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[Cover photo: Aerial view of the study area in July 1972 before
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1
The views expressed by the authors are their own and do not necessarily
reflect those of the Marine Laboratory, the University of Guam, or the
Government of Guam.

The Piti Power Plant has a generating capacity of 14 megawatts. It
pumps approximately 4.85 cubic meters per second (64~000 gallons per minute)
of cooling water through its condensers and is designed to raise the
temperature of this vater by 5.6°c (10° F). The two units of the Cabras
Island Plant presently under construction will have a generating capacity of
66 ~M each and will pump a total of approximately 9.01 m3 sec-l (120,000
gpm) through the condensers~ raising the temperature 5.6-8.3°C (10-15° F).
Construction of future units at the Cabras Islend Plant will add at least
two additional units of at least 66 MW each. The total volume of cooling
water pumped through the condensers of all units and being emptied into

The purpose of this report is primarily to present information about
the observed effects of construction activities in Tepungan Channel and the
adjacent reef flats of West Piti Bay. Our studies began in January 1912
and will continue at least through the end of 1914. Our first report (r~sh
and Gordon) 1912} was prepared in June 1912 and presented a general environ­
mental survey of West Piti Bay, the construction site, Piti Channel) and
adjacent tidal flats. The report was prepared before construction activities
began and vas considered by the U. S. Army Corps of Engineers before they
issued a dredging and filling permit to Guam Power Authority. OUr second
report was concerned primarily with the effects of the Piti Power Plant on
the environment of Piti Channel, adjacent tidal flats, and Commercial Port.
Particular attention was given to the thermal regime in the area and how this
was affected by heated effluent from the plant. The present report is thus
the third one that we have prepared and deals primarily with observations
during 1913.

We have been conducting environmental studies in areas affected by
construction activities, areas affected by heated effluent from the existing
Piti Power Plant, and areas expected to be affected by heated effluent from
the Cabras Island Plant. The construction site itself is former submerged
land which was filled during the early phases of the present construction.
At the same time Tepuogan Channel, which lies at the western end of Piti Bay
(rigs. 1,2), was enlarged to provide a source of cooling vater for the
condensers of the new plant. Dredge spoil removed from Tepungan Channel was
used as fill material on the construction site. The receiving area for
heated effluent from the Piti Plant and the Cabras Island Plant is the upper
(eastern end of Piti Channel). From this point water flows westward down Piti
Channel and eventually enters the Commercial Port area of Apra Harbor,
althOugh there is some spreading of vater onto adjacent tidal flats. Our
studies have included all these areas.

Guam Pover Aul;hority is presently constructing the new steam-generating•Cabras Island Power Plant on a site just 'north of the existing Piti Power
Plant at Cabras Island, Guam (Figure 1). Construction began in December
1912. Unit 1 is expected to be completed in September 1911~• ,-lithcor.!pletion
of Unit 2 coming approximately one year later. There are plans for the
future construction of additional generating units.

INTRODUCTIO~
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Piti Channeloey eventu::!.l.lyr~Rch as much as 25:2 0.3 'sec··l(400,000 ~:Pn~)~includ­~Mthe 4.35 m3 sec-1 r!"c'scnt1l'being-PlIDP<.;;dthrouGh the Pi'ti imi tB'3· TOt lnewly
arged Tepull¬ '';1nC~larmt.:l was dredged to allow a movement of 25.2 m sec-

to the plant intakes with a flow velocity not to exceed .61 m sec-l (2 ft
sec..l) anywhere in the channel. Tepungan Channel presently conununicates
with the Piti Plant intakes via a passag~ through the Cabras Island
Causeway (Fig. 2). The newly dredged arm of the channel will communicate
with the Cabras Island Plant intakes via a new passageway (presently under
construction) through the cauaeW8\V'. In addition to Tepungan Channel, the
man-made Piti Canal (Fig. 2) serves as an auxiliary source of cooling water
for the power plant condensers. It is most effective at low tides or during
very light surf conditions, when there is a low surf-generated flow of water
across the outer reef flat of West Piti Bar and into Tepungan Channel.



Field temperature measurements were made in the outfall area from a
sma.ll boat or by wading on the tidal flats ~ a battery-powered telethermometer
with thermistor probes was used for this purpose. Continuously recording
Dickson ·'Minicorders, t~ each with a vapor-filled, temperature-sensitive bulb
connected to a spiral Bourdon tube, were used to get 7-day temperature
records at selected locations. As noted in our last report (Marsh and Gordon,
1973), operating difficulties with these instruments have limited the amount
of data we have been able to accumulate. However, we have previously
established the major temperature patterns in the outfall area; and data
gathered during the second year ot our study serve primarily to give added
confirmation of these observed patterns.

Determinations of reactive phosphorous, nitrite, and nitrate followed
the procedures ot Strickland and Parsons (1968). Dissolved oxygen determina­
tions were made according to the azide moditicatinn of the Winkler Technique
(A.P.H.A.,197l).

Our judgement of biological conditions continues to be based on visual
field observations. These observations are primarily qualitative to enable
us to continuously monitor extensive areas.

The velocity of water currents was determined by timing the movement
of patches of fluorescein dye over a known distance, and the direction ot
::novementwas sighted with a hand-held compass. The use of Scuba gear enabled
us to make such measurements in the bottom of Tepungan Channel. Volume
transport was calculated as the product of velocity and cross-sectional area,
where the cross-sectional area is oriented perpendicular to the direction of
water flow. The cross-sectional area was determined as the product of depth
(which changes with tidal state) and width of the particular channel or'reef
transect of interest.

Information on water turbidity was obtained trom visual observations in
the field and by collecting samples in piastic bottles for later analysis in
the laboratoey. The samples were analyzed in a Bach turbidimeter> Model 1860.
applying the nephelometer principle for determination of the light scattered
by suspended particles.

METHODS

3
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After completionof the work in TepunganChannel, the dredge wasmoved
onto the reef flat adjacent to the USOandwas used to removeaccumulated
sediments in the swimmingarea. This was done as a service to the USO
because of the turbidity and siltation problemsthat had been caused during
the channel dredging. (Use of the swimmingarea had fallen off markedly
during that time~) Two large piles of dredge spoil were left on the reef
flat for approximatelya month(Fig. 11). Water turbidity in the area
remainedhigh during this time.

Anumberof dynamiteblasts were set off in TepunganChannel,mostly
during February 1973, to help dislodge limestone material whichcould not be
removedby the dredge alone. The first blast was observed on 31 January and
the last on 26 February. The specific area of the blasting is indicated in
Fig. 6. On31 January we examinedthe area immediatelyatter the blasting to
see if any damagehad been done to the biota. Aparticular search was made
for dead fish, since these organismswere the most likely to be affected.
It was impossible for the search to be thorough because the high turbidity
limited underwater visibility to a meter or so. Nodead fish or other dead
organismswere found by us or reported by other people. Weconsider any
possible effects on the biota to be minimal.

