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I. SUHHARY AND BACKGROUND INFORHATION 
A. IntroducUon/ProJect concept 

Tourism on Guom hos grown consistently over the yeors with 
slgnlflcont Increoses In recent years. The number of visitors Is 
dramotlcolly Increoslng eoch month with nearly 0 holf million tourists In 
1988. One million tourists ore expected to visit Guom eoch yeor by 1993 
(GVB, 1987). 

The development of Tumon Boy os the tourist center hos been 
consistent oyer the years, commenc,ng with a boom In the early 1970's and 
growing with the Japanese trend for tourist trevel. Periodic fluctuations 
In toUrism with ups and downs have occurred since then, and overall 
development on Guam Is In a boom period now. Tumon Bay Is reacting to 
this Increase with the expansion of existing hotels and development of 
new ones. In addition to the development of new hotels comes a variety of 
tourist related commercial developments. These developments ore quite 
evident along Ypao Boulevard. 

The Government of Guam has token major steps to Improve the 
Infrastructure of Guam so that tourism hos the necessary backbone upon 
which to grow. The most serious study Identifying the needs for 
Increasing tourist development on Guam Is the Tumon Bay Master Plan. 
This plan, completed In 1984, Identified the need for Infrestructure 
Improvements. According to this pIon existing hOtels cen expend, new 
hotels can be constructed and ossoclated commercial businesses have the 
opportunity to develop without taxing existing systems. 

The Tumon Bay Mester Plan also Identified the need for mlcro­
dredging of Tumon Bey. This Is needed to Improve water depth for basic 
water recreation over ell tldel conditions. At this time, Improved 
Infrastructure In Tumon Bey Is nearing completion. However, the Tumon 
Bay Micro-Dredging project Is stili In the early planning stege. The 
submittal of appropriate pennlt applications (ACOE, C2M and GEPA) will be 
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flnallzed by the third Quarter of 1988. Assuming approvals, this project 
could begin by mld-19B9. 

Hotel development on Guam Is also expending away from Tumon 
Bay as tourism grows. Many new tourist facilities can be found throughout 
the Island. Operational facllttles now Include Cocos Island Resort, 
Inarajan Shores and Jones Beach Resort In Ipen. projects still In the 
planning stage Include the Guam Micronesian Cultural Center and Resort at 
Turtle Cove In Yona, Huchano Golf Course In Mangllao and the Municipal Golf 
Course In Ylgo. Meny tourist related businesses such as shops, restaurants 
and clubs are becoming visible al1 along the west coast of Guam, 
particularly In the villages of Tumon, Temunlng and AgMa. 

Although hotel development continues to occur along Tumon Bay, 
new resorts are beginning to develop In East Agana Bay. Recently, the 
Palace Hotel broke ground at Oka Point and t~l8Ct detailed In this 
report (Sunset Beach Hotel and Resort) Is planned for the Dungcas Beach 
area. The majority of this resort will be constructed on the sUe of the old 
Oka Point Trailer Park, along Dungcas Beach and In the lagoon out to Alupat 
Island. Aside from tourist resort faCilities, condominiums are also under 
construction In the area. The Bay View Condominium was recently 
completed on Trinchera Beach just south of the proposed Sunset Beach 
Hotel. The Olea POint Condominiums are still under construction just north 
of the proposed Palace Hotel. The Alupang Condominium project has been 

In existence opposUe Alupat Island for 14 years. It Is obvious that tourist 
related development Is expandIng Into those areas north and south of 
Tumon Bay. 

Nearly all beach Oriented hotel development on Guam necessitates 
dredgIng a deeper swimming area. (Reference the Increased number of 
ACOE appltcatlons for swimmIng holes by major hotels along Tumon Bay 
and Government of Guam plans to dredge a portIon of Tumon Bay). These 
dredging plans are not restricted only to Tumon Bey. They are also planned 
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et Cocos Islend, In the yllleges of Merlzo, Ipen end Vone, et the Commerciel 
Port end within both the eestern end western sections of Agene Bey. 

Dredging of reef-flets eround Guem Is e controyerslellssue In both 
goYernmentel end priYete sectors. This Is especlelly true since, In recent 
months, the number of dredging eppllcetlons hes risen sherply with the 
deyeloplng tourist Industry. There ere those who see these projects es e 
mejor Improyement oyer the extremely shell ow neturel weter of these 
beys end others who feel thet dredging will only detrect further from the 
neturel beeuty. Regerdless of public or goYernmentel opinion et this stege, 
some of these beys ere fer removed from neturel conditions which hIIYe 
been modified oyer the yeers prlmerlly from extenslye humen use. 
Impects on the legoon Include deyelopment of meJor structures neer the 
bey, which contribute sllt-Ieden runoff through meJor storm drelns, end 
the multitude of people who, use end Impect the beech end legoon In 
yerl ous weys. 

Agene Bey Is e neturelly beeutlful enylronment even In Its 
some whet deterloreted stete todey. like Tumon Bey, there Is one thing 
certeln about East Agene Bey; It w11l continue to be used by more end more 
people In yeers to come. One cennot close his eyes to this and hope ell 
the users w11l go ewey. Because of this fect, the enUre eree, not Just the 
bey, wm suffer tremendous enYlronmentel pressure end degredatlon. To 
alleYlete this problem, some form of enylronmental reguletlon/protectlon 
must be Implemented. 

This proposed deyelopment plen for the northern section of Eest 
Agana Bey legoon and beach aree Is designed to prOYlde for a greater 
degree of use. The designs will also Improye en enylronment which has 
been stressed conslderebly oyer the years. The focal point of this 
EnYlronmentel Impact Stetement (EIS) Is deyelopment and Improyement 
wfthln the lagoon and surrounding beeches of this site. This EIS Is 
designed to offer reylewers within the government, and other Interested 
pertles, specific Informetlon about the project. Physical and biological 



charecteristics of the lagoon and beaches are Included so that Intelligent 
and reasonable decisions can be made regarding the development plan. 
This EIS also offers some suggestions and recommendations to help ensure 
a high degree of protection during the construction phase of the project. 

B. Prevlou. Studla. 
A number of marina environmental studies Involving Agana Bay (at 

least In pert) have been completed over the years. Most of these ere the 
result of biological and physical Investigations by the U.S. Navy and by 
Individuals at the University of Guam Menne Laboretory. 

1. Stydles Drior to 1970 
Geological studies on East Agana bay date back to Emery 

(1962) who performed a geological survey of the mllrine environment of 
Guam. Trecey, nIL (1959 and 1964) also performed some of the earliest 
geological survey wort on Guam between 1951 end 1954. Two transects of 
the reef profile In Trecey's wort are In East Agano Bay. 

2. Stydles In the 1970's 
Randall (1971) surveyed the entire west coast of Guam, 

Including East Agana Bay, regarding the effects of Infestation by the 
Crown-of-Thoms Starfish (Acanthaster Dlanc!). Tsuda (1971) 
Investigated the status of Acanthaster Dlancl and corel reefs In the 
Mariano and Caroline Islands which Included all of Agano Boy. Randall end 
Eldredge (1974) Investigated the extreme north end of East Agana Boy for 
the purpose of constructing a marino and resort. This study described the 
generel area and Investigated the corels, fish, macrolnvertebretes, algae 
and currents In the vicInity. The project never materialized but was 
proposed for the some generel location as the Sunset Beech Hotel end 
Resort project. Randell and Holloman (1974) described the entire 
coastline of Guam detailing East Agana Bay In theIr Coastal Survey of 
Guam. £elt Agono Bey represented sector VII of thIs study. The U.S. Navy 
Oceanogrephlc Offtce (1974) collected a good deal of data on the mlcro­
Invertebretes currents and corel reef ecology of the west coast of Guam. 
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Rllndllll lind Eldredge (1976) Investlgllted the physlclIl chllracterlstlcs of 
Ellst Agllnll BIIY liS II pert of the Atllls of Reef lind Bellches of Guem. Rowe 
lind Doty (1977) studied the sllllllow wllter Holothurillns of GUllm which 
Included some work In Ellst Agllnll BIlY. Zollln 11 Ai. (1978) Investigated the 
Impllct of urban runoff wllter dlschllrged In cOllstll1 wllters through 
stormdralns In VllriOUS llrells of GUllm. The NAS storm drain In Ellst Agllnll 
BIlY Is Identified liS one of his study sites. FltzGereld (1978) Investlgllted 
envlronmentlll pllrameters Influencing the growth of the filamentous green 
IIlgll Enteromornhll clothratll which grows IIbundllntly along the shoreline 
of Agana Bay. Amesbury (1978) performed studies on the biology of reef 
fishes of Guam Including fish populatton projections for Agana Bay. 
Birkeland 11 Ai. (1978) Investigated the corals, IIlglle lind 
macrolnvertebrates of several reef-flat communities on Guam Including 
Agana Bay. This Investtgatton gave some comparisons of diversity between 
reef-f1l1ts. StoJkovlch and Smith (1978) performed II comprehensive 
survey of edible marine shellfish and sea urchins on the reefs of Guam 
which Included data from Agana Bay. 

3. Studies In the 1980's 
Mora recent studies of Agllno Bay Include the 1980 Army 

Corps of Engineers (ACOE) report regerdlng planning alternattves for the 
bay. This paper Identtfled II number of problems within Agana Bay lind 
suggested methods of eliminating them. In 1980 the ACOE also recorded 
much of Guam's coastline In their Comprehensive Study Shoreline 
Inventory. Agllne Bey represented Section 4 of this report. Eest end West 
Agane Bey were surveyed In 1985 by PBEC regarding the Government of 
Guem Plen to construct e Pessenger Line termlnlll lind creete new lend for 
development purposes. 

C. On-Iolng dltl conectlon 
The Guem Envlronmentel Protectton Agency (GEPA) hes been 

collecting weter quality dete from Eest Agene BIIY since the eerly 1970's. 
Some of their monitoring sampling stations are In proximity to 
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stormdralns and In the vicinity of popular recreation beaches. Analysis of 
samples from the area Is only for bacteriological contamination (Total and 
Fecal Collforms). The Aquatic and Wildlife Resources Division of the 
Department of Agriculture conducts on-going creel surveys along the 
shoreline of Agana Bay. It's purpose Is to assess the use and Impact of 
subslstance and sport fishing on the fish resources In the bay. 

The Guam Ylsltors Bureau (GYB) publishes monthly visitor statistics 
and compiles these Into an aMulI1 report to determine Visitor trends. The 
GYB hilS also funded numerous studies over the years on the preferences of 
tOurists, prlmllrlly the Japanese. 

D. Permit Requlnments far tbe Project 
I. Federal Goyernment Reylew 

There are a number of permits which are required In order for 
this project to commence. The primary permitting agency Is the U.S. Army 
Corps of Engineers (USACOE) This agency rsqulres at lellst a Section 10 
permit appltcatlon (River and Harbor Act of 1899) as amended and Section 
404 of Pl. 92-532 (Mllrlne Protection, Research lind Sanctuaries Act) for 
dredging within the navigable waters of East Agene Bay. A Section 404 
permit will be required If IIny of the dredge spoil material will be placed 
In the Intertidal zone for beach nourishment. However, If only clean sllnd 
Is to be placed on the bellch (futland) then the 404 permit will not be 
required. Federal government review agencies Include the U.S. Fish and 
Wlldl1fe Service (USFWS), Natlonlll Marine Fisheries Service (NMFS) and 
the U.S. Environmental Protection Agency (USEPA). 

Territorial regulations Include the adoption of 16 Federel 
Coastlll Zone Management (CZM) poltcles regarding use, protection and 
development of land end water resources. These poltcles are administered 
by the CZM office within the Government of Guam Bureau of Plennlng and 
an appltcatlon form must be filed. This appltcatlon, with additional 
supporting Information, Is reviewed by all local and fedarel agenCies. The 
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reYlew must find thet the project Is consistent with federel government 
policy prior to epproyel by the ClM office. 

2. Locel Goyernment Reylew 
The ACOE permit reYlew process Includes reYlews by locel 

goYernmentel egencles, Interested orgenlzetlons end concerned Indlylduels 
end mey Inyolye e public heerlng. The ACOE will not Issue e permit until 
el1eppllceble terrltorlel reguletlons heye been setlsfled. 

The prlmery reYlew mechenlsm for dredging projects within 
the Goyernment of Guem Is the Terrltorlel Seeshore Protection 
Commission (TSPC). 

Prellmlnery project limits for dredging In Eest Agene Bey 
were defined by the shoreslde property boundery merles end the edge of 
Alupet lsI end. LInes were drewn from these boundery mer\cs ecross the 
reef-flet out to the north end south tips of Alupet Islend, theraby .• flnlng 
the study eree end potentlel dredge zone (epproxlmetely 19.3 ecres 
(78,036 m2). The southern helf of this eree Is e lerge sendy zone which 
comprises the mejorlty of the eree. The remelnder of the eree Is 
composed of send covered herd substrete end live corel. A rich consl 
community exists In the extreme northeest portion of the site. Arees of 
lIye corel wtll not be dredged. An esUmeted 45,000 cubic yerds of mostly 
unconsolldeted meterlel will be removed, e portion of which will be used 
to nourish the existing shoreline. The remelnder will be disposed on shore 
et epproved lendflll sites. 

After obtelnlng TPC epproye1 end prior to construction, the 
eppllcent must obteln e Building Permit from the Dept. of Public Works. 
An Envlronmentet Protection Plen (EPP) must be prepered end epproved by 
GEPA prior to ftnelepproyel of e Building Permit eppllcetlon, for projects 
Involving substentlele1teretlon to the environment. PrepereUon of en EPP 
Is the contrector's responsibility end Is Intended to specify construction 
methodology end Identify elements of the project which mey herm the 
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enYlronment. Mitigation and enYlronmental protectton measures are also I 
detaned In the EPP. 

The GEPA requires a Section 401 Water Quality Certification 
prtor to commencing wort In any aquatic area. There Is no application 
form for this certification. Submission of paperwort for the ACOE and 
CZM permits with a letter requesting such certification Is sufficient at 
this time. 

An Enylronmental Impact Assessment or Statement (EIAtEIS) 
Is a requirement for certain types of projects. Any project which Is to be 
funded by federal dollars, built on federal property or requlrtng federal 
permits must prepare at least an EIA. Findings In the EIA will determine 
the necessity of prepartng an EIS, although major projects (as defined by 
USEPA crtterta) require an EIS for Its detail. The EIAtEIS Is the 
responslbl11ty of the developer and should be prepared early In the 
project's planning process. 

Governmental review of the project begins once all applicable 
forms are filed. The ACOE relies heavily on deCisions and 
recommendations In the local government review process. In the event 
that the project falls In the local government review process, the ACOE 
w111 also deny a permit. Approyals at the federal leyel are usually 
condtttoned with recommendations suggested at the local level. Finally, 
the ACOE may deny a permit even If local approvals are granted. 



II. PROJECT DESCRIPTION 
A. Purpose and Need for tile Proposed Actton 

1. Water/Coastal Deoendence ObJectiye 
The prlmary goal of this project Is to daapen the sholl ow 

nearshore reef-flot between the shoreline and Alupat Island. This Is needed 
so thot 0 greater Yarlety of recreational uses can be accommodated, and to 
prepare the area for future development. At the present time this section of 
East Agana Bay Is extremely shallow and Is used for limited water 
recreation prlmarlly durlng high tide perlods. Immediate water recreation 
uses proposed for the area as a part of the proposed resort and this 
application Include windsurfing, Jet skIIng, swimming and snorkeling. 
Future recreational use (not Included In this application) may Include a 
dolphin pool, marlna, an underwater tube walkway between the "shoreline ond 
Alupat Island and water skIIng within the deepened lagoon. This section of 
coastline 18 deyeloplng rapidly with hotels and condominium projects. Use 
of the nearshore reef zone wl11 Increase dramatically In the next few years. 
Use zones wl11 be a necessity to prevent conf1lcts and to protect the users 
as well. This deyelopment plan Identifies approprlate use zonas for 
conSideration by the reylew agencies. 

A secondary goal, but of great Importance to the success of the 
prlmary goal, Is to significantly Improye water Qua1lty In the area. An old 
causeway bisects the reef-flat creating a blockage of water flow 
between the extreme north end of the bay and the rest of the bay to the 
south. This causeway and the protected nature of the bay creates a still­
water bay lacking adequate water circulation. Water Qua1lty has been yery 
poor durlng recent years because of oyerflow from sewer manholes which 
exist within the Intertidal zone, and poor flushing and sediment loading 
from swales and storm drains In the area. All this translates Into poor 
water Qua1lty In the area. Sediments from natural and man-made water 
drainage swales on shore have slowly been filling In the lagoon. The Guam 
EnYlronmental Protection Agency (GEPA) monitors water Quality In the 
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area on a regular basis and regularly reports the area as polluted with high 
numbers of fecal coil forms. Dredging wfJI Improye water quality 
significantly In the area since the causeway wfJI be removed allowing for 
better circulation and mlldng. Sewer manholes along the beach will be 
relocated during construction of the proposed resort and this action should 
eliminate the high concentration of fecal cettform bacteria now entering 
the bay. 

2. Economic Deyelopment Objective 
The proposed project proyldes an opportunity to yastly expand 

Guam's tourist faclllties through the development of a unique water parle. 
Part of the parle will be constructed on land and the remainder In the 
nearshore lagoon between Alupat Island and the shoreline. An extenslye 
onshore lagoon system has not been attempted on Guam partly because no 
suitable site hils been Identified. This comer of Ellst Agana Boy 
represents a unique location with steep cliffs, gently sloping bellches, 
protected Illgoon lind offshore Islet Where the deyelopment potential Is 
high. For these reasons, the deyelopers have chosen this Site to create 
this new recreational concept for tourists and reSidents alike. 

