proposed above Sella Bay, the primary function of the

Jumollong Manglo Reservoir is hydraulic. At the high point of the distribution line between

Agat and Umatac, the reservoir provides water service and pressure distribution to the area

that is not immediately dependent on booster pumps. Hourly variations in demand could

cause frequent starts and short run times if the areawas serviced directly by booster pumps

from the proposed Sella Bay Reservoir. This condition is undesirable for booster pump

operations and maintenance as well as service in that it can cause surges at the tap. The

proposed reservoir, however, can respond to the hourly variations in demandwith a relative

constancy of pressure and supply. In addition, booster pump operations are more controlled

and spread apart making for more efficient operation and less maintenance. Together with

the existing 0.5 MG storage at Umatac subdivision and 0.2 MG storage at Umatac Village,

no additional storage is required for Umatac.

Regional Water Service Area "D" - Again with reference to Table 9-1, approximately 14.6 MG

of storage will be required for Service Area "0" by the year 2010, 8.7 MGD of which must

be provided by additional storage. Disregardingthe numerous small storage tanks presently

found in Service Area "0," it would appear that this system will be severely lacking in

adequate storage by the year 2010. The areas most lacking in storage will be Yona and

Inarajan. In Area "0" individual storage facilities are required for each subregion because

booster pump stations and pressure regulating stations allow flow in only one direction.

provide a transition between pressurezones. An additional function would be to buffer the

sometimes erratic flow downstream of the flow regulating valve in the Navy connection from

FenaTreatment Plant.
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Supply Improvements

PUAG's present sources of water supply ~nc~udewells, springs, surface intakes and military

allotments. It was assumed that the use of military water would continue at existing levels

through the year 2010. There is, however, a definite potential for "trading" water with the

military. In the north, approximately 25 percent of the ground water lies under land occupied

by the military. Only about 11 percent of this quantity is actuallv used by the military,

although the Navy currently transports water from Fena Reservoir north, all the way to Naval

Cornmincations Station (NCS). PUAG could provide supplies from its northern wells in

exchange for additional supplies from Fena to serve the Agat-Santa Rita area. In addition, the

U.S. Military could allow PUAG to develop, maintain and operate wells on military reservations

in exchange for a share of the water developed.

As shown in Figures 9-1 and 9-38, the majority of Region "0" is served by one pressure zone

which parallels the coast and is directly served by the Ugum, Malojloj, Inarajan, Merizo,

Umatac Subdivision, Umatac Village and the proposed Ija Reservoirs. However. Umatac

Subdivision, Maloj1oj, Pulantat and Windward Hills Reservoirs serve their own indivldual higher

pressure zones as well as the coastal pressure zone.

Yona w'ill require 7 MG of storage by 2010 in addition to the existing 1 MG Pulantat

Reservoir. At least 1 MG of this additional capadty will be required solely for the proposed

Miyama Hills Reson and is to be provided by the resort's developer.

The 1 MG Windward Hills Reservoir No.2 will be insufficient for the Talofofo area by the year

2010" An additional 11.5MG will be required to meet the projected demands. The 0.1 MG

Windward Hills Reservoir No" 1 provides additional capacity; however, being at a slightly

higher elevation than No.2, it is hydraulically out of balance. Part of the Talofofo system

includes a pipeline running along Route 17 to the Agat-Santa Rita area. It may be desirable

to provide a 1 MG reservoir along this pipeline, In addition to providing a break in pressure

zones between Windward Hills and Sinifa. the reservoir would serve as an equalization tank

for the proposed booster pump station.

201 0 demands. However. a portion of this storage may be provided by the proposed Oandan

resort to satisfy their share of the projected demand"
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3) Water purchases from the military will remain constant at their current rate of about

4-5 MGD.

2) The northern lens can sustain, for limited periods of time. a maximum day demand of

approximately 90MGD and an average day, maximum month demand of approximately

72 MGD in addition to current levels of military demand;

1) An average day supply of 60 MGD can be obtained by PUAGfrom the northern ground

water lens, either entirely from wells located on Government of Guam property or a

combination of shared production from civilian and military wells. As discussed in

Chapter VIII, this assumption is supported by several factors. One is the virtual lack

of change in the ground water table elevations over the northern lens in the face of a

significant increase in production since the last estimate of sustainable yield was made

by the NGLS. Another is the very conservative assumptions made in the NGLS

estimate. as described in Chapter VIII.

Table 8-1 lists the total sustainable yield of each ground water management zone as defined

in the Northern Guam Lens Study (NGLS) (1982). In addition, Table 8-3 lists the type of

ground water (basal or parabasal), the nominal production of existing wells, the remaining

yield and the total nominal production of PUAG wells now under construction within each

management zone. As discussed in Chapter VIII, the 60 MGD ground water supply cited in

the NGLS is believed to be a conservative estimate of the daily yield that can safely be

sustained by Guam's northern aquifer. Furthermore, the NGLS stated that this sustainable

yield could be exceeded for limited periods of time without degrading the ground water lens.

The following three assumptions were therefore made in establishing the ground water supply
considered available to meet year 2010 requirements.

All of the existing wells, springs and intakes owned and operated by PUAG were located on

a base map, Figure 4-3. From Table 5-3 it can be seen that the 1989 PUAG production from

all sources, including purchases from the military, was approximately 24 MGD. From Table

5-19, it is projected that production required by the year 2010 will equal approximately 113

MGD (maximum day demand) for combined general civilian and hotel use. The PUAGdeficit

will therefore be about 89 MGD based on present supply capability and projected maximum

day demand. As discussed in Chapter VIII, the largest and most economical source to help

satisfy this deficit is the ground water of Guam's Northern lens.
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The numberand general location of wells required by the year 2010 was estimated in order

to conduct the hydraulic analysis. The NGLS report was used as the primary guide in

determining both the approximate numberand location of additional wells as it was the most

authoritative source on Guam's ground water available during the preparation of the Water

Facilities Master Plan Update. However, the Ground Water ProgramEvaluationnow being

conducted by PUAGis expected to proposesignificant revisions to the categorization of the

northern Guam"s aquifer systems. The Evaluation is also expected to propose a revised

estimate of the Northern Ground Water Lens's sustainable yield as well as a revised well

development program. Consequently, the well development schedule proposedin this report

should be reviewed and, where necessary, revised once PUAG's Ground Water Program

Evaluation is complete.

If the maximumsustainableyield accessibleto GovGuamturns out to be lessthan the planned

60 MGD, other methods of water supply would then have to be developed to supply the

difference. For average day demands, this difference would be in addition to the 10 MGD

deficit projected by this study for the year 2010•. The revisedmaximumday deficit would be

equal to 1.5 times the difference determined under averageday demand. Methods to be

considered for meeting these deficits were discussed in Chapter VIII and include water

conservation, water reclamation, the development of additional surface water sources, and

desalination of either brackish water or sea water.

If the average day supply potentially available for the year 2010, including the Ugum Intake

and existing supplies from the military, was therefore taken as 67 MGD. Maximum day

supply would be 97 MGD. As discussed in Chapter Vlllf, preliminarymodeling and reanalysis

of the NorthernGroundWater Lens's sustainableyield, beingconducted for PUAGas part of

its lmplementation of the $53 million Bondwater CIPprogram. supports the assumption that

these levelsmay be attainable. However, the assumptions must still be consideredtentative

until an updated analysis of the lens and its potential yield have been completed. As more

exploration and production well development are carried out, the limits of the aquifer's

sustainable yield will become more clearly defined. Consequently, any conclusions or

assumptionsmade regarding the aquifer's character and productivity. including those made

in this report, must be continually reevaluated in light of the most recent data.
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3) Although a significant portion of the northern ground water lies under military

reservations, portions of this yield were consideredaccessibleto PUAG. The basis for

this consideration is primarily the character of the ground water-bearing strata in some

areas. The relative characteristics of the strata containing Guam's northern ground

water are described in the NGLS volume "Aquifer Yield Report". It appears that the

high porosities and permeability of much of the northern lens could permit withdrawal

of water from considerable lateral distance without appreciabledrawdown. The high

mobility of the ground water is reflected in the recharge rates described in the NGLS

for the lens in general and the virtual lack of change in water table elevation over the

last 10 years. Thus, the movement of the groundwater within aquifer systems makes

the concept of discreet pockets of water as described by the ground water

management zones somewhat artificial. The fact that ground water within aquifer

systems of the northern lens, if not officially, may be at least actually shared, speaks

Where a zone's current production exceeded its available yield, the additional

production was deducted from adjacent zones.

2) Table 9-2 lists the wells placed into service since the NGLSas well as their nominal

production rates. A complete list of existing wells and their characteristics is given in

Appendix D. Existing production and the nominal production of wells under

construction in eachzonewere subtracted from the yield derived for eachzone in step

1. No additional production was assignedto zones now testing higher than 150 mgtl

in chlorides unless it appearedthat pumping could be safely conducted with smaller

production wells-e.g. 100 gpm instead of 200 gpm wells.

1) Initially, the assumedmaximum day yield of 90 MGDwas distributed over the ground

water management zones in approximately the same proportion as their estimated

share of the 60 MGD yield cited in the NGLS. The new yields were then redistributed

among some zones in response to the preliminary findings of Mink's reanalysis of the

hydrodynamics of the Northern Groundwater Lens for PUAG's Groundwater Program

Evaluation.

In order to establish the number, sizeand location of additional wells required for year 2010,

the following approach was applied.
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o
oSource: Ground water ManagelTliJltf ProgramAnnual Report 1989. GEPA

o
o

TOTAL o

28 Ylgo West o
o25 Yigo East

o
21 Mt. BarrigadaWest

o43 NCS

o44 OededoNOlrdl

o
o

o
o

31 Toto

33 SabananMaagas

45 DededoSouth

o3 Nimitz Hill

oNominal
We" Capacity
No. (gpm)

A23 255

A25 253

A31 175

A26 N/A

A28 230

016 200

017 200

018 200

EX5A 220

GH501 200

M-15 20

019 250

020 250

021 250

F9 200

FlO 200

Hl 180

M17a 415

M17b 280

Y5 20

Y6 200

Y7 700

Y9 430

5688

GroundWater ManagementZone
Zone
No.

oTABLE 9-2
WELLS DRILLEDSUBSEQUENTTO NGLS REPORT

o
u
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To establish point sources of supply for hydraulic analysis, the yields projected in Table 9-3

were assigned to existing and potential well field sites throughout the northern and central

areas. In addition, source nodes were established for Fena, Ugum and Inarajan Dams.

Although the locations chosenwere somewhat arbitrary, the distribution attempted to reflect

the relative contributions expected of the various well fields. The actual location of future

wells, aswell as their realizedproduction, may have a significant effect on final line sizing.

Under the year 2010 scenario projected by the Update, the assumedmaximumday supply of

97 MGD is deducted from the demand of 113 leaving a balanceof about 16 MGD that will

have to be satisfied by sources other than ground water. For planning purposes, it was

assumed that the additional supply would come from the development of surface water in

southernGuam. Specifically, damson the InarajanandUgum rivers were assumedwith firm

yields (excluding discharge to maintain stream flow) of 7 and 11 MGD respectively. The

potential for these dams is discussed in the U.S. Army Corp of Engineers'Ugum River Draft

Interim Report and Environmental Impact Statement (June 1979). Underthese assumptions,

it will still benecessaryto transmit approximately 9 MGDof flow from northern Guamto the

south to meet year 2010 projected maximum day demand.

Proposals by the Water Facilities Master Plan Update for well development, including the

number, size and location of wells required for the year 2010, are based upon the NGLS

priority groupings andmatrix. Table 9-3 lists the proposedwells by recommendedpriority of

development, and shows the management zone, number and sizes of wells. It should be

emphasizedthat this list is tentative, especially the number and size of wells within any

managementzone. It has been preparedprimarily as a budgetary and general planning tool

and is intended as a baseline or starting point for the ground water analysis now being

initiated by PUAG. This list should not be applied as an absolute punchlist or well

construction schedule. New and important information will be obtained not only by PUAG's

current ground water analysis program but by data obtained as each new exploratory and

production well is brought on line. Properdevelopmentof the northern ground water requires

that the developmentprogrampresentedin this report becontinually reevaluatedby qualified

hydrologists in light of the latest data.

even more strongly for the cooperative development and management of this valuable

resource by the military and PUAG.
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0
TABLE 9-3 0PROPOSED WELL DEVELOPMENT PRIORITIES

PROPOSEDPRODUCTION 0
GROUNDWATER No. of Wells by Size IGPM) To

ZONE MANAGEMENT 0NO. ZONE TYPE IG 100 200 350 500 750 (GP

16 Agafa Gumas Central PB 12 6000
29 Ysengsong PB 1 1 4 3700 09 Adaeao PB 2 1 1750
10 Sabanan Pagat PB 1 1 850
21 Mt. Barrigada West PB 1 2 1350 028 Yigo West PB 1 4 3200
25 Vigo East PB 1 3 1700
19 Finegayan East PB 1 2 1200 026 Mt. Santa IRosa PB 1 1 850
27 Mataguae PB 2 1000
44 Dededo No,rth B 6 1200 03 Nimitz Hill PB 1 3 4 1 2600
14 Lupog PB 9 4500
32 Agana Swamp B 3 IS 2350 018 Callan Tramojo PB 3 600
4 Anigua PB 4 800

31 Toto B 3 600 046 Macheche B 5 1000
8 Mangilao North PB 1 1 850

34 Manaea B 5 5 2750 037 Sasajyan B 2 200
2 Chalan Pago PB 1 200

24 Marbo North PB 5 1000 011 Janum PB 7 700
22 Mogfog PB 2 700
47 Asatdas B 1 2 900 030 Barrigada B 2 400
43 NCS B 17 1700
36 Taguan B 4 400 045 Dededo South B 2 400
5 Mt. Barrigada South PB 2 400

42 Finegayalll West B 3 300 020 Potts PB 1 500
35 Asbeeo B 14 2800

TOTAL WEll IMPROVEMENTS 7 27 63 22 38 9 49 0
Notes:'
1. IG represents infiltration gallery or horizontal type well production required. Assumes max~mump,oductivitV's '100 gpm.
2. Final priority and capacity of each well field may vary subject to further analysis 01; test well data and aquifef prod~ctivity. 03. This assignment of wells assumeszone 16 production Slso draws from zones 12, ~5, 17. 39 and 40; zone 14 production a

draws from zones 13 and 38; zone 8 production also draws from zones e and 7;'and zone 24 production also draws from zo
23.

4. B '" Basalgroundwater; PB = Parabasalgroundwater 0
9 = 23 0
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PUAG's computer model of Guam's water storage and distribution system is set up for daily

operational use and has assigned present day demand and supply to a wide distribution of

Points of Demand - The basis for locating the numerous points of demandwas the population

projection for the year 2010 distributed according to municipalities as shown in Table 3-13.

Key demand nodes corresponding to critical junctions in the existing PUAGcomputer model

of the water system were selected within each municipality. Since present day demands

already existed on the PUAGcomputer model they were retained. To model the projected

year 2010 demandscenario, the difference between present day demandsand the maximum

day demands projected for each municipality was then apportioned among the key nodes.

In the case of the Water Facilities Master Plan Update, the actual hydraulic analysis was

performed on PUAG's computer model of the existing water distribution system with

projected improvements. PUAG's model utilizes the Municipal Hydraulics program by

ProfessorAlvin G. Fowler. Fowler's programappliesthe Newton-Raphsonmethod of iterative

analysis for balancing the HGLs and generates its own pseudo-loops for the solution of

network problems. Before the piping network could be analyzedusing PUAG's computerized

water system model, it was necessary to locate key points of demand, supply and storage.

Location of storage reservoirs and supply points were discussed earlier in this chapter. The

following discussion addresses the basis for modeling points of demand and flows in the

system.

Hydraulic Analysis

A hydraulic analysis is conducted by assuming flows and pipeline diameters to check the

water system for operation as planned. Typically, the analysis consists of calculating

hydraulic grade lines (HGL)for eachsection of pipelineat the assumedflows. If the HGLs for

the entire system match at eachnode (pipelinejunction point) and if the pressuresare within

the limits specified, then the assumedpipediametersand flows areacceptableanda balanced

system results. If the HGLs do not match, then modifications in assumed flows and pipe

diameters must bemade to produce a balancedsystem.

This situation stresses the need for an update of the NGLS and continual re-evaluation of the

Water Facilities Master Plan as new information on the productivity of the northern lens

comes to light.

u
o
o
o
o
o
o
o
o
o
o
o
u
o
o
o
o
o
o



Regional Water Service Area "A" ~As established by the 1982 NGLS, ServiceArea" A" is the

major water-producing region on Guam. Due to this fact, it was necessary to provide large

Figures9-2A, 9-2B, 9-2C, and 9-20 depict the Island-wide transmission network derivedfrom

the hydrauliicanalvsls for the year 2010. assuming a maximum day 90 MGD ground water

supply capability.

Transmission System Improvements

In general,a water distribution system consists of a network of pipelines, pumpstations, and

valves which together form a system that provides water from sourcesof supply and storage

to points of demand at the proper flows and pressures. The distribution pipelines in the

system are typically categorized as transmission mains, distribution mains and individual

service lines. For the purposes of this water master planning effort, only the transmisslon

lines were considered.

nodeswithin a network of pipes ranging from 2 to 16 inches in diameter. Sincethe objective

of the planning effort was to analyze primary transmission systems, some simplifications of

PUAG'smodelwere required. As describedabove, key nodeswere selectedfrom the existing

distribution model and assigned the additional demand projected for year 2010. The same

processwas repeated for distribution of supply. The distribution of both projected demand

and supply attempted to reflect the population densities projected by the growth trend

analysis and the likely concentration of water resources presented in both the NGLS andthe

USACOEUgum Riverstudy. Once the points of demand. supply and storagewere assigned,

it was possibleto developa piping network connecting the primary inputs and outputs to the

system. By summation of al~supply and demand points within an area, the quantity of

importation or exportation was determined. Flows were then assumedfor eachtransmission

main and a water balance was performed at each junction.
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After the projected demands and supplies were entered into the model, preliminary pipe sizes

were entered for the major transmission lines. Once the HGLs for a water system balanced,

the system was checked for proper pressures, flows and velocities. Pipe diameters were then

revised as necessary and pressure reducing valves and pump stations were employed between

pressure zones as required to produce an overall balanced system. The results of the analysis

are described in the foillowing section on distribution system improvements.



Other mains between Yigo and Astumbo and from Route 3 along Ysengsong Roadto Astumbo

and Dededo further grid the northern transmission loop and serve to balance the pressures and

flows within this region. A new main is also projected for the Yigo area to carry water

developed in the Lupog area to the new main on Route 9. The new mains being constructed

along Route 15 are intended to transfer water from the Yigo well fields south to Mangilao.

The transmission main proposed for Routes 3,9, and 1 will provide the main loop connecting

the Yigo, Agafa Gumas and Finegayan areas. Collecting supplies from the Agafa Gumas and

Finegayan well fields it will carry the water south to the high demand centers of Tumon and

Tumuning.

The Update projects that approximately 16 MGD of water supply will be developed in the

regions of Agafa Gumas, Finegayan and Yigo. Large diameter mains are required in order to

move this supply south without excessive head loss. The mains follow Routes 1, 3, 9, Y­

Sengsong Roadfrom the proposed Agafa Gumas Reservoir to Astumbo Reservoir and Dededo.

These lines will feed the heavily developed areas in Service Area "B" as well as the southern

portions of Guam via Routes 10 and 15. In addition, due to the large exportation from Service

Area" A," it is advantageous to have a strongly looped system. Thus if one line is inoperable

the others will still be able to provide critical supplies as well as balance pressures over the

service area. The primary function of the transmission main from Agafa Gumas to Astumbo

and Dededo is to provide a direct untapped supply line from the Northern Well fields to the

Barrigada Reservoirs. At the same time, it loops and provides a vital backup to the existing

Route 1 main.

diameter lines which would carry exported water to the other three service areas. The major

transmission main improvements for Service Area "A" are shown on Figure 9-2A. As can be

seen, the majority of the lines consist of 12-, 16-, 20-, 24- and 30-inch diameter pipes. An

important consideration in sizing lines for Service Area" A" is the location of points at which

the sources of supply would be applied. As previously described, it was necessary to assume

the locations and productivity of future wells for planning purposes. The end result of this

process could be the undersizing or over-sizing of certain sections of pipeline in Service Area

"A" depending on actual ground water productivity. Again, it is emphasized that reevaluation

of pipeline sizes proposed in this report be continually made as new well production data

comes to light.
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Approximately 15 MGD wm be carried to Tumon and east Tamuning from Dededo and Agafa

Gumas via Routes 3 and 11 to Ypao Road by a 24-inch diameter trunk I~newhile a network of

12- and 16-inch lines along the coast provide flow to the resort and cornmerctel areas.

The Oka point area of Tamuning is currently served by the Dededo, Tamuning and Agana

Heights Reservoirs and now experiences low pressures during peak demand hours. This is

largely because the elevations in the Perezville area are too high to be adequately served by

the Tumon Reservoir and too far from Dededo Reservoir. The Oka Point area would be divided

into two service areas by valving off existing lines in order to provide adequate supply and

pressure while minimizing the need for construction along Marine Drive. Those areas west

of Farenholt Avenue would comprise one service area and those to the east. the other.

Importation occurs at essentially three major locations: one via Route 1 in the Tamuning

subregion; one via the Barrigada Reservoir and the third via Route 15 through Mangilao. The

major exportation location is along Route 4 to Yona. These points of importation and

exportation have a significant effect on sizing of the transmission system. Recommended

improvements to Service Area "BI' are shown in Figure 9-2B.

Regional Water Service Area "8" - Service Area ItBtl has some water production capability but

not enough to be self sufficient. In addition, flow exported from Area" A" must travel through

Area '''B'' to Area "C" and "D." As a result, Area "B" serves as both an importer and exporter

of water.

The major transmission line from Agafa Gumas to Astumbo and Oededo, as well as the 12-

inch line from Yigo to Astumbo, cross a water conservation area. In the past, these routes

have raised objections by the Guam Environmental Protection Agency (GEPA) for fear that

transrnisslon lines would encourage development in these areas with subsequent degradation

of the conservation area. However. from an engineering standpoint, the mains are necessary

to properly loop and balance the northern transmission system. One possible safeguard would

be for PUAG to prohibit distribution connections to these transmission mains, reserving them

solely for the purpose of transmission and system balancing. Despite GEPA's warnings,

development of the area by both golf courses and private residences is currently taking place.

It may be that, ultimately, the best protection for this area is to prohibit development without

complete sanitary connections and provision for the recharge of rainfall runoff.
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The majority of the" A" series wells are located within the area formed by Routes 4, 8, and

10 and provide a large portion of the maximum day supply for Area B. Due to a relatively

even distribution of points of demand and supply around this loop, line sizes would be fairly

uniform if exportation requirements were neglected. However, such is not the case and as

a result, line sizes in portions of the loop are large with respect to maximum day demands for

the area alone. The existing 12-inch line along Route 10 and proposed 16-inch line between

Routes 15 and 4 carry the majority of the 9 MGD flow exported to the south. For the most

part, the remainder of the lines transport water within the loop and consist mainly of 12-inch

pipe.

The exportation of water from north and central Guam occurs via Route 4 to Yona and is

approximately 9 MGD for maximum day demand.

A total of about 4 MGD is expected to be imported from Dededo and Yigo to Mangiloo via

Route 15. This is projected to increaseto about 8 MGDbetween CarnationRoadandMangilao

Reservoir during maximum day demands.

The proposed 12-inch main from Agana Springs will supply approximately 1.5 MGD to the

Mongmong-Toto-Maite subregions. Another 4.5 MGD will be imported to the Mongmong­

Toto-Maite and Barrigadaareas by a new 16-inch main from Barrigadaand the new Route 16

Reservoir. Additional 2 MGD from Mangilao will be carried in by the new 12-inch main

connecting Dairy Road to the Toto distribution system and existing 12-inch Route 8

transmission main.

About 3 MGDwill be boosted along Route 1 from its junction with Route4 via a new 16- and

20-inch main to provide flows for Asan, Piti, Commercial Port and Nimitz Hills.

Approximately 8 MGD will be imported to east Tamuning by the existing 12- and 14-inch

diametermains from Dededoandapproximately 6 MGDwould be imported from the Barrigada

an,dnew Airport Industrial Park Reservoirsvia the 24- and 16-inch mains along Macheche

Roadand Route 10A. Approximately 4 MGD would be carried to west Tamuning and east

Agana from the junction of Route 8 and Marine Drive by existing 14- and 16-inch lines.
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Regional Water Service Area "0" - ServmceArea "Oft consists essentially of isolated villages

extending along the eastern and southern shores of the Island. Few loops occur within the

system since there is essentially one-way flow from Talofofo to Umatac. As shown ~nFmgure

9-20. the backboneof the system is the existing main which extends the entire length of the

system along Route 4 and ranges in diameter from 12- to 16-inches. At a point near the

The proposed pipeline system serv~ngthe Western portion of Region "C," wil~consist of the

new 14-inch line along Route 17 with 12-inch and 8-inch loops from Sinifa Reservoirto the

new 16-inch main at Route 2. This 16-inch main will then carry flows to the southern end

of the service area at the PagachaoReservoir or its alternate site, Ascola Sita Creek. From

this point the proposed Tumag Booster Pump Station will move flows to the new reservoirs

on Route 2 near SellaRiver., Flows willi be boosted again from the SellaReservo~rto the new

reservoir on the Route 2 pass near Mt. Jumullong Mang~ofor ultimate distribution to the

Lofon. Achugao and Facpi areas to the north and Umatac to the south.

Oneproblemwith sizing ~inesin the Agat-Santa Rita area is the fact that oneof the conkomng

reservoirs, the 1.0 MG Sinifa Reservoir, is at a very high elevation. Its use thus requires

substantial reduction in pressure, which is one of the functions of the new Santa Rita

Reservoir. One advantage, however, of having the reservoir at a high elevation is that smaller

diameter pipelines could be used and thus reduce pressurethrough friction head loss.

Regional Water Service Area "C" - Proposed improvements for Service Area "C" are shown

in Fi'gure9-2C. By the year 2010, it is anticipated that Service Area "C" will be importing

approximately 3 MGOin addition to its present allotment from FenaReservoir. The additional

flows will or~ginateprimarily from the Ugum RiverDamand beboosted first through a 16-inch

main, along with 2 MGD for Talofofo and 2 MGD for Yona, to the Windward Hills Reservoirs.

Next an upgradedWindward Hills Booster Station will move the flow through the 14-inch

trunk main to the Cross Island Reservoir. From here, the 3 MGO will be boosted again

through the 14-mnchmain on Route 17 to Sinifa Reservoir for distribution to the Agat-Santa

RiU'1systems.
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As stated in the original Water Master Plan, addittonal pipelinecoulldbe run from the Piti area

south along Route 2 to the Agat-Santa Rita area. For the given design period, however, it

woolld be used mainly to increase reliability and thus is not a high priority item.
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As explained in Chapter VIII and above, the proposed well improvements are based on the

assumption that the Northern Lenscan be developedto provide PUAGwith a maximum day

supply of 90 MGO. It should be stressed that the location, number and sizes of the wells

presented in the Well Improvements list shouldnot betaken as an absolute punchlist or well

construction schedule to be immediately embarked upon. Rather, it should serve as a

reference for budgeting and a starting point for the ongoingground water analysisthat must

be conducted as a responsiblewell developmentprogramis carried out. Basedon the rating

of ground water managementzonesfor well developmentby the Northern GuamLens Study,

The required storage reservoir improvements are presentedunder two time frames, primarily

to indicate that they can be implemented in increments- 5 MGin storage, for example, could

be implemented in 2 and 3 MG increments.

Overview of ProposedWater System Improvements Implementation

Water system improvement projects were developedbased on the findings described in the

previous sections. The proposedimprovement projects are shown in Figures9-2A through

o and are listed with estimated costs in Appendix H, "Proposed Capital Improvement

Projects". The projects requiredto the year 2000 are listed in order of recommendedpriority,

from an engineeringperspective, as a result of meetingswith PUAGstaff. It is expected that

the order of these priorities may change as the Government evaluates them in the light of

future financial and budgetary constraints.

About 18 MGD of the water neededfor Service Areas "C" and "0" will be provided by the

Ugum and InarajanDamsthrough the existing 8- and 12-inch mains that run along Route 4.

About 9 MGDof maximumday flow will be imported directly from the northern ground water

lensvia Route 15 and from ServiceArea "8" via Routes4 and 10. This water will flow south

through the Route4 coastal pipelinewith its pressurebeingreducedor increased,as required,

by pump stations and pressureregulating valves.

intersection of Routes 4 and 17, the 16-inch diameter line will reduce, connecting to the

existing 12-inch main from Windward Hills Reservoirand to the 14-inch main that will import

water to the Agat-Santa Rita area. The existing 12-inch main along Route 17 will then

function as a distribution line for development in the Cross-islandarea.
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A list of recommendedcapital improvements andtheir estimated year 1991 costs are provided

in Appendix H. Project costs include the designand construction services by the engineerand

others involved in the process until the constructed project is turned over the owner. The

cost components are as follows.

Prel'iminaryCost Estimates

In the development of a capital improvement program, it is necessaryto prepareplanning level

cost estimates in order to: 1) determine the magnitude of the overall program; 2) develop a

staged construction program to meet funding limitations; and 3) establish a suitable financing

program. Execution of the last two items are largely outside the scope of this Update.

However, the planning level cost estimates developedherein, will provide the necessarybasis

for implementing these two tasks.

The majority of the proposed improvements to Guam$swater system are in response to the

projected growth related to tourist related development. As explainedin Chapter III, this trend

is largely driven by, and therefore dependent on, the Japaneseeconomy. Consequently, the

rate of growth and development on Guamcootd change dramatically in a short penodof time.

The sameeffect could occur with a sudden redeployment of U.S.Military forces to the lsland.

It is therefore recommendedthat implementation of the capital improvements proposedin this

study be reevaluated with regard to the latest growth trends every five years or before any

major funding obligation for water system capital improvements is entered into by the

Government of Guam.

The development of dams on the Ugam and Inarajan Rivers willi be major undertakmqs, not

just from the standpoint of construction but also the need to obtain the necessary land and

procure environemntal clearances. They are also the more expensive of the proposed

improvements and will require considerable maintenance and periodic dredging. Feasibility

studies and financial planning for these two projects cannot begin too soon if they are to be

in place to serve the demands projected for year 2010.

the list is intended primarily to provide a sense of what may be required in terms of budget

and effort if the 90 MGD of maximum day ground water supply is to be developed.
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PUAG administration includes agency administration time and expenses incurred directly by

PUAGstaff in managing the project apart from normal operations. PUAGadministration costs

have been assumed at 20 percent of base construction costs.

participation in public information programs, surveying, geotechnical and architectural

services, securing permits, assisting in agency plan review, and contract bidding and award.

Construction services include inspection, construction check surveying, preparation of pay

estimates, submittal and shop drawing review, preparation of change orders and grant

administration. Engineering and construction services were estimated at 25 percent of the

base construction cost.

[ i

1I
(I

I t Engineering costs include all services associated with design and construction management
l

of the projects. Design services include preparation of construction plans and specifications,

Project contingencies are included to account for unforseen construction problems and

contract change orders. In preliminary engineering studies, for example, it is not possible to

define the exact locations of some facilities or conditions which may have a substantial

bearing on the actual cost of the proposed improvements. To allow for such difficulties or

variations in a programmed improvement a significant contingency of 30 percent has beenl t applied to the base construction cost for each project.

Base construction costs were derived from an evaluation of construction bid records from

DPW and PUAG as well as the U.S. Navy's Cost Data Book for Guam. Factors were then

applied to these base costs to reflect the estimated contribution of the various other cost

components to the total project cost.

r
I

• Base Construction Cost

• Contingencies
• Engineering, Design, Survey and Construction Management

• PUAG Administration

• Gross Receipts Tax
• Bond Council, Printing and Discount

• Legal
[

f
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Military Water Supply Connections

Chapter IV, "Existing Water Facilities," indicated that the Air Force and the Navy deliver water

to PUAG at numerous locations throughout the Island. A list of the supply connections and

their geographical locations was presented in Table 4-5 and on Figure 4-14, respectively. Of

the 62 total connections identified in Table 4-5,39 are active connections-Le., connections

where water is delivered to PUAG on a regular basis.

The actual future cost to PUAGwill, of course, depend on many factors including the rate at

which current costs increase over time. Although continental U.S. inflation rates have been

relatively moderate, rates on Guam have been driven much higher by the boom in private

development. The Guam Department of Commerce has not tracked construction costs in the

past but the consumer price index over the past year has increased by an annual rate of

almost 11 percent. The Department staff anticipate higher rates of inflation in the future, due

to predicted construction on Guam. Therefore the Water Facilities Master Plan Update

suggests a projected inflation rate of 15 percent to assess future capital cost requirements. !

