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Introduction
A. Stydy pyrpQse

The purpose of this study is to provide the iocet and federal

government with the necessary basellne lntermettcn and environmental
awareness to properly evaluate the placement of several mooring buoys in

Tumon Bay, Guam. Oneof the buoys already exists and will require an
-After the fact Permit: These buoys will be used to secure two vessels

owned by Coral ReefWater Tours Inc. andoperated as Sunset Cruises.
B. Study Area

The study area is located 1nTuman Bay, Guam, (Figure 1). Sunset

Cruises operates two catamarans in the shallow lagoon waters of Tumon
Bey in the evening for sunset/dinner cruises. Cruises ere for a short, 2.5

hours durat i onalong the shoreline throughout the 'agoon: Cruise plans for
the future include moonllght cruises between 6:30 pmandmidnight.

C. frllJ ect PescOoti on
There are two elements regarding this project. The first element 1s

to make legal the existing mooring which has beenused since 1967 (Figure
2). The second element concerns the application for four (4) additional

mooring systems which are dlYided into nearshore and offshore

components. (Refer to Section "-B for detans). In.general terms these

systems are designedto provide secure moorings for loading andunloading

operations on the beachandsafe mooring offshore during normal andheavy

weather conditions.



Figure 1. Study area in T~mon Bay, Guam.
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Figure 2. Location of existing mooring systems in Tumon Bay, Guam.
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II. Project Detalla
A. Existing Cond1t10ns

1. Sunset Cru1sesin TumonBay

Presently, there ere only two sunset cruise boats operating In

TumonBay, both ownedandoperated by Coral ReefWater Tours Inc. Oneof
the boats is 36 ft long 15'6" ft wide with a loadedweight of 7,500 Ibs and
powered by twin 40 hpJohnsonoutboards. The .other beet Is substantially
larger at 65 ft long and 45 ft wide with a loaded weight of 30,600 lbs

(Figures 3 and 4). This vessel is powered by twin 110 hp Johnson

outboards.
2. LoadtngendUnloedingon the Beech

Both vessels ere pulled up on the beecheecn morning Just to the
south of Berneys BeechBer property (Figure 2). Corel Reef Weter Tours

has a concesston agreement with Barneys for the southern corner of the
Beech Bar property. On this site Is a storage and work shed where
employeesperform venous service tasks on the vessels. Weter is brought

to the vessels from the storage/work site.
Vessels remain on the beech untl1 eerly evening. Buses unload

passengers at MatepengBeach and they boerd the vessels vie boerding

plenks from the beech. The vessels ere then pushedout end menuevered

into deeper weter usuelly operaUng in the northern, deeper-weter sector
of the lagoon. Dependingon water depth (ttde), these crutse boats cen

operete throughout the lagoon. The vessels return to the beech when the

cruise Is over endunloed pessengersin the sememenner, Pessengersere
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Photos of the Sunset Cruise Boat.Figure 4.
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then bussedaway to their hotels.
3. MooringandAnchoring

5. NormalWeatherConditions

Undernormal weather condltfons the vessels remain pulled upon

the beach where service and loading/unloading operottons take place.
There Is an eMisting mooring system in place presently used for the large

vessel (Figure 2). This mooring system utilizes two large anchors placed

in deeper water approMimately 150 ft offshore with chains attached.
Mooring lines are secured to eachof the chains and tied to eachof the twin
hulls aft. Two ltnes foward on each hull are secured to chains that have

been buried under the beachsand. OneUne (south) is secured to a 100 lb

Bruce anchor buried three feet under the sand abovethe high tide 11ne.The
other chain (north) fs secured to a 2 inch steel pole driven into the sand

above the high tide l1ne. This chain is buried at least three feet below the

send. Chafnunder ~heSInd does become exposedat Umes, usually after
heavy surf action when the boat pulls hard whl1emoored. Chain is eMposed

In the intertidal zone for a few feet. The smaller vessel simply throws a

smell 20 Ib Danforth anchor off the stern anda similar anchor off the bow

onto the beachnear the tide Une. These two anchors are adequate to hold
the smaller vessel.

b. Storm WeatherConditions

During storm weather conditions the lerger vessel ts secured to
the eMisting (unpermitted) storm mooring (Figure 2). This mooring Is a
ftve-point system (Figure 5). Themooring buoy is a typtcal typhoon



Figure~. Detail of existing storm mooring in Tumon Bay, Guam.