Table 1giVes a log of activities and observations during and after
dredging operations in TepunganChannel. Theworkbegan in December1972
with the start of construction of a temporaryaccess dike (built of dredged
material) across the reef flat parallel to and just north of the channel.
This access dike served as a platform for a drag-line dredge and provided a
roadwayfor the hauling of dredgedmaterial to the fill site on the western
side of the Cabras Island causeway. Anewarmof TepunganChannelvas first
dredgedto connect up with the older portion of the channel (Fig. 2). This
older portion was then enlarged"to its newdimensionsof approximately 1(,"m
(157 tt) wide by 5 m'(16.4 ttl deep. The older portion of the channe_lwest
of the newarmwas not enlarged (Fig. 2). The newarmvas completedin
January 1973, and enlargementof the older part of the cbannel was then begun.
Bythe end of January the access dike extended east on the reef flat for
approximatelyhalf the length of the older part of the channel (Fig. 5). The
dike reached its easternmost extension by the middle of February (Fig. 10).
The dredge spoil fram the eastern end of the channel consisted of fine silt
whichwas piled on the dike and required a longer drying time than the rest
of the dredgedmaterial. Dredgingoperations were completedin early April
and the access dike was removed.

Ageneral description of the study area in WestPiti Baywas given
by Marshand Gordon(1972). Thearea consists of extensive reef flats, cut
by TepunganChannelrunning east-west across the southern portion, and a
diverse coral communityin the western portion. Thewestern end of Tepungan
Channelcommunicateswith Piti Canal and the intakes of the Piti PowerPlant
through a passagewaywhich runs under the Cabras Island Causeway. TheUSO
swimmingarea is located at the southwestern corner of the reef flats, and
a smaJ.lchannel connects it with TepunganChannel. Refer to Fig. 2 for a
mapof the area.

General Observations

PITI BAY

6



First turbidity samples taken; turbidity in usa swimming area
greater than 10 JTU.
Beginning of dredging to enlarge older part of Tepungan Channel;
portion of dike adjacent to new arm of channel complete, no
culverts through dike.
First culvert and primary pass through curved portion of dike
complete; same decrease in turbidity of vaters in western reef
flats behind this portion of dike.
Construction dike extending approximately halfway along
length of Tepungan Channel; dynamiting in the channel.
Dynamiting in Tepungan Channel; second culvert in place in
straight portion of dike.
Turbid vater moving out deeper portion of Piti Bay into open
ocean.
Construction dike along Tepungan Channel reaching its furthest
extenBion~ reverse vater flow observed in swimming area.
Blockage of second culvert through dike; portion of straight
part of dike removed to low-tide level; pIle of tine silt ,lett
at east end of Tepungan Channel.
Renewed movement of vater through second culvert; secondary
pass through dike immediately adjacent to second culvert, but
little vater movement through this; clearer vater in svimming
area, but dredge inoperative for preceding several days.
Dike again continuous; dynamiting in Tepungan Channel.
Clear water on southern inner reef flat enclosed by dike;
filamentous form of brown alga Padina growing here.
Large gap in curved portion of dike adjacent to new arm of
channel, with large volume of vater moving through this gap;
obvious silt plume passing out deeper portion of bay into
ocean and moving west outside surf.
Dike again complete except for small missing portion at
eastern end of Tepungan Channel; no opening through curved
portion of dike adjacent to new arm of channel.
Final removal of temporary dike; operation of bulldozer
across live coral community; dredging in swimming area; piles
of sediment left on reef flat adjacent to this area.
Large boulders left in middle of live coral c~UDity.

Aerial exposure of extensive portions of reef flat by extremely
low tides and falling sea level.
Beginning of construction of temporary access dike •
First small Sargassum thalli observed colonizing reef margin.
Beginning of dredging for new arm of Tepungan Channel; first
extensive silt plume observed in west end of b~.

PITI BAY

7-8

Apr. 2-7

20

12

26
Mat-. 6

22

1973

Jan. 16

16

25

31

Feb. 5

8

14

20

.iec, 1
5

12

.Jct.- Nov.

1972

7

Table 1. Log of major activities and observations in the study area.



Discovery of fish kill which had occurred one or two d~B
previously.
Normal-temperature water entering outfall'lagoon rather than
heated water.
Two outfalls fram const~ction site dumping turbid water into
outfall area.
Dredging in outfall lagoon immediately adjacent to outfalls
from Piti Power Plant.
Outfall lagoon clearer, with turbid water no longer c0mi.D8
through Piti Power ~lant; turbid ~ater still-entering outfall
area from construction site.
Waters of outfall lagoon with intense brownish-reddish-yellowish
color.
Large amounts of Sargassum blocking Piti Power Plant intake
pa.B8agew~ under road.

OtJrFALLAREA

Wa.shoutof large amounts of terrigenous sediments into Piti Bay
after heavY rainfall; movement of silt plume from East Piti Bay
into swimming area at low tide.

Removal of boulders from live coral community; additional
operatdon of bulldozer in this area; protest made to GPA.
Blue--greenalgal mats growing in newly enlarged Tepungan Channel.
First school of fish (small apogonids) seen among rocks on
northern edge of channel. .
Blue-green algae growing extensively in bulldozed area.
Clean-up of reef flat by Hawaii Dredging and Construction
Corporation; growth of green alga Enteromorpha covering former
dike locality; nudibranch mollusks swarming along edge of new
arm of T~gan Channel.
Dense stand of blue-green alga Hormothamnion on'bulldozed reef
flat; water with deep yellow-brown color at low tide.
Inspection of bulldozed reef flat by representative of Corps of
Engineers I Environmental Division.
Blue-green algae much less abundant than before in bulldozed area;
some blue-green algae appearing on portions of reef flat formerly
buried by construction dike and formerly occupied by turbid water.
Filaments of brown algae more abundant than blue-green algae in
bulldozed area; small fish living among coral rubble; grazing
fish ranging across damaged area; people fishing newly created
holes in sand flat near causeway shoreline.
Regeneration noted in Acropora thickets at bases of standing
dead coraJ.s._
Dive on reef face reveals silt settlement on substrate near
gap in reef margin.
Beginning of construction of new passageway through Cabras
Island causewar to cooling water intake of new power plant.
River-derived turbid water covering most of reef flat at low
tide.
Brown algae common in bulldozed area.