In total, the project costs identified above will add about 90 percent to the base construction

cost. In this plan, Guam construction cost estimates are multiplied by a factor of 1.90 to

derive year 1990 project planning level costs.

r
Legal expenses will be incurred by the Government's legal counsel throughout the project.

The costs will include possible condemnation of private property, review of construction

contracts and bonds, review of claims and any other litigation arising out of construction.

Typically these costs have been about one half of one percent (0.5%) of the base

construction costs.

Bond council, printing and bond discount include those costs associated with preparing,

marketing, printing and selling bonds. These costs are normally about 4 percent of the base

construction costs.

Gross receipts tax is approximately 4 percent in Guam and applies to any product or service

involved in the project.
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In summary, with a few exceptions, each of the three major water suppliers, the Air Force,

Navy and PUAG,are autonomous as they maintain their own water system facilities to meet

their water demands. Needlessto say, the energycosts andcapital improvement investments

to maintain three separate water systems are substantial. In light of these circumstances it

appears beneficial to develop an agreement between the military and Government of Guam

to exchangeobligations to servevariouswater serviceareasrather than to continue to expend

the large capital and operation costs required to convey water supplies great distances. An

"exchange of service areas" agreement would maximize the use of water supplies near the

location of origin. Forexample, rather than providing costly water transmission facilities and

pumping costs to transport water from the northern aquifer to the Agat-Santa Rita area, the

approximately 10 miles to the south of the Route 15 entrance to Andersen Air Force Base.

In addition to PUAG's complex water supply and distribution system, both the Navy and Air

Forcemaintain extensive water supply and conveyance systems as shown on Figure 4-14.

As discussed in Chapter IV, the Navy's primary source of water supply is FenaReservoir.

After treatment, the Fenawater supply is delivered to various Navy installations throughout

the Island, the most northern reservoir being the Navy's Barrigada Reservoir. The Navy's

Barrigada Reservoir is located just to the south of the Barrigada Heights Subdivision,

r ' approximately 14 miles from FenaWater Treatment Plant. The Air Forcealso conveys some

of its water supply from great distances. For example, the Tumon Maui Well is located

Other supply connections serving a few remote customers will likely remain in service in the

future as well. Many of the existing connections serve isolated customers that are located

on military lands or in areas that are designated as conservation areas by the Bureau of
Planning (BOP).

r

The water supply and distribution system improvements proposed in this report will allow

many of the existing military connections to be eliminated. As an example, after the

construction of PUAGwater mains along Route 8 and Mongmong-Toto Road is complete,

water supply connections N-27, N-28, N-29, N-31 and N-32 can be abandoned. However,

due to the substantial costs of constructing water conveyance facilities that are isolated from

nearby distribution systems, it is not economically feasible to immediately abandonall of the

supply connections. Forexample, the water supplied to Agat-Santa Rita by the Navy will be

required for the foreseeable future.

l,
o
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I

f

Following recommendatm~ of the original Water Master lian, iTl!eti 'lJs htve been ~nilltiated

between the g die rn~nt of Guam, the Navy, and the Air Force to discuss these foregoing

questions, Some advances have been made in these areas, the most notable be~ngthe

exchange of tit A r Force's Tuman Maui Well for equivalent production wells further north.

It is sugges ~d ,patfurther discussions focus on the joint development of the ground water

resourceswit H nmilitary reservations. Particular attention should be given to PUAG's ability,

with fund'(lg from private developers, to finance ground water exploration and development

in a time of reduced military budgets.

• Due to the nature of military operations, 'it ~scriflCal that water supplies be available
and readlmyaccessible to meet critical emergency situations. PUAG's water supply
facilities are not provided with adequate standby faciJ)ftesand therefore cannot
produce water during power outages.

• The Navy has expressed their concern over PUAG's degree of reliability. Reliability
must beevaluated in termS of water quality. availablewater supp~y,and operation and
maiintenancePractices.

• InGuam_the Qualityof water variesaccording to the supply source. The treated water
from Fena ReservoIr is lower in hardness and generally of better quality than that
obtained from the northern aquifer. As such, the desirability of the treated surface
supply, for some applications. is greater than that developed from ground watsr
sUPPlies.

that must be COr6ICJ eed besides those relalBd to econormbsand engIneerng • A few of the

problems fh at rmst te reso "ed p rbr to ultifzatbn of an 'hxchangea fservrca areas" approach

are listed:

Intheory til s aj:proachappearsqurte attrecnve and loglca I.Howeve II'.thera a'6 many factors,

Nt vy and RJ AGcould develop an agreement whereby PUAG would s dlply Navy water

demcnds n the rorthern a.eas and the Na 'W wou 4if cant tlue to supply the water needs of

Agat-Santa R'ta. Sl'mlar ag eemeflts could be developed between tf'e; Air Forceand PUAG.

Partied (J IYln tUTeS of cutbacks in m~l'taryspendIng .asIScurrently t~1ecase ,thedevelopment

of addt'iona groUld water on military Ilnds by PUAG It'lexchange for a share of the water

SUPPy could be of c O1sidl8'ablebenefit to both the m itary and PUAG. In order to

consurn-, ct e \J chagreements ,It is essentIal that the re"~bltty and quality of the exchanged

water sUIl>liesb eabsolutely assured.
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The update of the Water Facilities Master Plan has beendevelopedwith the assumption that

the recommendedagreementswill not occur within the near future. The master plan reflects

those improvements that will be required by PUAG to satisfy their water demands

independently of military water system facilities. If an "exchange of service area" agreement

with the Navy and/or Air Force is established, modifications in the 20 year capital

improvement programwill be necessary. Periodic revisions of the programwill be necessary
in any event.
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0
0 APPENDIX A

0
CONVERSIONFACTORS FOR

UNITS OF MEASURE

0 The Government of Guam presently utilizes the well-known "English units" measurement

0
system; however, there is a current world-wide effort to establish a standard system of units

for measurement. The Systeme International d'Unites (SI system) is proposed as an attempt

to standardize the many systems used throughout the world. The SI equivalent units for

0 commonly used "English units" that are found in the Water Facilities Master Plan are listed

below:

0 CustomaryUnits 51Units

0
Name 511mbol Multigli~r Name 511mbol

Linear:
inch in x 25.40 millimetre mm

0 foot ft x 0.305 metre m

mile mile x 1.609 kilometre km

0 yard yd x 0.914 metre m

Area:

0 squareinch sqin x 645.2 millimetre2 mm2

squarefoot sq ft x 0.093 metre2 m2

0 acre acre x 0.405 hectare ha
squaremile sq mile x 2.590 kilometre2 km2

0 Volume:

cubic foot cu ft £0.028 metre3 m3

0 gallon (US) gal x 3.785 litre I-

acre-foot ac-ft x 1220 metre3 m3

0 million gallons MG x 3785 metre3 m3

Mass:

0 pound 16 x 0.454 kilogram kg

Pressure:

0
poundforce/square inch psi x 6.895 kilopascaJ kPa
poundforce/squareinch psi x 0.070 kilogram/sqcentimeter kg/sq ern"

headof water at 39°F ft x 2.989 kilopascal kPa

0
A,·l

0
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Customary Units SI Units

Name Sllmbgl Multlglier Name Sllmbgl

Rate of Flow:

cubic feet/second cfs x 0.028 metre3/second m3ls

gallons/day gpd x 0.0038 metre3/day m3/d

gallons/minute gpm x 0.063 liter/second Vs
gallons/capita/day gpcd x 3.785 titer/capita/day I/person/day

gallons/day gpd x 0.0038 kiloliter/day kl/d

million gallons/day mgd x 0.044 metre3/second m3/s

Power;

horsepower hp x 0.746 kilowatt kw
Velocity:

foot/se,cond fps x 0.305 metre/second ml.s
., not an SI unit but generallv used and accepted.



o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



(2/7/90)Page 1 of 8

Water System Data: PUAG shall provide Consultant with an
updated system_map based on the water system computer model
which will be used for this master planning effort. PUAG is
responsible for the updating of the model and represents that
the model is current and reflects all known major water
transmission and distribution lines which have been constructed
and connected as part of the island·wide water system.
Consultant shall not be responsible for colletting any as·built
or'~ecord drawings or other information regarding the existing
water system. PUAG shall also be responsible f9r providing any
information regarQing water system facilities currently under
design or in the construction stage.

3.

2.

Population/Tourism/Economic: Consultant shall obtain available
population estimates from the Bureau of Planning and Department.
of Commerce. , Consultant shall also obtain available data
regarding visitor industry activities including tourist
arrivals, projections for visitor totals, hotel rooms, and other
visitor industry activities. Consultant shall obtain economic
data available from the Department of Commerce, the Department
of Agriculture, the Guam Economic Development Authority and
other government agencies as may be appropriate.

Water Production: PUAG shall provide Consultant with existing
tabulated water production data from PUAG, the·USGS, and the
GEPA as may be appropriate. Such tabulated data shall indicate
total water pr9duction from each of the groundwater management
zones identified in the Northern Guam Lens Study report, dated
December 1982. .

1.

Task A - Data Collection

Consultant shall gather and compile existing available data for the
purpose of evalUating existing water use, production and water system
requirements. Data shall include the following:

PHASE I - CONCEPTUAL PLAN

It is the intent of this project to update the Guam Water Facilities.
Master Plan for the Public Utility Agency of Guam. The project will
be undertaken in two phases. Phase I will involve the development of
a Conceptual Master Plan addressing the major water production,
transmission and storage requirements on an island_wide basis. Phase
II will involve the development of a detailed master plan document.
The tasks and activities in the two phases are as follows.

Intent

APPENDIX B

WATER FACILITIES MASTER PLAN
SCOPE OF WORK
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The Consultant shall also obtain data as available from hotel,
commercial and indust~ial bus'nesses for the purpose of
estimating the water requirements of this sector of the economy.
PUAG shall make aval1,able the Tuman Bay Infrastructure Study
currently being completed.

Task B - Data Analyses

Consultant shall analyze the data obtained in Task A, above, for the
purpose of developing estimates of present and future water demands
on a Regional Service Area basis. Data analysis shall include a
projection of population and economic activities based on the
available development capacity and existing zoning uses of the land
areas in each Regional Water Service Area. Where development trends
indicate a change i~ the future zoning of a particular land area, the
ConSUltant shall notify PUAG. Appropriate uses, other than those
shown on the existing zoning maps, will then be agreed upon prior to
making the projections •. Data analyses and any projections of
population- and economic activity shall be based on information
obta ined" .as defined in Task A above, by a certa in date to be
designated by mutual agreement at the start of the project.

5. Military Data: The Consultant shall obtain water system data as
available from the military including water production,
consumption and other usage. The data shall also include
physical information about water system facilities as may have
an impact on the total water production and consumption of PUAG
including locations of metered connections between the military
and PUAG's systems. It is underitood that the water systems
serving U.S. Air Force facilities have been incorporated into
the Islandwide Water.System Model created by PUAG.

6. Agricultural/Other: The Consultant shall obtain agricultural
data as available from the Department of Commerce, the
Government of Guam Department of Agriculture and the u.s.
Department of Agriculture's Soil Conservation Servlce for the
purpose of developing estimates of agrlcu1tural water usage and
needs.

Consultant shall obtain water consumption
from PUAG including.residential, commercial,
other customers served by PUAG. The data
from water meter records and PUAG shall assist
on a village and regional area basis.

Water.Usage Data:
data as available
institutional and
shall be obtained
in providing data

4.

Water Facilities Master Plan Update
Negotiated Scope of Work
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Consultant shall pre.pare a schematic presentation of the Conceptual
Water Master Plan and provide descriptions of the projects and
facilities to be designed and constructed. The Consultant shall
present the Conceptual Master Plan in a series of workshops, within
the period of one week, to be held on Guam. The workshops will be
oriented primarily to PUAG and other Government of Guam and U.S.
agencies, as appropriate. PUAG shall have the sale discretion
regarding attendees at the workshops.

Task 0 - Development of Conceotual Plan

Consultant shall prepare a conceptual and preliminary water
facilities master plan based on the data collection, analyses, and
computer simulations undertaken in this phase of the project. The
conceptual plan shall focus on the islandwide water production,
storage and major transmission facilities.

The primary purpose of the conceptual plan is to develop an overview
of the 20-year Capital Improvement Program that would be required to
meet the needs identified in the preceding tasks. One of the major
objectives of this task is to review and verify the scope, magnitude,
sizes and general location of the facilities proposed to be designed
and constructed by PUAG under the $53 million bond issue.

4. Interpreting the results of the computer simulations undertaken
by PUAG staff.

All data input shall be the responsibility of PUAG and all computer
costs shall be borne by PUAG.

Task C - Hydraulic Modeling Update

Consultant shall participate in the hydraulic modeling of the
islandwide water system only to the extent of:

1. Providing technical advice to PUAG staff regarding water demand
and production estimates;

2. Providing technical advice regarding the modeling of storage
tanks, booster pump stations and other facilities and
appurtenances;

3. Providing advice as to the design flow scenarios to ~e analyzed;
and

Consultant shall develop water demand projections for the planning
period based on the population and economic activity projects as
defined above.

Water Facilities Master Plan Update
Negotiated Scope of Work
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b.

Domestic: E.valuate current per caJlita consumption and
estimate future per capita consumption considering effects
of currept water shortages and present water conservation
policies as well as possible future per capita water
increases stimulated by improved living standards and
availability of water-consuming appliances.

The Consultant shall develop a statistical method for
verifying domestic consumption. At the option of PUAG, the
Consultant may be tasked with implementing the verification
study. An adjustment in the Consultant's fee will be
negotiated if PUAG.chooses to exercise this option.

Industrial/commercial/tourism: Establish water demands by
specific major use from available data and projectio~s as
may be available from other Government of Guam agencles.

a.

1. Review all existing data on water use including:

Task 8 - Establish Water Requirements and Basic Design Criteria

Consultant shall establis~ water requirements and basic design
criteria for the development of the islandwide water system
faciliites. The Consultant shall perform the following tasks and
activities:

Task A - Evaluation of Existing System

Consultant shall evaluate the existing water system including:

1. Assessment of water supply/demand relationship of each system.

2. Analysis of information provided by PUAG regarding current water
system leakage surveys and rehabilitation efforts and historical

.production and consumption dati to determine the accounted-for
water demand component~

3. Evaluation of physical condition of existing facilities to
perform their intended function. This evaluation shall be based
on information provided by PUAG.

4. Identification of existing 'water system facility deficiencies
based on the evaluations above.

PHASE II - MASTERPLAN DOCUMENTATION AND PREPARATION

Water Facilities Master Plan Update
Negotiated Scope of Work
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Review the study of existing surface supply sources as contained
in the report prepared by the Bureau of Reclamation.

4.

3.

2.

Review available data related to surface and groundwater sources
and storage.

Review groundwater management policy and practices of PUAG, GEPA
and the military.

Review data on the phYSical characteristics of existing major
wells and evaluate current annual production in comparison with
the Groundwater Management Program of the Northern Guam Lens
Study.

1.

Consultant shall review, evaluate and assess the water supply
resources and production capabilities on the island based on the data
obtained or supplied in Phase 1. This assessment shall compare the
available resources and production capabilities with·the existing and
projected water requirements of the island. The activities to be
undertaken include:

Task C - Water Supply Assessment

Consultant shall review the effect of possible reclamation on
future water demands in this task.

c.

a. Include domestic, industrial, tourist, mil t t ary, fire, and
other major consumptive and non-consumptive uses.

b. Utilize water quality criteria for various uses, as
presented·in the Guam Safe Drinking Water ,Standards by the
Guam Environmental Protection Agency. It is understood
that the current Guam Safe Drinking Water Standards reflect
the current Federal Safe Drinking Water Standards.

Estimate demand variations based on existing data.

Develop water demand schedules and required water quality
criteria for the years 1990, 1995, 2000, 200S and 2010. The
water demand schedules shall:

2.

c. Fire: Review available data and determine high- and low­
value districts as well as probable fire. flow requirements.

d. Determine and project needs for other beneficial uses.

Water Facilities Master Plan Update
Negotiated Scope of Work
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4.

Develop scenarios to be modeled by PUAG staff representlng
proposed islandwide water system improvements and review the
results of the network simulat\ons with PUAG staff.

Develop system im~ovement projects based on the results of the
network simulations including preliminary project cost
estimates. The project cost estimates shall include engineering
des ign, construct ron Idlnagementll proje·ct administrat ion and
appropri ate con tfngencfes.

3.

Task 0 - Water O;stribution and Storage Assessments

The Consultant shall rev iew ,. evaluate and assess the Water
91 stribution and storage facil ity requ irements to meet. the projected
water demands for the years 1990, 1995, 2000 and 2010. Th 1 S
assessment shall be based on the hydraulic model of the sYstem as
prepared by PUAG and the simulations of various water system
operat ing condttions and demands as performed with the mede 1 by PUAG
staff. Consultant shall participate in the hydraulic model1ng and
computer simulation exerclses as del ineated in Phase I, Task C and as
indicated in the followlng.

The actiVities to be undertaken in this task include:

1. Review the water system schematic which was used as a basis for
the hydraulic computer model developed by PUAG and provide PUAG
staff with technical advice regarding the modeling of the
various eXisting water system facilities.

2. Evaluate the capability of the existing water system network to
meet the present and,estimated future water demands ...

7. Determlne adequacy of existing sUJPly in terms of quality and
quantity peak iog factors to meet JTO J ected demi'ds far the years
1990, 1995, 2000 and 2010.

5. Review eXl~ti m water quality data and compare with Safe
Drinking Water Standards.

6. Evaluate wastewater reclamatlbn potential based on literature
review.

Water Facilities Master Plan Update
Negotiated Scope of Work
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7. ATl plates, maps and figures necessary to define the plan.

The Consultant shall prepare a draft report for review by the PUAG
and upon receipt of review comments, prepare a final report.
Submittals

5.

4.

3. Proposed water system improvements including size, location
and capacity of all major facilities;

Preliminary construction and project cost estimates for all
projects and stages of the CIP Program;

Results of the Hydraulic Analyses as provided by PUAG
pr~sented in the form of an Appendix to the Report
(separate volume);

6. Recommendations for future investigations as may be
identified as a result of the inspections, evaluations and
assessments of the existing facilities; and

Task E - CIP Program Development

The Consultant shall develop a three-stage program for implementation
of the system improvements identified in the foregoing tasks. The
stages shall be:

Stage 1 - From the Present to the Year 1995

Stage 2 - From 1995 to 2000

Stage 3 - From 2000 to 2010

The projects shall be scheduled in priority on the basis of need.
Such need will be determined 1n the master planning assessments
previously conducted and in consultation with the Chief Officer and
his staff. The priority schedule shall consider the capital
investment requirements for implementing each project.

Task F - Preparation of Water Facilities Master Plan Document

Upon completion of the tasks and activities described above, the
Consultant shall prepare the Guam Water Facilities Master Plan Update
report to include:

1. Description of all work performed;

2. Basic planning criteria;

Water Facilities Master Plan Update
Negotiated Scope of Work
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Compliance with the schedule is premised on the timely provision of 0
all necessary information, documents, drawings, access and other
services and equipment required of the Government.

Calendar Days
After NTPSubmittal Item

SUBMITTAL SCHEDULE

The Consultant shall submit copies of the various products of the
Study, marked with the appropriate submittal and date to the Chief
Officer, Public Utility Agency of Guam in accordance with the
following schedule:

Wat~r Facilities Master Plan Update
Negotiated Scope of Work
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30
60
85
100
100
190
215

Summary of Planning Workshops
Population/Economic Projections
Preliminary Conceptual Plan
Present Conceptual Plan
Preliminary Capital Improvement Plan
Final CIP
Preliminary W.F.M.P.U. Document
Final WFMPU Document (Within 30 days

of receipt of review comments on
Preliminary Master Plan Document

1
2
3
4
5
6
7
8
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OPERATION AND MAINTENANCE MANAGEMENT PLAN

WATER BRANCH

PUBLIC UTILITIES AGENCY OF GUAM

November 7, 1986

RECOMMENDED SYSTEM MAINTENANCE PROGRAM

APPENDIX C

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



23
23
23

22
22
23

20
20
22

17
1~
17
17
17
1'1
19

16
16

6
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5
3
1

1

1

o
Meter Installation, Relocation,

and Disconnec:tionUnit ••••" .
Meter Reading Unit .
Meter Shop Unit •••••••••••••••••.•••••.•••••

o
Meter Services Section •••••••••••••••••••••••••••

Organization ••••••.••••••••••••••••••••••••••
Water Meta~s ••••••••••••••••••••••••••••••••

L

Construction Section •••••••••••••••••••••••••••••
Qrganization .••.••••••••••••.•.•••.•••••••.•
Fire Hydrant Maintenance ••••••••••_•••••••••

Maintenancey Repair, and Replacement Section •••••
Organization ••••••••••••••••••••••••••••••••
Water Sewer Maintenance Worker

Position Description •••••••••••••••••••
Water Main and Service Lateral Maintenance ••
Emergency Repair •••••......•.•..••••.••.•.••
Road Repair •••••••••••••••••••••••••••••••••
Equipment •••••••••••••••••••••••••••••••••••
Trenchi ng •.•..•.••.••.••••..•.•....••••.•.••
Tools and Supplies ••••••••••••••••••••••••••

........................Emergency Generators

Globe Valves ••••••••••••••••••••••••••••••••
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created within
the Chief of

accomplish these purposes four branches were
Operations Division and are directed by

To
theo

o

5. Respond in a timely manner to outside requests through the
Chief Officer to meet PUAG's operational commitments.o

establishing a
maintenance and

4. Coordinate wi th Procurement and Supply ·for
working inventory of parts and equipment for
metering services.

o
3. Provide the necessary building and grounds maintenance
support to all operating divisions and sections within PUAG.

2. Monitor the quality of water and wastewater discharge in
accordance with local and Federal environmental regulations and
standards.o

o

1. Operate and maintain PUAG's water and wastewater systems.o The Operations Division functions to:
o

Supply, distribution, storage. and treatment of PUAG's water
system are the responsibility of the Operations Division, one of
three divisions at PUAG. Each division (Administration.
Enqineering, and Operations) functions under the supervision of
the Chief Officer and the Deputy Director for PUAG. See Figure 1
for Divisional Orqanization.

o
o
o

The Public Utility Agency of Guam (PUAG) operates and maintains
water and wastewater systems serving primarily the non-military
population of Guam. The purpose of this report is to ~riefly
describe the current manaqement of water operations at PUAG. to
recommend changes in management procedures leading to increased
efficiency of system-wide service, and to show a schedule of
anticipated dates to institute recommended chanqes.

o
o
o

o
o

OPE~ATION AND MAINTENANCE MANAGEHENf PLAN
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u
o
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o The person selected for this Position is key to determining the
emphasis placed on projects undertaken by the Operations
Division. The person has high visibility with the public because
of the frequency of public requests made upon the OperatiQns
Division for water and wastewater services.o

o

Because of the complexity of the water system and the fact that
it is larger than the wastewater system~ a significant portion of
the Chief of Operations time is spent with the problems and needs
of the water system.

o·
o

The Chief of Operations coordinates requests from top management
with the four branch chiefs within the Operations Division.

o The Chief of Operations represents the Division at Agency staff
meetinqs and is responsible for submitting the Division's annual
operating budget~ coordinating the Division's work with other
PUAG divisions, rectifying and alerting top management of
emeryencies. reviewing contracts for construction of new
facilities or repairs to existing ones, reviewing maintenance
c~ntracts, and recommending training for the Operations Division
staff.

o
o

~Qi§!Q! QQg~etiQn~ The administrator in this position is
ultimately responsible for supporting and maintaining the
effective and efficient operation of water and wastewater
services. This manager supervises, coordinates, and monitors the
work activities of the four branches within the Division.

Currently the position of Chief of Operations is vacant and has
not yet been filled. In the interim the Deputy Director directs
the Operations Division.

Of these four branches, the Water Branch operates PUAG's water
system, Laboratory Services provides the mechanism for checking
water quality, and Building and Maintenance Equipment Support
(Support) performs some of the mechanical repair and installation
on the water system's hydraulic components.o

o
o
o

An administrative support staff is part of each of the four
branches, each supervised by a manager. Figure 2 is an
organizational chart showing the structure of the Operations
Division. The Operations Division has the largest staff at PUAG
with a total of 260 full time employees.

o
o
o

4. Building and Maintenance Equipment Support.

Laboratory Services, and.~.
ltJastewater,........
\.IJater,1.o

o

Operations. The four branches within the Operations Division are:

o
o
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thefromthis position are primarilyfillingEmployees

Efforts were made through the Civil Service Commission to make
this a classified position with an acceptable salary to attract
talented people; however, the position was not approved.
Volunteers to fill the unofficial position were recruited within
PUAG even though their backgrounds were insufficient with respect
to overall knowledge of system management and operation.
Currently, there are two UOS shifts, swing and graveyard with 3
UOS employees who rotate assignments throughout the week.

The UOS made arrangements for transportation needs during the
shift and was also given the responsibility to contact the media
disseminating inform~tion concerning water problems affe~ting
customers. A priority of restoring servi~e to the system was
also given to the UOS and it was the UOS's responsibility to
implement restoration in a timely and efficient manner.

The UOS also was charged with issuing tools and supplies through
a tool supply room, and keeping a log of tools and supplies being
used.

This position as it was originally envisioned included direct
responsibility for "Base Control" operations assembling personnel
and equipment to maintain system operations, coordinating the
efforts of shift workers and crews to investigate and alleviate
system problems, maintaining constant communication with Water
Source Supply operators, Maintenance, Repair, and Replacment
workers, Construction workers, and Meter Services, and recording
activities occurring during the assigned shift.

The concept of the UOS was that at all times there was someone
located at the central office familiar with the operation and
management of the entire water system from production wells to
water meters. The person filling this position would be capable
of coordinating and supervising routine work activities during
swing, graveyard, weekend, and holiday shifts" and have the
authority to direct and implement immediate operational changes
based on a thorough understanding of system operations when
emergencies arise and managers or superintendents are not
present.

'='!;_!.li.r,y QP.~r:~tJ_Qn~" ?-~H~.~t:.j._n~~nd.~o.t.- ~@t~r: - The Water Br"anch
maintains a 24-hour, 7-day per week operation. In order to
maintain the water system at all hours of the day and provide
continuity in managing the system when the \-Iatermanager,
assistant water manager, or section superintendents are not
present (swing and graveyard shifts, weekends and holidays), the
position of UOS was created and was to be filled by someone
knowledgeable about operating and managing the water system.

The position requires a technical background in management,
hydraulics, water quality, and water and wastewater treatment.
Conducting effective public involvement is also a very important
aspect of this position.

.,
J

J
J

J

1,.1

l

L
L
L
l
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o

o
o

o
o

The Water Branch is administered by a Water Distribution System
Manager (Water Branch Manager);and Assistant Water Distribution
System Manager (Assistant Branch Manager) with support staff.
The managers supervise and coordinate the efforts of the four
sections mentioned above through section superintendents. The
branch manager reports directly to the Chief of Operations
providing information for water system operation, budgets,
maintenance, replacement and repai.r i~plementation, training
needs, and reporting and rectifying system emergencies. Na~ the
branch manager reports directly to the Deputy Director until the
position of Chief of Operations is filled~

3. Constructio~t and o
o4. Meter Services.

2. Maintenance, Repair, and Replacement,
o1. Water Supply Source.

are: o
oComposed of four sections and 121 employees, this branch (see

Figure 3) is responsible for operatinq PUAG's water system, and
to see that maintenance and replacement of equipment is
scheduled, budgeted, and implemented. The four sections within
this branch

o
o

o
oThe duties of the position have become that of a dispatcher,

communicating between field personnel and work crews coordinating
the efforts of shift workers during non-business hours. The tool
room has been eliminated because records were not kept nor were
supplies restocked. The UOS does not make decisions concerning
operation of the system. instead, water managers are contacted
and responsibility of the system re.ains with them at all times.

oIt has been recognized by water and administrative managers that
the UOS concept has not developed effectively into practice.
The underlying reason for this has been the demands and
responsibilities put upon those untrained employees selected for
this position who lack an overall knowledge of the system
required to make effective operational decisions.

o
o

oMaintenance. Repair, and Replacement Section (this section is
discussed in more detail later in this plan) with additional
assistance coming from Source and Supply~ and Construction. The
effect of using employees trained for construction or roving
curtails the effectiveness of all three sections (Source and
Supply, Maintenance, Repair, and Replacements, and Construction)
because these sections then become understaffed to perform their
assigned work activities.

o
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FIGURE 3

WATER BRANCH
ORGANIZATIONAL CHART
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o
o
oTraining needs for increasing the effectiveness of employees are

reco~nized within the performance standards and are mentioned in
performance evaluations. The effectiveness of training programs
to date depends greatly on the ability of PUAG~s training officer
recognizing the appropriate course work for employees.

o

o
oare

only
been

or

Evaluation standards are written for each employee and
reviewed by employees' supervisors. Standards are reviewed
once a year between superv~sor and employee. EFforts have
made to sharten the period of evaluation to a semi-annual
quarterly basis, but have not succeeded.

o
PUAG has tried to meet campIiance with PublicLaw 14-3.1 requlrlng
certification as part of the position descriptions. Currently,
Water Treatment Plant Operator positions require water treatment
certification even though PUAG does not qperate a single water
treatment plant. These operators, at the same time, are
maintaining the distribution of water, yet are not required
within the definition of their job descriptions to possess water
distribution certification. Hore is mentioned about
certification under ~~~~!: Ie:.~~.tm!!'.lS Et~n~ gr;H~!':~.t9!: eg~ij;!gQ
_Q~§c;e:1Qj;':!QD •

D

o
o

Certification was not a prerequisite to filling any of the
positions within the Water Branch before Public Law 14-31 was
enacted. At this time, some staff within the Water Branch are
still performing their duties without certification even though
their job descriptions now require this. These employees are
encouraqed to obtain certification on their own and in-house
training has been given to those seeking certification. PUAG has
also coordinated with the Guam Environmental Protection Agency to
administer certification exams for FUAG emplovees.

o
o
o

oBecause all classified positions at PUAG are filled through the
Civil Service System, p05ition description5 accompany every
position at PUAG, including all positions in the Operations
Division and the Water Branch. Positions descriptions are
written and reviewed by employees and their supervisors.
Position descriptions define what is required cif the employee
with reqard to duties performed, the level of skills required,
and any training needed to increase the employee's efrectiveness
and meet standards set up by the American Water Works
Association, and such agencies as the Guam Environmental
Protection Agency, and the Federal Environmental Protection
Agency.

o
oQualifications for the Water Branch .1anagerand Assistant Branch

Manager include a technical backqround in hydraulics and water
qualityy management skills emphasiZing budgeting and schedulingy
experience in construction methods, understanding of recurring
and preventive maintenance programs, and operational knowledge of
water systems.

o
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~~~~C Ic§~tm@Q~el~Qtb@2Q@C§ ~Qqge~c2tgC~- Water Plant Leaders
and Operators within Source and Supply have two distinct duties,
maintenance and roving. Leaders take instructions fr.om
supervisors and coordinate but do not supervise operators,
utility workers, and maintenance workers.

The staff possesing water treatment plant operator certification
include 1 superintendent, 1 leader, and 2 operator II's.

Within Source and Supply, staff possessing distribution operator
certification include: 1 superintendent, 1 supervisor, and 1
operator II.

~!!.~'!!: T!:~~~!!1!.n..tE!~D.!; e9~i'!;'igCJ g@§{:;!:iQ~igD§ - The description of
classified positions beginning with "Water Treatment Plant "
for supervisors, leaders, and operator I and II contains a
requirement for water treatment certification. Many of the
employees hired within Source and Supply before promulgation of
Public Law 14-31 have not obtained certification. Furthermore,
certification is for operating water treatment plants which are
none~~istent on PUAG's water system. To comply with the law,
those responsible for the operation of the distribution system
must be certified for distribution operation, not for treatment.

Currently there are 45 full time employees within Source and
Supply. There are 8 employees assigned to perform maintenance
during the day shift and a crew of 4 to rove throughout the week.
During the swing shift, there are 5 employees assigned to
maintain and rove the system. During graveyard shift, there are
3 employees assigned to maintain and rove the system. Shifts are
maintained throughout the week.

9~9~D!~~~igD This section is headed by a Water Treatment Plant
Superintendent and a Water Treatment PIant Supervisor•.,There are
3 Water Treatment Plant District Supervisors, one for each of
three water districts. Supervisors coordinate the activities of
Water Treatment Plant Leaders, two grades of Water Treatment
Plant Operators, Utility Workers, and Maintenance Workers. The
UOS, filled by staff within the Water Branch, coordinates the
activities of the shifts during non-business hours. Figure 4
shows the organizational structure within the Source and Supply
Section.

This section, also known aj Source and Supply, is responsible for
the delivery of water to PUAG's cu~tomers from the production
wells located primarily in the Northern Guam Lens and surface and
sprinQ sources of water located in southern Guam. It maintains,
monitors. ~nd operates all water system valves, booster pumps,
reservoirs, and maintains the supply of chlorine at chlorination
sites. This section is not responsible for the operation of
production wells since this is covered by a well maintenance
contract with a private contractor.