H.J.K,L,M,N : 5/8" chain 50 to 60 ft long connected
to anchors by schackles and connected on their free
ends by schackles to each other and to chain N.

N 40 ft 5/8" chain connected to mooring buoy .
F Mooring bouy .
G Mooring lines (2 units).

A 50 ft 5/8" chain without anchor .(May be used tomoore boat )
B 120 Ibs Bruee anchor dug in to sand.e 120 Ibs Bruce anchor dug in to sand.
0 500 Ibs Stockless anchor laying on the sand .E 120 lbs Bruce anchor dug in to sand.
I 120 Ibs Bruce anchor dug in to sand.

G
Average water depth 4-Sft

Sandy bottom
E

o
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mooring system. There are four 120 lb Bruce Anchorsburled in the sand in

water three to four feet deep (Figure 5). Additionally, a Single 500 lb

stockless anchor Is lying on the sand In four feet of water. A single
anchorless chain also exists connected to the other five chains with
anchors. Six separate 50-60 ft lengths of 5/S- enetn connect to the

anchors by shackles andall six chains connect together to a single 40 n,
5/S- mooring chain. The mooring cnetn Is then attached to a float used
only to locate the chain. Two mooring lines (rope) are connecteddirectly

to the mooring chetn by thimbles and shackles. All shackle bolts are

securedby safety wire or by flatenlng the bolt threads.

This storm weather mooring system was surveyed on July S,
1988 by a licensed merme surveyor and found to be adequately sized for
the large vessel, Proa III.

B. MoorlngReaulrements

1. Numberendtoeet Ion of MoonngSystems
a. Neershore

Two (2) nearshore mooring systems are required for Corel

Reef Water Tours Sunset Cruise vessels (Figure 6) (one each for aecn
vessel), However, the systems ere being redesigned to elimmete chelns

under the beechsend endlength of ehetn on the surteca, both In neershore

Intertldel water. Existing anchors and ehetn offshore wt11remain (Refer

to mooring design detans In Section II-B below). Both of these mooring

systems will secure the vessels on the beach during service periods and
for loading/unloading operetlons.



Figure 6. Locationof proposedmooring systemsin Tumon Bay. Guam.
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Three concrete blocks tn the nearshore zone endthree anchors
offshore (two elreedy extst) will provide adequetemooring security while

the vessels ere being serviced or loaded/unloaded. Wehaveeltm1netedone

nearshore block and offshore encner from the origlnel design Since we
beHeve that two vessels can ~e secured adequately If they een bemoored
slde-by-slde.

b. Offshore
Three (3) offshore moorings ere required (Figure 6) in order to

moor the vessels in periods of heevy weather or during storms. Oneof
these mooring systems Is alreedy 1n place. Two add1t10nelsystems are

therefore required.
2. MooringSystems Design

e. Nearshore

The nearshore mooring system will be modified to remove the

existing chetns under the beachsand and replece them with buried blocks
In the interttdel zone. Three (3) concrete blocks measuring 3')(3')(3' (27
ni) andweighing 4,000 lbs wtll be buried four (4) feet deepunder the send

1n the tntertldal zone (Figure 7A and B). A short length of 5/6- chetn w111

be shackled to e stainless steel hook In the concrete block andwill emerge
ebove the substrete for a few feet. A mooring Hnewill be sheckled to the
chain and secure the vessel during serv1ce end loading/unloading

operet1ons.
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b. Offshore

Theexisting anchorsandcnetn layed offshore wf11beretained

to secure the stern of eachvessel (Figure 7A). Addltfonally, one stmner
anchor/chain system will be placed so that both vessels can be moored

simultaneously.

Two additional storm mooringsare required in order to secure

the vessels during heavyor hazardousweather conditions. Both of these

moorings will be placedin the samegeneralarea protected from high surf

by the small islet on the outer reef-flat (Figure 6). Thesemooringswnl

be placedin shallow water directly fn front of the SeaHorseRestaurant.