This proposed 19.3 + acre Site wfJI provide a unique water­
related fac111ty for tourists and reSidents and wfJI add to the average 
length of stay for Japanese tourists on Guam. It will also add to the 
tourist economic base In terms of dally expenditures, room tax and gross 
receipts tax revenue. 
B. Project Location 

This dredging project Is proposed oyer a 19.3 acre area of the 
shallow water reef-flat between the shoreline at Dungcas Beach and 
Alupat Island In the extreme northeast comer of East Agena Bay (Figure'S 
1,2 and 3). 
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c. Description of the Project 
Prelll)'ilnery project limits for dredging In East Agono Boy were 

defined by the shoreslde property boundory morks and the edge of Alupot 
Island. (Figure 3). Lines were drown from these comer manes across the 
reef-flat out to the north end south tips of Alupot Islend, thereby defining 
the study area and potential dredge zone (approximately 19.3 acres). The 
southern half of this area Is a large sandy zone which comprises the 
majority of the area. The remainder of the area Is composed of sand 
covered hard substrote with some ItYe coral. A rich coral community 
exists In the extreme northeast portion of the site. Areas of I1Ye corol 
wll1 not be dredged. An HUmated 45,000 cubic yenls of mostly 
unconsolldoted material w111 be removed oyer a 6.4 ocre oreo. 

Spoil materlol of suttable size ond Quollty w111 be pIeced on 
Dungcos Baoch for beoch nourishment. The remaining yolume of spoil will 
be stockpiled end 8Yentually hauled to on opproyed upland dlsposol site. 

Dredging the sondy ond rubble strewn oreos to -4.5 ft w111 also 
prepare the site for future development objectives while providing 
odequate water depth for Immedlote usa. Preliminary future plans Include 
placement of an underwater acrylic wOlkway tube betwHn the shore side 
resort end Alupot Islond. Two unique structures ore planned Olong the 
walkway: 0 dOlphin show poOl ot mldboy end a smoll marine neor Alupot 
Islond. Deyelopment detolls for these fecllltiH are not addressed In this 
EIS. When conceptualized. detailS wm follow In on amendment. 

D. Prop.S" ConsincU .. Plln nlthodol .. , 
1. GenenlI Comments 
EYoluatlon of substrote probing doto suggests that most of the 

dredged moterlol Is unc:Ofisolldated sediments (send and loose corel 
rubble), whfch con be removed by simple suction or yacuum methodology. 
Most of the sondy zone Is at least four (4) ft thick end greater then six (6) 
ft deep In many areas. Howeyer, In soma areOI, loose sedfments 
represent only a thin veneer, on top of herd substrote which may be a few 
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Inches thick. or es much es e few feet thick depending on the geology of 
the eree. Some of these erees ere entirely deyold of coral or with loose 
coral pieces end mey be dredged without destroying the coral resource. 
Howeyer, es noted preylously. depth of hord peyement Is unknown. Recent 
dredging of swimming holes In front of the Peclflc Stor Hotel ond the 
Poclflc Islonds Club In Tumon Boy suggest thet the peyement mey only be 0 

thin veneer underleln by herd pecked send end limestone rubble. In some 
erees very lerge boulders exist Just under the peyement which would 
require heeyy equipment for remoyel. 

2. Recommanded Dradga Arae 
The recommended dredge ereo Is shown In Figure 4. A 

thirty foot (minimum) setbock from lIye coral erees Is recommended to 
proylde protection to the corel from the construction operations, end to 
ollow for sloughing of the side benks. The dredging should not proceed 
ferther seewerd then os shown to preserve the beech et Alupet Islend. 

The dredge eree shown Is 280,000 square feet (26,0 I 2m2, 6.4 
Dcres). The DY&rDge existing depth In this DreD Is -0.2 feet (MLLW), thus to 
reech II depth of -4.5 feet (MLLW) will require removDI of DpproxlmDtely 
45,000 cubic YDrds. Eighty percent of this yolume Is estlmDted to be loose 
unconsolldDted sDnd Dnd the remDlnlng twenty percent Is reef peyement or 
consolldDted rubble. 

3. Dradglng Methodology 
Two dredging methods Dre DppllcDble to the project end hDY8 

been InYestigated. They Include hydraulic dredging DIId mechDnlcDI 
dredging. 

The hydraulic dredging method WDS proposed by D locel 
contrDCtor, Who clDlms to hDye a hydraulic dredge capable of remoylng 
both unCOnsol1dDted send end reef pavement In Shallow wDter. The dredge 
operates on trDCtor-type tretlds, DOO does not require the use of temporary 
cousewcsys or a bDrg8. Should this dredge proye Dpproprlote for the 
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project, It would likely proylde the best efficiency with the lowest 
enyironmentol . i'mpoct. Unfortunotely, no technlcol doto or wort 
experience wos oyoiloble on the dredge to substontiote the controctor's 
clolm. 

The closslc method for dredging sholl ow reef-f1ot oreos Is to use 
mechonlcol meons, such os 0 bockhoe, drogllne or clomshell bucket. These 
methOds were successfully utilized In the construction of swimming holes 
slmllor to this project ot Tumon BOy. The method Inyolyes the remoyol of 
both unconsolldoted moteriol ond hOrd reef pavement from lond or from 
temporary construction cousewoys. The dndged spoil Is then transported 
to dewotering areos on lend. The suitable beech send Is sorted end 
stockplled for beech nourishment end ths remelnder Is trucked offslte to e 
sultoblelond dlsposel site. One or more temporary ceu88weys wUJ need to 
be constructed to ellow for eccess to the outer edge of the dredge eree. 
The ceuaeweys will be removed es the dredging operation proceeds 
shOreword. The number of ceussweys required will depend on the type end 
size of equIpment the contractor uses. 

Under either method, 0 detelled dredging pion will need to be 
deyeloped by the successful contractor thot wlll Include 0 sound 
EnYlronmentel Protection Plen (EPP). A requirement of this pion should be 
the use of sedIment screens such os slit curtelns to control turbidity In 
Agene Bey. Ttl ••• screens should compl.tely surround the wort neend be 
constently malntelned throughout the dUration of the dredging. Once the 
screens ere set In piece, work should proceed diligently end quickly so 
thet the circulation loss cllU88d by the screens will be temporary. 

4. 8Mch Nourlsbm8nt 
Of the 45,000 cubic yerda of dredge spOil, It Is estlmeted thot 

opproxlmetely 801, or 36,000 cubic yerda Is "sulteble beoch sond: 
Sulteble beoch meterlol Is defined es sond sized sediments with grelns 
sizes between 0.2 end 2 millimeters. Sond grains smeller then 0.2 would 

17 



not be stable and sand grains larger than 2 m1111meters ara uncomfortable 
for bathers. For-beach nOurishment, only the sand grains coarser then 2 
m1111meters w111 need to be artificially 10rted out as the send grains that 
ara too fine w111 be naturally ramoved by the winnowing Clctlon of the 
WClves and currants. 

On the average, 17 yards of sand w111 be needed to nourish a foot 
of shorallne. Thul, approximately 20,000 cubtc yards should be stockptled 
to nourish the shoreltne In front of the proposed Sunset View Hotel and 
300' of edJecent shorallne. 

In order to avoid need to obtain a Fedenll permit under Section 404 
of the Clean Water Act, beach nourishment should be restricted to above 
the Mean High Water line (MHWL). The sand should be placed at the 
maximum angle of stability up to the deslm beach crast elevation 118 

shown In Figura S. For calcaraous send, the mexlmum angle of stebtllty Is 
approximately 30 degraes. Within a short time, the send w111 slough thus 
allowing for further nourishment. As the sand sltdes farther down the 
beach fece end Into the water, It will be sorted by wlIYes and currents. 
Grein sizes that era not steble will wash away. This process Is called 
winnowing. Approximately 7SJ of the beech nourishment material Is 
estimated as steble. 

The ranourtshment, sloughing end winnowing process Is rapeated 
until the deslrad beech slope Is raached. The sand on the equilibrium beach 
fece will have a stability approXimately equal to thet of the adJecent 
natural beach. 

E. In,uU .. U,. IIIl ...... logU 
1. Int"""gtlon 

Only a few studies describing Agane Bey have been conducted 
over the ye.... Most of these era the result of envlroomental baseltne 
studies performed by dlfferant Individuals at the University of Guam 
Marine Laboratory and a few by the U.S. GoYenvnent. Studies on Agane Bey 
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11 Ai. I 959). Jones and Randall (1971) studied the effects of the Crown­
of-Thorns Starf.lsh CAcanthaster olaocD along the entire west coast of 
Guam including East Agana Bay. Randan and Eldredge (1974) also 
performed marine enYlronmental baseline studies in support of resort and 
marina development, and dredging In the Ylclnlty of Dungeas BelICh. This 
study for the SUnset Beach Hotel end Resort represents a signlflcent 
effort to deftne the physical and biological chencterlsttcs by comp11lng 
ayallable Information and collecttng new data. 

2. PbUstcal CharlCtedsttcs 
A number of methods were employed In order to define the 

physical cherectedstlcs of the study site. Refer to Figure 6 for a layout 
of the study site Identifying reef zones and trensect study locations. 
FollOWing Is a bdef descdptlon of the SUl'Yey peremeters and methods 
employed. 

a. Reef-Flat profl1e 
A bathymetriC survey end detailed topognphlc survey of the 

project site end surrounding arn was performed by Duenas, Swavely 
Incorporated. The area was surveyed respectlye to established 
benchmer1cs with al1 eleYattons relatlye to Mean Lower Low Water (MLLW) 
datum. The survey extended a minimum of one hundred feet beyond side 
boundartes end up to the higher high water line on the shore side 
boundaries. Results of the survey were plotted at a 1"=50' scale on a 
single plan size sheet of paper. Shoreline references such as building 
comers, survey benchmarts and the proposed dnIdge boundaries were also 
located on the drawing. In addition to the topographic survey of the 
project ene, tine transects l11ustratlng the general reef profl1e were 
plotted. All major eleyatlon chenges along the transect were noted. 

b. Sldt,",nt Analysts 
Sedtment samples were collected at three discrete locations (at 

the MLLW mlll1c 100 end 200 ft seaward of the shoreline) on three seperete 
transects (Ftgure 7). Samples were analyzed by standard steve 
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methodology for grain size and distribution by Geo Engineering and Testing 
Incorporated. In addition, a ylsuel estimate of the semple's composition 
end origin was made. 

c. Sediment Depth probing 
Depths of sediments within the project Site and on the beach 

were determined by Jet Probing (low pressure water Jet) by PBEC Inc. 
Penetration depth of the probe through unconsolidated sediments was 
recorded throughout the study area. Seyen beech merts were used to 
locate transects on which probes would be made (Figure 8). Probes were 
done at the high tide or debris line, MLLW mart end then et approximately 
100 ft Increments out Into the bay to Alupet Island. This combined for a 
total of approximately 14 probes on eech transect. At leest two probes 
were located on the beech end approximately twelye In the weter for eech 
tnlnsect. Semples were enalyzed by Sea Engineering Inc. 

d. Beach proWn 
Plotting profile of the beech wes en Intregel pert of the oyerall 

mepplng sUrY&y of the bey and wes performed by the sUrYeylng crew from 
Duenas, Swayely Incorporated. Profiles were made using numerous pOints 
on the beach. Profiles started on firm, herd groUnd shorewerd of the beech 
and extended seaword through the Intertldel zone to e point where the 
chenge In bottom eleyeUon Will negligible. SUMU reedings were teken 
whereyer there was 'e change In slope, bottom substrate or et 
approximately 50 ft InterYals. Three of these proflln corresponded to 
sediment sampling transect lines. 

e. ClMTlnt paU,"" and Water Circulation 
Curnnt Yeloctty end direction were mepped throughout the reef­

flet by PBEC Inc, Mapping wes done for both ebb and flood tides during 
normel weather conditions, Fluorsclene dye wes used In conjunction with 
a measured 10m Itne end hendbeerlng compess. DlrecUon (magnetic north) 
end time (seconds) of traY81 oyer e 10m dlstence were noted end leter 
computed Into yeloclly (meters per second, m/s). 
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3. Biol~ical ChaOlctedstlcs 
for the pUlllose of collecting biological data, the reef-flat was 

divided Into three zones (Intertidal/Nearshore, Inner Reef-flat and Outer 
Reef-flat) (figure 6). Biological data from the three zones on the reef-
11at are discussed In this report In detan. The remaining three reef zones, 
Reef-Margin, Reef-Front and Submadne Terrace are only discussed In 
relation to the oyerall dynamics of the bay, such as water movement and 
sediment transport since they are outside the limits of the proposed 
dredging plan. 

Saven (7) study transects were evaluated by PBEC Inc. In the 
vicinity of the project site in East Agona Bay (figure 6). All study pOints 
including three (3) transects were Situated north and south along each of 
these 7 major transect lines within the study area. 

Data collected on these transacts include percent of substrate 
type (sand, rubble, pavement, coral, algae and macrolnvertebrates). In 
addition, these transects were used to run fish counts and obtain 
checklists Of the different biological parameters in the general vicinity. 
Relative abundance was calculated for those biological parameters Where 
numbers were sufficient. These Included the corals, fishes and madne 
plants. Relative abundance categodes with bdef descdptlons ore as 
follows: 

CA) Abundant A species occurring frequently throughout the 
survey araa 

(C) Camman A species observed throughout most Qf·the survey 
area 

(0) Decalanll A species observed in more than one particular 
blosystem/habltat 

(R) Rln A species observed In only one blosyatem/babltat 
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III. EIVI ROIll"EIIT AL SETTI1Il6 WITHOUT THE PROJECT 
A. 6enerel descriptton of 6uem end Ee.t Agene Bey 

1. Locetlon 
Guom Is the southernmost ond lorgest of the Morlono 

Islonds, occupying 0 lond oreo (excluslye of corol reefs) of 212 squore 
miles In the Western Poclflc Oceon (Figure 1). It Is 3,500 miles west of 
Howollot 1326' 19· north lotltude ond 1441 44' 55" eost longitude (Agono 
Monument). Guom Is obout 30 miles long ond topers In width from about 9 
miles In the north to four miles ot the centrol wolst, widening ogoln ot the 
south to 0 moxlmum width of opproxlmotely 12 miles. Eost Agone Boy is 
locoted along the northwest coast of Guam ond west of the yl110ge of 
Tamunlng. The entire boy and ossocloted reef-flat spans 0 distance of 
opproxlmotely 1.70 miles (2.74 km) between the Paseo de Susono ond Oko 
Point. 

2. Cllmete 
Guam Is characterized by 0 worm, equotorlol Climate with 

distinct "wet" and "dry· seasons (Nayol oceonography Command Center 
1979). The wet season ranges from July to NOYember with an oyerage 
monthly rainfall of II Inches. The dry season extends from December to 
June with an oyeroge of four Inches of rain per month. At Apra Har1lor, the 
oyerage annual rainfall Is 85 Inches with a range between 55 end 120 
Inches. The oyerage monthly temperature ranges from 0 low of 79DF to 
620F with the record high and lOW temperatures being 96DF and 6SOF 
respectiyely. Humidity ranges between 75 percent, and 80 percent ot 
mid-day, to a high of 85 percent to 90 percent near midnight. 

3. Meteorological and OClanogroohlc Conditions 
a.~ 

The preya11lng winds on Guam are eosterly trade winds, 
which opproach from the northeast through east-southeast sectors. 
Tradewlnds predominate 70 percent of the time ond are strongest and 
most conSistent during the dry season from January through May. Wind 
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direction Is more yarlable with frequent calms during the typhoon season 
(July through December). Typical tradewlnd velocity Is 7 to 16 knots with 
yeloclty In excess of 17 knots occulTIng less than 5 percent of the time. A 
wind rose for the Island of Guam Is shown on Figure 9. 

Located on the western shore of Guam, the project site In East 
Agana Bay Is sheltered from the preyalllng winds by surrounding high 
bluffs and the Island Itself. Local wind conditions ere dominated by 
nearshore land/sea breezes generated by diurnal heattng end cooling of the 
land. 

b. Storms 
Guam Is subject to strong winds end rain aSSOCiated with 

tropical storms and typhoons. Due to Its proximity to typhoon breeding 
grounds to the southeast, the Island Is threatened year round with the 
passage of deyeloplng typhoons and, on occasion, one or more of full 
strength. Typhoons are defined as storms with sustained wind yelocity 
equal to or greater than 64 knots, while tropical storms are defined as 
haying sustained wind yeloclty between 34 and 63 knots. Based on 
Informatton from the JOint Typhoon Warning Center, U.S. Fleet Weather 
Central, Guam, en average of 19 typhoons occur annually across the 
western North Pacific end South China Sea. Several of these, In yarlous 
stages of development, threaten the Merlana Islands each year. For the 
2B-year period, 1948-1975, 70 typhoons with at least tropical storm 
strength .. ."hllYe developed end were tracked within 180 nauttcal miles off 
Guam. Twenty-six (26) of these ·storms (35 percent) were of typhoon 
strength at their closest point of approach to Guam" (JOint Typhoon 
Warning Center, 1987). Tropical storms and typhoons do not hllYe to pass 
directly OYer the Island to result In severe damage. The eye of the typhoon 
Is usually 2S miles In diameter and wind speeds In the area can be 
anywhere from 7S to 175 mph or more (e.g., Karen: 207 mph, Pamela: 167 
mph) ... "SO miles away from the eye, speeds can sttll reach 70 mph" (JoInt 
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Typhoon Warning Center, 1981). A compar1son of the charactenstlcs of 
super typhoons Karen (1962) and Pamela (1916) Is shown on Table I. 

4. pODulati on 
Guam's population trend since an official census began Is shown 

In Table 2. 11Ie Increase from 61,044 In 1960 to 84,996 In 1910 Is 
equlyalent to a compound annual rate of 2.4 percent. Between 1910 and 
1980, the compound rate was 2.2 percent. The total current population 
(1988) Is estimated at approximately 141,000. 