1973

Jan. 30

Mar. 26

Jun. 18

20

Jul. 6

Oct. 16

Nov. 14

25

31

Aug. 14

23

Sept. 19

1974

Mar. 15

10

26

Jul. 6

UF!.y 2

24
28

10
12

Apr. 9



Of particular interest were circulation patterns and water exchange in
the swimming area while the dike was in place. In the normal pattern, water
enters the swimming area from the north, through the small channel that
connects with Tepungan Channel, and exits across the reef flat east of the
swimming area. As discussed in our original report before dredging began
(!msh and Gordon, 1972), we expected that the dike would block this
circulation and lead to the possibility that polluted Masso River water
would move westward into the swimming area. Bence , we recommended that a
series of culverts be placed through the western portion of the dike to
allow the continued movement of water through the swimming azee , although
on a reduced scale. Figs. 4 and 5 show that. to the extent there was any
movement in the area at all, it did not follow the normal patterns. When
vater did enter the swimming area, it did so by moving across the reef flat
from the east, especially the portion of the reet flat adjacent to Tepungan
Channel. Water exit was sometimes through the connecting channel and sane­
tfmes across the southern portion of the reef flat. On one occasion when
the dike was in place (18 January 1974), the total volume of water leaving
the swimming area across the reef flat was calculated to be 0.46 m3 sec-l,
compared with a calculated value of 3.5 m3 sec-l on one occasion betore the
dike was in place. The maximum observed Velocities were 0.28 and 1.3 m
sec-l respectively.

Fig. 3 shows general patterns of water circulation in West Piti Bay
before and after the temporary construction dike was in place. The dominant
pattern is the movement of surf-generated currents across the reef flat~
extending as far as the USO swimming area, with a subsequent flow eastward
toward the deeper portion of the bay. Much of the eastward flow is in
Tepungan Channel. The original pattern was restored after removal of the
dike, as we had expected. Figs. 4 and 5 show circulation patterns at
different phases of dike extension and indicate that these patterns were
considerably altered in the area south of the dike.

There is on~ additional environmental stress, although a rather minor
one in comparison with the major turbidity and siltation problems that
previously occurred. Construction of a large passageway through the Cabras
Island Causeway is presently underway. This passageway will conduct cooling
water from the new arm of Tepungan Channel to the new plant intakes. The
construction is creating a plume of turbid water extending down-current
along the causeway shoreline (Fig. 12). The plume extends to the point
Where water from the old arm of Tepungan Channel enters the passageway lead­
ing to the cooling water intakes for the Piti Power Plant. The areal extent
of the silt plume is rather small, and the effects are mostly localized.
With the completion of the new passageway, this last short-term environmental
stress in Piti Bay will be cleared up.

Water Circulation

Several large boulders were left on the reef flat adjacent to the
eastern part of the channel until atter the dike had been removed. These
were then moved by bulldozer across the live coral community toward the
Cabras Island Causeway. A significant portion of that community was thereby
destroyed. This is the worst and longest-lasting environmental problem
associated with dredging of the channel, and it will be discussed in more
detail later in this report.
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Since the completion of dredging we have made measurements of current
velocity and volume transport at three stations in Tepungan Channel (station
locations shown in Fig. 6). We originally released dye patches at surface,
mid-depth, and bottom. However, preliminary results indicated that there
were no significant differences between these depths, and we have subsequently
released patches only at the bottom. This was done at five locations spaced
across the width of the channel at each station. The swiftest velocities at
all three stations occur on the side of the channel away from the surf zone.
Flows on the side of the channel nearest the surf zone are slower and more
likely to be characterized by eddies and complex mixing patterns. Velocities
and volume transports are shown in Table 3. Velocities at Station C have
been so great that we could work there only at low tides. In all cases for
which we have actual measurements the flow has been eastward in the channel.
However, we know that the flow can be westward during a rising tide when
the tidal amplitude is great (probably greater than approximately 0.6 m).
The values presented in Table 3 have all been obtained under conditions of
at least moderate surf and mostly under conditions of heavy surf, so they
tend to be higher than tlaverage!Ivalues might be. Velocities and volume
transports generally increase downstream (eastward). The highest velocity
observed was 0.42 m sec-l at Station B. Howev~r~ we suspect that velocities
at Station C can exceed 0.'61m sec-l (2 it sec-l) when th~re is 0. heavy ·surt
and high tide.

On several occasions we measured the volume of water flowing through
all culverts and passes at or near the time of high tide. These measurements
are shown in Table 2. The maximum flow observed was 0.87 m3 sec-l (31 cts),
or only slightly more than half the flow specified in the Corps of Engineers
permit.

During the dredging a large steel plate was placed across the entrance
to the passageway that leads trolnTepungan Channel under the Cabras Island
causeway to the intake lagoon of the Piti Plant. Hence, intake water for
the plant came only from Piti Canal during that time. If the Tepungan
Channel intake had not been blocked the plant's intake pumps would probably
have caused a greater westward flow in the channel and increased water
circulation in the area enclosed by the construction dike. However, this
would not necessarily have been beneficial since it would have increased the
likelihood of l-1assoRiver water being drawn toward the swimming area.

The Corps of Engineers dredging permit issued to Guam Power Authority
in October 1972 specified that enough culverts should be placed through
the western halt of the dike to pass 50 cubic feet per second (1.41 m3 sec-l)
at high tide. As indicated in Table 1, no culverts were placed when the
curved portion of the dike was constructed and the new arm of the channel
dredged. At'ter protests from the authors, a single 68-cm diameter culvert
and a 4-m vide open pass were placed through the dike at the locations shown
in Fig. 6. Water was flowing through these at the time of high tide on 2~
January 1973. The culvert was located partially below the low-tide level;
the open pass was shallow enough to pass no water at low tide and had a water
depth of less than 0.5 m at high tide. By 5 February a second culvert,
consisting of a double set of 68-cm pipes, was in place at the location shown
in Fig. 6. The elevation of this set was above low-tide level. This culvert
was subsequently blocked part of the time during dredging operations (Table
1), altho\l8h a secondary pass through the dike immediately adjacent to the
second culvert was sometimes open.
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Primary Secondacy
Date Culvert 1 Pass Culvert 2 Pass Total

25 Jan. 73 .22 .16 .48

8 Feb. 73 .24 .08 .18 .50

22 Feb. 73 .22 .30 .16 .19 .87

6 Mar. 73 .26 .43 .16 .85

Table 2. Volumetransport (m3sec-1) of water through breaks in the
construction dike. See the text for a description of the
culverts and passagew8\Ys.