Each of these moorings will be single concrete blocks

measuring 4'x4'x4' (64 ft3) and weighing 9,600 lbs. The blocks will be

buried under the sandwith the chain protruding and buoyedfor location

(Figure 78).

3. Construction Methodology

Eachof the five (5) mooring blocks will be buried In the sand

below grade. In the case of the nearshoremooring blocks, construction

could take place during a normal low tide period. Placement of the

offshore mooringblock will take placeduring a minus tide daywhenwater

depth is minimal.

A backhoewi 11be utn1zed to dlg the hoIe where the blocks are to

be placed. Excavatedsandwill be piled immedfately besidethe hole. The

backhoewill then pick up eachblock from the delivery vehicle andcarry it

to the proper sfte placing it in the hole and posftionfng it in place. Sand

14



will then be filled back into the hole covering the block completely.

Excess send end rubble will be spread evenly over the surtece et the

mooring site.

Volume of excess send is cetculetee at approximetely 3 yeP

which is minlmel when screed out over the mooring block. This volume

will be divided feirly/evenly between the two different sites (1) Beoch

mooring ond(2) Storm mooring. Volumeby lecatten is 1.5y~ et sechsite.

The ACOEhos 0 policy thet a maximumof 101/'con be dredged

without a permit. However,nottrtcetton must bepreparedtnet suchaction

will take placeandunderwhat condition the dredgingwill take place.

Since the holes can be dug in extremely shallow water, or

possibly during dry conditions, and since no coral resources are located

nearby the mooringlocations, no silt protection is beingproposed.

III. Environment Without the Project
A. GeneralDescriotlon

The project s1te (TumonBay) is located on the west coast of

GuambetweenYpaoandBijia Point (south andnorth) respectively (Figures

1 and 2). TumonBay is characterized by a wide and shallow reef-flat.

Water depthson the raet-rlat rangebetweenzero andtwo feet belowMeon

Lower Low Woter (MLLW). A sandy beach extends along most of the

shoreline.

Reefs andsubtidal features within TumonBayvary dependingon

the particular reef subzone.Three distinct reef subzonesexist within the

lagoonet TumonBoy: Intertidal, InnerReef-flat andOuterReef-flot.



Intertidal Zone- The intertidal zonealong TumonBoy Is mostly
unconsolidated sand and coral-algol-mol1usk rubble. A considerable

pertton of the sand portton of the unconsol1datedbeochmetertel consists

of foromlnifero tests brought to shore by wove ocUon and currents. Bore
limestone ccmprtsas the northern and southern extremes of Tumon Boy
with we11 developed nips and cuts at the cllffHne. uve coral is
consp1cuouslyabsent throughout the 1ntert1dol zone. Howeyer, thick mots

of the olga EntermorDhoclothreto ex1st along the shorel1nethroughout th1s

boy. This olga thnyes In the wormer nearshorewaters port1culorly in the
north-central sector of the boy where reducedsol1n1ty1s causedby fresh
wlter seepageat the shoreline.

Inner Reef-flat Zone- Typically colled the moot, this zone is

considerably w1derthan the outer reef-flat zone ranging between 350 and
360 m (1146-1247 ft). Locol1zed oreos of bore rock are common

part1culorly where the outer reef-flat begins. Howeyer,most of this zone

is compnsed of unconsol1dotedsed1mentsof yorylng thickness of a meter

or more near the beachto only a thin veneer near the outer reef-flat zone.
Sand, grovel, coral-algol-mollusk rubble and small boulders make up the
sediments here. The entire Inner reef-flot zone Is relaUyely flat with a

few crocks, holes, low rubble mounds and sho11ow, bowl-shaped
depressions. Deepest water In this zone Is at about mtd-petnt,

approximately 150m (492 ft) from shore. Corols exists In the Inner

reef-flat zone but pnmanly near the outer portion. Corals ore usuol1y



The nearshore environment Is sendywith scattered rubble and

tsoloted small boulders. This zone includes the intertidal area where

saUnlty Is reduced becauseof fresh water Intrusion from the water lens
system. The sea cucumber, Holothydo l1rA, Is abundont tn thts zone. The
fresh woter tolerent olgo Enteromoroho clothroto is olso abundant

B. Mortne FJoro endFauna
Stte 1

This site Incorporates the two beach mooring/stagtng sttes

immedtately south of Barneys Beach Bar (Figure 2). This is the same

location where loading/unloading and service tokes place at the present

Ume.

esscctetsd with large rocks which have beentossed up onto the rser-net
from deeperwater by storms.