The resident population Is pr1marlly Chamorro (62.1 percent), 
the Island's hlstoncallnhabltants. Filipinos and Caucasians an the major 
etMlc mlnorttles along with Micronesians, Chinese, Japanese, Koreans and 
Vietnamese. Population proJections, as IbOWn In Table 3, Indicate 
continued growth. Projections by the Guam Deportment of Commerce 
estimate population expansion to 136,200 by the year 2000. These 
estimates are low In compartson to actual numbers. An extrapolaUon to 
the year 2030 assumes a one-fol!rth of one percent annual growth. The 
total population proJecUon ossumes a constant population of 5,000 no 
Immigrant altens and 20,000 mllttery personnel and dependents. 
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Table 1. Characteristics of super-ty~hoons Karen and Pamela. 

Characteristics 

1. WIND SPEED 

A. Sustained Wind Speeds 

(1) Recorded 

(2) Estimated 

B. Peak Wind Gusts 

(1) Recorded 

(2) Estimated 

2. FORWARD MOVEMENT OF 
STIRMS OVER GUAM 

3. DURATIOO OF MAXmLt1 
WINDS 

4. OIRECTIOO OF MAXIMUM 
WINDS 

5. MINIMUM SEA-LEVEl 
PRESSURES 

( 1 ) Recorded 

(2) Estimated 

6. PRESSURE DIFFERENTIALS 

7. DIAMETER OF THE EYE 

B. TIME TAKEN FOR EYE CENTER 
PASSAGE OVER THE ISLAND 
(LONGEST ESTIMATED PATH) 

9. MAXIMuM RAINFALL 

Karen 
Nov. 2. 1962 

Pamel a 
May 21, 1976 

125 kts or 144 mph 100 kts or 115 mph 

150 kts or 173 mph 120 kts or 138 mph 

125 kts or 144 mph 138 kts or 159 mph 

160-180 kts or 145 kts or 167 mph 
184-207 mph 

17 kts or 20 mph 7 kts or 8 mph 

180 kts or 209 mph 100 kts or 115 mph 
for 55 minutes for 6 hours. 63 kts 

or 72 mph for 18 hr. 

East and SE Northeasterly 

931.9 MB 

912 MB 

60-70 lbs/ft. sq. 
(in less than a 
minute) 

8 nm 

20 mi nutes 
(over Umatac) 

6.32 (10 in.) 
(at Taguac) 

931.79 MB 

930 MB 

60-70 lbs/ft. sq. 
(within minutes) 

20 nm 

3 hrs. 31 min. 
(over Nimitz Hill) 

27 inches (at Taguac) 



Table 2. Population of Guam from 190 1 to Present. 
Population Less Military and Ml11tary Dependents. 

Y.er Totels 

1901 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1981 
1982 
1983 
1984 
n~B5 
1986 
1987 
1988 (projected) 

High Low 

9,676 
11,806 
13,275 
18,509 
22,290 
59,_ 
67,044 
84,996 

105,979 
107,122 
108,406 
113,230 
120,470 
124,637 
129,546 
134,624 
140,081 

9,300 
11,000 
12,500 
17,500 
21,250 
31,000 
43,700 
64,680 
66,205 
87,045 
89,546 

-
Source: U.S. Dept. of Commerce Bureau of Census for 1901-1980. 

1981-1986 data ere from the 1986 Guam Annual Economic 
Rwtew. . 
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Table 3. Population projections for Guam. 

'lOr 

1990 
2000 
2020 
2030 
2035 

Total population 

118,700 
136,200 
143,000 
147,000 
149,000 

Source: Guam Department of Commerce 

5. Deyelopment and Use of East Agona Bey 
a. General Deyelopment and Use 

East Agana Soy has remained balcally unchanged until 
racently. Development In the general area Is undergoing slgn1flcant 
changes In terms of major construction. Besides the Sunset Beach Hotel 
and Resort Complex the new Palace Hotel w1!1 be constructed just north of 
the Alupeng Condominium complex. In addition, two large condominium 
projects are well WIder way In the 1If'ft. The Bay View Condominium just 
opened at Trinchera Beach and the Olea Point Condominium project Is st111 
under construction. Smeller apartment buUdlngs end SIngle fernUy 
dwe1!1ngs continue to spring up In the..... ,. 

Commercial d8Y8lopment such as the Islend Imports complex 
continues to grow, wIth tourism related expansion pIons In the central 
portion of Eat Agena Bey. Mr. Henry Simpsons commercial development 
w111 be conc.ttratlng on the tourist Industry now that he has sold off the 
auto sales portion of the business. Effort wtJ1 now be concentrated In 
offering tOurists water oriented rental equipment. Over the pat few 
years the reef flat area adJDCllntto Island Imports has been ue8d for jet 
skt, hovercraft end surf Jet rentals. Island Imports also has a year to yeer 
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lease to use Alupat Islend and has spent some time and money deyeloplng 
trells end cleenlng up the Island. 

Besides Island Imports, Eest Agana Bay has been used oyer the pest 
two years by seyerel jet ski operetions which can be seen dally throughout 
the Bey. Operetlons for jet skits exist from the Paseo to Trlnchere Beach. 
A shallow sand delta near the northern end of East AglIM Bay and yery 
shallow conditions In the extreme north end pravent jet skits from 
accessing this sector of East Agene Bay. Howeyer, Jet skits and hovercraft 
do land on the SIIndy beach at Alupat Island on occasion. 

b. Historical and Cultural Use 
Historically the area WIIS fortified by the Japanese as It was 

thought to be one of several potential Invasion beeches. Two lerge guns 
exist on the site for the Sunset Beech Hotel. These guns were built Into 
limestone cave bunkers reinforced with concrete end connected by a maze 
of narrow tunnels typical of Japanese fortifications throughout the 
Marianas. These two guns are being removed and wl1l be restored. Upon 
completion of the Hotel and Resort complex the guns wl1l be pieced In a 
suitable location for vIewIng. 

Culturelly, the entire East Agllna Bey lagoon Is known to heYe 
been used for subsistence fIshing end Is stl1l used In this way today. 
Seasonal catches of Juvenile nlbbltflsh (manehac) end goot fish (Uao) 
occur In the nearshore IIf'8I1S throughout the bey. Throw net (talaya) 
fishermen can be seen walking the beach In search for schools of small 
fish. However, the hIgh degree of jet skI use In thl-Jaly dlsclllnges 
fiShing. It Is likely that East Agana Bey WIIS used lIS an early Chamorro 
settlement or at least a fIshIng site. 

c. Tourism 
Tumon Bey has always been the center of tourtsm development 

on Guam and all the major hotels en located along, or In close proxImity 
to this bay. The sand beaches, warm water and corel reefs along Tumon 
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Bay proylde Ylsltors with the aquatic and beach experiences they expect on 
a tropIcal Island: . 

There are a total of 2,BOO hotel rooms dIrectly along or 
adjacent to Tumon Bay. Just recently, two new hotels ware approved for 
constructIon by the Territorial PlannIng CommIssIon (TPC). The Hotel 
NIkko Guam (500 rooms) and Southern Cl1ff Hotel (3B2 rooms) will both be 
built on Tumon Bay, end will Increase Guam's total hotel rooms by 24 
percent to 3,472 rooms by 1990. In addItion to these, are new hOtels for 
the East Agane Bay area. The Palace Hotel w1l1 break ground shortly just 
north of the Olea Point Condominiums end the Sunset Beach Hot.1 w1l1 soon 
begIn construction at Dungeas Beach. 

Visitor arrlYals on Guam heYe steadily Increased oyer the past 
two decades. Between 1978 and 19B6 err1yals Increased every year from 
23B,B48 to 41)7,010 respectlyely, for an average ennual Increase of almost 
8 percent. Projections for 1987 Indicate an Increase of lB percent oyer 
1986 as total Yisttor err1yals could reach 480,000. Visitor arrlyals are 
expected to Increase to approximately one ml11lon by the yeer 1993 (GW, 
1988). 

TOurism Is Guam's primary Industry. Hotel occupancy taxes 
totalled $4,533,912 for 1986 and are projected at $5.2 m1l110n for 19B1 
(GV8, 1981). 

6. Inf[lstructura . , 
Unlike Tumon Bey, Infra.structure In the ylclnlty of the project 

Site (Dungces BelICh) has not Improved drematlcal1y In recent yeare. Camp 
Watkins Roed Is a Primary road which brings trafftc off Merlne DrlYe Into 
the Ylclnlty of the project ·slte. It Is bisected just a shOrt distance 
northwest of the site by Fennholt Drive which Is the access road to the 
Alupeng Condominiums. Cemp Watkins Road continues west Into 
Jonestown end eventually to the Guam Memorial Hospital. Ferenholt Drlye, 
connects Camp Watkins Road to Hospital Road. 
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Sewenng of the area has been a problem oyer the years with 
Dungcas Beach recelylng the brunt of pollutton from eroding sewer pipes 
and oyerflowlng manholes nearshore. It Is well known thet the sewer 
system In the general area Is not sufficient to hendle eXisting needs and 
cennot be expected to handle loads from major new construction. To meet 
the sewer and water needs of the constructton In the area, a consortium 
of developers from the Palace Hotel, SUnset Beach Hotel and Dka Point 
Condominiums haye taken the responslbtllty and upgrade eXlsttng 
fac111Ues so their projects will haye adequate sewenng and so that 
residents In the erea ere not adyersely affected by Increasing need for 
these services. 

sewer lines along Dungcas Beach wt11 be remoyed and relocated 
along Camp Watkins Road end tied Into the new sewer line. ThiS line w111 
connect to the Tuman Bay system which Is to be reYer8ed and pumped to 
the Northern Dtstnct Sewer System easing the load to the Agana Sewer 
System plant I n West Agana Bay . 

............. B. PIIU.tcII Clianct,rt.tlci af Ellt A .... BlU Ind PnllCt 
Site 
1. GeQI.,., 

This coastline Is bordered by seyeral members and facies of 
the Manana LImestone formatton, beach dePOSits, alluYlum and man-made 
fmed land. Mananas limestone borders small secttons of the coest with 
detntal faCies (QTmeI) flMld from Oka POint to Dungcy Beach with the 
coastal cliff being ClIpped with reef faces (QTmr). Alupat Island IS 
composed of detntal feces. The enUre shOreline at Dungcy Beach to 
Tnnchera Beach II bordered by low terraces of unconeolldated beach 
depollts (Orb). Refer to Figure 10 for ldentlflcatton of geologiC 
condl tt onl. 

2. smIi 
Guam clay (Unit 1) exists on the low-lying lImeltone terrece 

and along the high plateCIU land bordenng Ealt Agana Bay (Tracey J1 Al, 
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Figure 10. Geologic map of project site. Hap modified from Tracey et . al. (1964), 



1959). ShloYIl soil (Unit 12) exists on the unconsolldllted telTllCes lit 
Oungclls lind Trlnchere Bellches. Limestone rock lend (Unn 130 exists 
between the high pliltellu lind low cOllstll1 ternces of the slopes bordering 
the south end of the Ellst Agllnll BIlY reef-flilt. Unconsolldllted send (Unit 
1) exists on the mllJor bellches of Ellst Aganll Bay. Refer to Figure 11 for II 
description of soils In the ylclnlty of the project slta. 

3. Hydrology 
Beclluse the geology of this region of GUllm Is comprised of 

porous limestone, no strellms exist along Ellst Agana Bey. Preclpltlltlon 
percoilltes quickly down through the limestone to the zone of saturetlon. It 
Is thlntrensported Illterelly by greYlty to the shoreline where It emerges 
IIlong the beach through Intertidal and subtidal holes, cracks lind fissures. 
There Is, however, a storm drIIln that eXists In the northern end of the bey 
which flows during periods of hellYY reins. 

4. Tides 
The tides In Guam are seml-dhrnal with pronounced diurnal 

Inequalities. Tide deta from the U.S. Department of Commerce, National 
Oceanic end Atmospheric Admlnlstretton, National Ocelln Survey, shows 
that the melln tide renge Is 1.7 feet and the diurnal (spring Ude) renge Is 
2.4 feet. The nearest tide gauge to the study arell Is lit AprIl HartIOr, Guam, 
lind these dllto ore considered opp1tcoble to the study areo. Tldol data for 
o 19-yeor period (1949-1967) lit Apre Horbor ore found In Table 4. 
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Teble 4. Tldelobservetlons for Guem. 

Note: 

Highest tide observed 
l1een Higher High Water 
l1ean High Water 
Mean Tide Level 
Mean Sea Level 
Mean Low Water 
Mean Lower Low Water 
Lowest tide observed 

3.30 
2.40 
2.30 
1.45 
1.40 
0.60 
0.00 

-1.90 

All elevations In this report are referenced to Mean Lower Low 
Water (I1l.L W) datum. 

5. Currents. Water Exchanll' and Flushing 
Currents In East Agena Bey are well documented In a few 

studies. However, previous current studies were all done as a minor part 
of a larger study end data do not represent a continuous cycle over a long 
period of time. It Is fortunate, however, that each of the studies covers 
currents at a different period In the yeer, glYlng some Indication of 
88l18onel variations. 

Currents for the stle were eYIIluated 118 a pert of this stUdy In the 
northern region of East AgaRII Bay (Figures 12 and 13). Results of these 
current studies reflect data reported by Randall and Eldredge (1974), and 
PBEC Inc. (1987). Currents were measured at 24 stations In the study 
area. The measurements were made using ·dye streaks· at mid-depth for 
both flood and ebb tide under normal weather conditions. 

A distinct circulation pattern could not be discerned from the 
data. It appears that the measured currents are a result of forces other 
than the tide, such as weak sll1ace winds or local turbulence. Overall, the 
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velocities are weak. and are not expected to cause significant sediment 
transport. Water circulation and exchange Is expected to be poor. 

Past researchers have attnbuted the poor Circulation and 
complicated velocity pattern at this end of East Agena Bay to the remains 
of a causeway which was constructed In 1965. The causeway appears to 
Inhibit flow and circulation by Isolating the na from the current pattern 
that Is occurring In the remainder of Agana Bay. 

The causeway was constructed uSing a backhoe which dredged 
matenal from each Side. creating two chennels which are considerably 
deeper than the surrounding reef platform on both sides of the causeway. 
The causeway proVided access to Alupet Island. The top of the causeway 
Is still slightly exposed during extreme low tides (-0.5 I1lLW) which 
Indicates that storm currants and wayss haye not been severe enough In 
the past 23 years to completely erode the causeway. 

The proposed nearshore dredging will remoye the causeway. which 
should Increase water circulation In the area. It Is Impossible to predict 
the future current pattern after removal of the causeway. except to state 
that local yelocltles should Increase but will not exceed velocities In 
other parts of Agana Bay. Currant velocity In the central portion of East 
Agana Bay Is two or three times greater than the northern regions. An 
Increase In water circulation will Improve water quality. and Is not 
elCpected to cause a significant Increase In sediment transport dunng 
normal weather conditions. 

The lIboYe discussion assumes that mixing w11l occur uniformly 
over depth. In Tumon Bay. a strong density stratification was obsarYed to 
occur In elClsUng swimming holes. Tumon Bay Is the bay Immediately 
north of Agena. In which sayeral nearshore swimming holes similar In 
design to this project haye been constructed. The density stratlflcatlon 
was Isolated to the swimming holes and has only been apparent dunng 
elCtreme low tid ... Density stratification greatly Inhibits vertical mixing. 
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ond thus could reduce woter exchonge with the posslng flood tide. 
Stretlflcotlon IS typlcolly coused by on Inflow of fresh woter, strong soler 
redlotlon or on Inflow of woter of 0 slgnlflcontly dlfferent tempereture. 
SInce oil of these condltlons were possIble at Tumon Boy, the couse of the 
density stretlflcotlon locoted there IS unknown. 

It Is ImpossIble to predIct whether stretlflcotlon will occur with 
the neorshore dredgIng of Agono Boy. For density stretlflcotlon to be 
creoted DIId remoln stobIe, relotlvely colm conditions ore needed. If the 
locol current velocitIes ore Increosed sufficiently by removol of the 
couseway, then stratification will not occur even If other condltlons are 
conduCIve for stratifIcation. However If the local current velocities 
ramaln the seme, or are onlu slightly Increased, then stratification could 
occur, especially dur1ng low tide. Density stratification In calm woter 
pools tends to create a poor enVIronment for aquatic flora and founo. 
PIoneer specIes do not have 0 chance to settle In, leaVIng the area for 
InvaSIon of underwoter speCies, these which thrive In poor envIronment 
condl tI ons. 

6. Woyo 
o. PnDwater Waves 

The prevollIng wave climate In the study area con be dlYlded 
Into two d Istlnet wave typo: (1) waves generated by the prevolllng local 
winds and (2) 88a ond swell woves from locol lind dlstant stonns end/or 
typhOons. 

The Summary of Synoptic MeteorologIcal Observations (SSMO) 
prepared by the National Cllmotlc Center contains deepwoter ocean wave 
statistics. These dIIta were obtaIned through direct synoptic observations 
by shIpboard personnel In the Guam erea over on 8-yeer period (1963-
1970) and represent average conditions during the period of record. These 
dota prima rlly represent woves generated by locel wtnd condl tiona when 
the WInd IS less than 35 knots. It does not adequotely represent th. 
extreme st onn wave conditt on. The SSMO dIIto are summarized by height 
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and direction, and by height yersus period. Refer to Tables 5 and 6 and 
Figures 14 and 15. These data suggest that the Guam wave climate Is 
dominated by short period, tradewlnd-generated waves from the northeest 
clockwise to the southeast, with waye heights of seyen feet or less 84 
percent of the time. 

The project area is sheltered from trade Wind-generated 
waves end Is prlmerlly effected by weves from the southwest clockwise 
to the north. Locel wind weye heights exceeding four feet occur from 
these directions about six percent of the time. Longer period weves 
Influencing the GUl1l'ii weve climate are generated by storm centers 500 to 
1 ,000 miles or more eway, as well as by those storms or typhoons 
approaching Guam. Hlndcasts by Noda for typical storms and typhoons in 
the Western Pacific for the four year period, 1975-1979, Indicate that 
large, long period waves may approach Guam from the west, clockwise to 
the north, much more frequently than Indicated by SSMO deta. Waye 
heights of eight feet or greater ItPProech from this sector approximately 
11 percent of the time in en average lIeer. Results of hlndca8ts are 
summarized in Table 7 and Figure 15. 