Woter Supply Source Section

o
o
o
o
o
o
o
o
o

o
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o

o
o
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o
o

o
o
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§~~~@m~~e~- Part of the responsiblity of maintaining service to
PUAG customers is to know where all pipelines are located
including transmission mains, distribution mains, and service
laterals. A problem that has plagued the management of PUAG's
water system in the past and still today is the location of its
water system. Inadequate re~ords have been kept on all hydrauli~
features of the water system and rOvers and maintenance workers
do not have an up-to-date set of maps showing the location of the
e>listingwater system. There is no inventory of pipelines kept at
PUAG e:>:ceptfor studies performed by contract that are one-time

Within the operation of each district, there are three shifts:
day, swing, and graveyard. Each shift has a shift leader and a
crew of operators. Day shifts are larger than either swing or
graveyard shifts.

W!!i~~ Qi_E.t.'=.tl,;,t.~ - The three water districts are the Northern,
Central, and Southern. See Figure 5 for delineation of water
districts. The Northern District extends from Finegayan ~nd Yigo
villages to Pago Bay, across to Agana, and includes the Asan-Piti
and Nimitz Hill areas. The.Central District includes the area
,from Pago Bay south to Malojloj Booster Pump Station, and
includes the areas of Windward Hills, Talofofo, and Agat-Santa
Rita. The Southern District extends from the Malojloj Booster
Pump Station south through Maloj}oj, Inarajan, Merizo, and
Umatac.

Personnel within the section rotate between maintenance and
rovinq. and also rotate shifts. Swing and graveyard shifts are
normally staffed exclusively by rovers and not by maintenance
personnel. The district supervisors determine the schedules of
their employees.

In any emergency, it is normally the rover who is the first
person to know and report it. In the case of an emergency, it is
the duty of the Source and Supply section to isolate the damaged
area, assess the extent of the problem or damages, and inform
base control of the situation. For this reason, a rover may not
be able to accomplish regularly scheduled monitoring of the
system if called upon for emergency situations.

The roving function is that of a monitor roving around the
distri ~ cteq;lnq reservoir levels, adjusting valves, checkinq
pressures, r~~l~q water and power meters, and collecting similar
operational l~formation. Information on pressures throughout the
system, valving, reservoir elevations, globe valve pressure
settings, booster pump operation, and totalized volumes of flow
at master meter sites are reported to base control by radio or
telephone during a shift.

Maintenance consists of maintaining the structures and areas
surrounding structures, repairing booster pumps, replacing
chlorine cylinders, cleaning out dams and spring bo~es,
recharging flouridators, and similar routine tasks.

1
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There is no preventive maintenance program followed where valves
are excercised at least once a year to determine if valves are
working prop~rly.

§lQ~~ ~~!y~~- The Source and Supply section maintains all the
globe valves located on the water system including altitude
valves, pressure reducing valves (PRV's), pressure reducing and
sustaining valves (PRSV's), and check valves. Rovers monitor the
system and report on the operation oT the above valves. Many of
the PRV's and PRSV's have gages indicating pressures and these
are reported on activity logs and reported to base contral.

Standard operating procedures are not written down for various
con·figurationsoT system operation.

Large scale maps of complex valving areas where several
transmission and distribution lines are connected, where pressure
reducing valves exist with bypasses, or where multiple valves
e..:ist within a small area have been diagramed at one time.,.but
are not entirely accurate. Rovers must determine the function of
complex valving arrangements by turning valves and deducing what
the net effect is with or without the use of the diagrams.

Also. there is no system inventorying the type, size, number of
tUrns to open or close, installation date, maintenance record, of
gate valves located on the system. There is no system other than
senoir staff familiar with valve location showing new employees
where they are. As a result, many valves existing on the water
system are unidentified, and the status of valves being open or
closed, or even operable, is not always known. Efforts to
proqram funds for valve detection and inventorying have been
suggested but never implemented.

To date, no map exits showing where all PUAG valves are located
nor identifying the valves' status: open, closed, or inoperable.
There is no system used to identify valves by number or letter,
designate these on a map, and paint this code on the valve box or
marker in the field.

G~~~ ~~l~~~ - Source and Supply operates all valves throughout
the water system and is responsible for knowing where valves are
located and if they are open or closed, or broken. In the event
of emergencies such as water main breaks or leaks, rovers
assigned to one of three districts on Guam are responsible for
isolating the problem, securing all necess~ry lines, and
estimating the e~tent. of damages to the system. This is
communicated to base control and relayed to the water managers or
UOS by radio or telephone.

The result of an inadequate inventory of system features has lead
to difficulties in understanding how the system responds to
changing conditions between supply and demand.

attempts to verify the location of water mains. Very few
inventories are kept of water mains, valves, or meter locations.

~.
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Design of booster pumps originating from the Engineering DiviSion
are not always coordinated through the Water Branch for standard
system operating procedures. On the other hand, the Water Branch

Records of the performance of pumps, the type of pump and motor,
date of installation, records of repairs, capacity, design head,
standard operatinq procedures, pumping efficiencies, po".ermeter
numbers and accounts, and other pertinent data to examine the
operation of pumps are not collected, nor is this information
kept on records. There is no inventory kept of spare parts to
fix pumps or motors. Few of the pumps have bacl~up motors or
pumps for replacement should one fail, although standby pumps
have recently been ordered. Also, pumps are not routinely
checked for performance in any kind of preventive maintenance
proqram.

Source and Supply is now responsible for removing pumps from
booster pump locations and bringing them into the central office
for repair. Repair is then performed by those rovers skilled in
the repair of pumps, but not always with the proper tools.
Source and Supply only fixes the pumps, electric motors are
,repaired by Building and Maintenance Equipment Support or they
ar'? contracted out for repair. IIJhenpumps and motors are
repaired and placed back in the field for operation, Source and
Supply installs the pump, and Buildinq and Maintenance Equipment
Support installs the motors.

~QQ?_t.~~ e':.1,I1!P..§ All twenty-two booster pumps are maintained by
Source and Supply. Rovers routinely monitor all pumps and do
minor repairs to pumps and appurtenances, if necessary.
Several of the staff in Source and Supply have become so adept at
repairing and aligning pumps that repairing pumps, once the
responsibility of Maintenance, Repair and Replacement, has
become a function of Source and Supply.

Communication between the Engineering Division and Operations
Division has not been complete in the past. Decisions to include
globe valves on newly designed system features are not always
coordinated through the Water Branch. For this reason, many
PRV's are bypassed because their need is not always understood by
the Water Branch. At the same time, various configurations of
system operation may not have been related to the designers when
globe valves have been designed into the system.

Although the location of qlobe valves on the system are known by
many of the staff within this sect1Dn <because there are fewer of
these compared to gate valves), again, no record exists on the
type, size, date of installation, problems, recommended pressure
settings, or maintenance performed on these valves. In many
instances. the valves are not even functioning and are either
bypassed or manusLly il.djusted. Efforts to receive tra1ntnn and
learn about the operation and maint~nance of these valves have
occurred, but implementing a preventive maintenance program has
nct.
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E~QQ~~t~gQ ~~ll~- The production wells on Guam are operated and
main·tained under contract to keep the production well, pumps,
motors, appurtenances, gages, meters, and fencing intact' and
operating. The well contractor is paid on a production quota and
is rewarded or penalized if production surpasses or falls below a
predetermined production level. The contractor also maintains

Flouridation 'units are set up at the majority of the production
wells and the level of sodium flouride solution monitored by
rovers. The supply of sodium flouride is replenished when
necessary.

Chlorination cylinders are set on scales so that the weight of
the cylinders can be lI'Ionitored and repJaced when empty. 1'1anyo·f
the cylinders are unprotected from exposure to the sun. Efforts
are underway to construct shelters to shade and protect
chlorination and flouridation units, chlorine pumps, and the deep
well pump controls.

~btg~in~t~QQ~Qg E1QMCig2t~QQ- This section also monitors and
if necessary replaces chlorine cylinders and replenishes
flouridations units. Both of thes·echemical units are stationed
at production wells and several booster pumps stations.

Maintenance records for reservoirs are not kept such as periodic
inspection of cathodic protection, examination of external paint
surfaces, internal inspection, or exercising of valves connecting
the reservoir to the water system.

"'Jaterqualities within some reservoirs must be monitored because
circulation is restricted by outside line pressures. When these
conditions occur, system configuration is change~ to allow
reservoirs to feed into the water system and circulate water
within reservoirs.

There is no way to tell the level of reservoirs over an elapsed
period unless 24-hour pressure recorders are stationed at the
r~servoirs. PUAG does not have recorders available to record
levels of all reservoirs and rovers are assigned to report levels
three times a day.

8~~~~~Qi~~- Source and Supply also maintains reservoirs by
reporting the volume stored, performinQ ground maintenance. and
adjusting controlling valves leading to and from reservoirs.
Reservoir levels are read three times a day and repo~ted to base
control. Most of the reservoirs employ altitude v~lves to
maintain reservoir levels and prevent overflowing. Few of the
altitude valves function properly and rovers must make
adjustments with valves to isolate reservoirs to keep them from
overf I0,,",1 ng.

does not always send requisitions for replacement pumps to
Engineering for review to insure that system curves clearly
identify what ranges of design head and capacity are needed for
pump selection.

L.
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Because the pOSition of UOS has not evolved as planned, several
of the maintenance workers share the responsibility of assisting
base control with coordinating work activities during
nonbusiness hours. This affects the-availabilityof workers to

Records are kept of repairs made to water mains and fire
hydrants. No atte~pt has been made to correlate the frequency of
repairs to the size, capacity, age, or location of water mains.

Work .1lssiqnmentsare aSSigned by the superintendent and work
supervisor based on the priority o-frepair. Leaks or damages to
the water system are reported by· rovers, meter readers, the
publtc, or through base control. ·...These reports are recorded and
prioritized based on the deqree of severity and availability of
equipment to perform repairs. Work assignments involve the
repair of water mains and service laterals, leaking or broJ~en
valves, damaged fire hydrants, or leaking or broken water meters.

Q~g~QA~~~jQ~ - A Water Sewer Maintenance Superintendent and
Super·visor manage 'thesection coordinating with the Assistant
Branch Manager. The superintendent and work supervisor direct
the activities of three shifts: graveyard9 day, and swing, with
the responsibility of water main and service lateral maintenance,
emergency repair, and road repair.

This section performs the wor-I;;required for replacing,
relocating, and repairing broken or damaged water lines~ valves,
fire hydra(ltSand other appurtenances, and performs preventi ve
maintenance On all fire hydrants.

I
I
I
I

I'taintenance.Repair~ and Replacement Section

~ro~~g~~~~§~u@~~tg~?- Emergency generators located at several
production wells are maintained by the Building and Maintenance
Equipment Support Branch within the Operations Division.

On several occasions, Source and Supply has not been informed
immediately about productions wells that are out of service.
This has lead to problems of supply and demand without sufficient
lead time to make adjustments to the water system or give public
notice about potential problems. The well maintenance contract
states that the contractor will keep PUAG informed of production
wells at all times. It is the responsibility o~ the contractor
to notify PUAG if wells are not producing. Because Source and
Supply is not in direct contact with the well maintenance
contractor, there is an additional problem of communicating the
disposition of production wells to this section within PUAG.

th~ chlorination system keeping them in normal operating
condition, but is not responsible for monitoring the chlorine
supply, replacinq empty cylinders, or settinq the chlorine
dem~nd. They maintain the grounds inside and surrounding the
fenced-in area of production wells.
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~Qg~ B~p-@i~- Maintenance, Repair, and Replacement is equipped to
repair roads and sidewalks damaged by repairing broken water
mains, lines, or fire hydrants. Road repair has been done
without the use of compacters in the past, but now compacters are
used for compacting road backfill. This has improved the quality
of patchworl{and problems associated with settling.

~'1!~c.q~.1J.~~ I3~Q@i~ - Emergency repair is available at all times to
respond to any emergency that occurs. Conditions for responding
to emergencies include water main breaks, reported water line and
major fire hydrant damage, and bro'{enwater meters. The amount
of work currently performed to repair breaks around the island
prevents any other work from being conducted. There is
insufficient staff to provide the manpower required to maintain
the water system.

~~~~~ ~~in gQq §~~~t~~b@t~~gl tl~iQ~~n~Q~~- Water main and
service lateral maintenance involves performing all repair on
pipes and valves within PUAG's system. It operates 24 hours a
day~ 7 days a week to repair water mains, valves, and
distribution and service laterals. The priority of work is
established by the superintendent and work supervisor, and on the
availability of equipment needed to make repairs.

At this time~ no one within Maintenance, Repair~ and Replacement
possesses either distribution or water treatment plant operator
certification.

~~~~~ §g~~~ ~~iDS~n~D5~~9~E~~e9~!!i9Dn~~S~!9Si9Q- The
position descriptions for Water Sewer Maintenance Superintendent,
Supervisor, Work Leader, and Worker I and II do not specify
distribution certification as a requirement. Repair work
performed by this section involves exposing the water system to
potential contamination, and requires disinfection procedures to
restore service and water quality.

There are a total of 23 full time employees within this section
composed of Water Sewer Maintenance Superintendent, Supervisor,
Leaders, Workers, and utility workers. Vacant positions are
filled, at times, by Trades Helpers and Meter Readers. Figure 6
shows the organizational structure within this section.

Training workers within this section consists of attending a
safety seminar held annually by the Department of Public Works.
Other than this, workers receive little outside ~raining.

The superintendent prepares a budget for staff, vehicle use, and
estimated use of equipment for the year. The volume of supplies
such as pipe fitting, valve~, clamps, and similar appurtenances
dre estimated from previous quarters and costs are projected for
restocking Procurement and Supply.

asrepair the water system during swing and graveyard shifts~
well as weekends and holidays.

o
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FIGURE 6

MAINTENANCE, RJPAIR, AND REPLACEMENT
ORGANIZATIONAL CHART

o
o

oUnits Rotate Shifts, one unit is on graveyard shift, one
on day shift, and one on swing shift.
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The graveyard shift makes repairs with equipment that they have
acquired. No equipment is issued during the graveyard shift.

During swing shift, Procurement and Supply have staff available
to issue equipment to work crews submitting an internal request
for tools and supplies. The swing shift does without
authorization from the Assistant Branch Manager or the section
superintendent. Swing shift crews must also visit the site first
before preparing the equipment list, similar to the day shift.

!gg!§ ~D~ §~p.e!!~a- Maintenance crews are given only a few tools
and supplies to ...,ork with. When a work order is issued to a
crew, the crew visits the site first to determine what' the
problem is" and determines the equipment required to fi:: it.
Upon returning to the Central Office, an internal request is
prepared and requires the authorization of the Assistant Branch
Manager or the section superintendent before equipment can be
issued. The work crew then obtains equipment on the internal
work list from Procurement and Supply. This occurs only during
the day shift.

During the repair of many of the larger distribution and
transmission lines, workers have to make repairs within excavated
trenches ..,hi1e water is still conveyed through the main. The
reason for this is due to unidentified valves on the water
system. Rovers secure water mains with valves they know about,
however many times this is not enough to stop the flow through
mains. The result is that repair work is done in less than
desirable conditions and is, at times, delayed by efforts to try
and secure the line. Contamination is also a potential problem.

I!:~D_t;,l:!i[lg - When deep ey.cavationis required shoring of side
walls has been lacking and the safety of those workinq in the
excavation has been in jeopardy. Because most excavation occurs
only four to five feet deep, most work does not require shoring,
and for this reason, PUAG does not own any shoring eqUipment.

ggYipID~nt - The Maintenance, Repair, and Replacement Section
obtains heavy equipment from Support Services and must share two
PUAG backhoes with the rest of the needs of the Agency. For this
reason" there are times when certain excavation work cannot be
performed if backhoes are used by another division or section.
Emergencies have occurred when backhoes are unavailable and a
rented one is obtained from a vendor. If rental of a backhoe
occurs durinq nonbusiness hours, the UOS must contact the
Procurement and Supply Officer, who in turn arranges for rental
of the backhoe, otherwise, authoriZation must be obtained from
the Assistant Water Manager, Water Manager, Deputy Director or
Chief Officer before a backhoe can be rented.

o
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o
o
oWorkers are required to have.job orders specifying the supplies

and equipment to be used before anything is delivered to t.hem,
the same process used by Maintenance, Repair,and Replacement.

o~Iorkassignments develop as requests for service come in to PUAG.
These are prioritized by the section superintendent unless a
special request has been made from top management. These
assignments are then scheduled by the superintendent and work
supervisor ",i th the construction leaders.

o
oneeds of staff within this section ~re met similarly to

Maintenance, Repair,. and Replacement by sending
to attend an annual safety seminar sponsored by the
of Public Works.

Training
those in
employees
Department

oBudgets prepared by the sliperintendentof this section are for
s·taffsalaries, vehicles,. and miscellaneous operating e>:penses.
The cost of materials for pipe is provided by the funds for
construction of new distribution or service lines from Federal
and local grants.

DCurrently, there are 16 full time employees within this section.
This section provides one person to assist base control as a UOS.
Figure 7 shows the organi~ational structure within this section.

At this time, no one within Cons·tructionpossesses distribution
or water treatment plant Qperator certification.

D
D

Q~g~QL~2t.tqQ- The section is headed by a Water Sewer Maintenance
Superintendent and Supervisor ..,ho report to the Water Branch
Manager. The superintendent and supervisor are in charge of two
units, each composed of a leader and workers. Positions within
this section are filled by Water Sewer Maintenance Leaders,
!'-IorkerII '5, Worl{erI '5, U·tilit'lWQrkers, Trades Helpers, and
Meter Readers. Certification is not a requirement for filling
pOSitions within this section.

o
D
DThis section is organized similarly to the Maintenance, Repair,

and Replacement Secti ~ and is respon:siblefor installing new
waterlines or replac·l~ existinq lines improving system service
and efficiency. The type of construction performed by this
section is limited tOl~stallation and relocation of smaller
distribution lines 2- to 4-inches in diameter, and installation
of water mains 6- to l....'"l..inchesin diameter. Construction also
installs water meters at times and maintains fire hydrants.
Water line projects are usually Federally or locally funded
capital improvement projects. Many of the construction jobs
assigned to the "'JaterBranch are shared by Maintenance. Repair,
and Replacment and Construction Sections.

oConstruction Section

o
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FIGURE 7

CONSTRUCTION SECTION
ORGANIZATIONAL CHART
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At this time, no one within Meter Services possesses distribution
or water treatment plant operator certification.

The section is composed of a Meter Services Superintendent, a
Water Sewer Maintenance Leader and Workers, a Water Meter Reader
Supervisor and Water Meter Readers, a Water Meter Repair
Supervisor and Water Meter Repairmen. None of the positions
require certification although meter readers, repairmen, and
maintenance workers install, relocate, and disconnect meters
leaving the distribution system e>:posed, at times, to potential
contamination.

The Meter Services Superintendent manages the section's
Installation, Relocation, and Elevation Unit, the "'1eterReading
Unit. and the Meter Shop Unit, but receives customer orders for
meter installation, relocation" verification, and disconnecti'on
from DOA Support Staff. Supervision of the Meter Services
Section by the Water Branch ~anaqer or Assistant Branch Manager
is limited because of this arrangement.

9~g~~i;~t!gQ- The section is headed by a Meter Services
Superintendent reporting to the Water Branch Manager, however
Imlch of the superintendent's direction comes from the Department
Qf Administration's PUAG Support staff <DOA Support Staff) which
oversees the billing of water and wastewater services. The
reason for this is because PUAG is a line agency of the
Government of Guam and all revenues collected for water and
wastewater servi~es are put into the general fund for the
Governmant of Guam. Operatinq expenses for F'UAG are then
budge'ted and paid out of Government of Guam funds. The DOA
Support Staff serves a'sthe ;1ll,dministrativestaff for billing of
services and collection of funds for PUAG services rendered.

The Meter Services Section, the fourth and final section within
the Water Branch, installs and services water meters, and repairs
faulty meters. It is also responsible for reading meters on a
monthly basis and establishing meter reading cycles and routes.

Meter Services Section

t:ir.~ t!yt;tr.!'Qi;. t\{li.Qt.~Q~!J.~@ - Construction is responsible ·for
preventive maintenance on all fire hydrants within PUAG's system.
It perfo~ms a preventive maintenance program keeping hydrants p
working order at all times by replacing damaged hydrants wi·thnew
hydrants, fiHing damaQed or broken valves controlling hy 6ants,
and keeping them painted, accessible and visible at al 1 ~ GS.
Because spare parts for damaged hydrants are unavailable, damaQed
fire hydrants are replaced with new hydrants rather than
replacing worn or damaged parts.



t~~~@r: §QQP.. YQi..t_ - The meter shop is responsible for reconnectien
of metered service, termination of service, verification of meter
accuracy, and repair and replacement of non-registering or
damaged meters.

Questions related to meters are usually brought to the attention
of customer service and are related to DOA Support Staff fer
accounting purposes. These probelms are recorded and sent to the
Meter Section for verification. Meter readers, as mentioned
above, also report damaged or broken meters, or meters that can
not be located. This unit takes these reports and locates,
replaces or repairs meters as needed.

tl~t~c B~~~inqYQ1~ - The meter reading unit reads meters every
month for billing purposes. This unit also reports" all
discrepancies such as leaking meters., service lines, buri·ed
meters, damaged or non-registering meters, or missing meters.
They prepare reports on meter problems and perform minor repair
on leaking meters when reading meters. The also answer customer
complaints received through cus·tomerservice and DOA Support
staff and investigate reasons for these complaints.

!.'1~~~r. J!J§S~J.!~~!.f10..'l 8!!lQS~~iQD~~Qg P!~S9QQet;~iQn!:lOis - This
unit is instructed by the superintendent and work supervisor to
install, relocate, or clean meters based on reports received from
DOA Support Staff through customer service.

Employees within the Meter Section receive training in the United
states fram the manufactUrers of meters on a regular basis.
Traininq addresses the repair of meters, calibration techniques,
installati~n, and quality control of meters.

I!!~t~~ Ij~,~~!:~ - Inventory of meters is ta'~enevery three months to
~eep an adequate supply of meters in stock. Meters in~talled are
not all of the same manufacturer because of procurement
procedures. The request for new meters is put out for bid and
given to the lowest bidder. The result is that PUAG installs
sevRral different manufactured meters. The problem of having
several different manufacturers of meters has been recognized and
efforts are underway to standardize the meters used for customer
service. Employees also receiVe training arranged by PUAS's
Training Officer as the need arises.

The superintendent prepares the section's budget by accounting
for staff salaries, estimating vehicle use. and estimating the
cost of meters and associated parts. The meter installation,
relocation, and elevation unit installs new or repaired meters,
repairs leaking meter connections, and keeps meters clean from
debris to e~pedite the reading of meters. The work requests are
received through PUAG's customer service section and coordinated
with DOA Support Staff.

Curr-entlythere are 27 full time employees in the meter services
section. Figure 8 shows the organizational structure within this
section.
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P.a.,!!~"g~Q t!~:t~r:.'?_ - Damaged meters found in the field have been
replaced with neN meters, but many times these are found to be
d~maqed again 500n after installation. Efforts to correct the
problem have lead to an increase in illegal taps made on the
distribution system. The solution for dealing with damaged
meters at this time is to reinstall a working meter if a meter is
found to be damaged, and if the reinstalled meter is found to be
damaged, then a flat fee is charged to the consumer. In this
way, a minimum charge is collected from those with recurring
damaged meters, otherwise no cbarge would be collected. Enforcing
laws to deal with meter vandalism is difficult because it is
nearly impossible to find the responsible person causing the
meter damage. Approximatley 25 percent of all nonregistering
meters are damaged.

Currently, without adequate laboratory equipment, no preventive
maintenance program exists to insure the accuracy of meters used
in the field.

Because calibration of large meters is not occurring, the
percentaqe of water lost because of under-registeringmeters is
not known. Also, with a calibration laboratory, an inventory of
meters can be initiated to determine, through data received on
meter perfomance, what meter is best suited for Guam.·

1.;!l!!.U!(.!!i!.Q!] ",=~I;!Q!:~tgr:.~ - Requests have been made for a
calibration laboratorywhere meters larger than 2-inches can be
tested for accuracy. PUAG can calibrate small meters up to 2-
inches in diameter. PUAG had no way of calibrating large
meters other than testing meters in the field against a portable
calibrating meter, or measuring the volume of flow against meter
readinqs. With a calibration laboratory, a 'preventive
maintenance program could be initiated and the accuracy of
metered consumption increased. To date, funds have not been
appropriated for a new and larger calibration laboratory.

Meters are only replaced if they are not registerinq. Leaking
meters are fixed to the extent that the meter install~tion,
relocation, and disconnection unit can make repairs on the
meters. Meters are also tested for accuracy at the request of
the customers, and a charge is assessed for this service. A
portable unit is available to test all sizes of meters on PUAG's
water system.

o

o
o
o
o

o
o

o
o
o
o
o
o
o
o
o
o
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!ll~g~t I~p-§ - Taps made to PUAG's water system that are
unmetered are illegal, and accounts which do not reflect the
intended water usage are also illegal (domestic consumption
established under an agricultural rate is an e)(ample of this).
It is not known what percentage of loss within the water system
is attributed to illeqal taps, however supporting evidence
indicates that the impact is significant. Monthly consumption
data do not fluctuate, yet during the dry season water supply
barely matches demand.o Teams have been established to investigate illegal taps, but
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In the event that water samples show signs of contamin~tion~ the
Dededo Laboratory notifies the Depuoty Director (formerly notlfied
the Chief of Operations), who in turn notiFies the Chief Officer.
GEPA is notified of the situation and a second sample is
collected by laboratory technicians and the GEPA. If the second
sample cqnfirms the level of contamination is unacceptable, thp.n
steps are taken to alert the village commissioner of the problem,
isolate the problem area from the remainder of the water syste~,
determine the source of the contaminant, and take necessary
measures to restore the safe quality of water to the aff~cted
area, if possible; otherwise, no action is taken.

In addi"tion to meeting the safe drinking Hater standards, tile
Dededo Laboratory is currently responsible for maintaininq the
flouridation units being installed at production well locatjons.
This duty will eventually become the full responsibility of
Source and Supply.

u
o

o
oMonitoring and maintaining a clean water supply to meet or exceed

the Safe Drinking Water Standards and Regulations se~ forth by
the Environmental Protection Agency o·FGuam (GEPA), and 'to Ineet
Federal standards established by the US Environmental Protection
Agency, is accomplished by the Laboratory Services Branch within
the Operations Division.. The Dededo Water Laboratory is set up
to schedule and collect samples of PUAG's water system, and to
perform the analyses for chemical, organic, and bacterialoqical
data used to measure water quality. Water samples are routinely
collected from production sources, mostly wells, and throLlgholtt
the distribution system to insure that the drinking ,,'ater•••&oets
all standards set forth by law.

o
o
oare

01; he
Those caught any other time with ill~qal taps or accoLints
charqed for estimated retroactive usage and are connect~d to
water system with a meter or proper account clasa·~·cation_

ooccurred
are not

without measurable success. Amnesty Campaigns have
where those connected 'lll~qally turning themselves in
charged for retroactive wn5ump~10n.

o
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Assistant superintendentswill continue to keep records of the
system as they do now and report on accomplished activities
contirillingfrom shift to shift. A set of updated system maps
will be kept at base control for reference to reported incidents.

The base control unit will be compo~ed of three assistant
superintendents from Source and Supply, two from Maintenance,
Repair, and Replacement (to become Repair and Replacement), and
another from Construction (to become Recurring Maintenance).
Because this position will be budgeted for, filling the need for
base controllers will not result in understaffing these sections
which happens now. Figures 9, 10, and 11 show where this
position lies within the organizational structure for each
section.

The assistant superintendentwill not be responsible for making
major deCisions on system operation, but will be trained and held
responsible for the transfer of informantion to Duty Officers who
are. In addition, the assistant superintendentwill be familiar
with planning and estimatinq repair work based on r~ported
incidents.

It is recommended that the existing~ unofficial position of UOS
be eliminated and that the position of Assistant Section
Superintendentbe created for each section except Meter Services.
Those selected for this position then become responsible for
communicating information between field and office personnel~
which is essentially done now by the uas.

What is lacking is a position assiQned to operate base control,
and part of the reason that the llDSposition was created was to
provide for this need.

1. ~~~~ ~Q~!~gl~oit - PUAG recognizes the importance of
monitoring the water system at all times and mentioned this in
discussing the UOS position <page 5). In the process of drafting
this report, it became evident that establishing effective
comlnunications concerning operational decisions on the
distribution system requires a fully staffed base control unit.
Equipment e>:ists and is used for radio and telephone
communications, and water system managers are already in
responsible pOSitions to take action whenever necessary, and at
all times.

Recommended OrganizationalChanges

In order to improve PUAG's water operationsy the following
recommendations are given as a means towards improving the
efficiency of operations and are divided into three categories:
organizational,management, and training~

o
o
o
o
o
o

o
o

o
o
o
o
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o

o
o

o
o

o



o

o
o

o
o
o

o

(]

o

o

u
u

o

o
o

D
o

o
o

f SKim
1

DlStn- Iiistrl- t
,... bUrl on bution '

Syste. r' SO/stu
leader leader

D'istn- Dlstrl-

~ but'lon ~ution
5ystll :.stu
DperatO" , O~eratcr

1I I

D'lstn· ~t'itn-
.I.,j but'loo ":u tion

5yste. 'i'stell
Operator O~eratar
I . i

ranvar
T

Ii'lstn-
hut'lon
Syste,.
Leider

D'ntr'l-
butioR
Syste.
Opentor
I

... Ut'1n ty
Worker

d6

1ft5tft but'! OR 5yst21 5ullervi sor

Southern 01st,! ct

WATER SUPPLY AND SOURCE SECTION
REVISED ORGANIZATIONAL CHART

FIGURE 9

,
DHtn- ,~'utn-

,.. bunon r- !liI,t"lon
So/stea S,vste.
luder Leader

Dlstn- C'lstrl-
but'ton ~ bunan
S.vstea Svstelt
Oper ato Cperator

If r

ITt strl-
I.. !luhOR ,_ :.Ibn ty

5,vste. Worker
C~erita
I

l
Dtstrtm

,... buhon
Svstea
leader

!hstrt -
~ buh en

S r5t!!.
llperator

"
~-l~tn-
tUt'lOR
S,vsli!a
Operatar

1

Gr,nevard

Dlstr)butlon Svstel 5uperv)sor

Centril D'utrict

f ~
Ihstn- lh strt-

P-
but'ton ,.. bunon
SyStN Syste.
Leader ' I Leader

O'15tn- Oi stri-

~ bunon ~ bution
Syste. Syst!!l

Operator I Operator

" I "
DI stn- Distr i-

~ button L. bution
Sfstet So;stu

rpentor I Operator
( I

5Dt.d_..::r~~.an
J

Oistri-
,... t:ltiI'm

Systel
L2ader,

Olstri-

I- ~utioR
S;ste.
Operator

rr

Distri-
r.. tuu en

S.,stEi
Operator
I

0'1 str !'outton Svstea Superv150r

Northern Oi str'l tt

D'lStr'tbution Systea Super'lntendent

-Dlstrlbutton 5vstu "5S'iShnt SUllerintendent t3I

j -,



REPAIR kND REPlMCE"EHT SECTIOn
P~VISED ORiiAIUlitTlOtlAL CHART

FIGIJPE 1\

i..-,>:e'i .
t:r~h·=·i"

~I~'i'fttt~r
{

PipeHtte
II

P'l peflt te
leader

[
; '! t 1'1
I

T
UnH II(
I

I

-Plpeiitter ~5sist~nt Superintendent I]

I

-? ilpeh t ter ~u;i.ennteodl!nt

'CJr~~

0
0
0
0
0
0

0
0
0
0 I

l.kll t t
I

O~·
0
0



o
o
o

oRECURRING HAINTEMAt~CE SECTION
ORGANJZAnDl~AL CHART

FIGURE 11
o
o

o
o

o
o

u
a

o
o
o
o

Pipefitter Superintend.n'~ -
~

Pipefitter ~s5lstlnt Superintendent IU

,
I,

I G1obe ~'alVI! 'Fire H"draRt leak Detech on Flouri dati on
I Huntenance

I

Haintenante Illegal Taps Chlorination
I

Unlt , Unlt Unit I Unit

, , 1I Distt! buh on ~htribution Ih stributi on
II- P1pefltter Pipehtter t"! Pipefitter ~ Systel I'" Systel Sy~teJ

, Leader Le~der Leader
!

Leader lead!!r Leader
- -

i

Distribution I~istri buti on istributioll '

'""
Pipefitter

I
Pipehtter i" Pipefithr ~ S·fste. ~ Systell r- Syshl

II I n 9perator Operator ' , Operator
--

I ( I I,
I .