Outer Reef-Flat SYbzone- This subzone of the Tumon reef-flat

vertes considerably in width and Is exposed during lower tides. At the
neturet channel neer Neton Beach the outer reef-flat dlsappeers
completely because of the presence of several shallow channels.

Unconsol1datedsediments are nearly absent along the seaward port 01 this
region except In small shallow pools. The Inner port usuelly has scattered

boulders over the surface and large boulder tracts form In someareas. The
source of these boulders is the reef margin end reef front where rocks end

living corals are broken loose and worked shoreward by storm waves. A

large eccumaletton of such boulders forms the basis for the small tslet
developtng on the outer reef-flat between Noton andYpaobeaches.,

I I



The offshore environment essociated with this site Is stmner in
many ways but quite different in others. The marine flora and faune Is

very similar with enabundenceof Holothyda.a1r:A.Fishes are else stmner
with an occasional tdggerflsh. Algae are the seme with the addition of
Coyleroa sertyledoides, Holtmedo oDunt1a and the coralline elgee

poroHthon onkoldes. The biggest difference Is the substrete. Here, send
exists only as a thin veneer oyer herd pavement. This area Is also much

shallower than the nearshore zone. The existing anchodng systems

(anchors and chain) w111beretained since depth of sond Is not edequateto

bury a concrete block.

Site 2.
This site Is the lecetton of the exlslttng storm moodng (Figure

2). This moodng is situated in water 2-3 ft deepapproximately 100 ft

from the shoreline.

nearshore becauseof the fresh water leaching out from the lens system.

Other menne l1fe Is extremely l1mited end there ere no lIYe corels. The

only other olga Is HYrmu DonnosQoccesstcneug found in the legoon
neershore. Depthof sondIs ot leest three feet endcould be deeper(5 to 6

feet) (Figures 9 end 10). Fish ere rere In this region end limited to 0 few
wondering speices like mullet end isoleted wresses. Occasionally, e
puffer, blenny or domselflsh can be observed, usually In the Yiclnlty of a

rock.
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The sea .cucumberHoIothyreomn was rare In thl s zone as

was most other life forms. Therewere no corals. Algaeare scattered and

rare. Leatherystalks of Aycoinvilleo lacerata canbe found in sparse

The marine environment is very uniform with a sandybottom

throughout. Rubbleis nonexistent andls10ated larger boulders are rare.

Water depth is adequatefor mooring these vessels eyen at a lower low

tide. Tide would usually beevenhigher during storms since a storm brings

a greeter volumeof water onto the shallow reef-flats with higher wayes.

Depth of sa~d ts a minimum of 1.2 ft andprobably deeper (Figures 9 and

12).

The marine envtronment is comprised of a sandy bottom with

scattered rocks andrubble. Sanddepth in this region Is between two and

four feet (Figures 10,11 and 12). The sea cucumberHolothyria .am is

common throughout this area. Fish are practically ensent except for

migrating forms like mullet andsmall jacks.

The surface of the limestone pavementis usually coveredwith a

turf-like mat of filamentous algae. Foraminifera are abundantly

distributed throughout this algal mat and are the main source of the

buff-colored sandfoundon the reef-flat andbeach.

3. SUe3
Thls st te is the proposed1ccetion for two storm moorings

(Figure 6). Themooring zoneis situated between the shoreline in front of

the SeaHorseRestaurant (South NatonBeach)and the Islet on the outer

reef-flat.
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patches. Fishes are either Isolated to small rock clusters like damse1flsh

or migrating forms Uke mullet, small jacks andgoetflsh.