The Importance of distant storm waves Impacting the study area 
18 also shown by a recent analysis of the wave cl1mete at the mouth of 
Apra Hal1lor, 10Cltted on the west coast of Guam, approximately 10 miles 
south of the project site. Analytical models developed for tropical storms 
and typhoons in the Western North PacifiC Since 1961 celculated the 
characteristics of waves within the generating area, then propagated 
these waves to Apra Hal1lor. Analysis Indicated that waves reaChing Apra 
Hal1lor from storms in the Western North Pacific exceed five feet In height 
On 100 feet of water), approximately 15 percent of the time. A wave 
period of IIbout 12 to 16 seconds is considered characteristic of this 
deepwater swell. 
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Table 5. Annual percent frequency of deepwater wave height by direction. 

HEIGHT TOTAL 
eft) N .1!L .L SE .L SW ...!L NW peT 

1 0.6 0.9 2.3 0.5 0.4 0.7 0.5 0. 4 6.3 
1-2 2.3 4.6 11.3 3.1 1.6 1.1 1.4 0.8 26.2 
3-4 2.1 7.4 15.5 2.4 1.5 2.1 0.9 0.5 32.4 
5-6 1.5 4.4 10.4 0.7 0.8 0.8 0.5 0.3 19.4 

7 0.6 2.6 4.1 0.7 0.6 0.7 0.4 0.1 9.8 
8-9 0.3 2.1 1.0 0.1 0.1 0.2 0.1 0 3.9 

10-11 0.1 0.5 0.7 0.1 0.1 0.1 0.1 a 1.5 
12 0.1 0.2 0.1 a 0 0 0.1 a 0.4 

13-16 0.1 0.1 0.2 0 0.1 0.1 0.1 0 0.5 
17-19 a 0 a 0 0 0 a 0 0.0 
20-22 0 0 a 0 0 a a 0 0.0 
23-25 0 0 0 a a a a 0 0.0 
26-32 0 a a a 0 0 0 0 0.0 
33-40 0 a 0 0 0 0 0 0 0.0 
41-48 0 0 0 0 0 0 0 0 0.0 
49-60 0 0 0 0 0 0 a a 0.0 
61-70 0 0 0 0 0 0 0 0 0.0 
71-86 a 0 0 0 a a a a 0.0 

87+ 0 0 0 0 0 0 0 0 0.0 

TOTAL peT 7.6 22.8 45.6 7.6 5.1 5.8 3.9 2.1 100.4 

Table 6. Annual percent frequency of deepwater wave height versus wave period . 

Period (seconds) TOTAL 
HEIGHT (ft) 6 6-7 8-9 10-11 12-13 13 INOET peT 

1 1.6 0.1 0 0 0 a 2.4 4.1 
1-2 12.0 1.8 0.5 0.1 * 0 0.4 14.9 
3-4 17.2 9.6 2.0 o.s 0.1 0 0.6 30.0 
5-6 

, 
7.0 1l~1 4.5 1.1 0.4 0.4 0.4 24.9 

7 2.4 5.7 4.9 0.9 0.2 0.1 0.2 14.4 
8-9 1.1 2.1 1.7 1.3 0.4 0.1 0.1 6.B 

10-11 0.5 0.8 0.9 0.5 0.2 * 0.1 3.1 
12 0.2 0.3 0.3 0.3 0.1 0.1 * 1.4 

13-16 0.1 0.3 0.2 0.2 0.3 0.1 0.1 1.2 
17-19 0 0 0 * * 0 0 0.1 
20-22 0 * 0 0.1 0 0.5 0 0.7 
23-25 0 0 0 0 0 * 0 0.1 
26-32 0 0 a a 0 a 0 0.0 
33-40 0 a 0 0 0 0 0 0.0 
41-4B 0 0 0 0 0 0 0 0.0 
49-60 0 a 0 0 a a 0 0.0 
61-70 0 0 0 0 0 0 a 0.0 
71-86 0 0 0 0 0 0 0 0.0 

87+ 0 a a 0 0 0 a 0.0 

TOTAL peT 42.1 31.9 15.0 5.1 1.7 1.4 4.4 101.5 
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Figure 15. Average yearly percent frequency of deepwater wave heights 
due to tropical cyclones by direction for period 1975-1979. 
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Table 7. Deepwater significant wave height statistics due to western north Paci fic 
tropic~l cyclones. average annual conditions for the period 1975-1979. 

A. Percent of Time Occurrence of Wave Height Versus Wave Oirection 

WAVE 
HEIGHT 
(ft) 

( -H ) .JL ~ ...L SE ...L SW W NW TOTAL 

0-2 2.7 1.9 .4 .8 .1 .3 6.5 9.4 22.1 
2-4 1.5 1.4 .1 .2 .0 .0 3.1 4.1 10.4 
4-6 2.1 1.0 .1 .1 0.0 0.0 2.2 3.3 8.8 
6-8 1.1 .4 .1 .1 .0 0.0 1.8 2.3 5.8 

8-10 .8 0.0 .1 .1 0.0 0.0 1.5 1.7 4.2 
10-12 .4 0.0 .1 .1 0.0 0.0 1.8 1.7 4.1 
12-14 .5 0.0 .1 .0 .0 0.0 .4 .7 1.8 
14-16 0.0 0.0 .1 .1 0.0 0.0 .9 .0 1.1 
• 16 0.0 0.0 1.2 1.1 .5 . 0.0 .3 .3 3.3 

TOTAL 9.0 4.7 2.3 2.6 .7 .3 18.4 23.6 

- B. Percent of Time Occurrence of Wave Period Versus Wave Direction 

WAVE 
HEIGHT 
(sec) 
( -T) N ...!L ..L SE ...L SW .JL NW TOTAL 

0-6 6.9 4.8 0.0 .4 0.0 .3 11.4 18.0 41.7 
6-8 1.6 .9 .1 .1 0.0 .0 3. 1 4.5 10.3 
8-10 2.1 .7 .0 .0 0.0 .0 1.8 4.0 '8.8 

10-12 2.1 1.6 .0 .1 0.0 .0 2.4 3.8 10.1 
12-14 1.8 .7 0.0 .1 0.0 .0 4.0 - 5.2 11.7 
14-16 1.4 .6 0.0 .2 0.0 .0 2.4 2.9 7.4 
16-18 .8 .2 .8 .0 0.0 0.0 1.1 1.8 4.8 - 18 .8 0.0 .2 .3 0.0 .2 2.4 2.3 6.2 

TOTAL 17.6 9.5 1.1 1.3 0.0 .5 28.6 42.4 



b. Woyes Inside Eost Agono Boy 
The shoreline of Eost Agono Bay Is protected from large wayes 

by the wide ond sholl ow reef margin which Hnes the bay. The project site 
Is further protected by Alupot Islond, the smoll lond moss Immedlotely 
seoward of the proposed dredge orea. The edge of the reef margin Is 
extremely sholl ow, most of which Is exposed at MLLW. A survey of the 
reef margin shows thot eleyotlons yory from +0.4 ft MLLW to -2.0ft MLLW, 
with on overage eleyotlon of -0.7 ft MLLW. The reef margin deepens 
slightly south of Alupot Island, where a smell, noturally formed choMel 
exists. The channel hos on overage depth of -1.0 feet ot MLLW end Is less 
thon 100 feet wide with scattered coral mounds throughOUt. 

All deeper woyes of significant height break on the leading edge 
of the reef, dlsslpatlng the majority of energy away from the shoreline. 
Smaller woyes of shorter periods con be expected to reform, and depending 
on their height and location of reformation, may trayel and break on 
shore. 

The breaking waye heights along the shoreline of East Agana Bay 
ora a function of the deepwater waye Climate, nearshore bathymetry, 
still-Water rise, waye set down end bottom friction. Because of the 
complicated oceanographic prounes that occur In this bay, no suitable 
method Is ayollable to accurately predict braKing wave heIghts at the 
shoreline. Based on observatlons of local reSidents, waye heights at the 
shoreline are estimated to be zero to six Inches for normal condltlons, one 
to· two feet under the attock of a large swen from a distant storm and 
seyeral feet In eyent of a typhoon. Our experience egrees with these 
estimates. 

A computer model was deyeloped to help determine waye heights 
ot the shore glyen the bottom profile and deepwater woye Climate. The 
model determines first order woye height estimates onlu, In that It 
Ignores the Important effects of refraction and diffraction, which could be 
significant on a reef-flat. Excusing these Issues, the model was 



particularly useful In estimating the change In waye height and waye 
energy that w111ri1sult by dredging the nearshore bottom. 

On Table B, the expected waye heights at the shoreline were 
estimated for three extreme waye conditions: Case 1 represents a distant 
storm which causes large 15 foot, 12 second period swells from the north 
west, directly Impinging the project area; Case 2 represents a typhoon 
eyent In which large 25 foot, 10.7 second period waves are accompanied by 
strong onshore winds, and large water leyel rise; and Case 3 represents a 
calm deepwater waye climate with strong, steady, onshore 15 m.p.h. winds 
that cause wayes to be generated on the reef-flat. Each of these waye 
conditions were InYe8t1gated for two bottom profiles: Profile I Is the 
existing bottom on a translct tllken from a position near the center of the 
site onshore, to II posltton 2000 feet offshore In deepwater on the north 
side of Alupllt Island; lind Is Profile I after the proposed dredging (the 
"with project" condition). 

The model predicted that under the Influence of strong onshore 
wind or a typhoon, slight Increases In woye height. woye energy and woye 
runup will occur at the shoreline, as a result of dredging the nellrshore 
area. Thus slight Increases In beach erosion could occur during these 
conditions. The Increase Is small enough that beach nourishment should 
mitigate the erosion loss. Of conc~m, howeyer, Is that under the Influence 
of a large swell from a distant 8torm the model predicts large percentage 
Increases In the woye height CIIId Wllye energy at the shoreline under the 
"with project" conditt on. This could significantly Increase shoreline 
erosion during periods of II large deepwater swell Wllve attaCk. 

The Increase In woye height and energy at the shoreline Is 
primarily due to the reduction of bottom frlctton, which wl11 result from 
deepening the nearshore zone. The reduction of bottom friction Is most 
pronounced during the distant storm case because of the relotlYe size of 
the WlIYes lind depth of water. Strong onshore wind wl11 generate 
relatlyely small waves, and a typhoon wl11 generate large WIIYes but 



Table 8. Estimated wave heights and wave energy at the shoreline. 

Profile No: 1 Profile No: 2 
{Existing (After Dredging) 
Condition) 

Case 1 - H 0.8 ft. 1.2 ft. 
Distant storm E 5.1 lb/ft. 11.5 lb/ft. 

S 4.2 ft. 4.2 ft. 
R 4.6 ft. 4.6 ft. 

Case 2 - H 3.6 ft. 3.8 ft. 
Hurricane E 104 lb/ft. 116 lb/ft. 

S 7.8 ft. 8.1 ft. 

R 8.9 ft. 9.2 ft. 

Case 3 - H 0.161 ft. 0.163 ft. 

Onshore Winds E 0.207 lb/ft. 0.213 lb/ft. 

S- O 0 
R 0 0 

H = Wave Height at the Shoreline 
E = specific Energy per unit area at the Shoreline 
S = still Water Elevation at the Shoreline 
R = Wave Runup Elevation on the Beach 

Percent 
Increase 

+50% 
+125% 

0% 
0% 

+6% 
+11% 
+3% 
+3% 

+1% 

+3% 

-
-



accompanied by a large water leyel rise. It Is the mid-size wayes, 
such as the sizes typically generated by a swell from a distant storm 
which will be most altered by the project. Distant storm wayes from the 
northwest of deepwater waye heights greater than 5 feet, occur 
approximately 15 percent of the time. 

Under typical preyatltng conditions, weYe heights In the project 
area haye been observed to be extremely smell. Preyatltng deepweter 
wayes break on the reef edge end are fully disslpeted by bottom fricUon 
before they reech the proposed dredge eree: Therefore, the project should 
not alter the existing typical preyatltng nearshore waye Climate. 

7. Water DUOlfty 
Water quality In the aree is yarlable and generally poor. 

Stormwater runoff from the drain directly behind Island Imports, a small 
stormwater drain et Dungcas Beach end the NAS storm drain, ell 
contribute to greater than normal levels of pollution. The Guam 
Enylronmental Protection Agency (GEPA) frequently Issues reports thet 
East Agana Bey Is polluted and considered unsefe for swimming end 
fishing. 

The GEPA regularly collects weter semples from two sites in the 
ylclnity of the proposed project (Figurs 16). These two marine monitoring 
stations are Identified as AGtfT (closest to Island Imports) and A6MO. 
Weter queltty date wen analyzed oyer a 16-month pertod (January 1986-
OCtober 1987) for two parameters, bacteriological contamination (fecal 
coltforms) and turbidity. Bacteriological contamination Is eYaluated In 
terms of fecal coliform (Fe) bacterta, which Is an Indicator of the 
presence of organic materiels. This is usuelly the nsult of warm-blooded 
enimal and human wast.. Turbidity 18 the measun of suspended matter In 
the water calculated In Nephlometrlc Turbidity Units (NT",). Stormwater 
runoff Into Agana Bay cames terrigenous sediments which mllke the water 
tUrbid. Both of these parameters are good Indicators of general 
enyironmental quality. 
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The ronge of fecol coli forms ot stotlon AGMT (neorest to Islend 
Imports) wos 0-160 ond 0->2,000 at stotlon AGt10 neor Alupot Islond 
(Tobie 9). The ronge ot stotlon AGMT Is not extreme ond woter quollty 
stondords were not exceeded The ronge ot stotlon AGMD Is extreme. The 
Moy 1966 count of >2,000 FC Is excesslye ond most likely due to 0 pulse Of 

orgonlcs flushed out the Islond Imports and Dungcos Beoch storm drolns by 
heoyy rolns. Bocteriologlcal woter quollty stondords were exceeded on 
two occoslons oyer the 16-month period (Feb. ond Moy 1966). The meen 
number of fecol coltforms oyer the 16-month period ot stotlon AGMT wes 
low ot 43.7. The meon number of fecal coltforms oyer the seme period ot 
stoUon AGMD wos much higher ot 20513. This Is due to the pulse of 
>2,000 FC counted during Moy 1986. 
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Teble 9. GEPA weter quellty dete for Eest Agana Bey. Bactertologlcel 
(Fecal Comorm) and Trubldlty Water Quellty Dete from the 
Agena Bey reef flet. SIxteen (16) months begInnIng Januery 
1966 to October 1967. 

STATION 
DATE AGt1T AGMp 

(NAS Storm Dreln) 
BACTI. (-) TURB. (NTU) BACTI (-) TURB. (NTU) 

12DfI 
Jan 32 2.30 24 2.40 
Feb 134 1.05 640· 26.00· 
Mar 0 0.76 96 0.89 
Apr 4 0.86 8 3.50 
May 28 1.40 >2,000· 1.40 
June 2 1.20 42 1.40 
July 7.90· 7.75· 
Aug 42 0.52 230 2.30 
Sept 2 1.80 2 2.30 
Oct 160 3.20 20 1.70 
Noy 26 2.60 12 1.70 

19f1Z 
Feb 50 1.30 4 2.50 
May 0 0.93 4 2.50 
Jun 0 0.54 0 1.60 
Aug 4 3.70 0 4.70· 
Oct 150 5.10· 0 22.00· 

Range 0-160 0.54-7.90 0->2,000 0.69-26.0 
Mean 43.0 2.20 205.13 5.33 

ftIda. 
ttllandl VItIr 0lIl.., StaMII dI 
tMdata .... not 1Y ... 1tIllO .... of aOEPA ....... _"... 



Turbidity exceeded water quality standards on two occasions at 
station AGMT (July 1986 and October 1987). Both of these are most likely 
IIssoclated with heavy reins or large waves Inside the bey. Water quality 
standards were exceeded on four occasions at station AGMD (Feb. and July 
1986; August and OCtober 1987). Those numbers exceeding the standards 
at station AGMD were not exceptionally high (7.90 and 5.10 NTU). Howeyer, 
two numbers exceeding water quality standards at station AGMT were 
exceptionally high (26.0 and 22.0 NTU on February 1986 and October 1987, 
respectlyely). The October 1987 yalue was obylously due to heavy reins 
and waves aSSOCiated with tropical storms and typhOons. 

An lidded problem, which occurs frequently at the Island Imports 
storm dreln, Is backing up (plugging) of the pipes by sediments and sand. 
ThiS creates buned leyers of decaying organic matenal In the pipes and 
along the shoreline. When a heavy relnfall flushes out the pipes, the result 
Is foul-smelling discharge Into the near-shore zone. This makes the 
beach and shallow near-shOre areas unattrectlve and odorous, a condition 
which can last seyerel days. Mr. Henry Simpson, owner of Island Imports, 
Is attempting to remedy this situation by applying for a dredging permit. 
This will anow sediments to settle In a holding basin while fine particles 
will flow out Into the ocean through a channel. 

B. Sediment Charectenstlcs 
a. Sand Size Analysis 
Sediment samples were taken from the reef-flat surface at nine 

locations In Agana Bay. The locations of the nine samples are shown In 
Figure 7. An samples were unconSOlidated sand and grevel with the 
exception of sample number three, which conSisted of solid reef rock. A 
sleye analysis was per10nned on each of the eight unconsolidated samples 
to determine grIIln size dlstnbutlon. Results of the selYe analyses are 
summanzsd In Table 10. 

54 



Table 10. Sieve analysis summary of sediment samples. 

Median Std. 
Sample Grain Size Dev. 