15



Station A Station B Stations C

Volume Volume Volume
Date Velocity Transport . Velocity Tr~sport Vel.bcity Transport

1974

Mar. 1 .19-.26 27

Mar. 6 .16-.20 23

Mar. 8 .12-.18 20 .08-.21 36 .11-.25 40

Mar. 13 .18-.23 31 .15-.29 37

Mar. 15 .24-.37 44 .19-.42 63

Table 3. Current velocities (m sec-l) and volume transports
(m3 sec-l) for 3 stations in Tepungan Channel. See
Fig. 6 for station locations. The range of velocities
is given for 5 stations spaced across the width of the
channel. Total volume transports are given for the
entire cross-sectional area of the channel.
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By 25 January 1973 the construction dike had been extended slightly and the
first vulvert and the primary passageway were open through the dike (Fig. 8).
Water collected from stations upstream of the construction dike again had turbi­
dity values of less than 1 JTU. The swimming area registered a reading of 36 JTt

By 18 January 1973 the curved portion of the construction dike had been
completed (Fig. 7). Water samples were taken that day and analyzed later in
the laboratory turbidimeter. The resulting water turbidity values, expressed
as Jackson Turbidity Units, are shown in Table 4 and Fig. 1. It can be seen
that all stations in the swimming area and the southwest portion of tbe reef
flat affected by the dredging had water turbidities at least an order of
magnitude higher than water flowing across the reef flat and not affected by
the dredging. Water flowing across the outer reef flat had turbidities less
than 1 JTU at all stations. Turbidity in the swimming area measured 33 JTU,
and recorded values registered as high as 42 JTU in the enclosed western portion
of the reef flat. The highest turbidity, 86 JTU, was found immediately adjacent
to the site where the dredge was working. A silty 'plume extended eastward
along tbe southern shoreline away from the swimming area. Values in the
eastern end of Tepungan Channel were less than 1 JTU. The recommended culverts
had not been placed through the dike at this time.

The first silt plume was observed as soon as construction of the dike
began. By 12 December 1972 approximately hal~ of the curved portion of the
dike adjacent to the new arm of the channel was in place and had blocked water
circulation to its southwest. There was a silt plume in the water behind the
dike, and the bottom was covered by a layer of fine silt at least 10 cm deep
over what had formerly been sand flat.

The major environmental problem caused by dredging was high water turbi­
dity. This affected the whole southwest portion of the bay closed off by the
construction dike, the deeper portion of the bay at the eastern end of Tepungan
Channel, and sometimes oceanic waters lying outside the reef. The latter
communicate with Tepungan Channel through the deeper portion of the bay. The
swimming area was particularly affected. Some representative observations
will be reported here.

Turbidity

The effect of pumping cooling water through the new Cabras Island Plant will
be to decrease the east,..ard current velocity in the channel. When Cabras Isla.nd
Units 1 and 2 go into operation, approximately 9.0 m3 sec-l (120,000 gpm) will
be withdrawn from the channel. This will not be enough to reverse the current
flow in Tepungan Channel under surf and tidal conditions where it is not already
reversed. Indeed, it should take no more than half the toal volume transport
presently moving eastward in Tepungan Channel at low neap tides when the surf
is heavy. If future cooling water demands reach a total of 25.2 m3 sec-l
(400,000 gpm), or 20.4 m3 sec-1 (324,000 gpm) greater than the demands presently
exerted by the Piti Plant, then this should still not create a current reversal
in the eastern portion of the channel during high tides and heavy surf conditions,
but it will probably do so during low tides and light surf conditions. Such a
current reversal will increase the likelihood of bacteria-laden Masso River
"iaterbeing drawn toward the swimming area. It is unlikely that future plant
lemands will create a westward-flowing current inlTepungan Channel greater
than the maximum value of 0.61 m sec-l (2 ft sec- ) specified by the Guam
Environmental Protection Agency.
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STATIONS

1 2 3 4 5 Comments

1973

Jan. 16 13 22 35 1.4
18 33 21 32 15
25 36 40 25 21 64 1st culvert & primary pass

in place.
31 11 126 120

Feb. 5 20 16 16 26 21
8 4.0 4.8 11 36 "22

14 6.8 6.9 5.6 5.2 6.1 Dredge at E end ot channel
culverts blocked.

20 14 16 22
22 8.6 16 14 8.2
26 14

Mar. 6 10 10 22 22 14
12 1.9 1.6 2.9 6.5 8.4 Dike partially gone.
20 14 16 22 130 39 Dike replaced; no culvert.

Apr. 10 8.9 2.1 4.4 Sediment piles on reef
flat~ no dike.

12 9.2 5.4 0.61 18 Same
24 2.6 0.86 0.51 1.4 0.53 Same

Table 4. Turbidity values (Jackson Turbidity Units) at selected stations
in West Piti Bay during the dredging ot Tepungan Channel.
See Fig. 6 for station locations.
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Duringthe middle of Marchthere was a large gap in the curved portion
of the construction dike adjacent to the newarmof the channel. This gap
was apparently causedby heavy surf and strong currents sweepingthe dike
away, as it had not been stabilized with temporaryrip-rap or boulders. At

Turbidity values in the swimmingarea were not observedto exceed15
JTU during the rest of the time the dike was in place (Table 4). This was
also the case for the adjacent reef flats. As the dredge continued to work
up and downthe channel and there was occasional dynamitingof limestone
materials in the channel, localized turbidity- plumeswere created and
renewed. However,values over wide areas did not exceed those reported
above.

Fig. 10 showsturbidity conditions over all the closed-off area on
14 February 1974, whenthe construction dike was at its maximumextent. The
dredgewasworkingat the eastern end of the dike and, as usual, was creating
a distinct silt plumein the immediatevicinity, as indicated in the figure.
A turbidity value of 6.8 JTU was found for the swimmin«area and a value of
8.3 JTU for the reef flat west of the curved armot the dike. Valueson the
reef flat south of TepunganChannelranged from2.9 to 6.7 JTU. Asusual,
a sampleoutside the dike had a turbidity value less than 1 JTU for inflow­
ing water. OVerall, there wasobvious clearing in areas far removedfrom
the site of actual dredging operations.

By 5 Februarythe construction dike bad been extendedmorethan halfway
downthe length of TepunganChannel, and the secondculvert had been placed
through the western portion of the straight stretch of dike (Fig. 9).
Sampleswere taken at low tide whenturbidity values might be expected to be
at their highest. Probablybecause the workingsite for the dredge was now
further east than before, turbidity values in the swimningarea were somewhat
lower (20 JTU). Avalue of 16 JTU was foundon the enclosed reef tlat west
of the curved portion of the dike. It is possible that water movingthrough
the culverts and open passage~ of the dike had resulted in samewhatclearer
readings in the enclosed area, in addition to the fact that the dredgewas
workingfurther away. Values on the eastern end of the reef flat south of
the channel were somewhathigher than before, ranging up to 70 JTU. The
higher values in this area are not surprising~ since it was nearer to the
actual dredging site on this d~. As indicated in Fig. 9~ a distinct visual
boundarybetweenturbid and clear water extended eastward tram the end of the
dike.