The nearshore environment Is extremely slmtler to the
mid-bey region w1th a slight Increase in turbidity related to freshwater
tntruston from the water lens.

C. Sybstrgte TYDi
Two distinct substrate types exist at the various mooring sites.

Sites 1 end 2 heve stmtler substnste types comprised mostly of loose
unconsoltdeted sendwith coret rubble. A more homogeneoussubstrate of a

thin unconsol1detedsend leyer end some corel rubble on hard pavement

exists In the offshore zone where the existing encnors ere placed.
Substrate type at site 3 Is a homogenouszoneof beachdepOSits.Live coral

does not exist In the vicinity where these moorings exist or are planned.

D. proximity to Live Coral

Noneof the proposedmooring sites or the existing mooring are

lnceted near to areas of uve coral end no corers were observed fn the
vicinity of eachmoorfng.

E. Cyrrents. Weter ExchangeendFlyshfng

Weter quality Inside Tumon Bey Is partially dependent on the
water ctrcutettcn In end around the boy. Of particular trnportence Is the

seeweter exchangerate with the cceen, Seawater exchengeIs primarily

caused by the ttde, howeyer waye and wind Induced currents are also
fmaertent In the eXChangeprocess.



Currents in Tumon Bay are well documented in a number of
dHferent studies done oyer the years. Howeyer, past water circulation

studies were all doneas a minor part of a larger study and data do not
represent a continuous cycle oyer a long period of time. It is fortunate

that each of the studies covers currents at a different period In the year
glying some indication of seasonal variations. Figure 13 Is a general1zed
description of currents In TumonBay.

Currents were evaluated most recently by PBECInc. (1967) as

part of a plan to dredgenearshoreportions of TumonBay. Results of these

current studies reflect date reported by JonesandRandall (1972t Randall
and Jones (1973) and the U.S. Nayy (1974). The preyailing longshore

current Is from the south to the north along the shorel1neand out in the

middle of the bay during storm conditions. There appear to be some

definite reversals In the southern half of the bay on a flood ttde with

water moving toward the south. This water is met by a greater volume of

water flowing oyer the reef driYen by waves which force currents Inside

the lagoonto eddyIn the ylcinity of the Hilton Hotel.

Water movement In the extreme northern part of the bay Is
considerably different than movement In the central part With more

compl1catedreversals andeddying. The steep limestone wall at this point

stops all water movement further to the north creating the confusion and
eddying. Water moves out of the bay thorugh the San \/itores channel on

both ebb and flood tides. The only difference In water movement is a

generally slower velocity during a flood tide.



\
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Fewer data petnts were measured during storm conditions
because we were not sure just how long the storm conditions would last
and also because of the great difficulty of obtaining data In the field under
these conditions. Results Indicate no substantial difference In the
direction of weter movement between normal and storm conditions.
However, the velocity of water Increased slgn1flcently with storm
conditions (often twice the velocity). The volume of weter on the
reef-flat was significantly greater then normal conditions, driven with
greater force by the huge waves moving onto the reef-flat and across the
shallow lagoon.

Water exchange, flushing and turnover rate In the bay Is good,
particularly In the southern and central sectors of the bay. The exchange
of water over the reef Is unobstructed throughout the bay with the
exception of the extreme north and south ends where steep Itmestone
c11ffs prohibit lateral water movement. A large volume of water Is able to
move In over the reef, driven by waves and winds, and exit out over the
reef through the neturel channel at San Vltores over different Udal cycles

Currents were also measured during storm conditions. We were
fortunate to obtain data related to a very large storm that did not affect
Guamwith heavy winds or rains but did bring very large waves to the west
coast for 12 continuous days in October 1967. This storm represents the
heaviest surf conditions on the west coast In recent history which allowed
us to study the effects of greater water volume and surf In the Tumon Bay
lagoon.

" "



A measureof the exchangerete for a bay is the residence time,

which is defined es the time it takes for the center of a water mass

discharged in the bay to be dispersed to the ocean. The enalysls assumes

the moss is uniformly mixed in the bay Initially and dispersion Is caused

solely from dllutton with sea water that enters the boy during flood tide.