No. (lIIlII) (~) Description (adl) Sorting 

1 3.67 -1.88 gravel/sand -3.52 extremely 
poorly sorted 

2 0.57 0.81 medium to -0.88 moderately 
fine sand sorted 

3 - - hard reef - -
pavement 

4 3.78 -1.92 gravel/sand -2.66 extremely 
poorly sorted 

5 0.58 0.78 medium to -0.92 moderately 
fine sand sorted 

6 0.73 0.45 medium to -1.03 moderately 
fine sand sorted 

7 0.49 1.02 course to -1.16 poorly sorted 
find sand 

8 2.90 -1.54 gravel/sand -3.27 extremely 
poorly sorted 

9 0.70 0.51 coarse to -1.18 poorly sorted 
fine sand 



The grain size classification Is based on the Unified Soil Classification 
system (corresponds to US Stendard Sleye sizes). The medlen grain size 
defines the typical grain size diameter that dlyldes the sample so that 
half the sample, by weight, has particles coarser than the median Size. 
Grain size diameters can be measured In either m1111meters or phi units 
(0), where: 

Phi units (0) = -1092 (diameter In mm). 
The sorting, or stendard deYlatlon, Is a measure of the degree to 

which the semple spreads out around the typlcel particle size. Grein size 
dlstnbution Is qualltatlyely descnbed as well sorted If all particles heye 
sizes that are close to the typical size, end poorly sorted If the particle 
sizes are dlstnbuted oyer a wide range of sizes. Grein size dlstnbutlons 
of the eight unconsolidated samples are plotted on Figures 17 through 31 

Results Indicate thet most of the sediment In the project erea 
Is sand size and poorly sorted. Sediment on shore Is slightly coerser and 
less sorted that the metenel offshore. No dete wes collected regerdlng the 
depth dlstnbutlon of sediment. Howeyer, depth leyer1ng was observed end 
large quantities of shell and corel fragments were found et some offshore 
locations. It eppears thet en eneeroblc decey process Is occurring In the 
send bottom. 

The deshed lines on the grain size dlstnbutlon graphs (Figures 
17 through 3 t) represent the range of grain sizes typically found on good 
recreatlonel calcereous sand beaches In Hewall. A lerge percentege of the 
offshore semples had grain sizes which fall within the boundaries 
Indlcetlng thet e felr emount of the dredge spoil should be suitable for 
beach nounshment. 

b. Sediment Depth proffles 
The bottom eleyatlon and depth of unconsolldeted sediments 

were plotted for seyen profiles which transect the proposed dredge ereII. 

The locetlons of the proffles are referred In Figure 8 end the proffles ere 
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Figure 17. Sediment ssmple Number 1 analysis. 
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Figure 28. Nearshore sediment profile No.4. 
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Figure 31. Nearshore sediment profile No.7. 
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shown In Figures 25 through 31. Bottom eleyatlons were obtained from 
the bathymetric map and the depths of unconsolidated sediment were 
measured using an hydraulic depth probe. The probe was constructed out 
of a one Inch diameter steel pipe utiliZing water pressure supplied from a 
gasollne powered pump, In order to penetrate the unconsolldated material. 

Prof11es suggest that the majority of the proposed dredging w111 
occur In unconsolldoted regions. ElCposed reef poyement elClsts at the 
beach toe along most of the shorellne. It IS recommended that the exposed 
reef payement at the beach toe not be remoyed, as Its remoyal will be 
extremely costly and the reef poyement helps stab11lze the beoch. 

Profiles also show on equ11lbrlum beach slope llne. ThiS line Is 
an estimate of where the beach foce and dredge orea Side slopes w111 be 
after dredging and beach nourishment ore complete, end the area has had 
time to reoch equ11lbrlum with the woyes and currents. This Ifne IS 
hypothetical since real beaches rarely reach or stay In equ11lbr1um for long 
because the Wllyesllnd current forces are always changing. Typically, the 
eQu11lbrlum beach slope wl11 be equal to the eXIsting beech slope and the 
dredged area side slopes w111 slough to a slope between 1:3 and 1:6. 

9. sediment Transport 
The transport of sediment In the coastal enYlronment Is a 

compllcated process Inyolylng the Interaction of waY8S, currents, tides, 
and sediments. Shores can erode or accrete depending upon the rate at 
which sediment Is supplied or remoyed from the shore. A stable beach 
exists when an equ11lbrlum between the supply and remoyal rates of 
sediment Is reached. HoweY8r, eQu11tbrlum Is rarely reeched for long 
periods of time due to the fect that oceanographiC forces which cause 
sediment motion ore always changing. The objectlYe of thiS report section 
Is to descrlbe the existing patterns and trends of sediment transport 
Inside the project area. The change In transport processes antiCipated to 
result from the proposed nearshore dredging Is then discussed. 
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e. Existing Shoreline Conditions 
The shoreline In the northern portion of East Agena Bay cen be 

described by three beach sectors, as shown In Figure 32. Beech sector "A" 
consists of steep limestone slopes and cliffs with large boulders end 
limestone terreces at the bese. The beech was YOld of send size material. 
Beach sector "B" Is trensltloned between shoreline cliffs and a low lying 
backshore. The beach yarled In width from 10-20 feet and was composed 
of coarse to medium sized celcareous sand, and greyel sized corel rubble. 
No eyldence of erosion wes seen. Beech sector "C" had a low lying 
backshore on which residential houses and epartments were constructed. 
The beach was composed of medium to fine celcareous send end yarled In 
width from 2S to 3S feet. Signs of erosion were present aboye the high 
water line such as exposed tree roots, and small erosion scerps that 
undermine the Yegetatlon line In some locations. It appears erosion had 
occurred along the beach sector dUring storm or high waye conditions. The 
reef-flat from the shore out to Alupat Island consists of fine to medium 
grain sized calcareous send. Seewllrd of the island is reef pllYement and 
sCllttered live coral. 

Remnents of II causewllY exist between the shore end Alupat 
Islllnd. The causeway was constructed In 1965 out of dredged reef-flat 
sand. 

b. PAlIOt Sediment Transoort 
Little moye""nt of sediment tlPpellrs to haye occurred In the 

project llrea dur1ng normal oceanographic condltlon8~ · DurIng storms or 
high weye conditions, moyement of bottom sediment In the study ereeend 
some beach erosion Is expected. 

ne transport of sediment In coastlll waters cen result from 
either the movement of progresslye weves or a longshore currant. 
Sediment motion Is Initiated when the bottom shear stress cllUsed by e 
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progresslye wave train or a steady coastal current, exceeds a threshold 
yalue. The threshold yalue Is a function of the sediment shape, density, 
greln size, depth, bed form and flow characteristics. For e flat, shallow, 
slightly rippled sea bed composed of medium sized sand grelns, (such as 
the case for the northern portion of East Agana Bay>. the threshold yalue 
can be assumed to be a function of the current Yeloclty and the horizontal 
pressure gradient at the sea bed. 

Coastal currents under normal conditions reach yelocltles of up 
to 0.7 ft.lsec with an average of 0.2 ftlsec. steady currents of these 
yelocltles will Instigate little sediment transport. Howeyer, these 
currents are cepable of transporting a significant sediment load that Is 
lifted Into suspension by some other means, such as waves. 

In Figure 33 water depth versus waye height were plotted for 
three different sand grain diameters. This Illustrates the combination of 
conditions needed to cause unconsolidated sand grains on a slightly 
rippled horizontal sea bed to start moYement, under the motion of 
progresslye OSCillatory waves. 

The water depth range, sand grain size, bed form and sediment 
density were chosen to best model conditions In the project area. The data 
are based on theoretical Information using Shield's criteria for Initial 
motion, Kamphuls' curves for the friction factor and linear wave theory for 
oscillatory flow yeloclties as sugg~ted by Sleath. Although this 
Information Is extremely ~heoretical and may not represent conditions 
exactly Inside East Age"o Boy, the curves do show the reloU.ve 
significance of the different pDnlmeters that control the Initiation of 
sediment motion. For example, the plot lIIustratn that Initial motion Is 
extremely sensltlye to chenge In woye height, and only slightly sensltiYe 
to change In depth. Furthermore, It Illustrates that waye heights need not 
be very large In order to Initiate motion. The plot also shows that larger 
size grains are more stobIe than smaller ones, as expected. 
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Another parameter goyernlng Initial motton which wasn't 
compared In this plot Is wave period (time for the passage of successlye 
wave crests). Shorter periods wtll cause more Instability and longer 
periods will cause less. Since the period of waves on the reef-flat Is 
unknown, a yalue of ten seconds was used to represent normal conditions. 

This analysis Illustrates that wave heights of one foot are 
needed to cause sediment of all sizes to go Into motion, and of only one 
half foot to cause small sized sediment In shallow areas to go Into motion. 
Wave heights on the reef-flat have been estimated to range between zero 
and six Inches under typical preyaillng conditions, one to two feet for 
large swell conditions and several feet for typhoon conditions. ThUS, even 
under typically preyalHng conditions, some sediment motion can be 
expected to occur on the reef-flat. The total transport, although unknown, 
could be large during a large typhoon. Howeyer, this Is the normal 
condition for most shallow bays along the west coast of Guam. 

Although waves can easily cause suspension of sediments, their 
ablHty to transport sediments Is extremely limited because of the low 
mass transport yelocltles associated with non-breaking osctllatory waves. 
Howeyer, once sediments are put Into suspension, coastal current can 
easily take oyer and carry the sediments along the shore. 

As discussed In the preylous report section, coastal currents In 
the study area during typical preyatllng oceanographic conditions are weak 
and erratic. There does not appear to be any steady or Udally fluctuating 
pattern. Coupled with the smaH size of reef-flat waves, significant 
sediment transport is not expected during typical preyalllng oceanographic 
conditions. 

Because of the difficulty in obtaining current data during 
storms, the strength and pattern of coastal currents during storms or high 
wave conditions Is unknown, and It Is Impossible to predict sediment 
transport during these events. The potenttal for large transport Is 
present, as predicted by the preylous Initial motion analysis. Howeyer, 

77 



eyldence of large historical beach changes have not been found. 
Discussions wlthlong-tenn local residents indicate that changes In beach 
width have occurred, especially after stonn events. But oyerall, the 
shoreline has been reported as being relatlyely stable. The stability of the 
causeway Is eYldence that sediment transport during the past 23 years has 
not been severe in the project area. The causeway will st1ll be exposed 
during extreme low tides. Howeyer, eyldence of erosion above the water 
line was seen at Dungcas Beach, Indicating stonn wave damage Is possible 
to the shoreline south of the project site. 

10. Air Qua11ty 
Air QUa11ty In the project site Is eICcellent. There are no 

major commerCial deYelopments or Industry In the ylclnlty which would 
bring heayy particulates down on the site. The only air pollution problem 
which exists near the site would be yehlcular traffic on Mllrlne Drive. 

11. Reef -Flat Zones and SUbstrate TIlDes 
The project site represents the extreme northern end of East 

Agana Bay Including Lot -SI72-3-R9 New, part of oungcas Beach, Alupat 
Island and the adjacent reef-flat (Figure 3). 

a. SUDrati dol Zone 
This zone Includes approxlmotely 800 linear ft of the 

supratidal shoreline, along Dungcas Beach fronting lot -SI72-3-29 New. 
The shoreline ot the !IOrlhern end of this Eost Ageno Bay reef-flat 
platfonn conSists of a. limestone cliff approximately 70 ft high at the 
seaward edge. This headland dips down to the north were It fonns an 
Irregular limestone slope about 20 ft high. The slope Is set back from the 
shoreline at the north end of the project site by II strip of unconsolidated 
beach depOSits, and It dips below the generalleyel of these deposits at the 
south end of the project lot. unconsolidated beach deposits border the 
remaining third of the shoreline within the project and continue south of 
the project site. 



At this time, the suprlltldlll zone of the project site Is 
pnmllnly clellred lllnd with some lllrger trees still remlllning. The milt 
forming grllss CPllsDlllum YlIgjnlltum) forms II blind 1I10ng the bellch oyer 
most of the site. Remnllnts of nllturlll limestone Yegetlltlon exist 1I10ng 
the sellwllrd edge of the cllffllne lit the extreme northern edge of the BIIY. 
Lerge coconut pelms cen be found on the sUe liS well. 

Alupllt Islllnd Is II rocky limestone Islet resting on the outer 
part of the reef-flllt. The highest point on Alupllt Island Is IIpproxlmlltely 
63 ft and the Islllnd Is covered with thick nlltural limestone Yegetlltlon. 
The island Is unlnhllblted but Is presently under lease by Mr. Henry Simpson 
of Island Imports Inc. Recent ImproYements Include clearing of the beach 
lind deyelopment of trells throughout the Island. 

Cliffs and steep slopes border the shoreline except along the 
south side where a slIndy bellch lind sllnd bllr have developed. Regions of 
bare rock lire very rough lind Irregular beclluse of solution pitting. A 
prominent +6 ft fossil nip Is cut Into the rocky cliffs of Alupllt Island In 
the shoreline. A few limestone blocks seyerel meters In dillmeter hllye 
eroded from the rocky cliffs, end now rest on the reef-flllt at seyerel 
loclltlons llround Alupllt Islllnd. 

The shoreline along Agllna BIlY Is flllt lind well developed with 
residentllll housing .lInd apartments. Alupllng Cove Condominiums exist on 
the low limestone cliff 1I10ng the north end of the reef-flat. The Okll Point 
Condominiums lire under construction further to the north, and the BIlY 
View Apllrtments were recently completed to the south of the project site 
on Trinchera Beach. IndlvldulIl houses and smllller IIpllrtment comple)(es 
are sCllttered. The Okll Point Treller Pllrk was recently relocllted to mllke 
way for this development. The village of Tllmunlng borders the shoreJ1ne 
south of the project site lind Is e)(tenslvely developed with commercllll 
and residentllll buildings. 
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b. Intertidal/Nearshore Zone 
The Intertidal/nearshore zone Is quite varied throughout the 

project site. At the north end of the project site this zone contains 
scattered boulders and course gravel mixed with beach sand. The 
I ntert I da I zone at the north end of the proJect site I s bordered by steep but 
low limestone slopes and cliffs. The limestone cliffs are cavernous with 
sea level nips cut at the base. The Intertidal/nearshore zone In the 
southern portion of this project site, and consists of unconsolidated beach 
deposits. 

The Intertidal/nearshore zone Is dominated by sand (66.67 
percent). Approximately one third of the zone (31.63 percent), Is covered 
by patches of algae. Rubble Is scarce (1.701) and live coral Is absent 
because of the lack of hard pavement ami/or poor water quality. Substrate 
types are represented by only three of six categories (Table 11). 

The beach and Intertidal/nearshore zone within the project 
site Is under-lain by a sewer trunk line. Manhole coyers rise aboye the 
general leyel of the beach approximately 100m apart. Oyerflowlng of 
these manholes has been a continuing problem causing polluted conditions 
wlthl n the boy on a regular basi s. 

At Alupat Island the Intertidal/nearshore zone consists of a 
prominent nip cut along the rocky shoreline. UnconSOlidated sand and 
grayel exist on the east (shoreward) side of the Island with the 
deyelopment of a well defined sand bar and small beach. A boulder zone Is 
located along the north side of the sand bar where It Joins the Island. The 
seaward side of the Island recelyes more waye assault, and at places the 
floor of the nip cut Is scoured by the action of wllYe-transported sand and 
grayel. 

c. Reef-Flat Platform Zones 
The reef-flat platform can be dlylded Into two distinct zones: 

Inner reef-flat and outer reef-flat. The outer reef-flat Is slightly higher 
In eleYlltlon with respect to the Inner reef-flat and, consequently, Is 
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exposed during low and minus tides. The inner reef-flat Is usually covered 
wlth water even at low tides particularly In the moat. It Is exposed during 
minus tides. The northern extreme of the project site reef-flat can be 
further subdlylded into a wide Inner sandy subzone and a narrower mixed 
coral subzone. The outer reef-flat platform Is considerably narrower than 
the inner reef-flat platform and Is Interrupted by a shallow channel to the 
south side of Alupat Island. At low tide the channel Is 0.3-0.5m deep. 
Observations Indicate that this channel was most likely dredged. Randall 

\ 
and Eldredge (1974) suggest this Is the case since natural channels usually 
have well rounded boulders on their floors, whereas many boulders in this 
channel are angular and irregular. Another shallow channel cuts across the 
reef margin and outer reef-flat zone approximately 1000 ft further south 
of the first channel. This Is the primary area for water to exit the reef­
flat along this region of East Agana Bay. At low tide this channel Is 
slightly more shallow than the channel at Alupat Island. 

A causeway was partly constructed between Guam and Alupat 
Island In 1965. The remnants of this causeway are obylous today and the 
top Is exposed during very low tides. Material to construct this causewey 
was dredged from either side creetlng two channels which are 
considerably deeper than the surrounding terrain. 

Depth of the verlous reef-flat zones were Indicated In the 
bathymetriC survey performed by Duenas and Swavely Incorporated. At 
extreme low tides (-0.9 ft) much of the inner reef-flat sand subzone would 
be exposed, except for depression holes and the man-made channels. It Is 
epparent that the inner reef-flat sand subzone Increases In depth seaward 
toward the coral SUbzone, which Is the deepest part of the reef-flat. 

The coral subzone, grades Into the outer reef-flat zone which Is 
partly to mostly exposed during extreme low tide. The seaward portion of 
the outer reef-flat Is flat and paYement-IIke with little relief except for 
occasional shallow depressions and holes. Within the Inner portion of the 
outer reef-flat, boulder zones have developed from material which has 
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been eroded from the reef mllrgln lind reef front, lind tossed up by stonn 
lind typhoon waves. These boulder zones lire very well deyeloped on both 
sides of the shllllow chllnnel north of Alupllt lsI lind. 