I--
I'H 'Plpefuter to' Heter '" PilleHtter

"" Utility ~ Utility '" ut.il Uy
II 1 ReadeII' :[ Wor~er )lQrter Nortlr _j

10.-, "ehr "" Tradl!5 Pipefftter
~eader Helper ~,

-.

o

o
o



31

Advancement through Source and Supply begins with being assiqned
to a crew leader as a Utility Worker within a water district.
Utility Workers obtaining certification can advance to
Distribution Operator I and II and will be expected to
familiarize themselves with the operation of the water system

Job performance evaluations will incorporate standards to measure
an individual's understanding of the system, and a quota systeln
established for exerCising valves.

In addition to knowing how the system is configured for optimum
operation, the rover will be required to exercise all gate valves
within a given service area on a periodic basis for maintenance
purposes.

When redefining the duties of a Distribution System Operator,
duties will reflect those of.a rover responsible for knowing how
the water system operates within a given area of jurisdiction,
and knowing where every waterline, valve, reservoir, or
controlling device is located and how it is operated Within this
area. Operators will be required to keep a IOQ of system
operations concerning the adjustment of any controlling device,
and an account of time spent on all job assignments.

The entry level into Source and Supply is a Utility Worker, and
does not require certification. Advancement to Distribution
System Operator I or II, or rover, will require certification.
Because this is only a change in the position title and
description, there are no organizational changes resulting from
this r"eassignement.of job duties. Certification of all operators
complies with Public Law 14-31 which requires distribution
operators to possess distribution certification.

2. R~~~fi.!:l~ ~b.tE eQai.:t!'QQ. §!U2 !i.t!.~Qf ~§!~@~ I!:.tE~tm@t1tE:t~'11;.
§\:IQ~r..tlJ.t,.@'1g.~,Qt..!. §.,=~Q@!'::~:t~Qe:.1.1",.@!'Q~t:..t. !.!l~ QQ.@t:.!.tg'=. - The POS1 tinns
beginninq with the title of "Water Treatment Plant •••" shall be
redefined to that of "Distribution System •••". The requirement
for water treatment certification will be replaced ",ith a
requirement for possessing Distribution Certification to reflect
the changes in the job responsibilities.

In the mea~time and until the above position can be created. PUAG
will continue to use the current UOS staff as base controllers
until the new position can be approved by the Department of
Administration and the Civil Service Commission. UOS staff will
continue to coordinate from base control, at the Central Office,
and one of the water managers or section superintendents will be
on call as the Duty Officer to provide superVision and
operational assistance as required. Duty Officers are to be
compensated for all overtime spent for beinq on call and for any
additional time involving supervision or operational assistance.

Qualificiations for an assistant superintendent are ~omplete
familiarization with system-wide operation, and the ability to
communciate effectively.
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o
o
ononrecurring work will be transferred to the

Repair, and Replacement Section. The Construction
be renamed the Recurring I'1aintenanceSection and

Any other
Maintenance,
Section will

o5. 8~!!~a!.gQ!!!~Qt of the Constructi on Section - All construction
performed by the C~n;t;u~ti;;':;-S;~ti~n··-;ill--betransferred to
Maintenance, Repair, and Replacement if it involves repairing
damaqed pipelines or installing service laterals. All other
construction will be bid out for contract.

o
o

o4. ~~~~a~_gQ~1!. G!:Q'..!QQ'§!lj~iQi~Q~a~~ ig §Y.e2~!:i §@!:Yi~~§
Distribution System Operators will no longer perform grounds
maintenance on exposed pipes, reservoirs, pumping stations,
fencing, or building structures. All maintenance will be
returned to Support SerVices. This requires that Support
Services be increased in staff to accomodate the additional
maintenance.

o
o
o3~ 8gg~fin~ sh~EQEi tiRO ~nfl Iis!~ gf ~§l;~!: ?~~~!: 1'1~,!nt_IHO§OS!!

a~P~r:,iD.t,~DP.,~O~.1. q~p.~r-Y.!.~Q!:".3. b@~~.p:!:..s. §os1 ~Q!:!r~r.: ~Q ~.!(J~fij;l;§!!: -
Simil~r in effect to changes made to Water Treatment Plant
Operators, the job position of Water Sewer Maint~nance Worker
must be changed to t.hatof Pipefitter. The change in position
description will incorporate distribution certification as a
requirement for meeting the position description, and more
accurately define duties related to repairing, relocating, and
replacing pipes, valves, and meters of all diameters and sizes.
and include standard installation procedures, disinfection of
exposed waterlines, and cross connection prevention.

o

oAddi'tionalmanpolf/ermust be provided to Support Services if it is
required to repair pumps. The additional manpower must also have
the necessary skills to assemble and disassemble PUAG booster
pumps, and the tools required to do this. Spare parts for pumps
must also be ava'ilablefor repairs made to pumps.. Work on pump
motors can be contracted out, and repair work rendered on motors
Or pumps will be administered by Support Services.

o
nDistribution System Operators will perform minimal mainten~nce

such as cleaninq screens, replacing broken meters or gages~
greasing joints, or fixing exposed minor leaks. All other minor
maintenance will be assiqned to Maintenance, Rep'air, and
Replacement. Any kind of repair to booster pumps will be
assigned to Support Services.

o
o
owithin the crew leader's area of responsibility. Rovinq will be

a mobile position and all rovers can expect to move to other
areas under different crew leaders as f~niliarity of the water
system is gained. The service area for operational
responsibility will become larger as operators Qraduate from
Distribution System Operator I to II~ and on to crew leader,
shiftleader~ district supervisor, assistant superintendent,
superintend~nt~ anrlfinally water manaqer. Filling any position
beyond district supervisor will require an understandingof the
entire water system as a prerequisite.

o
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5.4 Flouridation-Chlorination Maintenance - The final unit to be

Certification will be required to fill Pipefitter or Distribution
Operator positions.

This unit will also be responsible for investigating illegal taps
to decrease losses attributed to non-metered uses.

~,en as many visual leaks as practical are identified and
repaired, PUAG should bugdet for sonic correlation leak detection
equipment.

5.3 Leak Detection and Illegal Taps - A third unit wili be
established consisting of a crew leader and a three others to
check the transmission and distribution system for leaks. To
beqin with, the leak detection unit will visually survey all
waterlines for leaks and investiqate for illegal taps. All leaks
will be recorded and reported to Maintenance, Repair, and
Replacement for repair.

Certification will be required to fill pipefitter positions.

Any major maintenance, relocation, installation, or replacement
of fire hydrant valves or fire hydrants requiring excavation will
be turned over to Maintenance, Repair, and Replacement.

The first task to be completed will be accounting for all fire
hydrants in place on the water system. Once completed, the crew
will keep a log of maintenance performed on all fire hydrants and
dates for exercising valves.

5.2 Fire Hydrant Maintenance - A second unit consisting of a
crew leader and three others will be established to perform all
fire hydrant maintenance including identification. exerciSing of
the fire hydrant valve only, grounds maintenance around the fire
hydrant, painting, inspection, and replacement of worn parts on
all fire hydrants that are part of PUAG's system.

Certification will be required to fill these positions.

5.1 Globe Valve Maintenance - A unit consisting.of a crew leader
and three pipefitters will be established to identify, inspect,
maintain, exercise, repair, and schedule for periodic replacement
all globe valves used by PUAG.

Work duties to be done by these four subsections can be performed
during the day and will not require a swing or graveyard shift,
and can be done with the staff already within this section. The
duties for each subsection are described below.

four subsections will be established to perform valve
maintenance, fire hydrant maintenance, leak detection and
investigation of illegal taps, and flouridation-chlorination
maintenance. Figure 11 shows the organizational change to occur
within this redefined section.

o

o
o
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o6.5 Globe Valve Repair: All work on globe valves requiring the
use of heavy equipment to replace or e~<tract globe valves will .be
coordinated through Repair and Replacement; however, fixing the
globe valve remains the responsibility of the Globe Valve Unit.

o6.4 Leaking Waterlines: All leaks identified by the Leak
Detection! and Illegal Taps Unit ..,ill be reported to Repair and
Naintenance~ Repairing leaks then becomes the responsibility of
Repair and Replacement.

o
o

Fire Hydrants: Fire hydrants which cannot be
place by the Recurrinq Maintenance Section will be
new hydrants by Repair and Replacement and damaged
to Recurring r-1aintenance for restoration.

6.3 Damaged
repaired in
replaced with
hydrants given

oinoperable
Replacement

6~2 Broken Valves: Valves identified as broken or
will be reported by Source and Supply to Repair and
for repair if salvagable, or replacement.

o
oRepairs: Emergency repairs to broken

distribution lines effe~ting large service areas
priority with respect to other assignments from
within the Water Branch. A~sessment of repair
coordinated through Source and Supply and the

Disinfecting repaired pipe will be standard
making pipe repairs and recorded on ~.,orkorders.

6.1 Emergency
transmission and
will have high
other sections
needs will be
·Di5patchers~
procedure in

o

o
o

Outies performed within this section ..,ill encompass the following
Idnds of work typifing the relationship between Repair and
Replacement and the other sections:

o
o6. ~@Q~f~QgQ~t~~§ ~g ~~ E~~!Q~m~~~itQ~ntlg~Qt~Q~n~@~~~Q~~~~

~ng B~Ql~~§m~n~~~~tiQn All nonrecurring work will be
performed by ·the Naintenance, Repair, and Replacement Section
which will be retitled the Repair and Replacement Section. The
internal organizational chanqe increases the number of shifts
coincidinq with the hours of Procurement and Supply) and provides
two main'tenanc:e..,orkers for each Water District, and a spare unit
-for emerr-genci es on hoI i days or wee'~ends. The change to this
sec'tion and new job position titles (pipefitters) are shown in
Fi.gure 1.0.

orecurrinq
supervisor
and labor

a quarterly
subsection
equipment,

Common to all the units mentioned above,
work schedule will be su~mitted by each
with an estimation made for materials,
required to perform their duties.

o
o
oestablished under the Recurring Maintenance S~ction is a unit to

replenish flouridation reservoirs and replace chlorine cylinders
at locations where these are installed on the water system.
Currently, Source and Supply replenishes and replaces these
chemicals and the crew that performs this Hork consisting of a
work leader and seven others will be transferred to this section.
Certification will be a requirement for pipefitters or
distribution operators filling these positions.

o



9. ~~ll t12i.Qt@1'12Q£~ I~~,nQi.~!'~Q- PUAG's contract ~or well
maintenance needs improvement by assigning two trained employees
familiar with routine pump maintenance and the location of PUAG's
86 production wells to oversee contract administration. These
employees would ~~eepfiles on all previous and future records for
each well included in the maintenance contract. A collateral
duty will be to measure pumping efficiencies at all wells and
schedule routine preventive maintenance for the production -well
pumps and appurtenances. As part of a preventive maintenance
program, those filling this position will see that required spare
parts are kept in supply.

8. ~~~~t:.Qt~tt:.!'Q~~iQn~~t:.tifi~~i!'Qn- It is highly recommended
that certification within the Water Branch and the Operations
Division pertaining to the water system be correlated to salary
level. Figure 12 shows the level of certification and position
title that PUAG's Water Branch should achieve in conjunction with
changes in job positions mentioned above and below. PUAG must
meet minimal certification of those in charge of water
distribution if it is to comply with Public Law 14-31, and all
positions beginning with pipefitter or distribution system
operator will be certified. If position ~escriptions are not
rewritten to include certification as a requirement, it is
doubtful if salary level can be related to certification, nor
will there be any incentive to acquire certification as employees
rise through organization.

Data Base_ and electronic spreadsheet software for a personal
computer compatible with existing computers should be employed as
part of the plan ,fordeveloping a cost accounting system.

7. e~C.t21 1~§_qQt:.1\!.!J.Q. Sgl,,!j..Q.!!!~Qt.~Q~i &~£Q~mt.!'Qg ~'t~t.~'1! - Repair:
and Replacement should establish a method to account for parts
and equipment used for work assignments so that costs can be
assigned to specific work items such as labor, parts, tools, and
heavy eqUipment. It is highly recommended that a cost accounting
system be developed by establishing the position of planner
estimator who develops a bookkeeping system used to estimate
future working eMpenses and develop production standards.

6.7 Meter Installation7 Relocation, and Repair: Coordinated
through Meter Services7 Repair and Replacement will help install,
replace, or relocate water meters when this worlt cannot be
performed by meter services alone. Deep excavation is an e:-:ample
of when Repair and Replacement will be required to help with
water meter repair, installation or relocation.

6.6 Service Laterals: All new pipe installation except for new
service lines or service connections should be contracted out.
Repair and Replacement will still install small reaches of
service laterals for customer hookups. The need for thase will
be coordinated through Meter Services Section and the Engineerinq
Div1sion.
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FIGURE 12

RECOMMENDED DISTRIBUTION CERTIFICATION
VERSUS

LEVEL OF RESPONSIBILITY
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2. fie@ !DY~ntg~y- All pipeline used by PUAG for distribution
should be inventoried and records kept o-fthe locat.ion, length,

Water transmission and distribution maps should be updated and
assigned a number and date for reference. During working hours,
all Supply Section rovers and maintenance operators should carry
and updated version of transmission and distribution maps within
the areas of their responsibility.

1. §Y§.~~m ~!Q~- It is recommended that a set of updated maps be
developed at the earliest possible date to show the location of
existing transmission and distribution lines, and service
laterals; the size of these lines; the type of pipe; location oc-f
all gate valves, globe valves, and other hydraulic appurtenances;
all reservoirs; all booster pumps; and the location of any master
meters situated on PUAG delivery system.

Recommended Management Changes

11. Gg~e!!~D5~~i~b~bgBg£@~CiD~!D9~~!@~A.£5 - PUAG needs to
comply with the Safe Drinl,ingWater Act by informing areas found
to be contaminated of the potential problem. PUAG needs to
establish a mechanism where laboratory results of contamination
are confirmed, the affected area located, and the problem
reported to residents in the affected areas in an effective way
without causing undue alarm.

Complete autonomy is highly recommended and would allow PUAG,
among other things, to combine DOA Support Staff with Customer
Services and Meter Services and eliminate the overlapping of
functions bewteen PUAG and the Department of Administration.

PUAG and Meter Services recognizes the expense and problems
caused by recurring damage to water meters and the problem of
illegal taps, both in the category of account and i11e9a1
connections. Solutions to address these problem are required and
is the primary reason for creatinq the Leak Detection Illegal
Taps Unit under the Recurring Maintenance Section (see
Recommendation 5 and 5.3 above).

Fiq'-Ire13 shows the organization of the Administration Division
incorporating Meter Services.

10. i;grogtni.Q9 t;ld~tgm@r. §~-:.~!.!;.@ ~i!;h tl!!!t@r: §!!r.~i.!i~~ - PUAG will
remove Meter Services from the Water Branch and place it within
the Administration Division under the Finanical Affairs Branch to
en~ble Customer Services to be more closely associated with Meter
Services. Meter Services will continue to operate as a section
providing the same services as it does now. The only
organizatian~l change within this section will be changing the
position of Water Sewer Maintenance Worker to that of Pipefitter
to include certification as a prerequisite for filling the
position.
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FIGURE 13

METER SERVICES SECTION
REORGANIZED UNDER THE DIVISION OF ADMINISTRATION
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Rovers will be responsible for keeping performance records on all
booster pumps so that when poor performance is encountered prior
to pump failure, arrangements can be made for repair. Pump
performance records should be maintained at each booster pump by
rOvers for monitoring pump performance.

s. ~992tgC eYm2~- It is recommended that all major maintenance
on pumps no longer be performed by Source and Supply. All major
maintenance will be performed by Support Services. Rovers would
not perform any service other than notifying base control of
problem pumps. It would be the responsibility of base control to
contact the proper authorities within the Water Branch so that
Support Services can be scheduled to service the pump.

4. k~~g~~~~l~§~~@~@l~@~~e~- Where many gate valves occur in
a small area, larger scale maps should be developed to show
valves corresponding to distribution mains, booster pumps, PRV's,
service laterals, or bypasses for easier valve identification.

, "

All gate valves should be exercised at least once a year. This
can be accomplished if an inventory of valves exists, the
exercising of valves is scheduled as part of the rovers',routine
duty and rover performance determined by a Quota system for
exercising a certain number of valves. The date of exercising
and the condition of valves should be recorded every time a valve
'is e,.:ercised.

A record should be established for each gate valve on PUAG's
system to show the valve's manufacturer, size, number of tUrns to
open or close, date installed, and other maintenance performed on
the valve. In addition, the record should show the date when the
valve was last exercised and be used to schedule periodic valve
e>:ercisee

Once valves are identified in the field, the positiOn of the
valve, open or closed, should be noted at all times and kept on
record at the dispatcher's office. Based on the opening and
closing of valves, standard operating procedures can be
established for system operation. This will help rovers I~now
what the status of valves are and allow them to make the correct
changes for efficient system response.

3. §~t~ ~~!.Y..~ !!;t~Qt!.i!.~~t!'Qrr.s. QQ.~t.~t!'Qf.l.s.~Q.Q !.Q~~QtQt'.~ - It is
highly recommended that, in addition to developinq maps showing
the location of gate valves on the distribution system, all
valves be designated and identified by a coded system. Valves
should be identified by number or letter and identified as such
on maps. Likewise, valve bo):esshould be painted or mar'~edin
the field for easy identification.

manufacturer, contractor, depth, size, date installed, and
location and frequency of leaks and repairs. These records
should then be periodically reviewed for planning and budgeting
purposes to replace worn sections of pipe, or pipelines with
insufficient capacity.
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Training should be directed towards improving the technical
understanding of the water system, how to better manage the'work
loads and staff available, and how -tomanage construction contr-acts.

Recommended Training

7. tl~t~~ ~~ltq~@tiQn - PUAS must budget for an adequate
calibration laboratory and staff to calibrate all meters used by
PUAG. In addition, a preventive maintenance program should begin
in conjunction with an adequate calibration laboratory to
periodically check the accuracy of registering meters to insure
that PUAG is not under-regis'tering water consumption.

Records must also be kept of the cathodic protection installed
for each reservoir and this protection must be inspected on a
scheduled basis for effectiveness or replacement;; The e)~terior
and interior coatings on the reservoirs must be inspected
periodically, touched up where necessary before corrosion occurs,
and budgeted and scheduled for repainting.

6. ~~~~~~gi~~- One of the first indications currently used to
gage the stability of the water system is the rate at which
reservoir levels fluctuate. Demands made on reservoirs are also
important for understanding daily use patterns~ For both of
these reasons, reservoirs must be monitored at all times. PUAG
mUst investigate a possible telemetering program to record the
level of reservoirs throuqhou.tthe day'and at all reservoirs.
These data should be Ir"'ecordedfor statistical evaluations and
presented to managers and superintendents for evaluating system
operation_

It is also recommended that Engineering Division"s design and
reView of new pump stations be coordinated through the water
branch to insure that the pumps fit into the planned operation of
the water system and not vice versa. Likewise, the Water Branch
should review specifications for pump replacements with
Engineering to insure that a pump suits a system curve prepared
for the replacement pump.

Records kept on booster pumps and motors wi11 be I~ept at the
booster pu~p station for reference, and also kept in rover"s
reports for office records. Based on these records, periodic
maintenance should be scheduled on all pumps to replace worn
bearings or seals and inspect other pump par'ts before failure
occurs.

The performance of pumps ..,i11 be measured weekiy by rovers
testing for wire to water efficiency and discharge to capacity
pumping. In addition, Support Services should be provided staff
to measure electric loads an all booster pumps at least weekly.
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2. ~@Q@g~m@Q~ Ic@1nlu9 - Management training should be directed
towards learning supervisory skills, and techniques for budgeting
time and personnel to the maximum benefit of the Agency. It is
highly recommended that staff members within the Operations
Division attend annual meetings held by profeSSional societies
and associations such as the American Water Works Association .to
keep abreast of available technology and to exchange ideas on haw
to manage a water system with other water utilities.

1.6 Waterline Repairs: Standard methods for waterline repair
including excavation, shoring, replacement, coupling, backfill,
tamping, and road cover need to be reviewed periodically.

1.·5 Pump Desiqn, Selection, and Operation and Maintenance:
Training is required to teach rover$ about pump selection and
operation, how to measure pump efficiencies. and how to evaluate
normal operation. Those who repair or maintain pumps before they
break down on the advice of trained rovers can be taught how to
replace worn parts so that the useful life of a pump can be
extended and costly back up pumps can be reduced in number.

1.4 Globe Valve Operation and Maintenance: The majority of
hydraulic controls in use on PUAG's water system are globe
valves. Pump control valves, no-slam-slow-closing check valves,
pressure reducing valves, pressure reducing and sustaining
valves, and altitude valves are all a type of globe valve and
many are in a state of disrepair. Training to understand and
maintain these valves will improve their performance and this
will translate into improved service to customers and reduced
inventory for new valves.

1.3 Fire Hydrant Operation and Maintenance: This ca'tegory of
training would be most profitable and economical eliminating some
of the waste attributed to replacing defective hydrants with
totally new units. The majority of fire hydrant defects are
limited to leaking valve seats, missing caps, worn valve stems,
defective threads on hydrant butts, all of which are repairable
without replacing the entire unit.

1.2 Oeepwell Construction, Operation, and Maintenance: A person
selected to administer the deepwell maintenance contract should
be trained to understand deepwell operation and maintenance to
insure efficient operation of PUAG's production wells.

1.1 System Hydraulics: Specific hydraulic operation of the
system should be taught and should include a brief course in
@lementary hydraulics. The course should include a description
of PUAG's system as a whole and how it operates in general, it·s
operation within the three districts, and the function of
hydraulic features within these districts.

1. I~.c;.UQi.c;.~lIC!!!"Q!.o.g - The foIlowing is suggested as recommended
technical training for employees who are responsible for
operatin~ and maintaining the water sys~em.
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3. ~gQ~i~~~~1Qn~2Qsgm~Q~I~~iU~Qg_.This is recommended for the
Engineering Division which wIll assume responsibility of
contracted construction projects. While the En~lneering rrlVl~lon
has exper)ence in managing construction pro)ects, addit)onal
staff will be needed to undertake work under contract~ and new
staff must be tr~lned to manage new construction pro)ects.

o
o
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With Civil Service Commission approval, additional funds for
salary amounting to apprOXimately $110.000 will be required.
Funds for these positions must be appropriated by the Legislature
be-fore they can be advertised and filled. The process to seek
supplemental funds, advertise the pOSitions, and fill them is
approximately 2 months. Seeking funding for these positions is
the responsibility o-fDeputy Director and Chief Officer. Filling
the positions is the responsibility of the Personnel Officer, the

Drafting a job description and obtaining approval through. the
Civil Service Commission is estimated to take three months. This
is the first milestone for completing this recommendation. The
Water Branch Manager and section superintendents will be
responsible for draftinq these jOQ descriptions. The process of
obtaining approval from the Civil~ervice Commission is that of
the Personnel Officer and Chief Officer at PUAB. Final approval
of the new positions is a decision made outside of PUAG's
responsibility~ Final approval for the position is tarqe·ted
for March 1987.

1. ~C!3'@~Q!!j;!:Q! Y!!i..t - To begin with, the pOSition of ASSistant
Superintendent for each of the Sections within the reorganized
Water Branch (three for Source and Supply, two from Repair and
Replacement, and one from Recurring Maintenance) must be created.
Based on the salary level and degree of responsibility of this
pOSition, Level 2 Distribution Certification will be a
requirement to fill the position.

Implementation of Organizational Recommendations

To complete all recommendations, PUAG requires approximately
three to four years to pursue the objectives stated in the
Implementation Schedule. The overall cost to accomplish the
recommendations is estimated at an additional $637,540 in capital
costs and $784,700 in annual costs. The cost per recommendation
is estimated in the Implementation Schedule.

A schedule showing a step by step approach to implementing each
recommendation follows after the general narration given below.
Each recommendation is given in terms of its function
<organizat~onal, management, or training) and is further broken
down into activities leading to the implementation of the
recommendation. Lead units responsible for performing each facet
of a recommendation have been identified as are other responsible
units within and outside PUAG. Beginning and ending dates,
activitiy durations, and estimated capital and'annual costs are
included.

o
o
o

o
o
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oThe Water Branch Chief, the Personnel Officer, and the Chief
Officer are responsible to see that this is carried out. This
recommnedation can be implemented by September 1987. Again, the
Civil Service Commission and the Department of Administration

o
o3. B~g~!in@tb~~@t~~§~~~~ Egai~~QQ~n~Iltl@- This title and

position need to be changed for the same reasons as stated above
for Water Treatment Plant titles. Certification is required when
handling the water distribution system and must become part of
the position description. The cost to PUAG is minimal and
amounts to staff time only because no additional manpower or
positions are created.

o
o

oThe position of pump mechanic will have to be created and
approved similar to other positions described above. A
supplemental appropriation will also be required from Guam
Legislature to provide funds to increase staffinq levels within
Support Services. This recommendation could be implement by
December 1987.

o
oStaff levels in Support Services must be increased by 11 to

incorporate these additional responsibilities. A unit of t"so
employees, one electrician and pump mechaniC, will be required to
service and check booster pumps used in water conveyance only_ A
unit of 9 employees, three for e~ch water district, are required
to perform grounds maintenance on all water conveyance and
storaQe facilities. The additional cost in terms of staff will
be,approximately $200,000 per year.

o
o

o
D

The intent of PUAG's management is to maintain the sa1:ary level
of the Distribution System Operator equal to that of the Water
Plant Operator. The impact of redefining this position is
neQligible in terms of additional cost to the Water Branch~ The
impact of redefining this pOSition does not impact the number of
staff within Source and Supply, Recurring Maintenance, Repair and
Replacement, nor Meter Services; but will require Support
Services to increase in si~e in order to provide grounds
maintenance away from the Central Office and the Laboratory, and
to retrieve, install, service or repair booster pumps.

o
IJ

2. B~g~£lQ~ !;b~ W~S~r.:Ir:§!.~~m~n.tEl.~n.!; E9.§i!;iQ.D ~.rP- Ii!;!~
Implementation of this recommendation is dependent on Department
of Administration and Civil Service Commission ap~oval of the
position description. It is the responsibil~ty of the Water
Branch Manager, Assistant "'aterIManager, the Sotrce a r-,:I S t..P piy
Superintendent, and the Personnel Officer to draft a position
description of a Oistribution System Operator I and I1. Three
months will be necessary to draft the position .of Distribution
System Operator, and seek apprbval of this position.

o
o

Superintendents of each section, and the water managers. Bas;j9
control could be functioning by September 1987.

o
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Recurring
soon as

can become

In summary, there is no .cost to organize the
Maintenance Section, and this can be done as
reorganization procedures are completed. This
implemented by July 1987.

will be required for the
Eight employees from Source

to Recurring Maintenance to
be accomplished as soon as

No additional amount of funding
flouridation and chlorination unit.
and Supply will need to be moved
implement this change. This can
reorgani%ation is approved.

Reorqaniza·tion requires a 30 day notice and public hearings if
the structure of this section is changed. Organizational change
is not dependent on redefining position descriptions, and will
require two months to implement. The water branch managers,
construction section superintendent, Deputy Director~ and Chief
of Operations are responsible for seeing that these changes are
put into effect.

- Reorganization
duties of the

11. Changes

5. B~g!:g~!Ji:g_.~t'!Qng! j;b~ ~QDaj;!:'ysj;ign §~~j;ign
of the Construction Section to perform the
Recurring Maintenance Section is shown in Fiqure
have also be made to position descriptions.

The recommendation can be implemented by December 1987 and the
cost has already been identified within the implementation of
item 2 above ($153,000 out of $200,000).

the responsibility of the Personnel Officer, Support
Mananger, the Deputy Director, and the Chief Officer to
positions are created and filled. A supplemental budget
will be required from the Legislature to accomodate this
It is estimated that 3 months are required for seeking

and justification for the new jobs.

It is
Services
see ·that
request
chanqe.
funding

4. B~@~!?-!.gll ~.!J.. §r:C2YIJ.Q§ tt~tat,!Q!!Qt;,€t ~Q !;:l~I_g.QQr.1; s..§,=.~t~Ji?
Removing yrounds maintenance from Source and Supply will require
9 more positions be created within Support Services. Three
teams, one for each water district, are required to perform
continuous ~aintenance.

must approve of the changes before implementation can occur.

o

o
o
o
o
o
o
o
o
o
o

o
o

o
o

o
o

o

6. B@q@fint ~~@ 8~2@i~@QQ 8~2le~@m@n~§g~~ign- At the same
time that Recurring Maintenance is undergoing organizational
chanqes, Maintenance, Repair, and Replacement can be reorganized
to become the Repair and Replacment Section. It is estimated that
to maintain the water system and respond to emergencies with
respect to ongoing organizational changes, 18 additional staTf
will be required, with additional vehicles, tools, and equipment.
The increased cost to improve Replacement and Repair Section is
estimated at $305.000 for salaries and operational needs, and
$167,000 for new vehicles, tools, and eqUipment.o This recommendation can be implemented by the end of October
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o
oUtlimately, it is the responsibility of the Chief Officer, the

Chief of Operations, the Water Branch Manager, and Section
Superintendents to see that certi~ication becomes a necessary
element in filling positions, and that higher levels of
certification are directly related to higher levels of

o
oThose not certified or not meetinq targeted certification at this

time will be allowed to retain their positions; however, filling
future job vacancies will strictly adhere to position
descriptions and required certification.

o
o
o

Figure 12 shows the targeted certification level assigned .to
various levels within the Water Branch. Meeting these levels of
certification is dependent on changing position descriptions to
require certification at the appropriate level. Changing the
position descriptions wili be done by the Water Branch Manager
and Section Superintendents. fmplementation of these new
pOSitions is dependent on Department of Administration and Civil
Service Commission approval.

8. ~~t@!:. gi§t~iqytiQQ i;~ctifi~~~iQn - Efforts are currently
underway to get as many Water Treatment Plant Operators certified
as possible using staff within PUAG to provide training.
Implementation is required by law and PUAG is making every effort
to· require that job descriptions be changed to include
"distribution certification as a qualification.

oIt is estimated that this recommendation can be implemented by
November 1987.

o
o
oPo~itions of planner estimator and planner estimator aide will

have to be created and supplemental funding for these requested
from the Legislature. Five months will be needed to draft
position descriptions, obtain approval from the Department of
Administration and seek supplemental funding. Once the position
planner estimator has been filled, the first responsibility will
be findinQ suitable sof'twareestimated to take one month.

o
oSoftware will cost between $500-$1,000 and two people will be

assigned to conduct cost accounting dL~ies. The person assigned
to this job needs familiarity in utility planning, accounting,
and accolnting and experience in waler utility O&M. The second
person assigned to this position will serve as a technical aide
and can be trained on-the-job. Annual salary for two people is
estimated at $40,000.

o
o

7. EC!t:"J;Jh l:~q2!:..s. ~'1~. ~(~L!A~~.f'!:. i;Q§t t:\~C;;_Q~mt!'Qg§~§i~m
Basically, all PUAG needs at this time to begin a cost accounting
system for parts, labor, and eq lI:pmentis a software program to
run on a Wang System aIS 61, and SQmeone assigned the
resR:msibility of maintain'lrgtt-eserecords and applying the
resu1ts for operatianal and maintenance to:kM> needs.

o
o1987.
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Activities to review the Safe Drinking Water Act are shown in the
implementation schedule and the review process is estimated to be
complete by the end of May 1987

11. C.Qm2l12Q~@~i~n tn@ §gi~ Qcin~inq ~~t~~ a~t - PUAG
implements a process where villag~ commissioners are informed of
diagnosed contamination within the water system at this time.
This mechanisms informs the public without creating undue alarm
and has been accepted locally as complying with the law.

...ater
months
Meter

charge

PUAG is exploring ...ays to address the problem of damaged
meters. Plans are being formulated within the next three
to implement a program to reduce this problem. The
Services Section Superintendent and Chief Officer are in
of this program.

Changes within the Water Branch and the creation of a Leak
Detection - Illegal Taps Unit within the Recurring Maintenance
Section addresses the need to reduce and eliminate this problem.
Implementing this change has already been discussed above
(Implementation Item 5).

Support
autonomy

Combining Customer Services, Meter SerVices, and DOA
Staff is totally dependent on PUAG achieving complete
and subject to the decision of the Administration.

10_ ~gm.I:!j..niD.g {;!J§j;Q!!I~!: ~.@!:~i£g ~lj;b t,tgj;!!!: §~!:YiS~§
Transferring Meter Services to the Division of Adminstration will
take place immediately subject to announcing the change and
holding public hearings at PUAG to make the change official.
Fiqure 13 shows the organizational change for Meter Services.
This can be accomplished by August 1987, and is the
responsibility of the Chief Officer, the Personnel Officer at
PUAG, and the Meter Services Superintendent. No additional costs
are needed to effect this change.

9. _~~lJ t1!1!ilJ~,~Ds!D!;g T~s;!J!JiS;!~D - PUAG has a trained v...ell
maintenance technician working within the Systems Analysis
Branch. In addition, the Systems Analysis Branch at PUAG has
bequn a program to measure well efficiencies and serves as a
bacl'-llpfor the l'lellmaintenance technician. These improvements
are ongoing and are the responsibility of the Chief Engineer and
Systems Analysis Branch Chief. No additional funds are needed at
this time for completing this recommendation•. Much of this
recommendation is already completed.