Since port of the volumeof water that enters the beyduring f100dtide Is

modeupof water that left the boy onprevtous ebbs,a flood tide exchange

retto Is a port of the analysis. The flood tide exchangeratio Is defined as

the retto of newoceanwater to total volumeof water that enters the bay

during flood tide. Similarly, port of the water that leeves the bay during

pnmerily neceusa of the sheuowness of the bey. Predominent current

direction (south to north) ensures e continuous flow of weter, forcing

reasoneble turnover end exchengeof weter.

Cleyshulte end Zolen (1976) investigated the volume of water

transported oyer a short section of beachfront in Tumon Boy and

discovered that it ranged from 3 to 16 cubic meters per second. Jones end

Rondall (1972) suggested that poor weter exchangeend flushing In front of

the Okura Hotel was the result of complex current petterns. It is also

l1kely that the circulation end flushing ebll1ty of water In this region of

the bay suffers because ctrcutetton is blocked on the north side from

eddying. Water circulation in the southern end of the bey (In front of the

Hl1ton Hotel) Is not so completely blocked since the shoreHne engles

obllquely away from the bey rather then directly offshore es it doesin the

north.



ebb tide is medaupof weter thet entered the beyon previous floods, so en

ebb exchenge rettn is etso e pert of the analysts. No data have been

collected to estlmete the ebb and flood exchangerettos for Tumon Bay.

For purposesof analysts, a value of 70 percent was used to represent both

exchenge rettcs. Based on the ebove essumptlons, See Engineering Inc.
(1987) estimated the residence time for Tumon Bay to be 2.6 days for en
everage tldel range. This estimate Is sl1ghtly less than the minimum

determined by Mershn..Ql. (1981) who determined the residence time

between 3 and6 days.
F. Water Qualti y

Weter qua11tydata from Tumon Bay are not extensive. Zolenn.a1
(1978) analyzed groundwater seepage into Tumon bay. Cleyshulte and

Zolen (1976) investlgeted the environmental impact of an l11egal storm
drain at the Continental Hotel (now Pacific Islends Club Hote1). Marsh

(1977) studied nutrient concentrations related to phytoplankton blooms In

Tumon Bay. These and a few other miscellaneous studies give some

Indication of water quality In Tumon Bay. The GEPAcollects water
samples as a continuing part of their water quality monitoring strategy.

However, the only parameter analyzed for by GEPAIs bacteriological

contamination (total andfecal coliform bacteria). GEPA'sprimary concern

regarding water quality in Tumon Bay Is in response to environmental
Impacts associated with storm dreins emptying stormwater Into the

neershora areas of the lagoonprimarily near populated recreation beaches.



S811nfty, 81though not well documented In Tumon B8y, eppeers to be

within stenderd levels for se8w8ter (31-34 ppt). C18yshulte 8nd Zolan

(1976) obt81ned this r8nge end 8 meen velue of 32 ppt in Tumon B8y. These

dete lndic8te that s811nity renqes between 31 end 32 ppt within 5 to 10m

of the shoreline and increeses to between 32 and 34 ppt 10 to 50m from

the shoreline. Mixing of rresnweter seepage along the shorel1ne lowers

salinity in the nearshore environment where l1mited marine 11fe extsts.

They determined that the discharge of freshw8ter from storm dr81ns into

the b8y mixes sufflc~ently with lagoon w8ter 8nd does not stress the

bf 0logy of the bay.

Groundwater seepage into Tumon bay occurs 811810ng the coestune
(particul8rly he8vy in the northern region) and was meesured to be
epproxlm8tely 1.5 cubic feet per second (cfs) over a 150 ft sectton of

beechnear Gogng8Be8ch(Emery, 1962). Emery observedvelocities gre8ter

then 1 ft/sec and noted thet the deep nIls 8t Gogng8Beech and other

lncettcns 810ngTumon Bey ere due to escepe of fresh w8ter during low

tides. Zol8n 11. .aI. (1978) identified at leest five major sites of

groundw8ter seepege In Tumon Bay 810ng Ypao, Matap8ng 8nd Gogng8

Beaches.