Between Alupllt Islllnd lind the north shore of Agllnll BIlY, the inner 
reef-flat coral subzone Is wider than thllt to the south of the Island. A 
sl1ght depression on the outer reef-flllt zone is found at the extreme 
northwest comer of the reef-flat pllltfonn, nellr a narrow fringing reef 
commonly known liS "Rick's Reef: 

The Inner reef-flllt sllnd subzone substrate consists mostly of 
sand, grayelllnd mollusk shells. Rel1ef Is reliltiyely flilt except for II few 
deeper holes up to II meter or more in dillmeter locllted nellrshore. These 
holes lire the result of submllrine springs of fresh wllter which loosen the 
sllnd lit the point of emergence. A plllstic I1me-mud fonns II blind 
IIpproximlltely 20-40m wide II10ng the shorel1ne in the inner reef-flilt sllnd 
subzone. 

Substrate In the inner reef-flat zone is dominated by sllnd, lind 
rubble (79.16 percent lind 16.66 percent respeCtiyely). Rubble is 
comprised of small sCllttered boulders and coral-alglll-mollusk parts. 
SlInd decreases sellwllrd while the coral alglll-mollusk rubble increllses. 
The extreme sellwllrd edge of the inner reef-flllt coral subzone consists of 
dead Acrooora thickets, boulders, corlll III gal-mollusk-rubble lind II thin 
veneer of sllnd oyer consolldllted reef rock. Algoe represents a mere 2.65 
percent lind IIYe coral Is sparse (no Jjye coral was counted on transects 
but does exist in the zone) (Tllble 6). Four of six substrllte types are 
represented In this zone. 

The outer reef-flllt zone consists of a consolidated reef rock 
pllltfonn except for the Inner portion which contains accumulations of 
boulder rubble. The outer part of this zone Is flllt and paYement-l1ke with 
unconsolidated sllnd materilll IIppellring as a thin veneer In shallow holes 
lind depressions. The outer reef-flat platfonn Is domlnllted by rubble 
(54.72 percent) lind sand (2B.22 percent). Algae comprises nearly 9.2B 
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percent tmd lIye coral 4.36 percent. Coral In this zone Is patchy and 
primarily Isolated In en eree to the north- eest of Alupet Islend. All sh< 
substrate cetegories were represented in this reef-fiet zone (Teble 11). 

Table 11. 

Trensect 

1-1 
4-1 
7-1 

Percent Cover 

1-2 
4-2 
7-2 

Percent Cover 

1-3 
4-3 
7-3 

Percent coyer of substrate type for each reef-flat zone In 
the Ylclnlty of the project site. 

L1Ye Corel 

0 
0 
0 

o 
o 
o 

o 
o 

23 

InterUdallNearsliore zone 
Algee Send Rubble Pavement 

10 159 7 0 
57 119 0 0 

100 74 2 0 

031.63 66.67 1.70 0 

Inner Reef-flat Platform Zone 
2 121 53 0 
o 163 13 0 

12 134 23 7 

o 2.65 79.16 16.86 1.33 

Outer Reef-flat Platform Zone 
15 47 111 0 
6 83 82 0 

28 19 93 11 

Other 

0 
0 
0 

0=100 

o 
o 
o 

0=100 

3 
5 
2 

Percent Cover 4.36 9.28 28.22 54.17 2.08 1.89 = 100 
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C. alologlcel Clllrlcter1st1cs of Uti Project Stte 
1. Terrestriol Flora ond Founo 

o. ShoreUne Vegetotlon 
Vegetotlon olong the shoreline In this region of Eost Agono 

Boy is typicol of coostUnes on the west side of Guom ond Is quite yorled 
becouse of geologlcol Yorlotion within the region (TobIe 12). The rocky 
cliffUne zone olong the northeost sector of the project site is dominoted 
by smoll Pogo trees (Hibjscus tjljoceus) ond the hordy solt-toleront shrub 
Pemohls ocldulo. Scottered olong this sector of coostllne ore occoslonol 
coconut trees (Cocos nucifero) ond Ironwood trees (Cosuoono 
eayjsetifollo). Common grosses ond weeds con be found on the upper f10t 
ploteou where troller houses once existed. 

Shoreline Yegetotlon chonges dromotlcolly In the centrol to 
southern sectors of the project site becouse of the chonge in geologicol 
formotion. Steep rocky cliffs of the northeost sector glye woy to gently 
sloping Jimestone ond sond which supports 0 greoter dlyerslty of 
Yegetotlon. In this centrol sector con be found mare coconut ond Ironwood 
trees ond e greeter number of smoller shrubs end herbs like the smoll 
shrub Pluchee jndice. beech sunflower (Wedelio bifloro), Scoeyolo teccodo 
ond the beoch morning glory (lpomoee pes-coorae>. Medium sized trees 
(Thesoesjo pooylneo and Hernondla nymohaelfoUo) also exist along the 
strond In this sector. Howeyer, Pemohls ocldylals no longer eYldent. 

A shallow roYine cuts through the project where beach depOSits 
begin creating a naturol bllrrier between the north and south sectors of 
the site. This raylne Is the naturol droinage swole which comes 
stormwater off the higher, flot ploteou region on the north side of the site 
where houses once stood. Within this ravine ore found numerous shrubs, 
herbs ond Ylnes, 0 few ornomentals ond bonono trees. The common taro 
plont (Colocoslo esculento) Is found ot the beoch end of the raYlne where 
woter tends to pool . Common forms of vegetation In the generol area are 
the yellow oleander (Theyetio peruyjono), croton (Codloeum 



Teble 12. Checklist of terrestnel beech strend flore observed or known 
to occur in the ylcinity of the project site Including Alupet 
lsI end. *Denotes those plents on Alupat Island. 

Species Common Name Chemorro Name 

·Bldens pnoso Beggors Tick 
·Cadco popaya Papayo 
Cesyodno egylsetifolla Ironwood Gogo 
Cocos nyclfere Coconut Palm Nlyog 
Cadlaeym yadegatym Croton Leston Puyltos 

Calocasla escyJenta Taro Sunl 
Hemandla nymphaelfo!1a Nonak 
*Hlblscys tll1aceys Hibiscus Pago 
*IPomoea pes-capree Beach Morning Glory AJalag-Tasl 
Jatropha cyrcas Physic-Nut Tuba-Tuba 

*LeucaenaJeycocephaJa Tanglln T IIngan 
*tlsllllsllll:bmi dl a a(gaolsa Messerschlnldlll Hunlg 
*Psmobl sOI:l dyJ a NlglIs 
Plychsa lodica 
SlIl:l:barum spootaoeYm Wl1dcllne 

*Scasyola laccada SClleyol1l Nllnllso 
*Slal:byla[llbll1a IMi I:a False Verbllnll 
Thsspssla PIIPyJosa Bllnelo 
ThSystla psruylaoa Be Stl!1 Tree 
Wedsl1 a bW lire Meslgslg 
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yodegDtym), Jotropho cyrcos, ond tongontongon (Leucoeno leycocepholo), 
On the beoch, Is the medIum sized strand tree Messerschmldjo orgenteo, 
one of the most common beoch trees on the Islond, 

Vegetotlon olong the southern sector of the project site is limIted 
to scottered coconut trees which form 0 not ural boundory line. There is 
very I1Ule remolnlng of whot wos once 0 rather well developed I1mestone 
remnont. All remolnlng Yegetotlon wos bulldozed when the site wos 
cleored in eorly 1988, 

b. Terrestdol Foyno 
Terrestrlol founo ot the sIte Is limIted to bIrds ond other 

smoll forms (TobIe 13), The only bIrds observed on the sIte were Block 
Drongos (Dicrurus mocrocercus hortertil, Euroslon Tree Sporrows (posser 
montonus sotycotus) ond 0 few White Terns (Gygls g}Jla. condldo), No 
PhilippIne Turtle Doyes or Yellow Bitterns were observed on the site, 
olthough it is I1kely thot they utilize the area on a I1mlted basis. 
Information from the DiYision of Aquatic ond Wildlife Resources (AWR), as 
well os from other ornithologists, indicotes thot no notiye forest birds ore 
found olong the Eost Agono Boy oreo, The FY 1986 report of the AWR 
stotes thot notiye forest birds ore now pdmorlly restricted to northern 
Guom, centered oround Northwest Field ond portions of Andersen Air Force 
Bose. One notiYe species thot could be found In the project area Is the 
Yellow Bittern (!xobruchus sInensIs) whIch Is found In soyonnoh ond 
secondory forests over the entire islond. However, no bitterns were 
observed during surveys conducte.d for this study. 

ShorebIrds ore seosonolly found olong Agono Boy. Most 
shorebIrds ore mIgratory ond leove Guom by eorly MOY ond don't return 
until eorly September. Smoll resIdent populotions of Golden Plover 
(Plyvlo1ls domlnlco fylyo), Gray-tolled Tottler (Heteroscelys breyloes) ond 
Whlmbrel (Nymenlys phoeooys yodegotys) stoy through the summer. The 
IndIgenous Reef Heron (Egretto.&.. socro) Is found yeor-round on Guom. 
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Table 13. Checkllst of terrestnal fauna observed or known to occur in the 
vicinity of the project site including Alupat Island. *Denotes 
fauna observations on Alupat Island. (E) observed but expected 
to occur. 

Species Common Name 

AVIFAUNA 
Arenana i. Interores* Ruddy Turnstone 
Pi crurus macro cercus hartertl Black Orongo 
Egretta s. sacra* Reef Heron 
G~gls §lim candida White Tern 
Heteroscelus breylpes Gray-tailed Tattler 
Ixobruchus sinensis (E) Vellow Bittern 
Nymenlus phaeopus yanegolus* Whlmbrel 

REPTilES 
Corljo fyscum 
EmolO coeruleocouda* 
Geh~ra sp.* 
Hemidoct~lus frenOtys 
Lepldodact~lus lygybdS* 
Boigo lrregulads (E) 

tlAttttAlS 
Canis fomjljOns 
.Eil1.i catys 
l1!.Ii muscul us (E) 
Rattys sp. (E) 

Skink 
Blue-tailed Skink 
Gecko 
Gecko 
Mourning Gecko 
Brown Tree Snake 

Feral Dog 
Ferl Cat 
Mouse 
Rat 

Chamorro Name 

Dul11l 
Sail T ai wan 
Chuchuko 
Chunge 
Dull 11 
Kakkak 
Kalalang 

Guall'ek Halom Tano 
• 

Achiak 
Guall'ek 
Guall'ek 
Kolepbla 

Gal'lagu 
Katu 
Cha'kan Manil II 
Chllkll 
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Surveys during both ellrly morning hours lind periods of low tide 
during April lind MIlY revellled few species of shorebirds. The Golden 
Plover (Pluvllllls dominica fulva) was the only species commonly observed, 
occurring In areas of short gross, olong the beoch ond in intertldol oreos. 
A single Whlmbrel (Numenlus phoeopus vadegatus), ond II few Tllttlers 
(Heteroscelys IDlJ ond Ruddy Turnstones (Arenada 1. Interores) were IIlso 
observed olong the shoreline ond on Alupot Islllnd. No other shorebirds 
were observed except for 0 coup I e of Reef Herons (Egretto socro) seen on 
Alupllt Islond. No rore, threotened or endongered species of birds were 
observed in the survey oreo. 

Common reptiles such liS geckos (Hemldactulys frenatys. Gehuro 
sp. lind Lepldodllctylys lugubris). the Blue-tailed Sklnk (Emolo 
coeruleocoydo) ond common skink (Cadla fyscym) were observed. Although 
not octually observed, It Is very likely thot shrews, mice and rats inhobit 
the vegetated, wooded and bellch oreos liS trash and II tter ore found 
throughout the survey llrell. These rodents ore likely IIlso found on Alupllt 
Islllnd. The only other mllmmols thllt were observed In the llrell were stray 
dogs lind ClltS which rollm the bellch lind general llrellin sellrch of food. 

c. Endangered Species 
Most of Guom's nlltive forest birds lire considered 

threlltened or endllngered species lind several lire listed In the federlll 
register os endllngered on the island of Guom. No endongered species of 
birds are found within the proposed project IIrell nor hilS IIny portion of the 
site been deslgnllted liS critlcol hobltot for ony threlltened or endongered 
species. No terrestrilll species of flora or founo found within the project 
si te ore Ii sted os threotened or endongered. 

2. MlIr1ne Floro ond founll 
0. Intertidol/Neorshore Zone 

- Morine plonts- Four of the five divisions of marine pI lints 
were observed or ore known to occur In the Intertldal/nellrshore zone of 
the project site. The only dlylslon absent is the Phoeophytll (brown 



olgae). Enteromoroha Intestlnales Is the most conspicuous manne plant 
within this zone growing In thick mats along the shorellne, particularly 
where freshwater enters the bay (northern sector). This alga occurs as 
thick mats along Tumon Bay and Is considered an annoyance by hotel 
owners who remoye It regularly. The seagress (Enhalus acoroldes) Is 
found clumped within the Intertidal/nearshore zone and In Isolated areas 
within the centre I sector. Refer to Table 14 for a complete checkllst of 
manne plants observed or known to occur within this reef zone. 

- Corols- No llYe corels were observed In the Intertidal/nearshore 
zone withl n the proJect sl teo A reyl ew of the 11tereture (Randall and 
Eldredge, 1974) confirms our observations (Table 15). Corels are absent 
from thiS zone because of long penods of desiccation dunng low tides, 
higher tempereture of water related to shallow water leyels oyer all tidal 
conditions. Other reasons Include lack of hard payement upon which corals 
cen attach and grow, and lowered salinity related to freshwater runoff 
from stormwater and lens seepage into the Intertidal/nearshore zone. 

- Flshes-
Fish fauna was rather depauperate and quite limited along the 

nearshore and Intertidal zone. The most numerous fishes were small 
forms such as gobles and blennles which often lIYe In burrows and among 
rubble In yery ShallOW water. Some fishes ere also associated with 
clumps and small stands of yanous speCies of manne plants. 

A total of 14 species of fish was recorded oyer three transects 
within the Intertidal/nearshore zone (Table 16). Most species were rere 
or occasional with only the damselflsh, Dascu"us aruanys, commonly 
observed. Gobles were considered abundant. 

-MecrolnYertebretes- Ghost crebs (Ocuoode sp.) were occasionally 
observed along the sandy beaches along with many burrowing crebs. 
Rendall and Eldredge (1974) determined the density of the burrowing crabs 
to be approximately 52/m2. Amphlpods were elso quite common on the 
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Table 14. Checklist of marine plants observed or known to occur in the 
vicinity of the project site. Relative abundance: (A) Abundant, 
(C) Common, (0) OccaSional, (R) Rare, (X) denotes observations 
from the literature. 

Q) 
k 
0 

.c: 
III 
k ... ... 
rU rU rU 
Q) ~ ~ 
z .... .... 
"- I I r:: 
~ .... Q) .... . ... ... 
rU Q) r:: Q) C\ r:: 
'tl Q) 0 Q) k 0 .... ~ .. ~ rU k ... ::E: r.. 
k k ~ k 
Q) Q) rU Q) .... .... ... r:: k ... Q) Q) 

SPECIES r:: r:: 0 ::I Q) Q) 
H H () 0 ~ ~ 

ALGAE 
tgmlll!lIho[J ~~~fera X 
kt1 ootrlcbla fraql!js X x 
Amllbl~ fraoillHima X 0 X x 
.woo nvj!1ea ob!lcura 0 
!!cw!!. com!!OSlto C X 

BruoDSis 1II0nato 0 X X 
CtuJerlll racePW!!! x 0 x x 
c.. .rtvlarlojdp x R 
c.. toxIfgJll x 
ChlmDSla sp. X 

CIlIIIP-mlI flliaata x X 
Desnri. IlI!remooni x 
~!lI1IIta 111m!!' all C X 
EntoroRl!lrllhl lntest!noJa It C X 
EnblllbulIU, 'p. C 

Gelwura sp. 1 X X X X 
GeJwura sp. 2 X X 
G.dUdle!1. Prose 0 
Grcjlarla sallCQrnla R It X 
HaU _ I!lICrnObe C X 
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Table 14. continued. 

liN IRf C ORf RM Rf 

Ii. opuntie C C X 0 
Hupnea sp. X 
JlIl11 caDfllacee X C X X 
.I.. !la!i1-to-lIIlOhotollll X X X 
Lobopbore vadeqota X 

MimcoleUlI UDQb ...... UI C X 0 
... ....,o!~ltboo {rid-em X X 
MnlJDl.!m. X 
~. !!.nlII.! X 
PoJUljpborri. sp. X 

Porolltboo ook*' C X 
~. !lOrd! DId X X X 
Ralflll Pllnooeolls 0 X 
Slo urn ~ristaef2li ym 0 X 
S, poJw;lISturn X 

S!<bjzothdx qJlcoJ. 0 
~. III!X1CfDl C 
SvbertJlril tdbuJaic!es X 
Spudllli YI!lI!Juezij 0 
Turbl Dldl2l:lll!l X 0 X X 
y.!oo!. foat1aiotl X 

AEIOSPERHS (ttlrt.) 
Eollll UlII:!II:mdos R R X X 
HaI!!pblllllll..D!!r. 

TOTALS 
Divisions 5 4 4 4 4 3 3 
Genera 32 7 1 1 24 17 8 8 
Species 41 7 12 30 21 10 8 
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Tllble 15. Checklist of cOnlls observed or known to occur in the yicinity 
of the project site. Rellltiye IIbundllnce: (A) Abundllnt, 
(C) Common, (0) OcclIsionlll, (R) Rllre, ()() denotes observlltions 
from the litenltUr8. 

OJ 
k 
0 
.:: 
!Jl 
k ... ... 
'" '" '" OJ ..... ..... z .... .... -- I I " ,...; .... OJ .... .,.., ... 
" OJ " OJ 00 " -0 ~ .s OJ k 0 .,.., ..: '" k ... :.: 1:0 
k k ..... k 
OJ OJ '" OJ .... .... 