The first blasing occurred in TepunganChannelon 31 January 1973.
Immediatelyafter the dynamitecharges were set off~ water samplesfor
turbidity analyses were taken in the vicinity of the blast. Values ranged
up to 352 JTU. This was the highest turbidity value we recorded during the
entire dredging operation. Lowervalues were found at successively greater
distances fromthe blast site.

o.ndvalues in tlll.,enc.Loaedwestern portion of the reef na.t ranged,trom 20 to
40 JTU. Highest values were again adjacent to the specific dredging site
and ranged trom150 to 162 JTU. It maybe seen fromFig. 8 that the extent
of turbid water on the reef flat south of the channel had increased further
to the east but that the eastern end of TepunganChannelstill registered
a value of less than 1 JTU. Since sampleson this day were taken on a
rising tide, weassumethat the extent of silty water was less than would
have been the case on a falling tide.
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'Associatedwith turbid waters was the deposition of large volumesof
silt onto bottomcommunities. This inevitably killed all organismspresent
on the pre-existing reef flats and sand flats. As expected, those areas of
reef flat enclosed by the construction dike were practically devoid of
macroscopiclife while dredgingwastaking place. Obviously, the side
effects of dredgingdestroyed muchlarger areas than were destroyed by physical
removalof the substrate.

Thequestion naturally arises as to the effectiveness of the culverts
and passes whichwere placed through the construction dike. As implied above,
they were not very effective. Table 1 indicates that the culverts were not
placed while the curved portion of the dike wasbeing constructed. Alarge
deposit of silt built up in the western corner ot the reef flat betweenthe
dike and the older armof TepunganChannel. This provided a reservoir of
material for continuous resuspension during the rest of dredging operations.

In watchingthe dredge in operation~weobservedthat it continually
created visually obviousplumesof water murkier than the surroundingwater,
even thoughthe surroundingwaters might already' appear quite turbid. Samples
taken under such conditions showeda great deal of variability fromminute to
minute. Dynamiteblasting s.lso greatly increased turbidity in the immediate
locality. Measurementswith the laboratory turbidimeter usually reinforced
visual observations, so that water visually judgedmoreturbid one day than
the previous day was usually found to register a higher turbidity on the
laboratory instrument.

Anarrowsilt plumewasalwayspresent outside (north of) the construc­
tion dike, with a distinct boundaryline betweenthis and clear reef flat
waters driVen inwardby the breaking surt. This outside silt plumewas
confined to within about 10 mof the dike almost all the time.

Somegeners.l commentsemergefromour turbidity samplingprogram. We
must point out the great variability of actual turbidity measurements. Thus,
althoughwehave presented absolute values here, for lack of a better wayof
discussing our observations, replicate samplesoften differed fromeach other
by as muchas 25%. Hence, it 1s morevs.lid to consider the range of observed
vs.lues than to dwell on individual a~solute values. In particular, it is
doubtful that absolute differences betweenspecific values of less than 1 JTU
actually meanvery muchwith the laboratory instrument weused. In any case,
dredging created silty waters which.were s.lwaysat least an order of
magnitudemoreturbid than natural conditions. often two orders ot magnitude
moreturbid, and sometimesthree orders of magnitudemoreturbid.

the sametime a distinct silt plumecould be seen outside the reef margin.
This resUlted frommateris.l being swept out the deeper part of the bay and
movingvestwardoutside the surf. Thegap in the dike wasrepaired, and it
remainedin place until the beginningof April.

Theresults of turbidity samplingdone after the removalof the dike
are shownin Fig. 11. Two sedimentpiles were still present on the reef flat
adjacent to the swimmingarea at this time. Turbidity values over most of
the area had droppedto less than 1 JTU, but samplesdown-currentfromthe
sedimentpiles exceeded3 JTU.
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The.area.of·live coral affected was approximately 3,000
square meters, or at least 25% ot the total area of the previous­
ly intact-biolDgica1 community. Adjacent reef flat communities
with dominant organisms other than corals were also decimated.

As explained in a letter to the Guam Power Authority on
12 April 1973 and in numerous conversations with Authority and
contractor officials, ecological damage in the area was extensive.
A number of large, spherical Porites coral heads were broken up,
overturned, or crushed. Staghorn Acropora corals were crushed
and pulverized. (Although much of the taller staghorn coral had
been killed by low tides in October and November 1972, it was
still standing in place and provided extensive habitat for fishes
and other organisms. Living coral was still present at the bases
of the taller dead forms.) Many invertebrate organisms were
killed, with crushed sea urchins and sea cucumbers being parti­
cularly obvious and likely numbering in the hundreds. There were
almost no fishes in the area in the month after the incident,
and it was practically devoid of other living organisms as well.
The underlying substrate was compacted by the passage of heavy
equipment but,was left covered by a layer of loose sediment
resulting'from'the breaking up of the corals and larger rubble.
The tbree-dimensional structure of the living community was
reduced to a two-dimensional sediment and rubble deposit. In
short, the live coral community was generally destroyed every­
where it was subjected to the passage of the bulldozer.

Bulldozer Damage

The most destructive occurrence on the Piti Reef flat took
place in the final stages of work after the access dike had been
removed. Several large boulders which had previously been left
on the reef flat adjacent to the eastern end of the channel were
removed to the shoreline of the Cabras Island causeway. These
boulders were "herded" across the reef flat by a bulldozer operat­
ing well outside (north of) prescribed construction limits.
They were pushed across the live coral community rather than being
~ved across the reef flat immediately next to the channel where
the access dike had recently been removed (Fig. 12). Thus, the
total area of reef flat affected by construction activities was
more than doubled in only a few days in an action which·was
unnecessary for successful completion of the dredgin~ project.
This was contrary to the recommendations which we had ms.dein
our original environmental survey report to the Guam Power
Authority (Marsh and Gordon, 1972) and which had been incorpor­
ated into the Corps of Engineers dredging permit. No justifica­
tion for this action has been given by the contractor.

In the swimming area; as dredging of the channel and construction
of the dike progressed. conditions at first got worse 8S long
as the actual dredge site was upstream. As the dike was r:xtended
further and dredging moved toward the east end of Tepungan
Channel, there was some clearing ot water in the area.
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Immediately after the bulldozing, the area was almost com­
pletely barren of any macroscopic organisms. However, adjacent
undamaged coral communities harbored a number of fishes
(primarily pomacentrids) displaying abnormal behavior and apparent­
ly in hipher-than-average densities. These were apparently fishes
from the denuded area that had been driven to seek shelter else­
where after their original habitat had been destroyed, and their
invasion was resisted by the resident fishes in the undamaged
areas. Within two to three weeks, we no longer observed this
situation, and we are not sure about the fate of the apparently
displaced fishes. However, we doubt that their chances tor
survival and reproduction were very good.