Subm8rine seepegeof groundw8ter is commonthroughout TumonB8Y

end Is thought to be the prim8ry reesonwhy nutrient levels ere so high I2nd
phosphorus levels so low in w8ter semales collected from the bey.Wl2ter

semples collected by James M8rshof the UOGMarineL8bor8tory contetned
8 meen nttrete cencentretton of 0.008 mgll 8nd a reective phosphorus



concentration of approximately 0.02mg/l. Marsh(1977) noted that during

phytophmkton blooms, the mean nitrate level of Tumon Bay seawater

decreasedto nearly 0.004 mg/l whl1ethe meanphosphoruslevel increased

to approximately 0.06 mg/1. Marshgoeson to thsortze that the increase in

phosphorusconcentrations in the early part of the rainy season,combined

wlth the slow rete of flushing in the northern sector of TumonBay,maybe

responsible for the penodic dinoflagellate bloom known to occur in the

llQoon. Although these blooms occur nearly every year, they havenever

beensevereenoughto causefish k111sor create health hazardsto humans.

Clayshulte and Zolan (1916) reported high concentrations of both

phosphorus(0.126-0.750 mg/l) and nitrates (0.212-0.236 mg/1) in water

samples collected near storm drains. Further out in the bay,

concentrations ranged from 0.003-0.053 mg/1 for phosphorus and

0.011-0.060 mg/1 for nitrates. They indicate that the high nitrate

concentration in groundwater seepageconceals the effect of nitrate from

storm drains. Another findtng of this study is that storm drains are

sources of bactenal andheavymetal contaminants In TumonBay. Another

source of bacterial contamination In the bay is from heavyhumanuse. The

exact source of heavymetals is not known but thought to be petroleum

products comingfrom automobilesandtrucks tmdtransported to the bayin

runoff water from nearbypavedsurfaces (roadsandparking lots).

Turbidity in Tumon Bay has beenmeasured in only a few studies.

Clayshulte andZolan(1976) found turbidity levels consistently less than 1

NTUin the vicinity of their study site (Pacific Islands Club). Tubidity of

••:n



stormwater runoff nmged between 2 and lB NTU, however this was

confined in water close to shore. PBEC Inc. (19B7) conducted

environmental monitoring water qualtiy analysis for turbidity essocteted

with the dredging of a swimming hole in front of the Pacific Star Hotel.

Turbidity values within 100m of the silt curtains ranged from 0.14 to 1.22

NTUover a period of three months. The dredge site was encircled with a

silt curtain protecting the surrounding area from higher turbidity levels.

G. Development and Use of Tumon Bay

Tumon Bay is the center of tourism on Guam and, for planning

purposes, has recently been rezoned as HotellResort. More than 90 percent

of all hotels on Guam are located within the boundaries of Tumon Bay

including all the major hotels. There are also numerous tourist-related

commercial estabUshments which can be grouped in the foHowing

categories: gift shops, rssteurents, nightclubs, markets and recreational

activities.

For the past two years Tumon Bay has been undergoing major

infrastructure development to keep up with an increasing tourist

population. Major road construction, sewer and water main enlargment and

stonnnwater runoff protection are the major elements to infrastructure

improvements In the Tumon Bay area.

Residential housing development In the Tumon Bay area Is still

significant. Single-famHy houses exist in the area and more continue to

be bunt. More importantly, multi-unit apartment and condominium

developments are being built at an increasing rate 810ngTumon Bay.



Humen use of the legoon is Quite vened. Fishermen continue to use
throw end surround nets in the bey, wind surfers utilize the extreme
northern end southern erees, numerous individuals can be seen out on the
water with venous forms of weter craft end swimmers are alweys
present. Snorkelers and spearfishermen use the bay on a continuing basis.
The area is also used by e two Sunset Cruise boats and Hobie Cet setlboets
as well.