S,.in ... " k ... OJ OJ 

" " 0 c5 ~ ~ .... .... u 
• Acanthostree oem nata X 

Acroporamm. )( )( 0 
a. G!!IM!XI c x 
a.MIll 0 )( 

a.1lIlldl 0 x )( 

a. poIme,.. )( 

a. surcuJoao )( )( 

M![!I!!I!!![I m!l[j!!I!MI!!II!I!I )( 

fm! I!Illli!l )( X 
fayltes G!!ml!lano1a x )( 

G!lDlostree retlfonnis X 0 X )( 

HeU!!I!!![I COIrulea )( )( X 
LtDtast[!!l 1!!I[l!U!'l!! )( )( )( 

I, .. transverSI X X 
Ltpt!![ja g[!CiJis X X 
Montll!!!rI e'lachneri X X 

t!..lob!!lm X 
11 tuberc!llota )( 

tl.. YI[[j1ll X )( 

Pawne~ X 
e dec!""" R )( 
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Table 15. conti nued. 

liN IRF C ORF RM RF 

f.. frondlfera X 
f, (f,) obtusata X 
f,~dlm X X 
e:t 11 !II yrt r!ll!!!<1 X 
f.. s1 ne!l!1s X 

Poc1l1all!Q[1 brevl~[DlI X 
f.. dlm!cornis R 
f.. aetcllllll X X 
Podtes IYIi[l1lens1s X 
f.. !W!!!!nrls X 

f.. comPress!! X X 0 
f..JHm X X 
f.. lJItes. R X C X X 
f.. (~.) 1 .... !IIu.nejs X 
Podtes sp. X X 

~mnilll!O[! !;!!!I!!g!!! X 0 X 
f.. Dlmt[fSZl X 
Stylll1!llYnctate X X 
Sty'fpnieUflouno1!l X X X X 
StYlaRl!!rt D!r~ X X 

TOTALS 
"' .. r. 18 0 5 9 5 IS 16 
S,.aa 41 0 6 14 10 24 25 



Table 16. Relatiye abundance of fishes observed or previously reported in 
the yicinlty of the project site. A=Abundant, C=Common, 
O=Occasional, R=Rare. (X)=preyiously reported (Randall and 
Jones, 1974). 

Family/Species 

ACANTURIDAE (Surgeonfish) 
Acanthyrus mAlA 
A. ni grofuscus 
A. tdostegys 

APOGONIDAE (Cardlnalflsh) 
Aoogon noyemfasclatys 

Intertidal 
Nearshore 

0 

0 
Cheilodioterus gyingyellneatys 

ATHERINIDAE (Sllyersides) 
Unidentified sllYersides 

BALISTIDAE (Tr1ggerflsh) 
Rhj necanthus acyl eatus R 

BLENNIIDAE (Blennies) 
Petrosclrtes mltratus 
Salarias fasciatys 0 
Unidentified Blennies 0 

BOTHIDAE (Flounders) 
Bothys moncys 

CHAETODONTIDAE (But1erflyfish) 
Choetodon ourigo 
k. citrinellys 
!;.. eohjoojum 

Zone 
Inner Outer 
Reef-flat Reef-flat 

0 R 
X 
0 

0 0 
R 0 

0 

0 

X 
R X 
0 0 

X 

R R 
0 

R X 

94 



95 

Teb!e 16. Continued 

Zone 
family/Species Intertidal Inner Outer 

Nearsbore Reef-flat Reef-flat 

C. lynulo R 
C. 11 neal otys R 
Henlochys acymlnotys R 

60BIIDAE (Gobles) 
AmblYQoblus alblmecylatus R 0 0 
Oolooomys oolooomys X 
Unidentified Gobles A C C 

HOLOCENTRIDAE (Squirrel fish) 
Flammeo sammoro R 
Mydodstls sp. R 

LABRIDAE (Wrosses) 
AOam1l1l1l1l C;II[J,IIIIII~!lclall1l! X 
BodlaOul! axflladl! X 
Hal1 choerel! margadtaceul! X 
H. ldmaclllatus 0 0 
Hllmjgl/moul! melallterus X 

Labroldn IIlmllllqtul! X 
Sll1thoJY! j I! baOdaOllnl!l1! 0 0 
Thalal!l!oma hardwlckel R 

LETHRINIDAE (Emperors) 
Ljttlg [lUi harok 0 0 
Lllthd nllil sp. X 

LUT JANIDAE (Snoppers) 
LutJ a01l1! fulvus 0 
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Teble 16. Continued 

Zone 
Famny/Species Intertidal Inner Outer 

Nearshore Reef-flat Reef-flat 

ttU61L1DAE (Mullet) 
tIJlg1l. eeoholus )( 

ttULLIDAE (Gootflsh) 
Mylloidlehthys floYo!ineetus R R 
poruoeneys borbednus 0 0 
P.. poryohyreus 0 
p.. tdfeseletys X 

IIEttlPTERIDAE (Breems) 
Seol 0ps! S eenee!! etus 0 

OSTRACIONTIDAE (Boxflsh) 
Ostroelon meleogds X 

POttACENTRIDAE (Damselflsh) 
Abudefdyf leyeozonys R R 
A. a&p1&mfaal:la1Ya 0 
A. a&Xfaaeja1ys 0 C C 
Chromjs ea&rul&a C 
Chryslp1&ra glaYI:Ys R )( 

.c.. leueopomus 0 R 
Deseyl1us aruanus C 0 A 
Pomal:&n1rus Ilan R 0 
S1&gaa1&a nlgdl:ana 0 

SCARIDAE (Perrotflsh) 
Searus I&Pldys )( 

5.. sordldys )( 



97 

Table 16. Continued. 

Zone 
Family/Species Intertidal Inner Outer 

Neershore Reef-flet Reef-flet 

SCORPAENIDAE (Scorplonflsh) 
Synonceio yerrucoso R 

SI6ANIDAE (Robbltflsh) 
5jgonus sDinus 0 

SYNGNATHIDAE (Pipefish) 
Corytholchthus Intestinol1s 0 0 

TETRAODONTIDAE (Puffers) 
Conthlgoster solondd R 0 C 
Arothron meleogds R 

ZANCLIDAE (Moorish Idol) 
ZIlD~1 US ~1![]U1I1S X 

Total Species Per Zone 14 22 53 



beeches end wIthIn the Intertldellneershore zone. Lerge concentretlons of 
amphipods were particularly evident In the ylcinlty of beach junk and 
Enteromorpha mats. Wlth the exception of the thick Enteromorpha mats, 
flora and fauna wlthln the Intertldal/neershore zone eround Alupat Island 
is sImilar. Randell and Eldredge (1974) determined that ·lImpets, chi tons, 
nerites and 11ttorlne snails and grespld crebs ere found in the sea-level 
nips and on other rocky surfeces at the north end of East Agana Bay and 
Alupat Island. Refer to Teble 17 for e complete checklist of macro­
InYertebretes observed or known to occur within the Intertldellneershore 
of the project sIte. 

b. Inner Reef-Flat pletform Zone 
- Merlne Plents- The Enteromorphe communIty whIch domInates the 

intertidellneershore zone dImInishes In e seewerd directIon end Is neerly 
absent on the Inner reef-flet zone. All flye diylslons of marine plents were 
observed or ere known to occur In thIs reef-flet zone, Including 12 species 
of 11 genere (Teble 14). The most ebundent alga Is Greclllada sellcornls 
which forms numerous, hollow, dome-sheped growths thet ere oyergrowlng 
and killing lIylng corels further out towerd Alupat Island. Two species of 
algae, (aylerpe recemosa and .c. texlfolla, form extensive mats seyerel 
meters In dlemeter wIthIn thIs reef zone. Other clump-forming elgae 
Include Plctyoto sp., Aconthophoro splc1fero ond Hallmedo opuntlo. Common 
species occurring In this zone Include Boodleo compos ita , Dictyoto 
bortoyreslL Hollmedo mocrolobo, Mlcrocoleys Iyngbyoceys ond 5chlzothrlx 
mexlcone. the lest two ·belng Indlcetor orgenlsms of the dlylslon 
Cyenophyte (blue-green elgee). ConspIcuous petches of Hallmedo 
mocrolobo and Avrolny1l!eo obscuro ere found wherever accumUlations of 
send ere present. Refer to Teble 11 for 0 complete checklist of merine 
plents observed or known to occur In thIs reef zone of the project site. 

-Corols- Although no lIye corels were observed on trensects 
run for In this zone, lIye corel does exist within the eree. Six species of 
corel representing flye genere occur In this region of the reef-flet (Tobie 
15). 
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Teble 17. Checklist of Mecro-\nYertebretes obsel"Yed or known to occur in 
the ylclnlty of the project site. Reletiye Abundence: 
(A) Abundent, (C) Common, (0) Occesionel, (R) Rere. ()() denotes 
obsel"Yetlons from the litereture. 

QI ... 
0 ..c: 
" ... '"' '"' " " " QI .... .... z .... .... ...... I I c: .... ow QI ow ..... 
" QI c: QI 00 

'" QI ..fl ~ ... ..... r:G " '"' ;:.: ... ... .... ... 
QI QI " QI .... 
'"' c: ... '"' QI 
c: c: 0 " ~ H H U 0 

HOlLUSCA 
ct-1!!Ik c )( 

QjmotUn nbtbKicyn )( 

Qjmmmsp. )( 

Cype.,amld! )( )( )( )( 

Oolt!r!f.rt do!I!rif.rt )( 

Il!:!Hsp. )( 

OtfrtrUn~ II 
0IIbtrjJ\g qI!btrfIM )( )( 

LIttriy sp. )( 

I:!Husp. I )( )( 

t1Insp.2 )( )( 

""tiM mttf!r )( 

IYiiaSP· )( )( )( 

tItdk I!IosD1 )( 

Ii. RllaY. )( 

otop!tln sp. )( 

pntl!ll m1raat Itlr.,.~ )( )( 

eim. ng10ftIJ )( x 
edIllll!l!!a x x 
flal!!!Rl )( 
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raIl? Contbltd 

lIN IRF C ORF RM 

"P\Inm.df11id" sp. X 
av ...... 111 Rllattm c X 
T ...... I ma;uli!! )( x 
I!IIi!tsp. )( X 
Trid'2Ot rnp!na )( )( )( 

TrocI!!s m10tjcus )( 

YJsmtarbidm )( 

"Ytt n .. tId" sp. )( )( )( 

Yo!nttJ!a sp. )( 

~IDA 
£!ruth!!t sp. )( )( 

cteI!e!kWde sp. )( )( 

Sptror!ris sp. )( )( )( 

lHdoi.tlflablt spp. X )( )( 

.. CTA 
Htlobatts sp. )( 

CRUSTACEA 
"AI."",ipod" sp. C 
"8IlInId" sp. )( 

c,'.", MITt )( X 
DlrdPg 511. )( 

Enop!mne1gp!f sp. X 

GrtpSl!S CA!S!!S c 
"Gr.nt" spp. )( 

"OcuDOdld" 511. )( 

PII'COIIII 511· )( 

"Porc.11InId" sp. )( 

"PortIIitd" 511. C C C 
"StAImItopod" 511. 1 0 )( 

"StGmitopod" 511. 2 0 
"StGmitopod" sp. 3 0 
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Table 17. Continued. 

liN IRF C ORF RH 

Eat ...... ATA 
Aofntbtst!r RlD! )( 

k'im=, I1lIlIjtiw )( /It )( 

a. nri1Iirif )( )( )( 

Bqh*"", Q!!I. )( X x 

D!tc!tmt smmf X )( 

~. ~!!I!!D X )( 

Ect.il!!!D!!ri !lII!btti x x 
Ho!otlv1tm )( )( /It 
!!..~ )( /It 

Ii. !I!IO.i!m x )( /It 
Ii. m:olbris x x 

'" I.iail Jm!qat;I x C 
PoluRIoctaNo !!!ferstmi )( 

IU1ghcp1i chloroliOtus X 
Jr1!ntystH o!Ilk )( X 



poci!!oporo damlcornls. Acroporo aspero and podtes .l.u1.U are the most 
conspicuous corals within the Inner reef-flat zone. However, these 
species rarely occur because the area continues to be dominated by a loose 
sandy substrate. Randal1 and Eldredge (1974) determined that live coral 
represents less than two percent throughout this reef-flat zone with the 
exception of a coral rich area near Alupat Island (Figure 4). 

Corals are particularly absent from the Inner reef-flat except in the 
man-made channel along the causeway. Here, deeper water col1ects larger 
boulders giving corals the water depth and hard substrate adequate for 
coral growth. 

-Flshes-
Fish fauna in the inner reef-flat was more diverse than the Inshore 

zone with a total of 22 species recorded over three transects (Table 16). 
The substrate In this zone has little coral or other relief and most fish 
were aSSOCiated with Isolated rubble, debriS, metal Objects and seagrass 
(Enhalus) clumps scattered throughout the area. A few ornamentals such 
as butterfillflsh, damselflsh and wrasses appeared In this zone although 
none were common. No species were abundant In the area although gobles 
and the damselflsh, Abydefduf sexfasclatys ,were commonly Observed. 

A few food fish were encountered In the Inner reef-flat zone 
although they were few In number and small In size. Some speCies 
observed Include the surgeonflsh, Acanthurus mota, the emperor, Lethdnys 
horok ond the gootflsh, parupeneus borbednys. 

-Mocro-Inyertebrotes- Conspicuous macro-Invertebrates within the 
Inner reef-flat Include polychaetes annelids ond holothurlons. Folrly large 
concentrations of Cerlthium sp. form bands In the mid to outer port of the 
Inner reef-flat sand zone. Rondon ond Eldredge (I974) mode the some 
observation but did not have a reason for these concentrations. Most likely 
the concentration of Cedthlym sp. Is related to woter chemistry which 
attracts the animal to a portlcular food source. This animal Is also 
scottered more rondomly throughout the zone. Burrowing organisms 
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Clbound throughout the Inner reef-fillt zone. These consist of numerous 
tube worms, IInemones, sipunculllns lind II vllrfety of bivlllve mollusks. 

The most IIbundllnt bivlllve in this reef-fillt zone is Gllfrlloum 
Dectllnlltum. Common blvlllves In this zone Include QuldnlplIgus Pllllltum 
Clnd Ctenll bill§.. Mony sllnd-lIssoclllted mollusks lind crustllcellns lire found 
in this reef flllt zone which include numerous portunid lind stomlltopod 
burrows. Refer to Tllble 17 for II checklist of mllcroinvertebrlltes observed 
or known to occur I n the IIrell. 

c. Outer Reef-Flllt Pllltform Zone 
-Milone PI IInts- All five divisions of mllrfne pI lints were observed 

or ore known to occur on the outer reef-flot plotform of the project site. 
Although IIlgoe represented slightly less thon 10 percent of the substrllte 
cover (TobIe 11), diversity wos Quite good. Twenty one species of olglle 
representing 17 generll were observed In this zone on the reef-flllt (TobIe 
14). The most common species of IIlgoe lire the reef building cOrll11lne 
algoe Porollthon onkodes, ~ cop1110ceo, Mlcrocoleus Iyngbyaceus. 
HoJ1medo opuntlo ond if. mllcrolobo ond Schlzothrfx colclcolo. The seogrllss 
Enholus IIcrold8s WIIS observed In very smoll ond Isoloted plltches on the 
outer reef -flot zone. 

-Corols- The outer reef-f1ot zone is one of the most diverse regions 
of the reef In terms of corllls. Ten species of corlll representing five 
genero were observed or ore known to occur on this reef-flot zone (TobIe 
15). The most common speCies of corols occurrfng on this reef-f1ot zone 
ore Acroporg ospero, porites lY1n ond e.. compresso. PSllmmocoro 

contlguo, Acrooora nllsuto lind A. M!l1 were observed occllslonolly on this 
reef-f1ot zone. 

The rfchest cOrlll development within the project site is found on the 
outer reef-flat zone to the northellst of Alupot lsI lind. This corlll zone 
(Figure 4) Is opproxlmlltely 18.4l1cres (74,320m2) In size ond Is domlnllted 
by one speCies, Pllvonll frondiferg. This coral-rfch zone should be 
protected from IIny dredging octivity. 
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-Flshes-
The outer reef -flet contei ns the greetest dl yerslty end numbers of 

fishes found within the project site. A totel of S3 species heye been 
reported from this zone Including 34 species recorded during this survey 
(Teble 16). Fish were not only more numerous but elso lerger In size with 
more food species occurring here. 

The demselfish, Descyllus eruenes. wes ebundent in this zone while 
Abudefduf sexfesclotus, thromls eeruleo the puffer, tenthlgoster solendl 
end gobles were commonly observed. Some of the food fish found in this 
eree include surgeonfish, squirrelfish, emperors, sneppers, mullet, 
goetfish, perrotflsh end rebbitfish. 

The north end northwestern portions of the study site conteln erees 
of lIye corel. A few locetlons heye extenslye lIye corel, primerily podtes 
end poyone. epproechlng 60-901 coyer In some erees (Teble 11). 

Much of the fish feune cen be found In these liye corel erees, especielly 
but1erflyflsh (5 species observed), wresses (6 species observed or 
reported) end demse I fl sh (7 specl es observed). 

-Mecro-Inyertebretes- The most conspicuous mecro-lnYertebretes 
observed or known to occur on the outer reef-flet zone ere the see 
cucumbers such es Holothudo A1m. H. leucosollete . .1::1.. edulls. Actlnooygo 
moudUooe end A. ml!lods which ere ell ebundent. Adults 01 the blue 
sterflsh, Linckle leeYIgete. were commonly observed throughout the outer 
reef-flet zone end were pertlculerly abundent in the chennel near Alupet 
Islend. See urchins of the genera Diedeme end Echlnometra were found on 
the rocky boulder substrate end within the corel community 01 the outer 
reef-flet zone. Refer to Teble 17 for e checklist of conspicuous mecro­
InYertebretes observed or known to occur on this sector of reef-flet. 

d. E!ldqDa&rell SDecies 
Both the Green See Turtle (Chelonia mydos) end Hewksblll Turtle 

(EretomocheJys imbricete) ere listed on the federel Endengered Species 
List. During this survey, no see turtles were observed in Eest Agene Bey 
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nor were there any signs of nesting on the beaches. There ere no recent 
records of sea turtles being harvested or observed on the reef-flat within 
Agena Bay. Usage of Agana Bay by turtles is most likely Infrequent or 
IIccldentlll lind It Is not considered to be crltlclIl hllbltat for survlvlIl of 
the species. No other species of mllrlne flora or fllune occurring In Agllnll 
Bay lire considered to be loclllly threatened or endllngered. 