This recommendation can be implemented by April 1987.

responsibility, management, and salary.

o
o

o

o
o

o
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2. flag !D~.n~gC~- Concurrent with the developmentof the system
maps, all pipelines and pertinent information related to them is

The Systems Analysis Branch has already completed the Finegayan
Service Area and it is under office review. Surveying the Vigo
Service Area is proceding and, because of the extensive area
served by 2-inch waterlines, will require an extra 7 months. The
Chief of the Systems Analysis Branch is responsible to see that
these areas are surveyed and system maps updated.

Each area requires 3 months of field verification, data transfer
onto system maps, and office review. Service areas where many
unknown 2-inch waterlines exist wli; require an additional 1 to 3
months to complete. These are areas 1, 2, 3, 9, and 10. The
above dates are the targeted completion dates per service area,
however as waterlines are discovered or as development occurs,
systm maps will have to be revised.

10. Agat and Santa Rita, Asan, Piti, Nimit~ Hill,
Adelll:tp

12/88-2/89

Vona, Talofofo, Malojloj, Inarajan, Meri%o,
and Umatac

Mangilao

Agana Heights, Sinajana, and Chalan Pago

Agana

Tamuning Tuman

Barrigada

Oededo

Vigo

Finegayan

9.~t.@

1-3/86 1"

4-12/86 2.

1-3187 "7'~.
4-7/87 4.

8-11/87 5..,

11187-1/88 6.

2-5/88 7.

6-7/88 8.

8-11/88 9.

For data colI'ectionpurposes, the water system has been divided
into 10 service areas as follows:

1. §~~t~m ~~e~ - PUAG is in the process of collecting
information on its water system to update inaccurate system maps
developed in 1975~ Implementating a program to update system
maps will require at least four years and should be completed by
July 1990.

Implementation of Recommended Management Changes
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A detailed description of activities to complete for recommended
training is given in the Implementation schedule. Training is
estimated to cost $88,500 per year. Without adequate training,
it is doubtful that employees will improve their skills and
improve the condition of the water system.

Implementation of Recommended Training

7. ~@t~c~2liQ~~~1g~- PUAG will request money for a calibration
laboratory in the fiscal year 1987 budget. Implementation of a
program to use a larger calibration laboratory should be in
process by October 1987, assuming funds are forthcoming.

6. B~§~~~gl~~- Implementing this recommendation is dependent on
the reorgani4ation of the Water Branch and Support Services, and
obtaining approximately $375,000 to purchase a telemeterlng
system and $25,000 annual maintenance charge. If Administrative
and Legislative approval is obtained this recommendation can be
implemented by August 1987.

5. @QQ~.t;~!: e~me.§ - Implementation of this recommendation is
dependent on the reorganization of Source and Supply and Support
Services. The maintenance and monitoring of booster pumps is
related to organi4ational changes and can be completed by ~pril
1988.

4. ~~~g@ §~~i@ §~t@ ~~i~@ ~~Q~ - Implementing this
recommendation is related to updating system maps, and follows
the same completion schedule. The Source and Supply
Superintendent, Water Branch Manager, and Chief of Operations
will be responsible for completing these maps. This
recommendation can be completed by June 1990.

An inventory of all valves shown on existing system maps will be
completed by September 1990. Initiating a valve maintenance
program is dependent upon the restructuring of the Source and
Supply Section. The Section Superintendent, Water Branch
Manager, and Chief of Operations will be responsible for
completing the inventory.

3. §~~@~~l~~19~Q~lfi~~~lQQ~Qe~~~tlQQ~~Ug !Q~@Qi2~~- PUAG is
commited to finding all valves on its systemy create an inventory
on them, and begin a program to exercise valves within the next
year. With the assistance of the Systems Analysis Branch, the
Source and Supply Section is responsible for identifying,
recording, and exercising all known valves.

being collected and recerded. This task has been undertaken and
is the responsibility of the Systems Analysis Branch. Completion
dates for this inventory are the same as for completing the
system maps mentioned above. This recommendation can be
completed by April 1990.
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A.2. Within Source and Supply Section, rename and re-define
position descriptions ano joo factors incorporating
water distribution certification as a requirement for
distribution operators, in an effort to achieve better
m.IICL'd.III.nt 4nd opel-Clti onA1 c~ntro 1 o"'or tl-lo wator
system. Pos'~ion descrip~1ons for this section may be

o

The Contro1 Center wi'l be housed within the remodeled
water and sewer operatlone building. It wil1 be manned
around th~ ~'n~k hy bath watar and wastewater person­
nel. Telsmetering of PUAG water and wastewater facili­
ties are a part of the Control Center plan. New posi­
tions are being reviewed and created concurrently with
the development of the center. The Control Center
began limited operation with 10 reservoirs on 11ne in
January 1990 from a temporary location within the
Operation and Maintenance bu,lding. Instal1at10n of
the telemetry equ'pment began late in calendar year
1989 and 18 approximately. Currently all 21 water
reservoirs are on line along. Al' sites should be on
line by the end of Fiscal Year 1990.

o
o
o
o

A.1. Establish a Classifledt fully funded position to man­
PUAG Sase Control.o

Overall Responsici11ty: Office of the Chief Officer,
Water Operations Division
Manager, and Water Sectional
Superintendents.o

o

Overa 11 Goa 1: To better dafi ne the jOb func­
l.. ivn~ f'.::ii~ the water oe e ...~t.i one
Division, recognizing the need
to initiate and perform pre­
yontstivQ ma1ntQn~n~o in n~rl~r
to reduce long term operat10n­
a1 expenses.o

A. Organizational Recommendations:
o
o
o

July 31, 1990o

status of Tasks ;n the
Implementation Schedule for the

Operation and Maintenance
Management Plan
Water Branch

Public utility Agency of Guam
o

o
o



o
o

o
2.

No action has been taken on this item. Additional
consideration will be given this item over the next few 0
months as we asse8S how the current organization is
working and what additional staps might be taken to
improve it even further. 0

o
o

o

o
o

o
o

o
o
o
o

o

o
o

Designate all ground maintenance to Support Services
Branch to eliminate this function from Source and
Supply and consolidate a" ground maintenance within
Support Services.

Classes in waste water plant operation were given to
PUAG employees by the firm of GMP Associates, Inc. in
connection with the startup of the new treatment plant
near Inarajan.

WA "''''VA rc:awI"'1t:t.An the oosition descriotions of waste
water operators and included cert1f1ca~ion as a prereQ-
uisite for employment.

See Item A.2 above.

Redefine water and sewer pOSitions and titles to 1ncor­
porate distribution certification in the requirements
to f11' these posit10ns, to more accurately define
duties related ~o repairing, relocating, and replacing
pipes, valves, and meters I and to include standard
installat10n and disinfection methods as ~art of job
responsibilities and evaluation criteria.

The Water 9ranch has been reorganized into a division
and is now tne Water Operations Division. In-house
training of Wa~ar Distribution System Operators began
on September 28, 1988. The first clas9 was completed
on February 15, 1989. Three addit,ona 1 classes have
been completed. A total of 43 PUAG employees have
successfuliy completed one of the first four classes.
Seventy-nine (79) students have attempted the classes;
56 from PUAG, 13 from the Andersen Air Force Base, and
10 from the Navy Puclic Works Center. In total 64 have
successful'y comoletea the course. We have rewritten
the pos,tion descriPt10ns of the operators to include
cer~'ficat1on as a prerequis1~e for employment.

~pp11o$b'e to other saction~ where emploY4eR m8nipulate
d;s~ributlon cr system features for repair or replace­
ment purposes.
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See item A.2.

Water distribution certification is-reQuired by law.
The objective here is to incorporate cert1f1oation into
all positions that are responsible for the distribution
of and quality of water.

The contract for this system wae signed on September
30, 1988 and the system has been installed. Training
of PUAG personnel to operate the system has been com­
pleted and the system is fully operational.

A parts, labor, and eQuipment cost accounting system
and capable staff are reQuired to build a data base for
estimating actual operating costs associated with
maintaining the water system, and to provide a basis
from which to project expenses for recurring work and
to a certain extent emergency repairs. .

This has been accomplished, We have reViewed, reclas­
sified as necessary, and rewritten position descrip­
tions for this section.

Redefine the functions and duties of the MRRS to that
of Replacement and Repair Section (RRS) in order to
oonool;dato ~11 ~opair~ and rQPlacQm~n~ nf n'nA1ines.
valves, and other heavy appurtenances to this section.
Certification will become a prerequisite to f1";n9
positions of r~sponsibi'ity where disinfection is
required when performing repairs or replacements to the
water system. Additional staff (18 addi~;ona' pipe­
fitters) are required in order to perform the work
being re1inquished by the reorganization of othe~
sections.

This has been accomplished. We have reviewed, reclas­
sifled 8& necessary, and rewritten position descrip­
tions for this section.

Rename the Construction Section to that of Recurrlng
Main~enance Sec~1on CRMS) ror the purpose of establish­
ing a section within the water branch to routinely
maintain the fo',owing:

a. all globe valves,
b. fire hydrants,
c. fluoridatlon-chlorinat10n units, and
d. conduc~ ieak detection and illegal tape in­

vestigations.

o
o
o

o
A.S~

o
o

A.1.o
o
o

o

o
o

A.5.

o
o
o

o
o

A.5.o
o



o
o
o

o

o
o

o
o

o
Such a mechanism is now in place.

o
o
o

Meet cemot iance With the Safe Drfnk ing Water Act (SOWA)
by provfd1n9 a mec~Qn1Gm ~o inform affoetad watQr users
of conf,'rmed contam'inat"on within the distribut.ion
avstam, and ste oS to be taken to restore aerY 1ce af­
fected are as •

o
We have dec 1ded net t.o imp'lement th; s re ,c;ommendation
because it 18 not needed since insta'lat.ion of the
F,nancial Management Informa~ion System. We now have
better coordtnat1'on between these functions.

o
o

Combfne Meter Services w1th Customer Servtces to better
coordinate the activit~es of meter installation, d1S­
connect' on ~ and re tccac ; on with br l l ; ng a na:I account; n9 I

all combfned under PAOM.

o
oThis item has been completed. Aiso ~ the well mainte­

nance contract expired C~ September JO, 1989. We are
perform1'ng th,.s func~.."on In-house. The organizatl'onal
changes necessar y to a eccmc 1 ish .,.,e11 mai n tenance 1"­
house have been 'imp1e nented •

o
oMove the we'l Maintenance Tecl"ml"c,'a.nto SAB and adlT1in­

~ter well maintenance contract from SAB.

A.'11.

A. 10 ~

A.• 'e,



o
"D

o
o

B.3. Identify Gate Valves on the water system, oreate inventory
of gate valves. and perform preventive maintenance by exer­
cising valvee on an established schedule.

We are conSidering the use of an American Water Works Asso­
c1a~ion computer software for this purpose.

This item is an ongoing part of the system mode1ing effort.
Modeling of the PUAG water system i& completed. The model
will be 1ntegrated with·the CAOO system (see item B.1 above)o

o
o

8.2. Develop an inventory of pipelines used by PUAG for water
transmission and distribution.o

o
o

This item has been completed. However, most of the maps
must be further updated as the computer mode' is used to
analyze the system and the pipeline inventory is completed
(see item 8.2). We are participating in a Guam Government
wide task force to plan and implement a Geographic Mapping
System wh,ch would be used as a common base for all Agencies
for map product,on. Also we have begun the necessary pro­
curement procedures for installation of a Computer Aided
Design and D~afting System (CAOO) wh1ch wi" be used in part
to complete the update of ~he maps~ The CAOO system should
be installed before ~he end of Fiscal Year 1990.

o
o

Update system maps to show where all Plpelines, valves,
globe valves, reservoirs, pumps, wells, and other
o~r~~~~'a~ ~r ~~y,~OO po~tinont ~o ~h. ~~oduo_40" ~~d
distribution of water.

o
o

Overall Responsibil~ty: Office of the Ch~ef Off1cer,
Chief of Operations, and Sys­
tems Analys1~ Branch,

Overall Goal~ TO Update the Knowi'edge of the
wat.er syst.em and comm+t 1t to
maps. drawfngs, microfiche,
computer fr~e, or some otner
means of storage for reference
purposes.o

o

Management Recommendations:B.o
o

o



o
o

o
o

o

8.7. Budget for a larger meter calibration lab so that meters of
all sizes can be tested and that capacity exists to begin a
program to rotate all meters through the calibration lab for
test1ng, cleaning. adjustment;. and related maintenance.

No action on this item. A larger meter calibration lab was 0
budgeted for but the funds were reprogrammed for construc-
tion of an electrical maintenance facility whiCh was consid-
.red a higher priority. The electrical facility has been 0
completed and funding of the meter calibration laboratory
wi" be budgeted.

o
o

Telemetering plans have been made to monitor the entire pUAG 0
water and waste water systems. Motorola was awarded the
cOntract for installation of the telemetry system and the
firs~ phase of the system was opera~ional tn January 1990. 0
We Plan to install the telemetering system in conjunction
with the PUAG Base control Unit (see item A.1)~

o
o
o
o

o
o

o
o

8.6. Upgrade the system used to monitor reservoir levels.

B.S. Consolidate repair of booster pumps into SUP. and establish
a schedule to perform periodic inspections of pumps, preven­
tive maintenance of pumps. and data files on the performance
of pumps.

Consolidation of repair of booster pumps into SUP has not
yet been accomplished. Additional consideration will be
given this item over ~he next few months as we assess how
the current organlzac~on '9 wor~'ng ana wna~ aaa1~1onal
steps m1ght be taken to improve it even further. We are
currently looking at different records keeping computer
software to keep track of preventative maintenance an in­
spect,10nand rep~ lr: of booster pumps.

See item B.3 above.

9.4. Develop large scale maps showing complex valv1ng areas for
operators and fie1d cre~ ~o be used for easy ident1fica~ion
of valves.



o
o

7

Oeepwel1 Construction, Operation, and Maintenance:
train employees responsible for administering the
well maintenance contract how deep well pumps are
to be sized, operated. and maintained to increase
the efficiency of operation.

B.o
o

See items A.2 and A.a with regard to operator
certification.o
One class in chlorinat10n was given in Fiscal Year
1988.

o
o

o

One hydraulics class was completed early in Fiscal
Year 1989j in conjunction with the University of
Guam Water and Energy Research Institute (WERI).
Another more advanced (intermediate) class began
in February 1989 and was completed in May 1989.
This class included use of a computer model of the
PUAG system for design of capital improvements.
An additional courSe in hydraulics is planned in
Fiscal Year 1990.

o

o
o

System Hydraulics: course work to include elemen­
tary hydraulics covering the subjects of pressure,
gradients, closed conduit flow, head,loss, pipe­
line capacity, water hammer, surges. back flow,
water quality (detention time, chlorination, fluo­
ridation, and disinfection)j a'1 related to PUAG1s
water system and directed to answering questions
on distribution certification examinations.

A.o

C.1. Provide technical train1ng to employees covering the opera­
tion of hydraulic devlces used on the water system. Train­
ing courses wil, be graduated for beginners, intermediate,
and advanced operators, pipefitters, and managers and of­
fered on a rotational and repetitive schedule.

o
o

Overall Responsibility: Office of the Chief Officer and
Administrative and Personnel Sup­
port Services.o

o
o

Training Recommendations:

Overall Goal: To provide the necessary training
and education for operators, pipe­
f;t~ers, and management related to
tne efficient operat1on of a water
uti'i~y and to provide adeQuate
praparat10n for achieving distribu­
t1cn system operator certification.

C.o
o



o
o

o
o

o
o

o
o
o

o
o

o
o

8

F. Waterline Repairs: To teach and review standard
methods for repair, disinfection, compaction, road
repair, safety, and record keeping.

Funding for this training is included in the Fis­
cal Year 1990 budget.

Fund1ng for this tra1ning is included in the Fis­
cal Year 1990 budget. Some of this instruction is
included in the operator training classes. See
item A.2.

E. Pump Oesign, Selectiont and Oper'tion and Mainte­
nance: Using the slide course purchased from the
Public Health Serv1ce, get a Qua11fied teacher to
administer the course to operators, pump mechan1cs
pip.~;~t.r.t and o'Qo~r;o'~nc on a QQmiannual
schedule.

Funding for this train1ng 1S included in the Fis­
cal Year '990·budget~ We are considering the use
of American Water Works Association computer soft­
ware for globe valve maintenance scheduling.

o. Globe va1va Operation and Maintenance: training is
needed to teach operators how globe valves work,
how to adJust them, how to maintain them, and how
they should be designed into a water 9ystem.
These 1nclude PRVs, FRSVs, Altitude Valves, Mercu­
ry Podst Pump Control valves and Air release
valves.

Funding for thiS tra1n;ng is included in the Fis-
cal Year 1990 budge~. We are considering the use 0
of American Water Works Association computer soft-
ware for hydrant ma~ntenance scheduling.

o
o

Fire Hydrant Operation and Maintenance: training
to ident1fy the working parts of a fire hydrant,
proper ma1ntenance procedures and schedules, and
how to repair broker. hydrants.

c.

Funding for this training is included in the F1s- 0
cal Year 1990 budget. Discussions have been held
with the Air Force w1th regard to its procedures
for well ma;nte~anC9 at facilities for Andersen 0
Air Force Base. See item A.9.

o



Representatives of PUAG attended the
annual =onferencas in Fiscal Year 1989
and '990.

D. Attend the AWWA Annual Conference.

Time management training was held for
severa' PUAG employees in March 1989.
Additional sessions are scheduled during
Fiscal Year 1990.

C. Time Management: Learn skills of manag­
ing time, delegating work assignments,
reeponslbility, and authority.

Funding for this training is included in
the Flecsl Year 1990 budget.

B. MBO: Management by Objective, setting
goals to be attained and taking steps to
see goals accomplished.

A. PERT: Planning, Evaluation, ReviSion
Technique is needed to establish goals
and objactives for the Water Branch and
provide a mechanism to measure how we"
goals are being achieved.

Funding for this training is included in
the Fiscsl Year 1990 budget.

Management Training: provide training in supervision, bud­
ge~ing, and t,me management to lmprOV9 management skills and
increase productivity.

1 • Der-erm1 ne ~he needS 0"( managers w 1 th in t.tl~ We.tar
Branch. The subJect~ iisted under the Objective
column are suggested as the most urgently needed
courses, and are not to be construed as the only
ones necessary.

0
0

C.2.

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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10
o
o

o
o

o
o
o

o
o

o
u

o

o
o

o
o

l,.", •.J • I.;onscruct;.<on Mtl.ntl~tI"itltll.. T, ai" r.!::f. Tv tnli,1 OlClI'ClgOI·O, 3UI=l6-f""
v,~ors, and work leadera how to set schedules for getting
work ass'~nments done. and a means for estimating the time
and ~os~ to perform future work.

Funding for th1. training is 1hcluded in the Fl~cal
Year 1990 budget.

o
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o
o
o
o
o
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o
o
o
o
o
o
o
o
o
o
o



0
0 APPENDIX D

SUMMARY OF PUAG WELL'S

0 PHYSICAL AND OPERATING CHARACTERISTICS

~hysical Characteristics Operating Characteristics
~~-------------.-.------ -------------------------_

0 Stlltic P~ing
Approx. Approx. \later \later Disch.

G\IM G\I Date Ground El. Bottom Elo Level Level capacity Press. Chlorides
Zone Type \lellNUlber Drilled (1) (ft) (ft) (ft) (1) (ft) (1) (gpm) (psi) Chlorination (mg/l)

0 ----------- --------- ......................... ---------- -------- -- .......... - ... _-------- .. ---_ .._---
A - Series

3 pa 1..-1 1965 68.31 -153 76.6 102 260 138 NONE 20.0
2 pa 1..-2 1965 119.41 -52 106.1 161 NIl.. 67 NONE 20.0
3 pa A - 3 1966 103.85 -262.55 105.8 172 220 80 NONE 18.0

0 2 PB 1..-4 1966 NIl.. -160 133.9 148 220 75 YES 34.0
3 PB 1..-5 1966 146.14 -177 137.4 144 240 65 NONE 16.0
3 PB 1..-6 1967 153.33 -154 142.0 150 250 150 YES 28.0
2 PB A . 7 1967 NIl.. NIl.. 126.0 155 205 46 YES 22.0

0 2 PB 1..-8 1967 NIl.. NIl.. 109.0 171 230 164 NONE 24.0
33 BA 1..-9 1967 185.78 -50 180.5 187 NIl.. NIA NIA 172.0
33 BA A - 10 1967 190.25 -25 184.5 NIA NIl.. NIA NONE 202.0
2 pa A - 11 1967 173.63 -167 131.8 195 170 86 NONE 18.0
2 pa A - 12 1968 138.45 -200 231.0 NIl.. 220 104 NIA 18.0

0 33 BA A . 13 1973 130.38 -194 NIl.. 149 NIl.. 106 NIl.. 364.0
33 BA A . 14 1973 210.06 NIl.. 206.0 210 185 68 NONE 310.0
30 BA A - 15 1973 199.03 ·52 194.5 208 175 70 NIl.. 150.0

A - 16 ABANDONED 220.0

0 33 BA A - 17 1973 193.77 ·39 192.8 121 170 82 YES 396.0
33 BA A - 18 1973 194.97 -45 193.4 NIl.. 160 NIl.. NONE 402.0
1 PB A - 19 1973 135.93 -24.1 133.3 NIA 150 54 NIl.. NIl..

A - 20 ABANDONED
33 BA A - 21 1974 lBl.l -51 182.2 170 160 NIl.. NONE NIl..

0 A - 22 ABANDONED
3 PB A - 23 NIl.. 38.38 -47 NIl.. NIl.. 250 40 YES 22.0
3 PB A - 25 NIl.. 58.33 -10.6 NIl.. NIl.. 225 78 YES 24.0

31 BA A - 26 NIl.. NIA NIl.. NIA NIl.. NIl.. NIl.. NONE 128.0

0 A - 27 ABANDONED
33 BA A - 28 NIl.. NIA NIl.. NIA NIl.. NIl.. 82 NIl.. 188.0
3 PB A - 31 NIl.. NIA NIl.. NIA MIA 265 70 YES 20.0

A - 32 1989 120 -50 NIA NIA 225 70 YES NIl..
AG - Series

0 16 PB AG - 1 NIl.. 469.98 -27 NIl.. NIl.. 250 115 NIl.. NIl..
16 PB AG - 2 1968 505.97 -77 NIl.. NIl.. 85 NIl.. YES 18.0
16 PB HGC - 2 (2) NIl.. 470.20 -78 NIA NIl.. 650 N/A YES N/A

AL . Series

0 AL - 1 ABANDONED
AL - 2 ABANDONED

0 SOURCE : GEPA, Summary of \lell Inspections (1st & 2nd Part of FY '89), Groundwater Management Report FY '88 (4th Quarter);
PUAG, Chemical Analysis FY '89.

0 (1) Data obtained from 1979 Water Facilities Haster Plan, as no updated records were available.

(2) Data obtained from Hatsuho Golf Course.

D
0
0
0



o
o

o
o

o(1) Data obtained from 1979 Water FBCil ities Haste, Plan, as no updated records were avaitabtl'.

SOURCE: GEPA, SUllllllryof Well Inspections (1st & 2nd Part of FY '89), GrOU1dwater Management Report FY '88 (4th Quarter); 0
PUAG, Chemical Analysis FY '89.

0
APPENDIX D 0

SUMMARY OF PUAG WELL'S
PHYSICAL AND OPERATJNG CHARACTERIsrtCS 0

Physical Characteristics Operating Characteristics.A._...A.~~._.._·8._____ -----------------~ ..------
Static PL.q)ing 0Approx. Approx. !.later \later Disch.

G~ G\I Date Ground El. Bottom El. Level, Level capacity Press. Chlorides
Zone Type lIellNumar Drilled (1) (ft) (ft) (ft) (1) (ft) (1) (gpln) (psi) Chlorination (mg/l)

----------- .............. - ... ..................... ....... -_ ..._---- ------_ ... ...........~-- ------------ !!; ...... ~ ... '-,.,. 0o - Series
45 SA D - 1 1965 381.98 -36 379~3 404 185 14 YES 70.0
45 SA D - 2 1965 381.51 -35 377.,8 382 215 19 NONE 62.0
45 BA D - 3 1965 383.62 -23 HIA 399 HIA 12 HONE 44.0
45 SA D - 4 1965 383.59 -24 378.,0 390 170 HI'A NONE 38.0 045 SA 0-5 1965 377.75 -34 N/A 413 155 10 NONE 60.0
45 BA 0-6 1966 396.66 -35 HIA 400 175 25 NONE 54.0
45 SA D - 7 1966 387.98 -50 382.,0 388 240 17 NONE 52.0
45 BA D - 8 1966 414.24 -35 410.5 424 120 38 NONE 120.0

D45 SA D - 9 1968 388.03 -29 383.0 387 130 28 NONE 174.0
45 SA D - 10 1968 390.63 -25.2 384.6 390 HIA 54 NONE NIA
45 BA D - 11 1969 392.96 -31 389.D NIA 170 38 NONE 64.0
44 SA D - 12 1971 421.44 -42 417.4 432 200 35 HONE 18.0
44 SA D - 13 1971 400.22 -60 397.0 415 HIA NIA NONE 352.0 045 SA D - 14 1973 318.9 -60 315.3 325 162 62 NONE 56.0
45 SA D - 15 1914 363.22 -49 HIA HIA 198 49 HONE ~06.0
45 SA D - 16 HIA 329.26 -37 HIA HIA HIA lilA HIA 88.0
45 SA o - 11 HIA 301.14- -45 HIA HIA HIA 80 YES 134.0 U45 SA o - 18 HIA HIA HIA HIA HIA 195 52 YES 86.0
44 SA D - 19 HIA HIA HIA HIA HIA HIA HIA HIA 74~0
44 SA D - 20 HIA NIA HIA HIA HIA 240 50 YES 68~0
44 SA o - 21 HIA HIA HIA HIA HIA 170 40 YES 76.0

EX - Series 045 SA EX -5A HIA HIA HIA HIA HIA 205 HIA HONE 42~OI
8 PS EX -11 NIA HlA HIA HIA HIA 195 4S NIA 34.0

F - Series
42 SA F - 1 1969 424.73 -37 420.0 434 210 160 YES 128.0

U42 SA F - 2 1972 450~41 43.3 446.7 451 85 NIA YES ~32.0
42 SA F - 3 1972 455~2 -37 452.0 454 HIA 175 HONE ~22.0
42 BA F - 4 1975 NIA NIA 460.0 465 NIA 62 NONE 70.0
43 SA F - 5 1975 390.83 -35 386.0 546 95 135 HIA 88.0
43 SA F - 6 1975 346.99 NIA 347.0 NIA 115 60 NONE 274.0 043 OA F - 7 1915 NIA NIA 360.0 507 110 160 NONE 68.0
18 PB F • 8 1975 439.45 NIA 428.0 NIA 115 170 NONE 16.0
43 OA F - 9 HIA 393~78 -50 HIA NIA 145 10 YES 70.0
42 BA F - 10 NIA 436.87 -50 HIA NIA HIA 70 YES NIA U42 SA F - 11 MIA 440~85 -50 HIA HIA NIA 40 HIA 158.0
42 PB F • 12 1989 470.63 -25 441.2 448.4 300 HIA MIA MIA



0
0 APPENDIX D

SUMMARY OF PUAG \JELL'S

0 PHYSICAL AND OPERATING CHARACTERISTICS

Physical Characteristics Operating Characteristics
---------------_._------ --------------------------

0 Static PlIq)ing
Approx. Approx. Water Water Disch.

m.'M GW Date Ground El. Sottom Elo Level Level Capacity Press. Chlorides
Zone Type Well Nlllber Drilled (1) (ft) (ft) (ft) (1) (ft) (1) (gtJll) (psi) Chlorination (mg/l)

0 -----------
______ a__ .......... _ ........ --.------- -------- -------- ---_ ......._- ..- ---------GH • Series

45 8A GH - 501 NIA 414.45 -50 NIA NIA 190 35 NIA 92.0
H - Series

43 8A H - 1 NIA 439.51 NIA NIA NIA 180 28 YES 130.0

0 M - Series
36 8A " - 1 1965 395.27 -54 398.1 401 150 NIA YES 168.0
36 8A M - 2 1968 402.70 '48.3 396.0 404 NIA 108 NONE 102.0
8 pa M - 3 1967 422.48 -50 418.3 423 185 36 NONE 36.0

0 8 pa M - 4 1967 442.37 -51 418.2 423 160 24 NIA 22.0
45 aA M - 5 1969 273.49 -132 267.2 295 138 98 NONE 66.0
45 8A " - 6 1969 326.29 -BO 320.6 361 137 NIA YES NIA
45 SA M - 7 1969 289.41 -51 284.2 289 205 82 NONE 42.0
8 pa M - 8 1970 486.47 -52 NIA NIl. NIl. 26 NONE 26.0

0 36 SA I( - 9 1970 448.62 -40 NIl. NIA 168 25 NIl. 186.0
M - 10 ABANDONED
M - 11 ABANDONED

45 aA M - 12 1973 272.05 -109 NIA NIA NIA 28 NONE 96.0

0
45 SA M - 14 1974 NIl. NIA 269.5 281 200 NIA YES 50.0
45 8A M - 15 NIA 295.77 -53.76 NIl. NIl. 200 70 YES 74.0
9 'pa M - 168. NIl. NIl. NIl. NIl. NIA 143 100 NONE 42.0

21 P8 M - 171. NIl. NIA NIl. NIl. NIA 125 140 YES BO.O
21 pa M - 178 NIl. NIl. NIl. NIl. NIA 200 100 NIl. 60.0

0 MJ - Series
MJ - 1 ABANDONED 38.0
MJ - 5 ABANDONED

Y - Series

0
28 pa y - 1 1966 415.16 ·46.2 408.0 427 120 104 YES 22.0
28 pa Y - 2 1967 414.72 -50 NIl. NIl. 145 200 NONE 22.0
25 pa Y - 3 1973 415.82 -53 412.0 418 155 100 YES NIl.
47 aA Y - 4 1974 397.85 -52.15 394.5 413 NIl. 44 YES 26.0
28 pa Y - 5 NIA 433.35 -50 NIl. NIA 160 108 YES 52.0

0 Y - 6 NIA 428.43 -50 NIl. NIl. NIA 100 'HIA 22.0
25 P8 Y - 7 NIl. 412.48 -63.75 NIl. NIA 96 96 YES 22.0
25 P8 Y - 9 NIA NIl. NIl. NIl. NIl. 400 118 NONE 20.0

YL - Series

0
YL - 4 ABANDONEO
YL - 5 ABANDONED

J saJRCE GEPA, Summary of Well Inspections (1st & 2nd Part of FY '89), Groundwater Management Report FY '88 (4th Quarter);
PUAG, Chemical Analysis FY '89.

0
(U Data obtained from 1979 Water Facilities Master Plan, as no updated records were available.

D
0
0
0
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[
o(3) Data obtained from Hatsuho Golf Course.

o(1) Data obtained from 1979 Water Facilities Master Plan, as no updated records welreavailabl,e.

oSOORCE GEPA, SU1I1IIIryof Well Inspections (1st & 2nd Part of FY '89), GrCUldwater Management Report FY '88 (4th Quarter);
PUAG, Chemi'calAnalysis.FY "89.

0
APPENDIX D 0

SUMMARY OF PUAG WELL'S
PHYSICAL AND OPERATING CHARACTERISTICS 0

Physical Characteristics Operating Characteristics
------------------------ --------------------------

Static Pl.JI1)ing 0Approx. Approx. Water IIater Disch.
GIJM GIl Date Ground El. Bottom El. Level Level Capacity Press. Chlorides
Zone Type Well NUlber Drilled (1) (ft) (ft) (ft) (1) (ft) (1) (gpm) (psi) Chlorination (mg/l)

----------- ..------- ---------- ---------- -------- -------- ----_ .... _---- ____ we_a.