H..ArcnoeologicoUHistod CII

All mooring structures proposed in this plan Dre to be pIeced in the
sand so they will not be a hindenmce underwater. Since they are not
teceted on lend, no archaeologicel/historical resources are expected to be
affected by the moorings. Contact with the GuamHistorical Preservation
Office indicates no archaeological/historical resources exist in the
vicinity of the proposed mooring sites.
IV. EnYlronmentalImpacts

A.positive
Placement of permanent mooring systems within TumonBaywill

reduce the amount of damage to delicete resources within the bay by
indiscriminate anchor dropping. These moorings will define permanent
mooring locations in areas away from coral patches and in areas safely
eway from tourist foot traffic. Permanent moorings will also give the
owner/operator, Coral Reef Weter Tours/Sunset Cruises, the peace of mind
that they have 8 place to moor safely In the event of large storms. The



owners can be assured that their investment and business potential is

protected against possible damage from typhoons. Siml1erly, the

environment and other property will be protected from demage resulting

from a poorly moored vessel breaking eway during a storm.

B. Negative

Very sHght negative environmental impacts are essccteted with

this project. The only negative tmpect will be felt in terms of minor

dDmage to morine nore end fauna during placement of the mooring

systems. Eachmooring block (encnor) will effectively replace the floro

and reune on or under the substrate. However, the eree oltered for the

onchors is minor: (smoll blocks, 3 eoch, 6" totel): large blocks, 2 each,

9y3 toto1) and therefore the impact area is minor 8Swell. This ossumes

disturbing en eree twice the size of the concrete block to beburied. This

is porUcularly true since these blocks will be placedin 8re8Swhere nore
or f8une growth is negligible. Access to the offshore mooring sites in

front of the SeeHorseRest8uront ts over 8 uniform sandzone. Therefore

there will be no d8m8geto mertne life in the erea Since the digging of

hoIes will be done at low or mtnus 1;des, sil tati on w1ll be mtnim8l and

ceusenoodverseimpacts.

v. Alternative
A. NoAcUon

The alternative of no ecuon would mean tnet the condition would

remain es it is now endwould effecUvely meon no improvement In the

sttuetton Onemooring system alreody extsts ondis considered111ego1.No



ectton would ceuse this system to rsmetn illegal and would therefore

require removel. This would leaye the owner without his only storm

mooring system andwould jeopardize his entire operation in the eyent of a

large storm or typhoon. In this cess, tourist plans would be jeopardized

especially for those who haye pre-purchased tours on these veseels. It

would also adyersly effect all other tourists who might purchasetickets

for the yessel onan indiyidual basis.

For these reasons, the alternatiye of no action is not considereda

Yiable oneandis rejected.

B. PlanModification

Several plans haye been studied regarding this proposal for

permanent mooring systems in TumonBay. Modifications to the original

pIennevaoccurred1n the foIl owlngareas:

1. Numberof moorings

2. location of moorings

3. Size of mooringanchors

4. Designof mooringsystems

The extent of these modifications is representedherein as the best

possible plan.

C. Different site

Different sites, as defined here, meansanoperational site other

than TumonBay. Many other sites were eYaluated during the seruest

phasesof deyeloping the Sunset Cruises concept as a part of Coral Reef

Weter Tours Inc. Alternate sites included Apra HarborandCocoslagoon.



D. Minimize use of heavy equipment (backhoe)on the beachandout
In the lagoon.

C. Spread around excess spon material from each hole on top of
buried concrete blocks.

B. Bury the concrete mooring blocks beneath the sand so that they
do not create e hazardto pedestrian beachtraffic or water craft.

1

RecommendatIons
A. Limit all work for digging holes andmooring anchorpiecement to

peri ods of low or minus tides.

A cost eYeluetfon of operatton et eech of the sftes reyeeled sfgntffcent
seYings fn time, logistics end money 11 the operetton were centered In

Tumon Bey. Besides seylng the owner considereble money end Ume fn
tenns of cep1tel outley for bus equipment and logistics support to sttes
other than TumonBay, Is the sayfngs which could be passedto the cUent

for a more central operetion site. For these reasons, Tumon Bay was

chosen as the best and logical operetlonel site. Inlt1elly, two small
vessels were bunt to hendle tourists In the shallow waters of the bay.
Oneof these wes recently hauledout and a larger vessel was brought 1nto

hendle the fncrease In tourism. Other sites were then written off as
impractical.

VI.
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