3. Elshedes 
II. Subsistence lind Soort Fishing 

Aganll BIlY Is an Importllnt area for both subSistence and sport 
fishing activities. Individuals and groups are regularly observed using 
thrownets, gill nets, surround nets, hook and line and speers within the 
bey. Cetches of sellsonel juvenile rllbbltflsh (manahac) IIlso occur along 
the Inshore IIreas throughout Agllnll BIlY. 

The GUllm Division of Aquatic and Wildlife Resources (AWR) has 
been conducting monthly Inshore fisheries surveys elong Guam's shoreline 
for meny years. Survey llrell of Region Is Ellst Agllne Bay. Dlltll lire 
collected by fishing method, species taken lind total weight of ellch 
species harvested. An IIttempt to obtllin data from AWR on use lind total 
harvest in Agllnll Bay was unsuccessful. It was not POSSible, according to 
AWR, to brellk down their computer-stored data by IIrea lind malntllin II 
rellsonable level of confidence In the results. 

Islandwlde Inshore fishing methods resulted In II total annual 
harvest of 171 metric tons for EV 19B6 (AWR, 1986). Goatflsh (Mullldlle) 
IIccounted for elmost II third of the totlll finfish hllrvest lit 30.2 percent, 
followed by surgeonflsh (Acllnthurldlle) at 16.5 percent lind trlggerflsh 
(BIIltstldlle) at 12.8 percent. Hook lind line WIIS by far the most popular 
fishing method IIccounting for IIpprolClmately 60 percent of total 
partlclplltlon, followed by cast net at 13.7 percent lind gill net at 12.5 
percent. Local and subsistence fishermen clln frequently be seen wlllking 
the shoreline of Agllnll BllY with throw nets (tllillya). Spellrflshlng lind 
surround netting are more common further out In the blly In deeper water 
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lind nellr IIrells of corlll growth. Limited hllrvestlng of blvllives (cillms) 
IIlso occurs within the Intertldlll lind nellrshore zone of Agllnll BIIY. 

b. Sellson!ll Fisheries 
The sellsonlll hllrvest of certllin juvenlle fishes Is widely 

IInUclpllted by 10cIII fishermen. These Include juVenlle gOlltflsh (t1110) 
hllrvested prlmllrlly In Mllrch lind April, juvenlle rllbbltflsh (mllnllhllc) 
hllrvested prlmllrlly from April thru June lind juvenile jllcks (e'e') which 
lire usulllly hllrvested during July lind August. 

Dlltll collected by AWR Indlcllte thllt 6.6 metric tons of mllnllhllc 
were hllrvested In inshore wllters during FY 19B5. This hllrvest of juvenile 
rllbbltflsh WIIS unusulllly low during FY 19B6 with II totlll of only 3.B 
metric tons tllken. Recent dlltll provided by AWR give hllrvest dlltll for MIIY 
lind June 19BB. During II Slx-dllY period from MIIY 10-1~, II totlll of 931 
pllrtlclpllnts h!lrvested 14,61B kg of mllnllhllc lsi lind-wide. Fishing In Ellst 
Agllnll BIlY IIccounted for 370 pllrticlpllnts (39.71) lind II hllrvest of 2,966 
kg (20.31). During II slx-dllY hllrvest period from June 7-12, II totlll of 510 
pllrtlclpants landed a totlll of 14,3B2 kg of mllnllhac. In this ClIse, Ellst 
Aganll Blly accounted for 295 of the part I cl pants (57.BI) and B ,499 kg of 
fish (59.1 I). For the two-month period, Ellst Agana BIlY IIccounted for 
46.1 I of the pllrticipllnts and 39.51 of the mllnahac clltch. 

Hllrvestfng of manllhac, tillo lind e'e' Is known to tllke pi lice at 
generallocatfons around the Islllnd although Agana Bay lind Merlzo are two 
of the more Important hllrvestlng locations. The pro11flc filamentous alga 
Enteromornhll cillthrotll. found in the Intertldlll zone 1I10ng Agllnll Blly, 
especllllly nellr stormwllter outflllls, Is known to be a preferred food for 
the juvenlle rebbltffsh. . 

These sellsonlll Juvenile fish runs are highly predlctllble. The 
mllnllhac, prlmllrily Slgllnus spinus lind S. IIrgenteus. first IIppellr on the 
reef-flllts II few dllYs before or lifter the Illst qUllrter moon In April lind 
May. Occllslonlllly, II third run occurs In June lind a fourth In late October 
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or eerly November, egeln during the lest phese of the moon (Keml end 
1 keherll, 1976) . . 
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IV. ENVIRONttEIITAL IttPACT OF THE PROPOSED PROJECT 
A. HabUat ttodtftcaUon and LOll 

Dredging a 6.4 acre area in East Agana Bay will cause habitat 
modification With resultant loss of shallow, sometimes exposed, 
sand/rubble/algal substrate. A zone will be created by this project which 
wl11 average 4.5 ft deeper than what now exists. The proposed dredging 
plan wl11 create a deeper manne habitat which will eventually recolonize 
with similar species found In the area now. No net loss of manne habitat 
will occur, with a slightly deeper area replacing the shallow water habitat 
now found I n the area. 

Prellmlnllry Investigations Indicate thllt It would be more 
environmentally sound to leave, untouched, a narrow band 1I10ng the shore 
In the Intertidal zone. This narrow band, approximately 20-30 ft wide, 
would not be dredged and would serve liS II buffer between the bllY lind the 
bellch. This would 111 so keep II large portion of the intertidal zone intllct 
lind would therefore have less Impact on shorebirds lind seasonal mllnllhac 
runs. 

B. TurbidUy and Sediment Transport 
1. Turbidity Dunng Construction 

Regllrdless of the methodology chosen to dredge East Agllnll 
BIIY, some Increase In turbidity lind sedimentation wl11 occur on the reef­
flllt dunng construction. High levels of turbidity lind sediment loading hils 
II pnmllry Impact on corllis lind other sessile forms of mllnne life. Fishes 
and other mobile forms can swim or move out of the llrell until more 
favorable conditions return. Both the degree of suspended sediments as 
well liS the cumuilltive length of time of the dredging process are 
Important fllctors in determining the Impllct on the manne environment. 
Dredging methodology lind spoil removlIl techniques lire major 
conslderlltfons In IIttemptlng to determine the extent of turbidity. Other 
factors Include bottom topography, current direction and velocity and use 
of s11t control deYlces such as berms or s11t curtllins. 
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Corol oppears to be the prtmary resource to be protected durtng the 
dredging pertod. The majority of the live coral Is locoted in the north­
west comer of the project site in the outer limits of the dredging zone. 
Nearshore currents In the area generally flow porollel to shore. Under 
normal conditions, sllt-Ioden woter would not move towords the outer 
reef. However, there are areas of rich coral growth in close proximity to 
the proposed dredging. These areas of live corol, identified in this report, 
must be protected from potentiol adverse Impacts of siltation. 

The best woy to control the potentlol Impoct of turbidity on the 
martne environment Is to minimize the production of slit and suspended 
sediments. One of the most desirable methods Is to use 0 suction dredge 
which J11ts loose sond, sediment and rubble by air/woter suction ond 
tronsports It through 0 pipe to 0 bermed settling bosln onshore for 
dewatertng. This method produces less slltotlon oround the work area 
since all moterials are sucked into the pipe with surrounding woter and 
corried owoy. This would be the preferable dredging method for those 
oreos with loose sediments. Hord povement or lorger boulders would hove 
to be removed by clomshell bucket or 0 bockhoe at low tide ond would 
likely require the construction of temporary causeways. 

Slit curtains, which enclose the turbid water until settling can 
occur, ore effective borriers to slltotlon. They con olso be used to divert 0 

slit plume oround an areo or to encircle a portlculorly Importont resource. 
Slit curtoln use In this region of East Agana Bay would be an excellent 
choice of slit protection because of the low velocity of currents. 

2. predicted Sediment Transport After Dredging 
Immediately following the completion of dredging, the beach and 

offshore areas will first adjust to reoch an equilibrium stote with the 
new current ond wove conditions. As discussed In Chopter III-B-6, the 
neorshore wove height Is estimated to Increase sHghtly durtng distant 
typhoon events associated with strong onshore winds. little to no change 
in wave size is expected during typical prevailing conditions. It Is 
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Impossible to IIccurately predict how the chenged wllve climate will 
affect the conditions on the beach slope In tenns of sorting and winnowing 
of exposed sediments by waves, currents and tide. All sediment particles 
that are finer than that which would be stable In the new waye cllmllte, 
will be transported to areas of greater depth lind lower waye energy. Silt 
and clay will stlly In suspension and will be dispersed outside the reef­
flat. This process Is typical of bellch nourishment projects. 

Because typical prevailing wave heights are not expected to 
change, It Is reasonable to assume that the beach characteristics after 
beach nOUrishment, wl11 be similar to the existing equl11brlum beach 
characteristics during typiclIl preyaillng conditions. 

During stonn or large waye conditions the nearshore wave climate 
Is estimated to Increase as a result of the changed bottom. It Is not 
possible to quantitatively predict how the changed waye Climate w1ll 
effect sediment transport and beach stability. However, when wave 
hel ghts and energy are Increased, sedl ment movement at the shoreline will 
also Increase. The changed conditions are antiCipated to be localized to 
the shoreline In the Immediate vicinity of the proposed dredging. Since 
beach nourishment Is planned In this area, some or most of the potential 
Increase In erosion will be mitigated. 

C. Clrculat1on. FlushIng and Water Qualtty 
Preliminary Investigations Indicate that water quality and 

circulation should Improve as a result of the proposed dredging. By 
dredging the proposed area, flushing will be Increased. The problem of 
stonnwater runoff from drains at Dungcas Beach, NAS and Island Imports 
wil1 be somewhat alleViated, thus Improving the existing poor water 
quality. 

Bacterlaloglcal contamination within the proposed dredging area 
periodically exceeds water quality standards. This Is, In part, due to an 
existing causeway which Inhibits flow and circulation of wllter between 
the outer reef and inner lagoon. Dredging will remove the causeway and 
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promote Increased flushing, circulation and mhdng In the area. Overall 
water quallty wl11 improve as a result of this action. Sediment transport 
will not be significantly increased during normal weather conditions. 

D. Other Construction Impacts 
Shorebirds and other terrestrial wildlife will likely be driven 

out of the work area during the dredging phase. Construction workers, 
heavy machinery and Increased noise levels will create an atmosphere 
unacceptable to most animals. Many of the birds and smaller animals will 
return to the area lifter the project Is completed. 

Some bellch strand and nellrshore vegetation will likely be removed 
or destroyed as dredging equipment and vehicles move along the blly. 
Stockpiling of sand (dredged material) will occur along the beach. A 
suitable location will be chosen lind bermed to proylde a dewatering basin 
f or the spoil. 

Nearby residential and condominium dwellers w111also be affected 
by the increase in noise and activity. The Alupang Condominium Comple)( 
lies In close pro)(lmlty to the proposed project. Proper erosion control 
measures must be Installed to Insure the water quality in the llrell does 
not deterlorllte further. One clln e)(pect the present level of water qUlllity 
to remain unchllnged during the dredging process but will Improve once the 
project Is completed. 

E. Effects on SubSistence. HarvesUng and Sport Fishing 
Nellrshore subsistence fishing lind gathering will be Impllcted by 

the proposed project. BIYlllye mollusks lire popular local del1cllcles which 
are dug from the shallow waters of Tumon Bay. Mllny mollusks as well as 
other burrowing lind sessile orgllnlsms w111 be removed during dredging 
operations. 

SubSistence fishing occurs all along Ellst Agana BIlY from the 
shoreline to the outer reef. Rod and reel, throw net (talaya), surround net, 
gill net lind spellrfishing hllve 1111 been observed in the bllY. Sellsonlll runs 
of the juvenile rabbitfish (mllnllhac) lind juyenlle gOlltflsh (tiao) hllve IIlso 
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been recorded In East Agana Bay. preliminary Infonnatlon suggests that 
the shallow water fisheries should not be seyerely impacted if a narrow 
band of Intertidal habitat along the shorel1ne is left un dredged and areas 
of rich coral are protected. Since there will be no net loss of marine 
habitat. with some shallow portions of the bay being sl1ghtly deepened, 
some nearshore fisheries may eyentually be enhanced. 

Subsistence fishing will be directly Impacted by the Increase in 
tourists and recreational enthusiasts using the deepened area. Dredging 
will create an atmosphere which will promote the use of motorized Jet 
sklis, paddleboats and windsurfers. This will undoubtedly interfere with 
the local residents eblllty to fish. Speerflshing may need to be regulated 
to a specific area so as not to Interfere with recreational water sports. 
Areas for use of motorized thrill-craft will also haye to be clearly marked 
so that safe multiple uses of the area are possible. 

F. Effects on Recr8eUonel end Scenic Resources 
OYerall Impects on recreatlonel and scenic resources should be 

posl t I yeo The proposed proJect will proyl de an erea close to the beach 
where local reSidents and tourists can swim and recreate oyer all tide 
cycles all year long. Water actlYltles in this area are presently restricted 
since the water Is much too shallow during low tides to swim or snorkel. 
This deepened zone will also allow for Increased usage for windsurfers, 
paddleboats and other recreational equipment. ImproYements in water 
qual1ty due to upgrading the sewer and stonnwater systems will benefit 
recreational users and f1shennen, as the project should greatly reduce the 
frequency of polluted conditions now common In the north part of East 
Agana Bay. 

Upon completion of the proposed project, seyeral problems will 
need to be addressed. User conflicts will arise between swimmers, 
snorkelers, flshennen, windsurfers and thrillcraft operetors. Seyerel user 
groups will need to be separeted and reguletlons will need to be 
adml ni stered. 
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Tourists visiting the Islend will expect to be eble to swim or 
use jet skiis et will, end locels will expect to be eble to fish at leisure. 
Careful consideration must be taken to respect the interests of ell user 
groups I nvo 1 ved. 

Dredging will creete en atmosphere for a variety of activities In 
the area. Thi s will promote touri sm and attract meny to the recreational 
facilities provided by the hotel. 

The scenic beeuty of the area will be dramatlcel1y increased. 
Dredging will ultlmetely provide an asthetlcel1y pleeslng view for hotel 
guests and Alupang Condominium residents. Water quality will greatly 
Improve, thus attrecting many tourists to the hotel. Condominium 
residents value their ·ocean view· and units will be In great demand. 

S. Other Positive Impacts 
Tourism Is Guem's primary industry. As more facilities are 

built, the number of off-island tourists will Increase dramatlcel1y. 
Tourism generates millions of dollars for the Island economy annually. 
Dredging In the proposed erea will help the tourist Industry by offering a 
hotel with a breathtaking view of the ocean. This Is what is expected 
when vecationing on a tropical island. By offering excellent facilities to 
tourists, Guam's economy will surely increese significantly. This will 
create employment for the local population and tremendous Income for the 
island. 
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Y. ALTERNATIYES TO THE PROPOSED PROJECT 
A. No Action 

The alternatiYe of no action would result In maintaining present 
conditions along the nearshore area of East Aganll Bay. Host of the 
northern bay would remllin so shllllow thllt swimming lind other 
recrelltionaillctiylties would be severely limited or Impossible during low 
tides. This condition will only get worse oyer the yellrs since storm 
drains continue to silt in the bay. water quality would continue to be 
degrllded, with frequent Increllsed leyels of feclIl coliform bactenll. 
Flushing lind Circulation would be hllmpered by the shllllowness of the 
reef-flat and existence of lin old sllnd/sedlment causeway. 

B. Alternate SUe Selection 
An IIlternllte site for the proposed project Is not a ylable 

alternatiYe. It would not make sense to dredge a swimming zone In IIny 
other location since the hotel Is plllnned on the shore opposite this region. 

C. Plan ttodlflcation 
Hodlflclltlon to the proposed plan Is possible depending upon the 

nature and extent of the modifications. The dredge zone could be reduced 
In length or width or undredged zones could remain untouched where there 
are resources to be protected. 
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VI. "1t1gsUon snd Envlronmentsl Protection "ellures 
Several environmental protection and mitigation measures should be 

implemented dUring the design and dredging phases of the project. Some 
potential measures might include the follOWing. 

I. Encircle the dredge area with a silt curtain to contain 
sediments and reduce turbidity outSide the work zone. 

2. Limit dredging to areas of sand and rubble only. Avoid rich 
coral areas such as those found at the extreme north end of the 
bay. Protect coral areas by proper use of silt curtains. 

3. Transplant some of the larger coral heads that would be In the 
way of the dredging zone. 

4. Consider building concrete fishing platforms along the outer 
reef -flat to ml t i gate potent I al loss of nearshore and 
subsistence fishing. This action If deemed appropriate, would 
be coordinated with the appropriate local regulatory agenCies. 

5. Leave a 20-30 ft wide band of Intertidal habitat seaward of the 
beach that w111 not be dredged. Thl s wl11 reduce potential 
Impacts to shorebirds and shallow water marine life and provide 
a buffer between the deeper dredged zone and the beach. 

6. Transplant any seagrass (Enhalus) beds that would be dredged 
Into adjacent shallow water habitat. 

7. Coordinate dredging operations with the Dept. of Agriculture, 
Aquatic and Wildlife Resources Division, to protect juvenile 
rabbltfish (menahac) runs known to occur In the bay. These runs 
ere seesonal end highly predictable and no dredging or other In­
water work should occur for a few days before and a few days 
after these events. 

6. Require the preparation of an Environmental Protection Plan 
(EPP) prior to Initiating work on the proposed dredging project. 
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