0Private lIells
COR - 1 NIA 133 -67 NIA NIA 125 60 NONE NIA
RCA - 1 NIA 362.25 -0.34 NIA NIA NIA 38 YES 15.4
FM - 1 NIA 140.53 -5.87 NIA NIA 65 42 YES 130.8

46 BA Bec NIA 204.02 -5.08 NIA NIA 140 60 NONE 114.9 0IE - 1 NIA H/A NIA NIA HIA 75 75 HONE 329.0
HRP - 1 NIA 328 -83 NIA HIA 610 10 NONE 221.4
HRP - 2 NIA 340 -62 NIA HIA 245 44 NONE 221.0

16 PB MGC - 3 (3) NIA 468.4 -107 19.9 19.7 600 NIA NONE 12.0 0Air Force Wells
45 SA M\I - 1 NIA 346.61 ·41.01 NIA NIA 335 10 NONE HIA
45 SA M\I - 2 NIA 350.6 ·27.61 NIA NIA 245 5 NONE NIA
47 SA M\I - 3 NIA 405.4 NIA H/A NIA 250 6 NONE NIA 047 SA M\I - 5 NIA 418.18 NIA NIA NIA 185 55 NONE NIA
47 BA Mil - 6 NIA 394.87 NIA NIA NIA 445 79 NONE NIA
47 BA Mil - 7 NIA 367.84 NIA NIA NIA 290 92 NONE NIA
47 BA M\I - 8 NIA 356 NIA NIA NIA 475 117 NONE NIA 047 BA M\I - 9 NIA 468 HIA NIA NIA 280 112 NONE H/A

BPM - 1 NIA 495.97 -14.78 NIA NIA 150 28 NONE _N/A
TMT - 1 NIA 654 NIA NIA NIA 950 145 YES NIA

Navy Wells 042 BA NCS - A NIA 428.9 -34.1 NIA NIA 200 NIA YES 163.0
42 BA NCS - B NIA 412.87 -30.13 NIA NIA NIA NIA YES NIA
44 BA NCS - 2 NIA 363.68 -46.32 NIA H/A 195 82 YES 107.2
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o

Sponsoring agencies: State Water Resources Control Board
Department of Health
Department of Water Resources
Environmental Protection Agency
Southern California Edisono

o

Cost: $1 million (est.) Duration: 3 yearso
o

Monitoring predischarge and postdischarge conditions in a
groundwater basin previously unaffected by reclaimed water,
study of behavior of pollutants in the soils and sediments in
the underground environment.

Project objectives:

3. Groundwater Recharge in Avalon, Santa Catalina

Sponsoring agencies: State Water Resources Control Board
Department of Health
Department of Water Resources
Environmental Protection Agency
Los Angeles ·County Sanitation District
Los Angeles County Flood Control District
Central and West Basin Water Replenishment District

Cost: $1 million (est.) Duration: 3 years (est.)
o
o
o
o
o
o

Monitoring and evaluation of existing groundwater recharge by
spreading with reclaimed water with emphasis on reclaimed
water pollutants, such as stable organics, virus, and bacteria.

Project objectives:

2. Health Aspects of Groundwater Recharge in the Montebello Forebayo

Sponsoring agencies: State Water Resources Control Board
Department of Water Resources
Department of Health
Environmental Protection Agency

o
o

Cost: $0.6 million (est.) Duration: 5 years (est.)o
Evaluation of potential benefits and problems associated with
the use of reclaimed water for food crop irrigation.

Project objectives:

1. Evaluation of Long-Term Effects of Use of Reclaimed Water for Food Crop Irrigation

LIST OFWASTEWATER RECLAMATION RESEARCHAND
DEMONSTRATION PROJECTS IN CALIFORNIAo

o

APPENDIX Eo
o



o
oE-2

o
o

Sponsoring agencies: State Water Resources Control Board
Department of Water Resources
U. S. Bureau of Reclamation
Metropolitan Water District

oCost: $0.1 million test.) Duration: 1 year (est.)

6. Economic Comparison for Wastewater Reclamation in Total Water Management
System o

oDevelop an economic comparison model to assess the value of
reclaimed water in a total water management system.

Project objectives:

o

o
o

Spo~soring agencies: State Water Resources Control Board
Department of Health
Water and Sanitation Districts in
coastal metropolitan areas

Department of Water Resources
Environmental Protection Agency
los Angeles Chamber of Commerce
and/or large industrial users.

u
Cost: $0.5 minion (est.l Duration: 1 year

oTo obtain more information on the ability and willingness of
major industries in coastal metropolitan areas to use reclaimed
waters.

Project objectives:

5. Assessment of Wastewater Reuse Potential by Industries

o
o

oSponsoring agencies: State of Water Resources Control Board
Department of Health
Department of Water Resources
Department of the Interior. Office
of Water Research and Technology

Orange County Water District

Cost: $1 million (est.) Duration: 3 years

o
o

Identification and monitoring of organics and viruses during
and after advanced wastewater treatment, and compare
effectiveness of various processes.

Project objectives:

4. Organic Identification and Virus Monitoring for Water Factory 21

oAPPENDIX E (Cont.)

o



E-3

Sponsoring agencies: Environmental Protection Agency
State Water Resources Control Board
County of San Diego
City of San Diego

Project objectives: To provide policy and direction for water reclamation planning
in the San Diego region through the identification of potential
markets for reclaimed water and the conceptual development
of projects to best serve those markets.

10. San Diego Area Water Reusa Study

Sponsoring agencies: State Water Resources Control Board

Project objectives: To present procedures, forms and examples for performing
economic and financial analyses of proposed water
reclamation projects being studied under the State and Federal
Clean Water Construction Grant Program for the purpose of (1)
elaborating on EPA regulations and make them specific to
reclamation projects and (2) to assist engineers and financial
advisors in performing appropriate economic and financial
evaluation.

9. Interim Guidelines for Economic and Financial Analyses of Water Reclamation Projects

Sponsoring agencies: State Water Resources Control Board
Department of Water Resources
Department of Health

To define the health significance of using reclaimed water for
groundwater recharge to augment domestic water supply,
evaluate the benefits and risks associated with groundwater
recharge with reclaimed water, and provide detailed
background information needed for the establishment of
statewide criteria for groundwater recharge with reclaimed
water.

Project objectives:

8. Report of the Scientific Advisory Panel on Groundwater; Recharge with Reclaimed
Wastewater

Sponsoring agencies: State Water Resources Control Board

Evaluation of potential benefits and problems associated with
the use of reclaimed water for crop irrigation.

Project objectives:

7. Evaluation of Agricultural Irrigation Projects Using Reclaimed Water

APPENDIX E (cont.)
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• Industrial reuse - reclaimed water used in industrial facilities primarily for power
plant cooling system make-up water, boiler-feed water, process water, and general
washdown.

• Environmental reuse - reclaimed water used to create artificial wetlands, enhance
natural wetlands, and to sustain stream flows.o

o
o

• Agricultural reuse - non food crops - irrigation of fodder, fiber and seed crops,
pasture land, commercial nurseries, and sod farms.

o
• Agricultural reuse - food crops - irrigation of food crops which are intended for

human consumption, often further classified as to whether the food crop is to be
processed or consumed raw.

• Restricted recreational reuse - an impoundment of reclaimed water in which
recreation is limited to fishing, boating, and other non-contact recreational
activities.o

o

• Unrestricted recreational reuse - an impoundment of water in which no limitations
are imposed on body-contact water recreation activities.

• Restricted urban reuse - irrigation of areas in which public access can be controlled,
such as golf courses, cemeteries, and highway medians.o

o

• Unrestricted urban reuse - irrigation of areas in which public access is not
restricted, such as parks, playgrounds, school yards, and residences; toilet flushing,
air conditioning, fire protection, construction, ornamental fountains, and aesthetic
impoundments.

o
o

Current regulations are generally divided into the following water reuse categories:

The following table and category definitions are taken from the November 1991
Newsletter of the Hawaii Chapter. Water Pollution Control Federation. They are intended
to present an example of the range of standards and regulations now being used
throughout the U.S.o

WASTEWATER RECLAMATION STANDARDS AND REGULATIONSo
o

APPENDIX E (cont.)

o
o
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Reuse Water Quality Requirement, where specified
application

Parameter Most stringent Least stringent

Unrestricted BODs, mgJI 5 30
urban use TSS, mg/l 5 30

NTU, units 2 5
Total coliform (MPN), cfu/100ml non-detectable 200

Restricted BODs, mgJI 5 30
urban use TSS, mg/l 5 90

NTU, units 5 none
Total coliform (MPN), cfu/100ml non-d etectable 1,000

Unrestricted BODs, mg/l none none
recreational TSS, mgtl nOM none
use NTU, units 1 2

Total coliform (MPN), cfu/100ml 2.2 200
--- - -

Restricted BOD5, mgtl 10 none
recreati onal TSS, mgtl none none
use NTU, units 3 5

Total coliform (MPN), cfu/100ml 2.2 1,000

Agricultural BODs, mgtl 20 30
reuse· TSS, mgtl 5 25
food crops NTU, units 1 3

Total coliform (MPN), cfu/100ml non-detectable 1,000

Agricultural BODs, mg/l 20 75
reuse - TSS, mgtl 10 90
non food crops NTU, units none none

Total coliform (MPN), cfu/100ml 2.2 2,000

Environmental BODs, mgJI 5 none
reuse - TSS, mg/l 5 none
wetlands NTU, units none none

Total coliform (MPN), cfuJ100ml 1,000 none
Ph, units 6.5 - 8.6 none

Dissolved oxygen, mgtl 6 none

IndusUial BOD5, mg/l 20 30
reuse TSS, mgJI 5 none

NTU, units none none
Total coliform (MPN), cfuJ100ml 3 none

BOD5 - five day biochemical oxygen demand TSS - total suspended solids
NTU - nephelometric turbidity unit MPN - most probable number
cfu - colony forming unit

Water Quality Requirements Based On Intended Use

The following list" released by the Hawaii Chapters Water Pollution Control Federation, is
an overview of current water reuse regulations and guidelines illustrating the most and
least stringent quality requirements (not necessarily from only one state) for the above
intended uses:
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1. conserve, protect, maintain, and improve the quality of the waters
for drinking water supply and food processing, for the growth and
propagation of aquatic life, for marine research and for the
conservation of coral reefs and wilderness areas , and for domestic,
agricultural, canmercial , industrial, recreational and other
legitimate uses;

2. provide that no pollutant discharge into any water be allowed, unless
(a) the discharge first receives processing which will assure the
pollutant removal or provide the control technology necessary to
protect the designated beneficial uses of the waters, and (b) tl'2
discharge meets the effluent limitations established for that
discharge; and

3 . provide for the prevention, abatement and control of new and existing
water pollution.

FUrther, under the terms of the U. S. Water Pollution Cootrol .Act 92-500 as
amendedby all Public Laws through 1986:

1. it is the national goal that the discharge of pollutants into
navigable waters be eliminated by 1990;

2. it is the national goal that wherever attainable, an interm goal of
water quality, which provides for the protection and propagation of
fish, slEll-fish and wildlife, and provides for recreation in and on
the water, be achieved by July 1, 1988; and

3. it is the national policy that the discharge of pollutants in toxic
amounts be prohibited.

To assist in obtaining this goal all discharges will be controlled (permitted)
either through the National Pollutant Discharge Elimination System (NPDES)or
through the Guam awironmental Protection Agency's local permit program.

1berefore, pursuant to the authority contained in the Guam Water Pollution
Control Act (Sections 47104 and 47108 of <l1apter 47, Title 10 of the Guam Code
Annotated), 'Whichauthorized the formulation of standards of water purity and
classification of waters according to their most beneficial uses, the Guam
Ihvironmental Protection Agency hereby adopts the following standards of water
quality for Guam. All references to classify water quality in the following
Water Quality Standards shall mean quality not less than those meeting the
Guam Primary Safe Drinking Water Standards (GPSDl.JS), Olapter 53, Title 10 of
the GuamCode .Annotated.

It shall be the public policy of Guam to:

STATEMENT OF POLICY
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Waters Whoseexisting quality was better than the established standards as of
April 1968,will be maintained at the samehigh quality existing at that time.

Waterswhoseeri~sting quality is less than the established standards for their
use due to the presence of substances, conditions, or combinations thereof
attributable to domestic, commercial and industrial discharges or agri­
cultural, construction and other land-use practices, shall be improved to
caoply with the established standards. However, in such cases where the
natural conditions are of lower quality than criteria assigned, the natural
conditions shall constitute the water quality criteria. ~ter quality
criteria in boundary areas shall be established so that- the most stringent
standard applies. Whenucre than one set of Water Quality criteria apply,
including overlap of category designation or at a boundary water between t\\U
categories, then the IIX)restringent standard shall prevail.

Waters will not be lowered in quality unless and until it has been
affirmatively demonstrated to the Administrator of the Guam Environmental
Protection Agencywith an Environmental Impact Statement that such a change
is justifiable as a result of neeessary social, environmental. or economic
development, and that such developnent will not interfere with or becane
injurious to any uses rmtW~eof, or potentially possible in, such waters. Any
industrial, public or private project or devekq;.unt will require" as part of
the initial project design, ~ sion for ~ pollutant rear:wal or coraol
technoklgy necessary to protect the designated tie of receiving waters or
1Wdntain- the existing high quality of the receMn,g waters.

The purpose of these Water Quality Standards is to prevent degradation of
water resources result:in,g from pollutiDn sources. It is not the intent of
these standards to restrict activities 'Which may cause pollution but rather
to regulate such activities. An Environmental Protection Plan (EPP) will be
prepared by all developers, contractors, and others prior to construction
initiation to ensure that water resources will not be degraded. This EPPwill
be submitted to the Guam EhvironmentalProtection Agencyfor approval.



(',eneral use, ccmnercial and industrial uses are intended for this
category of marine water. Specific intended uses include the
following: shipping and navigation, marinas, protection of aquatic
life, industrial cooling, water supply, aesthetic enjo,uent and
compatible recreation of a limited body contact nature.

CategoryM-3 FAIR

The uses attributed to this category of waters are intended to
protect the propagation and survival of a balanced and indigenous
population of marine organisms particularly shellfish and coral
reefs. Other important and intended uses include naricul ture
activities, aesthetic enjoynM:!ntand coepatfb'le recreation inclusive
of whole body contact and related activities.

The uses to be protected in this category of waters are conservation
of wilderness areas including protection of natural aquatic life,
marine scientific research, aesthetic enjoyment and recreation
activities which are compatible with the intended use. 1his category
of water shall remain free fran pollution attributed to domestic,
ccmoercial and industrial discharges, shipping and intensive boating,
or maricultural, construction and other practices which may impair
their intended use. F\Jrthermore, there shall be no zones of mixing
within this category water.

CategoryM-2 GOOD

This major type of waeer includes all coastal waters off-shore from the
mean high tide level, including estuarine waters, lagoons and bays, as
well as brackish and other inland waters that are subject to the ebb and
flow of the tides. Refer to WaterClassification Map.

CategoryM-l EXCELLENf

The following categorf.es of waters relate to the different liouid components
of the hydrologic cycle. All categories of water, Marine, Surface and
Groun6.'Bter are referenced on the \'later Classification ~lap. Scaled down
copies of these naps are included in these standards enabling readers to
understand their relative position, application and use.

SECTION I

CATEGCRIES OF WATEPS

{ij



Category G-2 includes all waters which are collected and recharged or
dispJsed of within a zone which is bounded above by G-3 and below by
G-l. Vertically, this zone extends fran 20 ft (6 m) below the
surface to the upper surface of the Category G-I waters. Methods
which may result in discharges to groundwater within this zone
consist primarily of dry/injection wells.

I
{

Weter within this zone is tributary to, replenishes and recharges the
Category G-l groundwater and IIDlStbe of drinldng water quality before
it enters the Resource Zone. .All water discharges within the
Recharp.e Zone must receive treatment to the degree necessary to
protect the underlying Category G-l groundwater from any
contamination.

Category c-i RESOURCEZCNE

The primary use of groundwater withln this zone is for drinking \
(human consumption) and this use must be protected. Virtually all
water of the saturated zone of Quun is included. Specifically it
includes all water occurring in the saturated zone below the I
grounm.rater table, all vadose water occurring in an unsaturated zone
interval extending 100 feet (30.5 m) above any water table, or to
witf'!.in 20 ft. of the ground surface of all fresh grotmdwater bodies, l
and all water of the basal and parabasal freshwater bodies, and all
water of and below the freshwater/salt~ater transition zone beneath
the basal water body (EXamplesA-I, A-2, A-3, t-fJl, MJ5).

Because any ",ater discharges within this zone will (by definition) be
tributary to grotmciwater bodies which are actual or potential sources
of fresh, potable water supply, no pollutant discharges to the
groundwater wihin this zone will be allowed.

Category G-2 RECHARGEZONE

This major type of water encompasses all subsurface waters and includes
casal 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
(freshwater lens), and water on the surface that has been collected with
the specific intent of reochsnging or disposing of that water to the
subsurface by treans of injection, infiltration, percolation or other
means• Refer to Water Classification Map. 'Ihe l'brthem Guam Water
Aquifer ",tlich is the Principal Source Aquifer and. any other groundwater
resource as they are identified shall continue to receive protection under
GUam'sgroundwater regulations.

B • GROJlnlATER
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category G-3 BUFFER ZONE

Category G-3 includes all waters which are collected and disposed of
or recharged at or near the existing ground surface. Vertically, the
zone for this category extends fran the surface to 20 ft (6 m) below
the surface. Disposal methods which may result in discharges to
groundwaterw-ithin this zone include, but are not limited to, ponding
basins, rapid infiltration, slow rate land treatment, surface or
spray irrigation and all subsurface discharges (seepage, leaching).

For reasons similar to those discussed for Category G-2, discharge
limitations for G-3 are also established in Table III Section III.
Discharges equal to or less than 10,000 gallons per day (gpd) within
the G-3 zone are designated by G-3a. Water quality criteria for all
discharges within zone G-3 which are greater than 10,000 gpd are
designated G-3b. This differentiation in criteria addresses the tact
that minor discharges typified by small scattered individual dwelling
units probably have less adverse impact on underlying groundwater
than major point source discharges and thus are allowed less
restrictive water quality limits (i.e. equivalent to primary
treatment) .

All discharges within this zone which are not required to have
construction and/or discharge pennits under existing regulations may
be required by the Agency to obtain such pennits under these regula­
tiona (refer to the UldergroundInjection Control Regulations).

1

~~l discharges within this zone which are not required to have
construction and/or discharge operating permits under existing
regulations may be required by the Agency to obtain such permits
under these regulations. It is not the intent of these standards to
require a discharge to have more than one permit.

It is recognized that water within this zone will percolate through
soil/rock meaia before reaching the Resource Zone. In this way it
mayundergo somedegree of natural treatment consisting of filtration
and subsequent purification. However,the degree of treatment is not
easily demonstrated. Thus, due to the need to protect G-l waters and
considering the difficulty in tracing pollutants reaching the G-l
zone to a particular source, discharge limitations have been
established to regulate discharges to the G-2 zone. Al.I discharges
must meet the discharge limitations established in Table III of
Section III.

L
n
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Surface waters within this zone are used for drinking water
resources, conservation of wilderness areas, and propagaticn ;andi
preservation of aquatic life and aesthetic enjoyment. It is the
objective that these waters shall be kept free of substances or
conditions attributable to danestic, CaJmercial and industrial
discharges, or agricultural, construction or other land-use practices.
that :impair their uses. No pollutant discharges will be permitted
into S-l waters via discharge or as a result of land uses adjacent to
8-1 waters. Mixing zones will not be allowed within the boundaries
of Category S-l.

Category 8-2 MEDItM

SUrface waters within this zone are used for recreational purposes
including water contact recreation, for use as potable water supply
after adequate treatment is provided, and for propagation and
preservation of aquatic wildlife and aesthetic enjoyment.

Category 8-3 LCM

Surface waters within this zone are primarily used for ccmnercial,
agricultural and industrial water supply. Aesthetic enjoyment and
canpatible recreation are acceptable in this zone, as well as
maintenance of aquatic life. Compatible recreation may include
limited body contact activities. All dischs.rges within this zone
Wich are not required to have construction and/or discharge permits
Ulder existing regulations may be required by the Agency to obtain
such permits under these regulations.

This major type of water encompasses the majority of surface fresh-water
and includes, (1) waters that flow continmusly over land surfaces in a
defined channel or bed, such as streams and rivers, (2) standing water in
basins such as lakes, marshes, swamps, ponds and reservoirs, either
natural or man-madeand (3) all waters flawing over the land either as
unconfined sheet runoff, or as runoff confined to channels with
intermittent flow. Refer to Water Classification Map. Waters not
included under the Surface water Category are those waters which are
collected with the specific intent of disposal by reCharging them into the
ground (i.e., ponding basins).

Category 8-1 HIGH

C. SURF.ACE WATERS
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Effects of high temperature, biocides , pathogenic organisms, toxic,
corrosive, or other deleterious substances at levels or combinations
sufficient to be toxic or harmful to Cruman, animal, plant or aquatic life
or in amounts sufficient to interfere with any beneficial use of th:!
water, shall be evaluated as a minimum, by use of a 96-hour bioassay as
described in the rIDst recent edition of Standard Methods for the
EXaminationof Water and Wastewater. SUrvival of test organisms shall not
be less than that of controls which utilize appropriate water. Failure to
determine presence of toxic substances by this method shall not preclude
determination of excessive levels of toxic substances on the basis of
other criteria or metOOds.

I I( .

I

All waters shall neet generally accepted aesthetic qualifications, shall
be capable of supporting desirable aquatic life, and shall be free frem
substances, conditions or combinations th:!reof attributable to domestic,
ccmnercial and industrial discharges or agricultural, construction and
land-use practices or other human activities that:

1. cause visible floating materials, debris, oils, grease, scum, foam or
other floating matter;

2. produce visible turbidity, settle to form deposits or otherwise
adversely affect aquatic life;

3. produce objectionable color, odor, or taste, directly or by chemical
or biological action;

4. are toxic or harmful to humans,animals, plants or aquatic life; and

5. induce the growth of aquatic life.

Analytical testing methods for these criteria shall be in accordance with
the most recent editions of Standard Methodsfor the Examinationof Water
and Wastewater (APHA, AWWA,WPCF),Methods for <llemical Analysis of Water
and Wastes (U.S. Environmental Protection Agency), and other methods
acceptable to GEPAand possessing adequate procedural precision and
accuracy.

t I

A. GENERALCRITEP.IA APPLICABLE TO AIL TERRITORIAL WATERS

SfLTICN II

WATEROUALI'lY CRITERIA



B. SPECIFICNU1ERICALWA'lER~ CRITERIA

1. Microbiological Requirements Applicable to

Concentrations of total coliform bacteria at M...1 S...l
any point shall not be increased from natural
conditions at any time.

The fecal coliform bacteria count shall not M-2. 5-:2
exceed an arithmetic mean of 70 per 100 ml
during any 3D-day period nor shall any
sample exceed 400 per 100 ml at any time.

The fecal coliform bacteria count shall not M~3 8-3
exceed an arithmetic mean of 200 per 100 ml
during any 30-day period ror shall any
sample exceed 400 per 100 ml at any time.

To determine compliance with the above
microbiolOflica1 require:oents where a
''30-day period" is specified, a minimum
of four samples shall be collected at
approximately equal intervals.

NOI'E: Yl1ereshellfish are collected far
human consumption, the microbiological
standard for M-l waters shall apply.

2. pH

The pH of fresh and estuarine waters shall be M-l 5-1
6.5-8.5 and 7.0-9.0 for marine waters. M-2 5-2
Variations of rore than 0.5 pH units fran M-3 5-3
ambient shall not be allowed except due to
natural causes.



All waters
of the

Territory

4. Dissolved Oxygen

Concentrations of dissolved oxygen shall not be
decreased below 75 per cent saturaticn at any
time, as influenced by salinity or naturally
occurring temperature variations. \G!re
natural conditions cause lower dissolved oxygen
levels, controllable water quality factors
shall not cause further redu:::tioos.

Guam's groundwater has nitrate-nitrogen concentrations up to 5 mg/l.
It is not the intent of these standards to require treatment in
excess of the best available secondary wastewater treabDent. Point
source discharges will be regulated by permits specifying effluent
standards and operational requirements.

Activities which may result in non-point discharges of nutrients
shall be conducted in accordance with the best managementpractices
reasonably determined by the Agency to be necessary to preclude or
minimize such discharges of nutrients.

In all cases, discharges containing nutrients, primarily nitrogen
and/or phosphorus shall be treated to the extent necessary to prevent
the growth of aquatic species which create a public nuisance or
interfere with beneficial uses as defined in Section I.

S-2
S-3

, M-3

S-1M-2

M-l

S-2
S-3

M-3
f

S-1M-2

M-1

3. Nutrients

Phosphorus:

Orthophosphate (P04 -P) shall not
exceed 0.025 mg/l

Orthophosphate ~4-P) Shall not
exceed 0.05 mg/l

Orthophosphate cP04,-P)shall not
exceed 0.10 ~/l

Nitrogen:

Nitrate-nitrogen (NOJ-N) shall not
exceed 0.10 mg/l

Nitrate-nitrogen (NOJ-N) shall not
exceed 0.20 mg/l

Nitrate-nitrogen (NOJ-N) shall not
exceed 0.50 mg/l

f
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S-l

5-3

S-2

S-1

S-l
S-2
S-3

x-i

M-3

M-2

M-1

All Marine
and Estuarine
Waters of the
Territory
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7 • 'l\Jrbidity

Turbidity at any point, as measured by
nephelometric turbidity units (NIU), shall
not exceed 0.5 Nro over ambient eenditicms
except lh!n due to natural conditions.

Marine-Waters: No alterations of the marine
environment shall occur that :wtn1ldalter the
salinity of marine or estuarine waters more
than + lOt of the ambient conditions, except
When aue to natural conditions.

Fresh-Water: 1he maximum allowable BIIlOUDtof
chlorides and sulfates shall be 250 ag/l, and
the total dissolved solids shall not exceed
500 ng/l or 133'% of the _ient condition.
The salinity of fresh-water sources shall not
be increased mre than 20'% above _ient by
discharges of saline water.

6~ Total Filtrable SuspendedSolids

Concentrations of suspended matter at any point
shall not be increased fran ambient conditions
at any t_, and should not exceed 5 'IlY6/1
except whendue to natural conditions.

Concentrations of suspended matter at any point
shall not be increased Dm'e than 10'% fran
ambient at any time, and should not exceed
20 mg/1 except \\ben due to natural conditions.

Concentrations of suspended matter at any
point shall not be increased DDre than 25'%
frem ambient at any tiDe and should not
exceed 40 JIg/I eKCeptdlen due to natural
conditions •

5. Salinity

4.6
5.0

32 6.2
32 6.7

30
26

7.6 5.6
8..2 6.2

mgt! £r@/1 mg/lppt lIB/I
Temperature

FreshWater
Sat 0, 75% sat. 75%Sat.

MarineWater
Salirii ty Sat •

Table I. Saturaticn D. o.
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5-1
5-2
8-3

M-l
M-2
M-3

Those that exceed the limits described below
are unacceptable.

a) retectable as a visible film, sheen,
discoloratioo of the surface, or by odor;

b) causes tainting of fish or invertebrates,
damageto the biota, or objectionable
taste in drinking; or

c) forms an oil deposit CD the shores or
bottom of the receiving body of water.

o
o
o
Q

All Waters
of the

Territory

o
o
o

All Waters
of the

Territory

Discharges of radioactive materials at
any level into any waters of the
territory is strictly prohibited.

9. Temperature

Water temperature shall not be changed
more than 1.0oe U.SOF) from ambient
conditioos, outside an established
mixing zone.

10. Concentrations of Oil or Petroleum Productso
o
o

8. Radioactive Materials

5-2
5-3

M-2
M-3

Turbidity values (Nru) at any point shall
not exceed 1.0 NTU over ambient conditions
except whendue to natural conditions.

Since debris, rapidly settling particles
and true color give low readings when
using Nephelometricmethods in making
turbidity determinations and one or more
of these conditions mayexist in marine
and surface water, secch! disc deter­
minations will be used when these
conditions exist. Secchi disc visibility
shall not decrease by more than 5 meters
frem ambient conditions except when due
to natural conditions.

o
o
o
o
o
o
o
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12. Toxic Substances
o
o
o

In order to provide maximun protection for the
propa~ation of fish and wildlife,
cCX'lcentt"ationsof toxic substances (persistent
or non-persistent, cumulative or
non-cumulative); (a) shall not exceed 0.05 of
the 96-hour LCSO at any time or place, nor
should the 2Z.~ur average concentration
exceed 0.01 of the 96-hour LCSO or, (b)
shall not exceed levels calculated by
DLlltiplying the appropriate applicatiat factor
by the 96-hour LC50 values determined by
using the most sensitive species of aquatic

The setting or publishing of maximum
concentrations (limits) for specific
pesticides and, other toxics should in no way
be construed as official approval or
authorization for their use where such use is
contrary to U.S. Environmental Protection
Agency or other Federal or local regulations
which now exist or may be enacted at some
future time.

NC1I'E:

o
o
·0
o
o
o
o

For the listing of all pesticides (Orgaoo-
chlorides, Organophosphates, Carbamates,
Herbicides, FUngicides, Defolliants, and
Botanicals) please refer to the U.S. Water
Quality Criteria ''Blue Book. II

lL Pesticides

o
o
oConcentrations of pesticides shall not exceed

one percent (0.01) of the 24-hour LCSOvalue
determined using the receiving water in
question and the rost sensitive species of
aquatic organisms affected.

\there the concentration based on the LCSO
data exceeds the reccmuended maximum
concentrations, the. maximun concentrations
shall constitute the criteria.



..U ..

o
o
o
o
o
o
o
o
o
o
o

Criteria for the 65 toxic pollutants listed by
EPA under authority of Section 307 (a) (1)
will be as published in SlIIJ'IDBrY form in 45 FR
79318 or any subsequent revision and are
incorporated by reference into the Guam Water
Quality Standards. A list of the 65 toxic
pollutants is given in AppendixA.

organism affected. Whichever value (a or b)
is less shall be the maximum allowable
concentration, unless this value exceeds the
MaximunN.lmerical Limit, then the numerical
limit shall constitute the max:imt.mallowable
concentration.

o
o
o
o
o
o
o
o
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* Total amounts in indicated chemical state or form

lcreater cmcentratioos of (blorine maybe used to treat a source
of drinking water in order to meet the requirAlB1ts of
Subsectioo II. B.1. of these standards.

2Naturally oc~ Uraniun has been reported in concentrations
of 0.003mg/l (seawater and 0.00004 mg/1 (river water).

N1l'E: 'Whenever natural concentrations of any toxic substance or
element occur and exceed the limits established in these standan)s,
this greater concentration shall constitute the limit, provide:! that
this natural concentration was not directly affected by man-induced
causes.

0.0 uWl

.1

.1

.02

.05

.1
(Applicable to
20:.cJay LCsO
data)

.01

.05

0.8 mg/l
3.0 ~/l

0.01 mg/l
1.5 mill
0.05 ~/1
0.02 mg/1

0.005mg/l

1.0 mg/l .01
.05
.05
.1

mg/l
m81l
mg/l
mill
~/l
~/l

0.2
0.02
0.5
5.0
0.1

100

2Uraniun
Vanadium

Aluminum
lamaaia
Barium
Boron
Bromine(free)

1
(as Bromate)

Chlorine
(free, residual)

Fluoride
Irm
Manganese
Molybdenun
Sulfide

Application
Factors

Max1uun It.tmerical
IJ.mit .

Marine water Fresh Water

* Substance

Table II. Additional Toxic Pollutants not include
in Appendix A.

In addition to the 65 listed toxics, Table II taken from the 1972
Water Quality Criteria report, U.S. EPA, known as the "Blue Book",
shows the maxiDun allowable concentrations and application factors
for additional toxic substances.



b) whether individual process wastewater streams should be
segregated or canbined.

3• Measurementof pollutant concentrations to determine compliance with
the effluent limitations shall be madeby the discharger at the point
imnediately following the final treatment process and before mixing
with other waters. Points of measurenent shall be designated by the
Agency in an individual permit, after ccnsideration of the elements
contained in this section. If necessary, the concentrations so
measured shall be recomputed to exclude the effect of any dilution
that is improper under this standard.

4. Every person discharging effluent to the waters of the Territory
shall submit operating reports to the Agency at a frequency to be
determined by the Agency. Such reports shall contain information
regarding the volume of effluent discharged, and the concentrations
of tmse physical, chemical am bacteriological parameters which
shall be specified by the Agency; and any additional information the
Agencymayreasonable require.

TheAgencyreserves the right to amendor extend the following criteria as
improved standard methods are developed or revisions consistent with the
enhancementof water quality are justified:

1. All sewage shall be treated to the degree required 'by the Agency to
achieve standards of water quality prior to being discharged to the
waters of the Territory. Industrial waters and other wastes shall
also be treated to the degree required by the Agency.

2. Dilution of the effluent from any wastewater source as a sole means
of treatment is not acceptable as a method of treatment of wastes in
order to meet the standards set forth in this Section. Rather, it
shall be the obligation of any person discharging pollutants of any
kind to the waters of the Territory to provide the best pollutant
removal or control consistent with teclmological feasibility ,
econanic reasonableness, and sound engineering judgUEIlt. In making a
determination as to what degree of treatment is the best pollutant
removal or control within the meaning of this paragraph, any person
shall consider the following:

a) the degree of waste reduction that can be achieved by process
change, improved house-keeping and recovery of individual waste
canponents for reuse; and

A. GENERALOUTERIA

SFrI'IONIII

mLUENI'LIMITATICNS

o
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Whenever a Water Quality Standard is more restrictive than the
corresponding effluent standard, then an opportunity may be allowed by too
Agency for the mixture of an effluent with its wc:eiving' water provided
that the zone in which mixing occurs will not adversely affect the
designated uses of the receiving waters. If mixing zones are used, water
Quality Standards for a receiving water rust be met at every point outside
of the boundaries of the designated mixing zone. The following criteria
apply to all mbdng zones:

1. Whenevermixing zones are allowed, zones of passage, i.e., continuous
water routes of the volume, area, and quality necessary to allow
passage of free-swiDlning and drifting organisms with no significant
effects produced on their populations, shall be provided.