~ubsequent inspection trips revealed no concentrations of
man-made debris and no living pieces of Porites still pil~ed up.
However, there were occasional pieces of discarded wire and scrap
metal in widely scattered locations along Tepungan Channel. Some
piles of broken and dead coral and pushed-up sediment were left
on the reef flat; these have gradually become more dispersed over
the past year, and most of the piled-up sediments have now been
swept away by currents.

After strenuous protests from the authors, the Guam
Environmental Protection Agency, and others, Guam Power Authority's
contractor organized a clean-up party composed of hand labor to
work on the reef flat. The work took place on 25 April 1973
under the supervision of the authors, a representative from the
Guam Environmental Protection Agency, and a representative from
the Guam Division of Fish and Wildlife. Since irrevocable damage
to the biological communities had already been done, there was
little that the work party could do other than to clean up the
debris. Hence, most of the day was spent in searching out and
removing such debris by hand in order to avoid further damage to
the reef flat. Scrap cable, wire, and reinforcing bar were taken
from the reef flat to be hauled away. Because of the high
turbidity, snorkelers and a Scuba diver were unable to find and
remove most of the pieces of reinforcing bar (formerly used as
dredging markers) which had been discarded in the newly enlarged
channel. We attempted to do what was possible to encourage re­
introduction of corals into the area under favorable growth
conditions. Damaged and piled-up heads of Porites coral were
turned upright and rolled apart so as to allow their partial
recovery. Pieces of broken heads were placed so that their living
surfaces were exposed to good water circulation and not covered
by sediment or exposed to air at low tides. It was the consensus
of the biological advisors that this would have a rather minimal
effect in encouraging overall recovery of the total destroyed area,
but it seemed to be the only thing that could be done. More than
75% of the total damaged area was left barren of corals because
there were not enough live coral pieces available to distribute
widely.

Large amounts of litter were left on the reef flat. A
length of large-diameter steel cable was discarded in the
destroyed area, and twisted steel reinforcing bar and other
debris was left scattered about on the bottom. Discarded debris
was also left in the newly enlarged Tepungan Channel.
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We have also made observations of biological succession on
the altered portions of the reef flat and channel since the
completion of dredging activities. In our original report
(Marsh and Gordon, 1972) we noted that most of the area to be
affected was a non-coral reef flat characterized by algae and

Biological Recovery

Of primary interest is the question of whether or not the
destroyed area will ever recover completely. Certainly we did
not expect it to retain for long the barren state it exhibited
immediately after the bulldozing. This indeed was the case.
However, the question is not so much one of whether some form of
life will recolonize the area as whether or not the original
condition of the coral community will eventually be re-established.
With our present level of understanding we cannot answer this
question in a very satisfactory way. However, a reasonable
estimate of the time for new Porites heads to grow to the size
of the old ones and for the three-dimensional structure of a
coral community to replace the existing sand flat would be on the
order of 25 years at a minimum. It might be possible to make
longer-term projections for the area within ten years or so.

Biologically, the bulldozed area now resembles the nearby
reef flats rather than the coral community which was previously
there. The fragments of Porites coral are still alive, but any
possible growth has been too slight for us to note. No fragments
smaller than about 10-15 cm are still alive. Widely scattered
larger pieces of live staghorn Acropora and Porites provide
shelter for demsalfish and sea urChins, especially urchins of
the genus Diadema. Herbivorous fishes range commonly through the
area. The same green, blue-green, and brown algae which are
found on adjacent reef flats (see discussion below) are common
in the damaged area, but the brown Padina tenuis is by far the
most dominant.

Within about two months the destroyed area had developed a
dense growth of blue-green algae, particularly of the genera
Hormothamnion and Microcoleus; their density later declined.
Much of the bottom, however, still consisted of loose sediment
which did not provide a stable substrate for benthic organisms.
Many fishes, particularly acanthurids, scarids, and siganids,
could be seen at the boundary between the bulldozed area and the
coral community; but fish were not very abundant in the bulldozed
area itself. The sea cucumber Synapta became much more notice­
able in the damaged area than it had been previously. We are not
sure if it was actually more common than in the live coral areas
or was simply more obvious because of fewer hiding places.
Individual cucumbers were up to a meter long and had probably
moved into the destroyed area from adjacent areas, since they
were too large to represent a new generation that could have
appeared since the bulldozer damage. Many of the scattered pieces
of broken up Porites heads were still alive and appeared to be
healthy.

29



As of this writing we can say that the reef flats which were
formerly buried under the construction dike or affected by
sedimentation have qualitatively returned to their original condi­
tion. Algae and echinoderms are again common and appear to be
as abundant as betore. The range of natural variation and condi­
tions is great enough that we think the altered areas fall within
this range. Among the algae, the browns are the most common,
with the visually dominant ones being Padina tenuis, Hydroclathrus
clathratus, and Dictyota bartayresii. The blue-greens
Hormothamnion enteromorphoides and Schizothrix calcicola are also
particularly abundant. Common echinoderms which are again
appearing on the reef flats are sea cucumbers Holothuria argus
and at least two other species of the genus Holothuria~ echinoids
Echinothrix diadema, Echimometra mathaei, and Diadema spp.; ana
the blue starfish Linckia laviesata. There are scatterd corals
of the genera Acropora and Pocil10pora, and territorial pomacen­
trids (damselfish) are usually associated with these. There are
common free-ranging schools ot acanthurids (surgeonfish), scarids
(parrotfish), mullids (goatfish), and lutjanids (snappers).
Schools of siganids (rabbitfish) are common but appear to be less
abundant than schools of other fish.

An interesting occurrence was observed on 28 April 1973 and
several successive days at the western end of Tepungan Channel,
primarily the new arm of that channel. There was a massive
aggregation of small (less than 2 cm) nudibranch molluscs, prob­
ably the species Stylocheilus longicauda, swarming along the sea­
ward edge of the channel. This was apparently a breeding aggrega­
tion an·dlikely numbered several million individuals. We do not
know whether the aggregation was associated with some particular
condition caused by the recent removal of the construction dike
and the bloom of Enteromorpha. Such aggregations are natural
occurrences, but it is unclear why this should have taken place
on the altered substrate rather than elsewhere on the reef flat.