2. \-Jheretwo or more mixing zones are in close proximity, they shall be
so defined that a continuous zone of passage for aquatic life is
available.

3. Biologically important areas, including spawning and nursery areas,
shall be protected"

4. No criteria shall be set aside in the mixing zone ~ch shall cause
ccnditions in the mixing zone to becaue lethal to aquatic life and
wildlife which may enter the zone or becaue injurious to human health
in the event of a teupmu:y exposure.

5. The area or vo11.lDe of an individual mixing zone shall be limited to
an area or volume that will minimize impacts on uses.

B~, MIXIN; zcm:s m REX2IVUG WATERS

5. In addition to otber requirements no effluent shall, alone, or in
canbination with other sources, cause a violation of any applicable
Water Quality Standard. If the Agency finds that a discharge which
canplies with treatment requireuents under the Authority of Section
III-A of these standards l«)uld cause or is causing a violation of
Water Quality Standards, the Administrator shall take appropriate
action under Section 47109 of the Water Pollution Control Act to
require the discharge to meet whatever effluent limits are necessary
to ensure caupliance with the Water Quality Standards. \ohm such a
violation is caused by the cumulative effect of more than one source,
several sources may be joined in a schedule of compliance. Measures
necessary for effluent reductions will be determined on the basis of
teclmical feasibility, economic reasonableness, and faimess to all
dischargers.

6 ~ And finally no effluent shall alone or in COIIbinatim with other
sources be discharged into near shore waters.
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All discharges to marine waters will complywtih the Ocean Discharge
Criteria prOlllllgated under Section 403 (c) of the federal Clean Water
Act.

1. Mixing Zones for ~bn-ThermalDischarges into Surface Waters

For non-thermal discharges into streams and rivers the mixing zone
will be limited to no nora than 1/4 of the cross sectional area
and/or volume of flow of the stream, leaving at least 3/4 free as a
Zone of Passage. TIlemixing zone shall not extend rore than 5 stream
widths downstreamfran tb! point of discharge. Mixing zones will not
be allowed in standing bodies of water.

2. Mixing Zones for N:ln-TIlermalDischarges into Coastal Waters.

For non-thermal discharges to coastal waters the mixing zone shall be
equal in depth to the depth of the water over the diffuser, in width
to twice the depth of the water plus the width of the diffuser, and
in length to twice the depth of the water plus the length of the
diffuser, with the diffuser geographically centered within the mixing
zone, but in no case shall the discharge be permitted into near shore
waters.

~bn-thermal discharges shall be permitted by the National Pollutant
Discharge Flimination System (NPIES)permit process or through t~ Guam
Environmental Protection Agency's local permit program only after careful
analysis of the nature of the effluent and a thorough study to assess t~
consequences of the effluent upon the environment. Mixing zones for
non-thermal discharges shall be based on the following models, taking into
consideration the criteria in Section III B above.

6. The discharge shall not violate the basic standards applicable to all
waters (Section II A and Section III E) nor shall it unreasonably
interfere with any actual or probable use of the water within the
mixing zone.

7. For those water quality criteria eligible for a mixing zone,
alternate limits will be established if the limits in II B are to be
revised in the zone of mixing.

C. BClUNDARIESOF Nrn-'l1IERMAL MIXIt'G ZCNES
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.Aesthetics and the assessment of damage to biota on the
population basis

Although final suthority in defining 8 zone of mixing ]:ests with
the GEPA,it is intended that cooperation between the discharger
and the ~ency will result in the most appropriate zone.

tepth of discharge

Type of e:nvironment

Volumeof dischaJ."ge

Mass emission rate of c.ritical materials

Thermal discharges pertain to effluent water with a temperature canponent
either above or below ambient conditions of the receiving body of water.
All thermal discharges, existing or proposed, into receiving bodies of
water shall be subject to criteria established in Section 316 (a) of the
Federal Water Pollution Control Act (FWPCA), Public Law 95-217. Thermal
discharges shall be permitted by the National Pollutant .Discharge
Elimination System (NPDES) permit process or through the Guam
Ehvironwental Protection }f!.ency Is local permit program only after careful
analysis of the nature of the effluent and a thorougl) study to assess the
consequences of the effluent upon the environment.

1. All .Above-AmbientDischarges:

a) Shall conform to a zone of mixing defined for that particular
discharge on a case-by-case basis. This zone of mixing shall be
defined by the following references or other references
depicting appropriate thermal mixing zone models.

Water Quality Criteria, Marm 1973. EPA.

Quality Criteria for Water, July 1976. EPA.

Biological Methods for the Assessment of Water Quality •
.AmericanSociety of Testing and Materials, July 1976.

And take into consideration the following criteri.a:

Time of exposure

Concentration of effluent

D. MD{lN; ZCNES FOR 'IHEE.fAI. DISCHARGES
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b) It is the intent of this section to establish a reasonable zone
of mixing for discharges not in compliance with existing laws,
codes and practices.

c) ~scription of mixing zones for Tanguisson and Piti/Cabras Power
Plants.

o
o

o
o

o

o
o
o

o
o
o

3• Adverse economic and environmental impact!;!, marine and
terrestrial, resulting from such conversion.

4. All available data, reports, surveys am projects related
to the discharge.

S. Such other factors which may prove to be appropriate.

2. Above-AmbientDischarges in Existence Prior to Approval of TI1ese
Standards.

a) Shall be given special attention when defining a zooe of
mixing. All criteria established for part 0.1 above, shall
apply with special emphasis on specific criteria listed in part
o.la.

e)

d)

c)

Shall not increase the temperature of the receiving body of
water to cause substantial damageor harm to the flora and fauna
or interfere with the beneficial uses assigned therein.

Shall complywith all other water quality criteria as defined in
these standards, unless specific criteria are established in the
discharge permit.

These zones of mixing shall be monitored by the diScharger en a
regular schedule established by the NPIES Permit and/or GEPA
Discharge Permit, to ensure compliancewith established criteria.

If the Agency, pursuant to notice and opportunity for public
hearings, finds evidence that a discharge has caused substantial
damage, it may require conversioo of such discharge to an
approved alternative method. In making such a determination ,
the Agencymay consider:

1. '!he nature and extent of damageto the environment.

2. Projected lifetime of discharge.

b)

o
o
o
o

o
o

o
o
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a. the discharge of any wastes or wastewaters regardless of volume, 0
unless authorized by .the Administrator under Section 47106 of
the Water Pollution Control Act or tmless subject to control or
DIX1ification required by a schedule of caDpliBnce established by 0
the GEPA Board of Directors;

2b. the discharge of &1y' pollutant in toxic .ammmts, including 0
substances which may accumulate to toxic amounts during dE
expected life of organisms in the receiving water, which are
lethal to, or which produce deleterious genetic, physiological, 0
or behavorial effects in the organisms;

o
o

o
o
o
o
o
D
o
o
o
o
o
o1. No person shall cause or permit:

E. PR!lITBITEDDIS(]WI;ES

Eastern boundary - Shoreline at uean high tide

Western boundary - 591 ft (180 m) off-shore to a depth
beyond the reef margin of about one meter which is the
top of the zone of passage.

2. Piti/Cabras Zone of Mixing

'!be zone of mixing for the Piti/Cabras Power Plants
canbined is the Piti Charmel, recently dredged to a depth
of 10 ft., fran the p:I'Wm' plants to a distance 300 ft.
(100 m) back from where the channel joins the harbor proper
and from there to a depth of about one meter to a line fran
the GOROO Pier and the Navy FUel Pier on Dry Dock Island.

3. Below-AmbientDischarges.

All below-smb,ient discharges shall follow the same
guidelines set down for thennal discharges and be evaluated
on a case-by-case basis.

1. Tanguisson Power Plant Zone of Mixing

The zone of mixing for the Tanguisson PO'WerPlant is
defined as a rectangle of approximately 10,000 m2 with
the following reference points.

t-t>rthern botmdary - North side of intake channel

South boundary - 1969 ft (600 m) south of intake
channel
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1. Approval of land disposal of treated liquid ~te ~ter requires that:

a) wastewaters shall be restricted to the premises of the disposal
site.

2. All vessels exceeding 400 gross tons web are berthed or docked in
the waters of the Territory, without fully functional u.s. Coast
Guard approved oil pollution prevention devices (for longer than 72
hours detention) must be completely encircled with flotation booms to
contain any discharged oil. The Administrator may require any
vessel, regardless of gross tonnage, operating ability, oil pollution
prevention devices, duration of noorege or dockage time, to be
completely encircled with floating booms if in his opinion such
neasures are necessary to control potential oil discharges into
Territorial waters including, but not limited to, instances where
excessive oil is present on the vessel's deck or in the vessell s
bilges; when major machinery repairs are undertaken; or wilena vessel
cannot close its scuppers effectively during bunkering operations.

F. LAND DISPOSAL OF TREATED WASTEWATERS

1. any discharge of visible floating materials including scum and
foam.

7g. the discharge of sewage from vessels while noored, berthed or
docked, or underway in waters of the Territory except through a
properly functiooing Coast Guard approved type II Marine
Sanitation Device; and

Bh. any pollutant discharge into M-l, S-l, or G-1 waters as defined
in Section I of these Standards.

6f . any discharge which is in ccnflict with an approved Territorial
plan;

Se. any discharge to which the Administrator of the United States
Environmental Protection Agencyhas objected in writing pursuant
to any right to object provided by the Federal Water Pollution
Control .Act, as amended;

4d. any discharge which would substantially impair anchorage and
navigatioo, including any discharge \<hich the Secretary of the
Army, acting through the Corps of Engineers, finds would result
in this damage;

3c. the discharge of any radiological, chemical, biological warfare
agents, or radioactive wastes and contaminated radioactive
materials from research and medical facilities.

o
o
o

o
o

o
o

o
o

o
o
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o
o
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b) provision shall be made by the discharger for monitoring the
quality of the effluent with the exception of single family
dwelling units unless there are mare dhan five (5) units
ccxmected to a sing Ie system, or the Agency requires it after
identifying a potential hazard.

c) all data and reports resulting from the groundwater monitoring
program shall be submitted to the Agency.

d) land disposal shall not create a public health hazard, a
nuisance condition or an air pollution problem;

e) these standards cannot be applied to water/wastewater to be
reused to produce products which may end up in the human food
chain , such as crops, animal feed or animal products. 1he
Agency will consider such, reuse on a case-by-case basis using
available guidelines.

2. 'Ibe evaluation fur a permit for land treatment and/ or disposal of
wastewater(s) should include, but not necessarily be limited to,
consideration of the following item: -

a) The type of wastewater(s) proposed for disposal. ('!be
wastewater (s) should be biologically degradable but other
wastewater(s) will be considered provided it can be shown that
disposal of the wastewater(s) will not adversely affect the
designated use of the waters underlying or adjacent to de
disposal site.

b) The nature of the earth material(s) underlying the disposal
site. (1he applicant must provide positive assurance that the
earth material (s) underlying the proposed disposal site will
not allow movementof pollutants into underlying groundwaters.)

c) '!he vegetative cover of the disposal site. The selection of a
vegetative cover should reflect the disposal season(s), the
duration and frequency of disposal and the response of the
vegetative cover to the wastewater. If the wastewater proves to
be deleterious to vegetative cover, a higher degree of treatment
cr another means of disposal will be required.

3. Improperly am/or inadequately treated sewage shall not be allowed to
aCCUllllllateon the ground surface in such a mamer that it may create
a health hazard sndIor a nuisance condition.
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Any water percolating to the groundwater table is in a state of transition
from being a discharge to becaning part of a useable body of water.
Because of the difficulty involved in tracing the source and eliminating
pollutants after they have reached the groundwater table, limitations for
discharges to G-2 and G-3 waters are established in Table III. This Table
provides criteria for sane CODmJnwater quality parameters. The Ageocy
will set limits for other parameters as necessary on case-by-case basis.

The Agency will allow the application of G-3a discharge limitations to
flows greater than 10,000 gallons per day if it can be shown by an
engineering feasibility study that there will be no significant adverse
, effect on the waters of the Territory.

The .Agency also reserves the right to set mre stringent standards than
those shown in Table III if there is reason to believe that significant
environmental damagewill result from any discharge. Effluent limitations
have not been set for G-l waters because the Agency does not anticipate
such discharges. However, should such discharges be contemplated into G-l
waters t they must be of drinking water quality and meet drinking water
standards.

o
o
o

G. EFFLUENI' DISOIARGELlMITATICNSFCRGRClJNDWATERCATEGORIESG-2 and G-3

o
o
o
o

o
4. It shall be a violation of these standards to store, dispose of, or

allow to accueul.ate any deleterious material adjacent to or in tte
imDediate vicinity of any streams, rivers, or marine waters in a
manner that such material will directly or indirectly enter such
waters. Such material shall include, but not be limited to sewage
sludge, trash, rubbish, garbage, oil, gasoline, chemicals, sawdust,
accumulations of manure, and stockpiles of soil.

5. In case of accidental spills of deleterious materials t responsible
persons in charge sha.1l imnediate1y notify the Administrator of any
such spills and make every reasonable effort. to contain spilled
material in such a manner that it will not pollute waters of the
Territory.

6. Wastewater discharged to disposal wells for tnderground disposal
shall receive, prior to discharge, treatment necessary to protect
potable water resources and any adjacent marine waters or fresh
surface waters. See Table III.

o

o
o
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AGEr-l::Y:GuamEnvironmental Protection Agency (GEPA).

.AMBIOO:Existing conditions in surrounding waters taking into account; minor
established human activity at that time ani place (should approach
natural conditions that 'WOUldbe present without the presence of
human activities).

Ac::;uIFm:A 'Water-bearing stratum of permeable rock, sand or gravel.

BASALGRCIJNDWATER: Fresh groundwater floating directly on sea water.

6. Reduction of the successful completion of life cycles of
indigenous species t including those of migratory species.

7. Substantial reduction of comnunity heterogeneity or trophic
structure.

1. Substantial increase in abundance or distribution of any species
or representative of the highest community development
achievable in receiving waters of caoparable quality.

2. A substantial decrease of formerly indigenous species.

3. Change{s) in coumunity structure to resemble a simpler
successional stage than is natural for the locality and season
in question.

4. Unrealistic appearance, odor or taste of the 'Waters.

5. Elimination of an established or potential economic or
recreational use of the waters.

The following definitions are used for the purpose of clarification where such
terms t phrases and words are used or implied in the text of these Water
Quality Standards.

AOONISTRATCR:Primary responsible person of the Guam Environmental
Protection Agency

AlJJERSELYAFFECI': Damageto the waters of the Territory of Guam that result
in any of the following:

SEcrICN IV

DEFINITICNS

o
o

o
o

o
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o
o
o
o
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CONSERVATICN:Plmned managementof a natural resource to prevent exploratiCXl,
destruction or neglect.

DIRECTr-oJEMF.Nr: 1be mo'UelDlDtof effluent through the soil and U1der-lying
rock strata in such a manner that pollutants which would adversely
impact on the designated uses of the receivUJg water are not
raooved. 'Ihey would be reDDVedby strata that provided for a slower
filtered passage.

DIS(]iAR;E: '!be direct or indirect outflow of wastewater, substance or mate­
rial from any da:oestic, conmercial, industrial, agricultural or any
other source into air, land and waters of the Terrltoey of Guam.

Ca+nm'IY: An association of living organisms in a given area or region in
Which the various species are more or less interdependent upon each
other.

a. TarAL COLIF"CEMBACTERIA: All of the aerobic and facultative
anaerobic gram-negative, non spore-foEming, rod-shaped bacteria
that fetment lactose broth with gas formation within 48 hours at
35°C+ 0.5°.

b. FECALCOLIFCEM:That porticn of the coliform group web is
present in the gut or the feces of warm-blooded animals. It
generally includes organisms capable of producing gas from
lactose broth in a suitable culture mediumwithin 24 hours at
44°C+ 0.2°C. This elevated temperature will eliminate nonfecal
and noncoliform organisms and selectively culture fecal coliform
bacteria.

BESI'POILurANI'REMOIALCRCONl'ROL: A feasible process which, as demonstrated
by general use, demonstration process or pilot plants represents good
engineering practice at a reasonable cost at the time a discharge
permit is issued by the Agency.

BIOTA: The animal, plant and microbial life of a region.

BOARD: Board of Directors for the GuBm Environmental Protection Agency.

BOt.JNI\ARY: A fine line as applied to groundwa.ters, but as applied to surface
and marine waters the line may shift due to sto~ conditions, tides,
water current changes and surface winds.

COASTALWATERS:Includes near-shore, off-shore and estuary waters within the
jurisdiction of the Territory of Guam.

COUFCRf BACTERIA:
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FWPCAA: Federal Water Pollutim Control Act Amendmentsof 1972, as amended by
the 1977Clean water Act.

HIGHER DEGREE OF TREA'IMENl': Any physical, biological and/or chemical method
directed at remJVinga specified portion of the remaining pollutants
after secondary treatment.

FECAL CCI.IFmM: See •'Coliform"•

ESTIJARY: A regioo of interaction between near-shore waters and rivers within
which tidal action and river flow bring about mixing of fresh and
salt water.

.
EFFLtENI' L1MITATIa~:Any restriction or prohibition established under Terri­

torial or Federal law including, but not limited to parameters for
tarlc and non-toxic discharges, standards of performance for new
sources, or ocean discharge criteria. The restrictions or prohi­
bit ions shall specify quantities, rates and concentrations of
chemical, physical, biological and other constituents which are
discharged to the waters of tre Territory of Guam.

EMEB:;OCY PLAN: The corrective procedure to be followed in the case of oil or
toxic substances spills, or in the case of damage caused by natural
phenomena.

ENTIRCN1ENI'.AL IMPACT srATEMENI' - A written documentrequired by the National
awironmental Policy Act (NEPA) for all projects on federal lands,
using federal funds, or requiring federal permits to insure that the
policies and goals defined in the Act are infused into federal
programs and actiCXlS. The statement shall provide a canplete and
fair discussion of significant environmental effects and reasonable
alternatives to avoid or minimize adverse impact.

ENVIR<N1FNrAL PRarEI:TICN PIAN - A written documentrequired by the Agency
prior to the start of construction in which the developer/ contractor
describes the methods/equipmentselected for use in the development,
the environmental problens expected during and after development and
the methodsor equipment chosen to avoid, mitigate or control adverse
effect on the environment.

DISCHAI(;ER:My person or entity that discharges any wastewater, substance
or material into the waters of the Territory of Guam whether or not
such substance causes pollution.

EFFL~lT: Any point source discharge directly or indirectly into waters of
the terri tory or to any storm drain, and the nmoff from land used
for the disposition of solid wastes, wastewater, or sludge.

o
o
o
o
o

o
o
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HYIJlOL(l;ICCYCLE:That natural system dealing with the properties, distri­
bution, and circulation of water on the surface of tre land, in the
soil and underlying rocks, and in the aboosphere.

lNOO5I'RIAL WASTE: Any discharge containing gaseous, dissolved or suspended
material resulting from any process of industry, manufactUring, trade
or business or from the processing of any natural resource, together
with such sewage as may be present, which may pollute the waters of
the territory. .

LAND'mEI\'IMENI': My treatment of wastewater which invol~s the use of plants,
soil surface and the soil matrix for wastewater treatment, including
irrigation systems, infiltration systems, overland flow systems and
other systems of wastewater treatment via land application.

LEIHAL ~ENI'RATI<N-SO PERCENr (LCSO): That concentration of a toxic sub­
stance in water which for a given time period causes SO percent of
the exposed individuals of an aquatic test organism to die.

L1MITED BODYCONl'lCl': Anyrecreational or other use in ~ch contact with the
water is either incidental or accidental and in which the probability
of ingesting appreciable quantities of water is minimal.

LM OF MEANBIG{ WATER: '!be shoreline as indicated on the 1:24,000 Series
(Topographic) Maps of the Island of Guam prepared by the U.S.
Geological Survey.

MARINE SANITATICN IEVlCE: Equipmentor process for installation on vessel or
water craft which is designed to receive, retain, treat, or discharge
sewage or other pollutants or any process to treat such sewage, or
other pollutants which has received U.S. Coast Guard approval.

MIXnt; ZCNE: The area or volUDeof a water body within libich effluent(s)
shall become physically mixed with the receiving waters through
initial dilution. Initial dilution is the process through which the
wastewater iDlJlediately mixes with the receiving water due to the
1OOIDel1tun of the waste discharge and. the difference in density betwen
the discharge and the receiving water. 'I'he total area or volume of
water designated as a mixing zone shall be limited to that area or
volume which will not interfere with biological C<mDllDitiesor
populations of important species to a degree which is damaging to the
ecosystem and which will not cause substantial damage to or
impaiment of desigcated water uses within the mixing zone or in
surromding waters. A mixing zone shall be considered designated
ally when approved by the Guam ]!l1vltc1"Del1talProtection Agency and
when concurrence of the u.s. EPA has been received.



- 29 -

NPDES PERMIT:National Pollutant Discharge Elimination System (permit). A
federal permit used as the principal regulatory tool for reducing the
quantity of pollutant discharges to the waters of the territory and
for obtaining data on point source discharges.

OFF-OORE WATERS:All coastal waters beyond the limits defined for "near-shore
waters' I to the Territorial Limit as recognized by Int~mational Law.

our F.AIJ..: The conduit from its cormection to a wastewater treatment facility
to its outlet through diffUsers into off Shore waters.

on.. SPILL PREVENI'ICN DEVICES: Slall mean any U.S. Coast Guard approved
device, such as an oil/water separator, a sludge tank (for oily
deposits), a standard discharge connection or other equipment or
apparatus required by the MARCL Convention of 1973/1978 for the
prevention of oil pollution by vessels.

CYIHER WASTES: Garbage, municipal refuse, sand, offal, oil tar, chemicals and
all other substances which may pollute the waters of the territory.

PARABASAL GROONDWATER: Fresh groundwater hydraulically connected with basal
water but lying directly ~n impermeable basement rock.

PAS~GE.WAY:A continuous stretch where water characteristics are affected
only by the environment in such a manner that the free flow or
continuous drifting of biota is always possible.

PmMIT: A permit issued pursuant to Section 47106 of the Guam Water
Pollutioo Coottol Act.

PERSCN{S}:Means tIny individual, firm, partnership, association or corpora­
tion, both public and private, including the agencies of the govern­
ment of Guam and of the tbited States of America.

NATURALCCNDITICNS:The resulting water quality in the absence of any
measurable pollutional effect due to human activities.

NEAR-SHORE WATERS: All coastal waters lying within a defined reef area; all
coastal waters of a depth of less than ten fathoms (60 feet, 18.3 m);
and all coastal waters greater than 10 fathaDs up to 1000 feet
(305 m) off-shore where there is no defined reef" area.

NEW SaJRCE: Any wastewater sources, the construction of which is conmenced
on or after the 1968 effective date of these standards.

MUNICIPALWASTES:Water carrying truman and animal wastes fran homes, build­
ings, industrial establishn-ents and other places either alone or in
canbination with industrial wastes.

flw
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a) The arithmetic mean of the values for effluent samples 0
collected in a period of 30 consecutive days shall not
exceed 30 ~/l.

b) The arithmetic mean of the values for effluent samples 0
collected in a period of seven consecutive days shall not
exceed 45 mg/l.

o
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SEroNOOY'mEA1MENT:The following degree of pollutant: removal:-

1. Biochemical oxygen demand(five-day)

a) The arithmetic 'II'Il!!SD of the values for effluent samples
collected in a period of 30 consecutive days shall not
exceed 30 mg/l.

b) 1be arithmetic mean of the values for effluent samples
collected in a period of seven coosecutive days shall not
exceed 45 mg/l.

c) The arithmetic mean of the values for effluent samples
collected in a period of 30 consecutive days shall not
exceed 15 percent of the arithmetic mean of the values for
influent samples collected at approximately the same times
durilll the sameperiod (85 percent rem:wal).

2. Suspended solids

POTABLEWATERRESClJRCES:Waters of the Territory actually used or intended
to be used for drinld.ng water or general danestic use.

RECE::I\TOO WATER(S):Water(s) of the Territory into which wastes or waste­
waters are, or maybe, discharged.

POINI'SOURCE:Any discemible, confined and discrete conveyance including,
but not limdted to, any pipe, ditch, channel, tunnel, conduit, well
discrete fissure, container, rolling stock, concentrated animal
feeding operation, or vessel or other floating craft from which
pollutants are or may be discilarged.

POILU'I'ANI':Any substance, refuse or waste capable of polluting the waters.
See Pollution. .

POILurtCN: Alteration of the physical, chemical or biological properties of
any waters of the Territory which adversely and -unreasonably impairs
the water quality of the terri tory or which 'renders said waters
hazardous to human health or harmful or determinal to the aquatic and
wildlife in or about the waters or to the most beneficial uses of the
waters.



- 31 ..

'IHEFMAL DI~: Discharge of water into the environmentwhich has tempera­
ture componenteither above or below the temperature of the receiving
body of water.

TOOC: Lethal, teratogenic or lIlI.ltaRenic,or otherwise damaging to man or
other living organisms.

'IlW'5ITICN ZQIJE: In basal water the interface between the bottom of the fresh­
water lens and the underlying saltwater. Salinity is low at the top
of the transition zone and 1nereases to that of seawater at the
bottan of the zone.

SmF.ACE WATERS: kry natural or artificial water source including all streBIIISI
lakes I ponds, impounding reservoirs, inland watercourses and water­
ways, springs, irrigation systems, drainage systems and all other
inland water bodies or accumulated waters. For the purpose of this
regulation, the tenn does not include coastal waters or those subject
to the ebb and flow of tides.

SCHEIlLE CF CCMPI..IAN:E: A schedule of corrective measures and times includ­
ing an enforceable sequence of actions or operations leading to
canpliance with any control regulation or effluent limitation.

SEWAGE: The water-carried waste products from the residences, public build­
ings, institutions or other buildings, including the excre­
mentitious or other discharge from the bodies of human beings or
animals, together with such ground water infiltration and surface
water as may be present.

a) The arithmetic mean of the value for effluent samples
collected in a period of 30 consecutive days shall not
exceed 200 per 100 mi.

b) The aritbnetic mean of the values for effluent samples
collected in a period of seven consecutive days shall rot
exceed 400 per 100 mI.

4. pH. The effluent values for pH shall remain within the limits
of 6.0 to 9.0.

c) The arithmetic mean of the values for effluent samples
collected in a period of 30 consecutive days shall not
exceed 15 percent of the arithmetic mean of the values for
influent samples collected approximately the same times
during the sameperiod (85 percent removal).

3. Fecal coliform bacteria
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WATERSOF '!HE TERRITCRY: All waters witbin three miles from the high water­
line surrotmding Guam, streams, lakes , \Ilells , springs, irrigation
systems, marshes, watercourses, watet:Ways,drainage systems and other
bodies of water, surface and underground, natural or artificial,
publicly or privately owned.

WHOLE BODY OONrN:I': My recreation or other use in mich there is wtlole body
contact with the water involving a risk sufficient to pose a signi­
ficant health huard either by contact with or ingestion of the water.

zrnE OF PASSlGE: Shall mean a continuous water route which joins segments of
a river, stream, reservoir, estuary, or channel above, below, or
around a mixing zone without going t:h:roughthe mixing EOn.e. As a
minimLm no less t:h.rm roe-third of the cross-section of the water body
shall be retained in canpliance with eihe water quality criteria in
Section II.

WAS'IEVATER:Sewage, industrial waste, or other waste, excluding thermal
discharge, or any combination of these, whether treated or untreated,
plus any admixed land nmoff.

WA"IERQUALITY STANIWIDS: The designated water body uses or classifications
and the criteria to protect those uses and classifications.
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34. Fndrin
35. Ethy1benzene
36. Flmranthene
37. Haloethers
38. Halomethanes·
39. Heptachlor
40 • Hexachlorobutadiene
41. Hexachlorocyclohexane
42. Hexachlorocyclopentadiene
43. Isophorone
44. Lead
45. Mercury
46 • Naphthalene
47. Nickel
48. Nitrobenzene
49. Nitrophenols
50. Nitrosamines
51. Pentachlorophenol
52. Phenol
53. Phthalate esters
54. Polychlorinated biphenyls (PCBs)
55. Polynuclear aranatic hydrocarbon
56. Seleniun
57. Silver
58. TCDD (Dioxin)
59. Tetrachloroethylene
60 • Thallium
61. Toluene
62• Toxaphene
63. Trichloroethylene
64. Vinyl Chloride
65. Zinc

1. Aeenaphthene
2. Acrolein
3. Aerylonitrile
4. Aldrin/Dieldrin
5. Antimony
6. Arsenic
7. Asbestos
8. Benzene
9. Benzidine
10• Beryllium
11. Cadmium
12. Carbon Tetrachloride
13. C1lordane
14. Chlorinated benzenes
l5. Ollorinated ethanes
16. Oll.oroaky1ethers
17. Chlorinated naphthalene
18. Chlorinated phenols
19. Chloroform
20. 2-chlorophenol
21. Chromiun
22. Copper
23. Cyanides
24. DDT
25. Dichlorobenzenes
26., DiChlorobenzidine
'27. Dichloroethy lenes
28. 2, 4-dich1orophenol
29. Dich1oropropanes/

propenes
30. 2, 4-dimethylphenol
31. Dinitroto1uene
32. Diphenylhydrazine
33. Endosu1fan

List of the 65 Toxic Pollutant designated under Section 307(a) (1) of the
Clean Water .Act

APPENDDC A
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SOURCE: GUAM WATER QUALITY STANDARDS. 1117
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2. Baseline groundwater/vadose zone water data shall be established as described in this

paragraph. Once the monitoring system and list of compounds to be monitored for

have been determined and approved by the State Department of Health, the

owner/developer shall contract with an independent third-party professional (approved

by the State Department of Health) to establish the baseline groundwater/vadose zone

water quality and report the findings to the State Department of Health. Testing of the

analyses of the groundwater shall be done by a certified laboratory.

c. A list of compounds which shall be tested for as agreed to by the State

Department of Health. This list may include, but not be limited to the

following: total dissolved solids; chlorides; pH; nitrogen; phosphorus; or any

other compounds associated with fertilizers, biocides or effluent irrigation.

b. A routine groundwater monitoring schedule of at least once every six (6)

months and more frequently, as required by the State Department of Health,

in the event that the monitoring data indicates a need for more frequent

monitoring.

a. A monitoring system tailored to fit site conditions and circumstances. The

system shall include, and not be limited to, the use of monitoring wells,

Iysimeters and vadose zone monitoring technologies. If monitoring wells are

used, the monitoring wells shall generally extend 10 to 15 feet below the water

table.

The owner/developer and all subsequent owners shall establish a groundwater

monitoring plan and system which shall be presented to the State Department of

Health for its approval. The groundwater monitoring plan and system shall minimally

describe the following components:

1.

STATE OF HAWAII
DEPARTMENTOF HEALTH

EIGHT (8) CONDITIONS FORNEW GOLF COURSEDEVELOPMENT

APPENDIX G
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2) Irrigated areas should be no closer than 200 feet from any private

residence.

1) Irrigated areas should be no closer than 500 feet from potable water

wells and reservoirs.

b. General Recommendations

I
I

a. Management Responsibility. The managers of the irrigation system using

reclaiming wastewater shall beaware of the possible hazards and shall evaluate

their system for public health, safety, and efficiency. They must recognize that

contact with the reclaimed wastewater from treated domestic sewage poses

potential exposure to pathogenic organisms which commonly cause infectious

diseases (bacteria, viruses, protozoa, and helminths or worms.)

5. If a wastewater treatment works with effluent reuse becomes the choice of

wastewater disposal, then the owner/developer and all subsequent owners shall

develop and adhere to a Wastewater Reuse Plan which shall address as a minimum,

the following items:

4. Owner/developer shall provide sewage disposal by means of connection to the public

sewer system; or by means of a wastewater treatment works providing treatment to

a secondary level with chlorination. Effluent from this wastewater treatment works

may be used for golf course irrigation, subject to Condition #3. The entire system shall

be approved by the State Department of Health in conformance with Administrative

Rules Title 11, Chapter 62, Wastewater Treatment Systems, effective December 10,

1988.

3. If the data from the monitoring system indicate the presence of the measured

compound and/or the increased level of such compound, the State Department of

Health can require the owner/developer or subsequent owner to take immediate

mitigating action to stop the cause of the contamination. Subsequently, the

developer/owner or subsequent owner shall mitigate any adverse effects caused by the

contamination.
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1) Posting of conspicuous signs with sufficient letter size for clear visibility

with proper wording should be distributed around the use areas.

Adequate Notice. Appropriate means of notification shall be provided to inform

the employees and public that reclaimed wastewater is being used for irrigation

on the site.

c.

8) The holding/mixing ponds shall beperiodically monitored for the purpose

of detecting leakage into the subsurface. If leakage is detected,

corrective action shall be immediately taken.

7) Adequate irrigation records shall bemaintained. Records should include

dates when the fields are irrigated, rate of application, total application

and climatic conditions. Records should also include any operational

problems, diversions to emergency storage or safe disposal and

corrective or preventive action taken.

6) Permanent fencing or barriers shall be erected around polishing or

holding ponds to prevent public entry or stray feral and tame animals

from gaining access to the ponds.

6) Irrigation shall be scheduled such that the public is not in the vicinity

and the soil is sufficiently dry to accept the irrigation water.

4) Effluent holding/mixing ponds shall be designed to prevent the

infiltration of the wastewater into the subsurface. The holding/mixing

ponds shall be made impervious.

3) Application rates should be controlled to minimize ponding. Excess

irrigation tailwater in the reclaimed wastewater irrigation area shall be

contained and properly disposed of. An assessment should be made of

the acceptable time and rate of application based on factors such as

type of vegetation, soil, topography, climate and seasonal variations.
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Should the owner/deve~oper/operator plan to install USTs that contaln petroleum or

other regulated substances. the owner/developer/operator must comply with the

federal UST technical and financial r'esponsibility requirements set forth in Title 40 of

Releases from underground storage tanks (USTs) used to store petroleum products for

fueling golf carts. maintenance vehicles. and emergency power generators pose

potential risks to groundwater ~

6.

• The irrigation water Is unsafe for drillnkiingor washing.

• Avoid contact of the water or soil with any open cuts or

wounds.

• Avoid touching the mouth, nose, ear or eyes with soiled hands,

clothes or any other contaminated objects.

• Be aware that inanimate objects such as clothes or tools can

transport pathogenic organisms.

• Always wear shoes or boots to protect feet from the pathogenic

organisms in the soil or irrigatron water.

3) Employees should be informed of the following:.

2) Employees should be protected from direct contact of the reclaimed

wastewater. If necessary, protective clothing should be provided.

1) Employees should be warned that the ingestion of reclaimed wastewater

is unsafe.

d. Adequate Employee Education., Employees or users should be cautioned and

warned of the potential health hazards associated with the ingestion of

reclaimed wastewater being used at the site.

2~ Signs shall be securely fastened. Periodic surveil~ance shall be

conducted to assure permanent posting at all times. Immediate

replacements shall be made when necessitated by deterioration,

vandalism or misuse.
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A golf course maintenance plan and program will be established based on "Best

Management Practices (BMP)" in regards to utilization of fertilizers and biocides as well

as the irrigation schedule. BMP's will be revised as an ongoing measure. The golf

course maintenance plan will be reviewed by the State Department of Health prior to

implementation.

s.

Buildings designated to house the fertilizer and biocides shall be bermed to a height

sufficient to contain a catastrophic leak of all fluid containers. It is also recommended

that the floor of this room be made waterproof so that all leaks can be contained

within the structure for cleanup.

7.

In consideration of the above-mentioned remarks, the Department of Health

recommends that the owner/developer/operator implement facility plan alternatives

that exclude the installation and operation of UST systems (e.g., the preferential use

of electric golf carts, use of above-ground storage of fuel oil for emergency power

generators, etc.), or, if USTs are utilized, that secondary containment be considered.

the Code of Federal Regulations Part 280. These federal rules require, among other

things, owners and operators of USTs to meet specific requirements in the detection,

release response and corrective action. Also, the owner/developer/operator must

comply with all State UST rules and regulations pursuant to chapter 342-L

'Underground Storage Tanks' of the Hawaii Revised Statutes.
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Miscellaneous ImprovementsVI.

V. Surface Water Improvementso
o
o

Well ImprovementsIV.

Booster Pump Station ImprovementsIII.o
o

Reservoir ImprovementsII.

I. Water Main Improvements

groupings are as follows:o
o

improvements to meet projected year 2010 demands. These facility category

grouped by facility category, without priority, and includes sill recommended capital

to the year 2000. The remainder of Appendix H is a listing of capital improvements

which prioritizes the proposed capital improvements recommended for implementationo
o
o

The first three pages of Appendix H consist of the Capital Improvements Priority List

PRIORITY LIST THROUGH YEAR 2000
AND

PROPOSEDISLANDWIDE WATER SYSTEM
CAPITAL IMPROVEMENTS PROGRAM

o
o

PREFACETO APPENDIX H

o
o
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__ ~ ________ ._ •••• AA _________________________________________ ,.___________________________ ~ _________ &._______

* Groundwater ExpLoration and $470,000
Oevelopment Program

AW-l Agafa Gumas Wells 52,179,000 $2.021.000

A·' From Gayinero north atong Rt. l, north· $7,796,000 $4,454,000
west on Rt. 9 to Pott's Jct. then south
along Rt. 3 to connection with project
A·5 at Ysengsong Rd.
(553 M Bond Projeet)

AR-2 New Agafa Gumas~ east of Pott's 53,558,000 52,682,000
Junction ($53 M bond project).

2 A-5 From connection with Project A·l at the S6,480~00O 52,030,000
intersection of Ysengsong Rd. and Rt. 3,
south along Rt. 3 then west along Rt. 1
to connect to the 14·inch diameter main
south of Naruna's restaurant and Project
B-~~
($53 M Bond Project)

3 B-l From connection to project A-5 at Naruna's S2,,050,000 $740~000
Restaurant, south on Rt. 1 to existing
12'inch main on Ypao Rd.
(S53 M Bond Project)

4 B-7 From connection with Project B-4 at $2,145,000 sm,ooo
Rt. lOA, south on Rt. 16 to Rt. 10 with
conneetions to proposed Rt. 16 Reservoir.
(001 Funded Project)

BR-2 New Mongmong-Toto'Maite Reservoir. $4,680,000
on Rt. 16 south of Barrlgada Hts.

S·4 From Barrigada Reservoirs along Hacheche 52,450,000
Rd. to connection with Projects A-l1 and
B·5 at Rt. 16.

5 B-8 From connection with Project B·6 at Rt. 15 Sl,078,OOO Sl,ln,OOO
southlalong Dairy Road approxi~tely 4,000
ft. to Bull Cart Trail then west along
Bull Cart Trail to Canada-Toto loop Rd.
and connection to existing 12-inch main on
Rt_ 8.

6 B-15, From connection to existing 18 inch main 16,040,000 S92D,000
BPS-3 at Rt.,4 In Agana, south to Rt. 6 with

connections to Asan Springs. FrCIIIIAsan,
south along Rt. 1 to connection with
B-16 at Rt. 6 in Piti.
($53 H Bond Project)
Rt. 4 between Agans and Asan. Moves
water from Agana to Asan Reservoir.
($53 M Bond Project)

·0·_·_·········Funcling Source···············
None

S53 M Bond Other IdentifiedLOCATIONPRIORITY PROJECT

oPRIORITY LIST THROUGH YEAR 2000
PUBLIC UTILITY AGENCY OF GUAM

PROPOSED ISLANDWIDE WATER SYSTEM
CAPITAL IMPROVEMENTS PROGRAM

APPENDIX H
o
o
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! ~ PUAG WATER MASTERPLAN

PROPOSED CAPITAL IMPROVEMENTS PROGRAM

i ~ I. Water Main !""rovements._-----_._-_._---- ...._-_. Estimated
Service Diameter Length 1991 Project

Area Project Location (in) (ft) Cost

II
_______________. _______________________________________5.________•_________________________

A A-1 From Gayinero north along Rt. 1, north- 20 45,000 $12,250,000
west on Rt. 9 to Pott's Jet. then south

[ ~
along Rt. 3 to connection with Project
A-S at Ysengsong Rd.
($53 M Bond Project)

A-Z From connection with Project A-1 on Rt. 9 12 4,400 $750,000

r ~
and proposed well fields to proposed Agafo
Gumas Reservoir.
($53 M Bond Project)

A-3 From proposed Agafo Gumas Reservoir south 30 12,600 $5,490,000

II to Astumbo Reservoir_

A-4 From Astumbo Reservoir to existing 12 and 24 18,000 16,130,000
16-inch mains feeding Blrrigada Reservoir

[I at Rt. 1.

A-5 From connection with Project A-1 at the 24 25,000 SS,510,000
intersection of Ysengsong Rd. and Rt. 3,
south along Rt. 3 then west along Rt. 1

[I to connect to the 14-inch diameter main
south of Haruna's restaurant and Project
B-1.
($53 M Bond Project)

~I A-6 From connection with Project A-1 at Rt. 1 12 11,500 51,960,000
near Mataguac, west along existing 2-inch
main to connect with Project A-3_

I A-7 From Astumbo Reservoir outlet west to 16 2,880 S650,OOO
existing 12-inch main at Ysengsong Rd.

A-8 From connection to Project A-1 on 16 12,500 52,810,000

! I
Ysengsong Rd., south to the 12 and 14
inch diameter mains on Rt. 1.

A-9 Upgrade all sections along Swamp Road 12 450 sao,000
from Rt. 3 east to Ysengsong Rd.

II A-tO From connection to Project A-S at Rts. 1 12 2,000 $340,000
and 3 junction, east on Rt. 1 to connect
with Dededo's 12-inch diameter main on

II
north Fatima St.

A-11 From connnection to existing 12-inch 12 3,400 5580,000
diameter main on Rt. 16 at south Fatima
Street, north to connection with Project
A-5. and from connectfon to the exfstfng
12-fnch main west of Ft. Muna. east along
Rt. 16 to connection with Projects a-4 and
a-5_

, I A-12 Upgrade Macheehe/Adacao distributfon 8 15,000 51,640,000
lines. 6 18,200 51,860,000
(S53 H Bond Project)

:I
II
II



PUAG WATER MASTERPLAN
PROPOSED CAPITAL IMPROVEMENTS PROGRAM

I. Yater Main 1II1'rovements
........... ----- ........•• Estimated
Service Diameter Length 1991 Project

Area Project Location (in) (ft) Cost
.......... --_._--------------------------------_._--------------------------_ .._-----------

A A-13 From PUAG's Mt. Santa Rosa Reservoir, 16 1,300 5300,000
north along Rt. 15 to Andersen Elemen- 12 4,950 $850,000
tary Sehool then west along Andersen's
boundary to connection with Project A-' on
Rt. 9.
(Mt. Santa Rosa to School, Locally Funded)

A-14 From connection to Project A-15 in Gayi- 12 lB,880 53,210,000
nero, south along Rt. 15 to connection
with Project B-6 at Carnation Rd.
($53 M Bond Project)

A-15 From connection with Project A-l on Rt. 12 6,000 $1,020,000
southeast, through Takanao Subdivision to
connection with Project A-14 at Rt. 15.
This project is in addition to the 16-inch
main now under construetion along the same
route.

A-16 From Project A-13 west to Route 3. 16 6700 Sl,510,000

B B-1 From connection to Project A-5 at Haruna's 24 8,200 S2,790,000
Restaurant, south on Rt. 1 to existing
12-inch main on Ypao Rd.
(553 M Bond Project)

B-2 From Japan Plaza along San Vitores Rd. to 12 7,200 51,230,000
connection with Project 8-3 on JFK Rd.

B-3 From connection to Project B-2 on San 16 2,400 5390,000
Vitores Rd. along JFK Rd to connection
Project B-1 on Rt. 1.

B-4 From Barrigada Reservoirs along Macheche 24 7,200 52,450,000
Rd. to conneetion with Projects A-ll and
B-5 at Rt. 16.

B-5 From connection to Projects A-l1 and B-4 16 12,600 52,830,000
at Rt. 16 to proposed Airport Reservoir
then west along Rt. 10 A to connect with
Project B-1 on Rt. 1.

B-6 From connection to Project A·14 at Car- 24 25,000 58,510,000
nation Rd., south along Rt_ 15 to connect
with Projects B-l0 and B·14 at Rt. 10.

L(001 Funded Project; under construction)

B-7 From connection with Project B-4 at 16 13,000 $2,920,000
Rt. lOA, south on Rt. 16 to Rt. 10 with
connections to proposed Rt. 16 Reservoir.
(DOl Funded Project)

B-8 From connection with Project 8-6 at Rt. 15 12 13,200 52,250,000
south along Dairy Road approximately 4,000
ft. to Bull Cart Trail then west along
Bull Cart Trail to Canada-Toto Loop Rd_
and connection to existing 12-inch main on
Rt. 8.

B-9 From connection to existing 12-inch main 12 3,600 5620,000
at Rt. 8 in Mongmong, west to connection
with existing 12-inch main on Rt. 1.
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r PUAG WATER MASTERPLAN
PROPOSED CAPITAL IMPROVEMENTS PROGRAM

r I. Water Main Improvements------_ ........_---------- Estimated
Service Diameter length 1991 Project

Area Project location (in) (ft) Costr --------------------------------------------------------------.------_._-----_ .._----------
8 B-l0 From Agans springs along existing power 12 12,000 $2,040,000

right of way to connection with Project
8-9 at Rt. 8 in Mongmong.

B-ll From Mangilao Reservoir to cOflIlIM:tionwith 16 5,600 $1,260.000
Project B-6 on Rt. 15--inlet and outlet.

B-12 From Hangilao Reservoir to connection with 16 1,400 S320.000
Project B-13 and existing 12-inch main at
Rt. 10 via Corten Torres and Guam Com-
llUlityCollege.

B-13 From connection to Project 8-12 on Rt_ 15, 16 12.000 $2.700,000
south along Rt. 10 to connect to existing
16 and 12-inch mains at Rt. 4.

B'14 Upgrade Sinajana/Agana Hts. distribution 8 5,810 $640,000
main between cOflIlIM:ticnsat Route 4 and
Agana Hts. Reservoir.

B-15 From connection to existing 18 inch main 16 11,000 $2,470,000
at Rt. 4 in Agana. south to Rt. 6 with 20 15.000 $4,090,000
connections to Asan Springs. From Assn,
south along Rt. 1 to connection with
8-16 at Rt. 6 In Piti.
($53 M Bond Project)

B-16 From connection with Project 8-15 on Rt. 16 35,000 $7,860,000
west along Rt. 6 to new Nimitz Hill
Reservoir, then west on Rt. 6 to con-
nection with Project B'15 at Rt. 1 at
at Adelup. Also distribution main from
new Nimitz Hill Reservoir, west along Rt.
6 to connection with Project 8-15 at Piti.

C C-' From existing 12-inch main from Sinifa BPS 12 11,000 $1,870,000
west along Rt. 17 to connection with the
12-inch Santa Rita main.

C-2 From connection with the existing 12-inch 16 5,000 Sl,130,000
on Rt. 2 near Hegpo Beach, south along Rt.
2 to Pagachao Reservoir.
($53 M Bond Project)

C-3 upgrade Agat-Santa Rita distribution 6 40,000 $3,540,000
system. 8 15,000 $1,640,000
($53 M Bond Project) 16 11,500 $2,590,000

C-4 From Pagachao Subdivision to Umatac with 12 15,000 $2,550,000
connections to the proposed Agat/Umatac
Reservoir.
(S53 M Bond Project)

C-5 From connection to Project D-5 on Rt. 17 14 10,500 $2,150,000
at proposed Cross Island Reservoir to
Sinifa Reservoir.



INOTE~ Project costs include standard valves, and PRV,'sand PSV's as noted in
Appendix 1, Figures A through D.

II16, 8,500 S1,910,000

ill 9,500 $2,590,000

lZ 8,250 $1,410,000

14 14,500 $3,260,000

.....,.,---------
$125,79'0,000

I IEstimated
1991 Project

Cost
Diameter Length

(in) (ft)

I
I

torAL.WATER MAIN IMPROVEMENTS

0-5 From Windward Hills Reservoir to con·
nection with Project C·5 at proposed
Cross Island Reservoir v'iaWindward Hflls
Booster Pump Station.

D·4 From Rt. 4 north to proposed IJa Reservoir
wHh ouUet back to Rt. 4.

0·3 From Rt~ 4 connection to Project 0-2. 'lies;
to pulantat Reservoir. .

0-2 From Pago Bay BPS along Rt. 4 to connect
t!othe existing 12-inch Pullllil,tatmain.

0-1 From Ugum Reservoir, north on Rt. 4 to
Rt. 4A then west along Rt. 4A to con=
nec'~ion with Windward Hills Reservoir.
(To be funded by the Talofofo Water System
Project).

D II16 26,000 S5,840.000

Location
Service

Area Project

J. Uater Main Improvements

PUAG YATER MASTERPLAN
PROPOSED CAPITAL IMPROVEMENTS PROGRAM
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PUAG WATER MASTERPLAN
PROPOSED CAPITAL IMPROVEMENTS PROGRAM

0 II. RESERVOIR IMPROVEMENTS
---------------.- ..~~.-.~-- Yr. 2000 Yr. 2010

Voll.JlleEstimated Voll.Jlle Estimated

0 Service (Million 1991 Project (Million 1991 Project
Area Project Location GaLlons) Cost Gallons) Cost

----_.---_---------_ ...._-------------------------_ ...--------------------------_._------------------
A AR·1 Site of present Yigo Reservoir. 5.0 $6,240,000

0 AR·2 New Agafa Gumas, east of Pott's 5.0 $6,240,000
Junction (S53 M bond project).

0 AR·3 Site of present Astumbo Reservoir. 3.0 $4,680,000 2.0 $4,160,000

AR·4 Site of present Dededo Reservoir 5.0 $6,240,000
($53 M bond proJect).

0 B BR·1 Site of present MangiLao Reservoir 5.0 $6,240,000
($53 M bond proJect).

BR·2 New Mongmong·Toto·Maite Reservoir. 3.0 $4,680,000 3.0 $4,680,000

0
On Rt. 16 south of Barrigada Hts.

BR-3 North end of Airport Industrial Park. 3.0 $4,680,000 3.0 $4,680,000
Alternate: Across Rt.16 on Perez lot.

O· BR-4 Site of present Agana Hts. Reservoir. 2.0 $4,160,000

BR-5 Site of present Chaot Reservoir. 2.0 $4,160,000

0
BR-6 Near site of Present Asan Springs. 1.0 S1,560,OOO

BR·7 Site of present Piti Reservoir 1.0 51,560,000

BR-8 Near site of Navy's present Nimitz 1.0 $1,560,000

0 Hill Reservoir.

e CR-1 Site of present Sinifa Reservoir. 1.0 Sl,560,000

0
CR-2 Near Torres School in Santa Rita. 1.0 S1,560,000

Below present Santa Rita Reservoir.

CR·3 GovGuam site in Pagachao subdivision. 1.0 S1,560,000
Alternate: Rt. 4 near Ascola Sita.

0 CR·4 East of Route 2 above Sella Bay 0.5 S990,000

DR·1 Near site of present Pulantat 2.0 S3,640,000 3.0 $4,680,000

0
Reservoir.

DR-2 Site of present windward Hills 1.0 Sl,560,000
Reservoir.

0 DR-3 Rt. 1'7near East Lookout Tower. 1.0 S1,560,000

DR·4 Standpipe at site of present 0.2 S310,OOO
"alojloj Reservoir.

0 DR·5 Site of present lnarajan Reservoir. 1.0 Sl,560,000

DR·6 Near Ija Rd. at eleva 196 ft. 0.5 Sl,040,000 0.5 S940,000
500 ft. access rd.

0 DR·7 Rt. 4 at Mt. Jumullong Manglo pass. 0.5 S940,000
------------- -------------

TOTAL RESERVOIR IMPROVEMENTS $50,600,000 $36,820,000

0 Year 1990 to 2010 Entire Guam Total: $87,420,000

0



o
o
o

(1) Represents maxillUllday capacity demand requirements. Pumps will satisfy demand with
p.q> out of service. Final design capacity may be Larger due to specifie project
requirements.

o57,230,000

o3502.5150,000350

110021420,000 o1,100

5590,000 o17503,500

2000 o5750,0002,000

14002 o',400

o6,500 51,800,000

o10002$520,0001000

1000$520,000 o21,000

20002 o$750,0002,000

70021400,000 o700

700$380,000 o2700

$380,000 o7002700

oEstimated
Capacity(1) 1991 Project Number Pump Size

(gpm) Cost Pumps (gpm)

TOTAL BOOSTER PUMP STATION IMPORVEMENTS

DPS-6 Existing umatae BPS No.3. Upgrade
existing 35 gpm capacity to meet veal"
2010 demands.

DPS-3 Existing Windward Hilts BPS. Upgrade
existing 400 gpm capacity to move water
to proposed Cross Island Reservoir.

DPS·4 On Rt. 4 near Rt. 4A intersection.. To
Move water from Ugum Reservoir to
Windward Hills Reservoir. (funded under
Talofofo Yater System Project).

DPS'5 Existing Pigua BPS. upgrade existing
300 gFm capacity to accommodate Veal"
2010 demands.

DPS·2 On Rt. 4 between Ylig River and Yona.
Moves water from Ugum to PulantBt
Reservoir.

D,I"S'lExisting Pago Booster Pump Station. Up'
grade existing 2000 spm capacity to ae­
comodate Year 2010 ftows. Moves water
from north to Pulantat Reservoir.

CPS-3 On Rt. 2 near Sella River. Moves water
from proposed Sella Reservoir to
proposed reservoir at Jumollong
Hangilao Pass.

CPS·2 On Rt. 2 near Tumeg. Moves water from
Agat/Santa Rita to the proposed Sella
Reservoir.
($53 M Bond Project)

BPS-2 Rt. 6 above Nimitz Towers. Nimitz BPS
No.2 boosts water from Nimitz BPS No.
to proposed Nimitz Hill Reservoir.

BPS-3 Rt. 4 between Agana and Asan. Moves
water from Agana to Asan Reservoir.
($53 M Bond Project)

CPS-l on Rt. 17 between proposed Cross Island
and Sinifa reservoirs. To move water
from Cross Island to Sinifa reservoirs.

C

BPS-' Rt. 6 below Nimitz Towers. Nimitz BPS
No.1 moves water from Piti Reservoir
to proposed Nimitz BPS No. Z.

B

Location
Service
Area Project

III. Booster Pump Station Improvements

oPUAG YATER MASTERPLAN
PROPOSED CAPITAL IMPROVEMENTS PROGRAM

o



1743 Along north Ysengsong Road.

2

2

2

711 Janum, east of Nt. Santa Rosa.

22 Mogfog, near existing M-series wells.

47 Yigo, along Rt. 1 in Asatdas area.

30 Barrigada, near It. 16.

51,410,000

52,680,000

$620,000

$890,000

5520,000

$4,490,000

5

2 Chalan Pago.

24 Marbo North, on Anderson South Annex.

5570,000

5260,000

2

5534 Manaca, Rt.8 east of Rt_ 10 Jct_

37 Sasajyan, along Rt. 15.

51,300,000

1660,000

$2,850,000

546 Macheche and Airport

8 Mangilao North, Carnation Road.

31 Toto area. 5780,000

4

3

4 Anigua near Rt. 1.

$820,000

51,040,000

18 Between Callon Tramojo and Rt. 3.

53

3

9

$1,670,000

52,590,000

53,150,000

52,330,000

4

6

3

44 Dededo, along Rt. 3 north of D-16/18 wells.

3 Nimitz Hill, along Rt. 6.

14 Lupog, adjacent to Rt. 15, south of Andersen.

32 Agana Swamp between Afami and Agana springs.

227 Mataguac, adjacent to Rt. 1 •

26 Along Rt. 1, north of Yigo Village.

19 East Finegayan north of Callon Tramojo. $990,000

$670,000

$700,000

3

2

25 East Yigo, expansion of Y-series wells.

428 Yigo, expansion of existing Y-series wells.

2

10 sabanan Pagat, along Rt. 15.

21 West of Nt. 8arrigada in upper Macheche.

51,090,000

1660,000

51,010,000

51,830,000

$1,340,000

2

52,200,0001 -- 429 Along Ysengsong Rd. North of and in­
cluding the D-series wells.

9 Adacao, adjacent to Rt. 15_

o
o

Ao
AII-15

BII-12

AII-16

B
o

AW-14

AII-13o
AII-12A

B-l1

B-l0o
BII-9

BW-8o
BW-7

.BII-6o
BW-5B

AW-l1Ao
B

A

Bo
o
o

Ao BW-2

AU-4

AU-5

AII-6

AU-7

AW-8

AW-9

BII-3

AU-lo

BII-4

B

AW-3A

BW-lBo
AU-2o

O
Service Project G.W. Humber of Uells by Size (GPM) Estimated
Area No. Zone Location IG 100 200 350 500 750 1991 Cost
..~.~....~.....- ...--------------------------------------------------------------------------------- ------------

A AU-l 16 Agafa Gumas. East of Pott's Jet., south 12 54,200,000
of Rt. 9.

PUAG WATER MASTER PLAN
PROPOSED CAPITAL IMPROVEMENTSPROGRAM

o
o



o
o
o
o
o
o
o
o
o
o
o
o

9 $50,350,000 o$3,660,000

$350,000
o

$520,000

$850,000

o$520,000

$~.,130,000
oEstimated

1991 Cost

o
o
o

2) Wells are arranged in priority of development after NGLS recommendations. This priority
;s tentative. Final priority and capacity of each well field may vary subject to further
analysis of test well data and Northern Lens productivity.

'" PI.IJ1)
o Chlorination
o Chlorination Bunding
o Fluoridation
o Standby Power

o Casing
o Screen
o Gravel
o Cement Grout
o Well Pad

o Mobilization
o Access Clearing
o Drilling
o Reaming
o PLIIIPTesting

7 27 63 22 38

14

3

2

2

4B BW-13 36 Taguan, near Rt. 15.

A AW-1T 45 South DededO, expansion of D-seriea
well fields.

B BW-14 5 South of Mt. Barrigada near Rt. 16.

A AW-18 42 Finegayan West, east side of Rt. 3.

AW-19 20 Pott's JU'lCtion.

B BW·15 35 Asbeco, along Rt. 15.

TOTAL WELL IMPROVEMENTS

* * * * *
1) WeU projects include the following iillllrovements.:

_____________ •••• ._ •• •• e~ __ •Location
NLIlber of Wel Ls by Size (GP'M)
]G 100 200 350 500 750

Service Project G.W.
Area No. Zone

IV. Well Improvements

PUAG WATER MASTER PLAN
PROPOSED CAPUAL IMPROVEMENTS PROGRAM



PRIORITY LIST THROUGH YEAR 2000
PUBLIC UTILITY AGENCY Of GUAM

PROPOSED ISLANDWIDE WATER SYSTEM
CAPITAL IMPROVEMENTS PROGRAM

-----------.·funding Source··---········--
None

PRIORITY PROJECT LOCATION 553 M Bond Other Identified
-------_ ...-------------------------------------------------------------------_ ..----------_ ...------------

A-14 From connection to Project A-15 in Gayi- 52,509,000 5701,000
nero, south along Rt. 15 to connection
with Project 8-6 at Carnation Rd.
(553 M Bond Project)

8-5 From connection to Projects A-l1 and B-4 52,830,000
at Rt. 16 to proposed Airport Reservoir
then west along Rt. 10 A to connect with
Project B-1 on Rt. 1.

SR-3 North end of Airport Industrial Park. $4,680,000
Alternate: Across Rt.'6 on Perez lot.

SR-' Site of present Mangilao Reservoir 51,513,000 $4,727,000
($53 M bond proJect).

7 C-2 From connection with the existing 12-inch $825,000 $305,000
on Rt. 2 near Magpo Beach, south along Rt.
2 to Pagachao Reservoir.
(553 M Bond Project)

CR-3 GovGuam site in Pagachao subdivision. $780,000 5780,000
Alternate: Rt. 4 near Ascola Sitae

C-3 Upgrade Agat·Santa Rita distribution $4,472,000 53,298,000
system.
($53 M Bond Project)

CR-2 Near Torres SchooL 'inSanta Rita. Sl,560,000
Below present Santa Rita Reservoir.

C-4 From Pagachao Subdivision to Umatae with $1,569,000 5981,000
connections to the proposed Agat/umatac
Reservoir.
(553 M Bond Project)

CP1~2 On Rt. 2 near Tl.lllllg.Moves water from $200,000 $315,000
Agat/Santa Rita to the proposed Agat-
Umatac Reservoir.
(553 M Bond Project)

DR-7 Rt. 4 at Mt. Jumullong Manglo pass. 5145,000 $195,000

B-l0 From Agans springs along existing power 52,040,000
right of way to connection with Project
8-9 .at Rt. 8 in Mongmong.

8 M-7 Oka Point Service Areas $310,000

9 A-l1 From COl'VW!ction to existing 12-inch S580,000
diameter main on Rt. 16 at south Fatima
Street, north to connection with Project
A-Sf and from connection to the existing
12-inch main west of Ft. Huns, east along
Rt. 16 to connection with Projects B-4 and
a-s.

10 M:~4 Site of present Dededo Reservoir 51,779,000 $4,461,000
($53 M bond project).

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o



o
o
o
o
o
o
o
o
o
o
o51,2n,00052.223,000Upgrade Macheche/Adacao distribution

1ines.
(553 M Bond Project)1

A-12

$6,13'0,000From Astumbo Reservoir to existing 12 and
16+inch mains feeding Barrigada Rese,rvoir
at Rt. 1.

o55.490,000From proposed Agafo Gumas Reservoir south
to Astumbo Reservoir.

A-312

o52,810,000From connection to Project A-7 on
Ysengsong Rd., south to the 12 and 14
inch diameter mains on Rt. 1.

A-a

o$650,000From Astumbo Reservoir outlet west to
existing 12-inch main at Ysengsong Rd.

52,901,00051,779,000Site of present Astumbo Reservoir_AR-3

A-711

o
o

51;610,000B'2,B*3 from Japan Plaza along San Vitores Rd. to
connection with Proj1ect8-3 on JFII: Rd.
From connection to Project B-2 on San
Vitores Rd. along JFK Rd to connection
Project S-l on Rt. 1.

·············Funding Source···············
None

553 M Bond Other IdentifiedLOCATIONPRIORITY PROJECT

o
o

PRIORITY LIST THROUGH YEAR 2000
PUBLIC UTILITY AGENCY OF GUAM

PROPOSED ISLAND~IDE WATER SYSTEM
CAPITAL IMPROVEMENTS PROGRAM

o



o
o
o
o
o
o
o
o
o

3) Improvement costs are based on a cost per storage gallon rate derived from project
costs presented in the Ugum River study cited above. Costs were adjusted upward
to present day, Guam costs. The project costs presented in this table are order of
magnitude estimates only. Thorough and updated Engineering studies for each site,
which is beyond the scope of this report, must be completed for more accurate
estimation of project costs.

o

o
o o Land and Damages

o Care and Diversion of Yater
o Reservoir
o Dam
o Spillway

o Outlet Works
o Access Road
o Water Treatment Facilities
o Construction Facilities
o Engineering and Design
o Supervision and Administration

2) Storage volumes required to provide indicated yield are taken from Appendix D of the
"Ugum River Draft Interim Report and Envirormental I~ct Statement", 1979; USACOE.
These yields include flows required to maintain 90 X frequency streamflow. Storage
is for minimum development of respective river to meet average day demands.o

1) Surface water projects include the following improvements:

• * • • *o
$91,400,000TOTAL RESERVOIR IMPROVEMENTS

o
1.0 545,700,000

1.0 545,700,000

9.3

6.3

00-1 Ugum River

00-2 IneraJan River

o

Estimated
1991 Project

Cost

Storage
Volune

Yield (Billion
(MGO) Gallons)Location

Service
Area Projecto

V. SURFACE YATER IMPROVEMENTSo
PUAG ~ATER MASTERPLAN

PROPOSED CAPITAL IMPROVEMENTS PROGRAM

o
o



o
o
o
o
o
o
o
o
o$4,800,000

oS310,000

oS1,050,000

oS690,ODO

oS60,OOO

S]sO,OOO
o

$1,370,000
oS570,000

oEstimated 1991
Project Cost

o
o
o

iCTAl MISCELLANEOUS SYSTEM IMPROVEMENTS

M-7 Provide valving in existing Oka Point
distribution system to create two separate
distribution networks.

M·6 E'ncloseapproximately 40 production weH
cb~orination and fluoridation facilities
in typhoon-proof buildings for protection
from sunlight and vandalism.

"-5 Improve approximately 730 existing fire
bydrants (40X of estimated total).

M-4 Replace existing water meters at 12 pro­
duction wells.

M-3 Construct stationary emergency power gen­
erators in typhoon-proof buildings at 8
key well clusters.

M-2 Construct emergency standby generator
hook-ups at 43 pump stations and purchase
22 portable generators.

M-' Repair inoperable pump control valves at
PUAG's existing 89 wells

DescriptionProject

VI. Miscellaneous Improvements

PUAG WATER FACILITIES MASTER PLAN
PROPOSED CAPITAL IMPROVEMENTS
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PROPOSED CAPITAL IMPROVEMENTS

FIGURE 9-2d

SCALE IN FEET

80004000o

x
-c-rc­

Oo
"1-

L 0
......

..
0

'\.


	guam water facilities.pdf
	guam water facilities 2.pdf
	water 3.pdf
	water 4.pdf
	water 5 .pdf