By the second week in April 1973~ approximately a week after
removal of the construction dike, a dense mat of the green alga
Enteromorpha sp. appeared in a band adjacent to the newly enlarged
~annel. This alga occupied only the portion of the substrate
which had formerly been buried under the dike. The substrate at
that time still consisted primarily of loose sediment and was
rather unstable. The bloom of Enteromorpha lasted only a few
weeks. There was a light surf most of the time and only weak
currents were driven across the reef flat, so the loose substrate
material was not immediately swept away. Later there was a period
of heavy surf on the reet margin and strong currents across the
reef t1at~ thus exposing rubble and pavement limestone which
provided more suitable substrate for colonization by other algae.

echinoderms and adjusted to minor silt stress. We expected that
heavy sedimentation would smother living organisms in areas not
directly removed by dredging or buried under the construction
dike, and this was indeed the case. The issue thus became one of
the recolonization of organisms on the reef flat and in the
channel after dredging was completed.
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A natural occurrence on the reef margin and adjacent portion
of the outer reef flat during 1973 was the unusually heavy growth
of the brown seaweed Sargassum cristaefolium. This growth began
in December 1972, after the occurrence of abnormally low sea level
and reached its peak in the third quarter of 1913. At about this
time there was also an unusually heavy settlement of juvenile sea
urchins of the genus Diadema on the Piti reef flats, as well as
other Guam reef flats.

Several holes were left on the reef flat adjacent to the
point where the construction dike previously joined the causeway
shoreline (Fig. 12). Boulders and pieces of broken-up culvert
were left in these holes, and this has provided a physical
habitat not previously available at this locality. Goatfish and
jacks have been particularly abundant in these holes, and octopuse'
can commonly be found as well. People commonly fish for young
jacks here. In July 1973 five or six fishermen vere there all
day for at least two weeks and were catching up to twenty fish
each per day.

One of the recommendations (incorporated into the Corps of
Engineers dredging permit) ot the Bureau of Sports Fisheries was
that the enlarged channel be left with protruding boulders and
patches of hard substrate to provide physical habitat for fish
and benthic organisms. No boulders or patches of coral rubble
were left in the bottom of the channel, but the sides of the
channel do consist partially of stable substrate. More extensive
areas of such substrate would have enhanced the habitat value of
the channel and led to greater biological colonization.

Colonization in the channel itself has been much slower.
The bottom vas covered with a thick layer of fine silt after
dredging, but some of this silt has since been swept away,
especially in the western half of the channel. The instability
of the substrate has hampered the colonization of benthic
organisms. The only such organisms present in abundance are
snapping shrimps and gobies of undetermined species. These
maintain individual burrows in which a single shrimp and a single
fish live together. We previously noted such a symbiotic shrimp­
goby association in Piti Channel and in Tepungan Channel before
its dredging (Marsh and Gordon, 1972), but we are uncertain if
the species present now are the same ones that were there before.
The rather steep sides of the channel are freer of silt than the
bott'omand therefore have been more colonized by the same species
of algae and echinoderms that are present on the reef flats. The
same families of fishes as mentioned above for the reef flats are
also present along the edges of the channel, but in addition
there are schools of small carangids (jacks) and sometimes
apogonids (cardinalfish).
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Another incursion of silt-laden, land-derived water occurred
during the second week of March 1974, when large amounts of soil
washed into the eastern half of Piti Bay (the area known as the
"bomb holesl') from a construction site on Nimitz Hill. This had
been a major problem in East Piti Bay for the preceding six
months, and silt settlement had led to the smothering of extensive
live coral communities. The problem had not extended to our
study·area in West Piti Bay before the heavy rains during the week
noted above. At that time there were strong easterly winds which
eventually drove a silt plume across the deeper portion of the
bay and westward in Tepungan Channel at low tides. This plume
moved into the swimming area during the afternoon low tide of
13 March. A large amount of sil'talso moved out the deeper
portion of the bay into the ocean and then westward outside the
surf line of our study area. There was an obvious brown colora­
tion in the breaking waves and some silt was undoubtedly trans­
ported back across the reef flat by the surf-generated currents.
There was not a heavy settlement of terrigenous silt onto the
reef flat in the study area, if indeed there was any settlement
at all. Hence, West Piti Bay remains in a much healthier state,
biologically, than East Piti Bay, which has largely had its
biological communites killed by silt settlement. The fact that
West Piti Bay was not similarly affected is due in part to the
heavy surf and resulting strong currents across the reef flat

In addition to the stresses caused by Guam Power Authority
contractors working in Tepungan Channel, there are other stresses
to which the Piti reef flat has been subjected. One of these is
caused by fresh-water runoff from the Masso River (Fig. 2) when­
ever there is a heavy rainfall. This brings in not only fresh
water but also large amounts of terrestrial silt. Under most
circumstances this runoff moves directly into the deeper part of
the bay mixing with water flowing from Tepungan Channel, and
eventually flows out into the ocean. The west Piti reef flat is
not ordinarily affected by land-derived runoff if there is a
moderate to heavy surf or a water level more than a foot or so
above Mean Low Low Water, because under such conditions the south­
yard current flow acrOBS the reef flats away ~rom the surt and .­
into Tepungan Channel tends to be maintained. However, on one
occasion (23 August 1973) river runoff with a heavy silt load
covered most of the reef flat during an early morning low tide
when there was only a light surf. There had been heavy rainfall
for the preceding 24 hours, and the volume of river runoff was
high. The reef margin was covered by oceanic water with very
little movement. Just behind this was a sharp boundary between
oceanic and river water, marked by temperature and turbidity
differences. As the tide rose this distinct boundary was,
maintained and gradually pushed southward across the reef flat to
Tepungan Channel. Detectable amounts of silt did not settle onto
the substrate from the river water.

Natural Stresses
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Another natural stress on the reef flats in the study area
was caused by extremely low tides and falling sea level, which
reached the maximum extent in October and November 1972. This
~esulted in the complete drying out of large areas of the higher­
lying portions of the Piti reef flat and killed all or most of
the benthic organisms in these areas. The lower-lying portion
of the reef flat at the western end retained a non-circulating
mass of water less than a meter deep. This was sufficient to
allow most of the organisms 1n the coral community to remain
alive, even though they were undoubtedly stressed by high
temperatures. Large areas of staghorn (Acropora sp.) coral
thickets were killed by exposure to the air, however, since they
occupied higher level portions of the SUbstrate. Subsequent to
the return of higher tides and raised mean sea level, there was
extensive recolonization of the higher portions of the reef flat
by the same species of algae (especially brown algae) and
echinoderms that had previously occupied these areas. The
extensive cover of Sarsassum which developed on the reef margin
has already been described. The live coral continued to thrive,
and in the dead staghorn coral thickets there was new growth in
the open spaces. The cause of the temporary drop in mean sea
level is not known for sure, but it appears to be related to
Pacific-wide meteorological and oceanographic conditions. Predic­
tion of possible future occurrences of this phenomenon cannot
be made with our present level of knowledge and understanding.

during the period of heavy rainfall. However, it is possible
that the remainder of the live coral community on the west Piti
reef flats could be affected by runoff from the Nimitz Hill
construction project under unfavorable weather and oceanic
conditions. There is also an aesthetic problem for the USO
swimming area, one of the few such recreational areas on Guam.
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Field estimates of visibility have often been made while we were doing
other things in the outfall lagoon and Piti Channel. There was an obvious
decline in visibility after construction began, with estimates seldom exceeding
1 m, as compared with estimates of 3 m before construction began. In addition,
occasional samples were taken for later turbidity analysis in the laboratory.
Sampling locations are shown in Fig. 13, and results are shown in Table 5. It
IIlIq be seen from the table that, with only two exceptions, turbidities at all
stations exceeded 1 JTU. One of the exceptions was a sample taken in the Piti
Canal on 30 January 1973 before there was any construction-caused disturbance to

An apparently different kind of reddish color observed more recently is
probably caused b.Y the suspension of terrestrial sediments in the water. We
described above the movement of terrigenous sediments into the west end of Piti
Bay from the Nimitz Hill construction project during the heavy rains of March
1974. If a significant volume of silt-laden water moved through the passageway
under the Cabras Island causeway and into the cooling water intakes of the Piti
Plant, then this would be pumped through the plant condensers and appear in the
outfall lagoon. Indeed, during the third week of March we observed obvious
deposits of such reddish sediments on some bottom areas of Piti Channel. It is
doubtful that this washed in from adjacent land areas. We had not observed such
sediments in the study area during the previous two years, despite having looked
specifically for this when the reddish-brownish-yellowish coloration first
appeared in the outfall lagoon after construction began. Moreover, the sediments
which led to obvious water turbidity in the dead-end moat (Fig. 13) are more
brownish than elsewhere in the outfall area and have no reddish tinge. With
heavy rainfall these sediments are washed directly into the moat from adjacent
land, as has been noted on numerous occasions.

The most obvious thing that has happened in the outfall area since filling
and construction operations began has been the marked increase in turbidity.
The turbid conditions have existed almost continuously, but there was a period
of clearer water in early July 1973. The water has sometimes had a reddish­
brownish-yellowish tinge to it, but we are not sure what causes this. The sea­
wall at the site of the construction outfalls is stained reddish-brown, as if
some dissolved material were being precipitated out of the water. We have also
observed a similar stain track on the soil adjacent to the cooling water outfalls
of the Piti Plant where rain water sometimes drains off the storage lot.

Filling of the submerged land on the construction site began in December
1972, and construction itself began shortly thereafter. The fill and construct­
tion site was stabilized with a concrete-and-rock seawall. The brown alga
rp.dina tenuis has been the only organism we have observed colonizing this seawall
so far. As soon as excavations began for the plant foundations it became
necessary to pump seepage water out of the excavated area, and this has continued
to the present time. This silt-laden water is pumped into the outfall lagoon of
the Piti Power Plant and enters it at two points approximately 20 m apart along
the new seawall (Fig. 13). The silty water enters the eddy system of heated
effluent water from the Piti Plant and is rapidly dispersed throughout most of
the outfall lagoon. Recently a new effluent point for silty water has been
created at the point where cooling water outfalls for the Cabras Island Plant
are now being constructed.

Construction Effects

PITI CHANNEL AND APRA HARBOR
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Volumetransport measurementsacross the western end ot Tidal Flat C,
along the transect shownin Fig. 13, were attempted on three occasions in June,
July, and August1973. Single transects were run on a falling tide, at low
water, and on a rising tide. Themaximumin-t10wing (easterly) velocity at any
station on the rising tide was .16 m sec-1, and the total volumetransport of
water movingeastwardwas calculated to be 5.8 m3sec-l tor the entire transect.
This transect was run between1230 and 1300hours on 25 July 1973; the predicted
low tide was 0.0 tt at 0922hours, and the predicted high tide was1.9 it at
1701. Themaximumout-'flowing (westerly) velocity observed at any station on
a talling tide was likewiae .16 msec-l, and the total volumetransport ot water
movingwestwardwas 6.9 mj sec-1 for the entire transect. These observations
weremadebetween1545and 1600hours on 3 August1973; the predicted tides for
that daywere 2.1 tt at 1039hours and 0.5 tt at 1645. Thesevelocities and

Thevolumetransports reported in Table 6 for Piti Channelare lower than
the maximumvalue o'f 22m3sec-l (350,000 gpm) given in-.·ourlast report (Marsh
and Gordon,1973). Weused this value as a basis for projecting maximumfuture
velocities and volumetransports in Piti Channel if total cooling water outflow
fromthe powerplants increased to 12.6 m3sec-l (200,000gpm) and 25.2 m3sec-l
(400','000gpm). Ourmaximumcalculated velocities were .85 msec-1 (2.8 tt sec-l
and 1.2 msec-l (3.9 tt sec-l), respectively. OUr additional data presented in
Table 6 do not lead to an increase in the projected maximumvelocities.

Determinationsof volumetransport weremadein the channels during fall­
ing tides in August1973to augmentprevious observations (Marsband Gordon,
t973). The station locations for Piti Channel, the connecting channel, and the
secondarycuannel are shownin Fig. 13, and the data are shownin Table 6. It
maybe Beenfromthe table that the greatest flowwas in Piti Channeland was
westwardawayfram the plant outfalls until approximately1.5 hours atter low
tide, whena reverse flow began. The volumetransport in the secondarychannel
was less than in Piti Channeland was also westwardawayfromthe plant outtalls
until approximately1.5 hours after low tide, whena reverse flow began. The
volumetransport in the secondary channel was less than in Piti Channeland was
also westwardmost of the time during the falling tide. However,there was a
slight eastward flow at one time shortly after high tide (1100) on 16 August.
Watermovementin this channel is mostly due to water draining o'ff the adjacent
tidal flats during 'falling tides. Noflow reversal was observed on 14 August,
but there was a reversal on 16 Augustapproximately1.75 hours atter low tide,
with water movingeastward at that time. In the connecting channel water move­
mentwas always southeastward if there was any movementat all, but the volume
transport wasvery small. It is possible that Bomeheated e'f'fluent water 'from
the Piti Plant movesinto this small channel after crossing the pipeline (Fig.
13), but the volumeis obviously small and most of the ef'fluent water moves
directly westwardin Piti Channel. It is likely that little of the effluent
water movesonto the adjacent tidal flat. '

the waters there. The other exception was for a sample taken in the outer
part of the harbor 011 19 l-laTcb1974. other samplestaken fromthat part of the
harbor have always exceeded1 JTU. Almostall samples in the outfall lagoon
and Piti Channelhave ranged between1 and 4 JTU (Table 5), a range which is
~uch lover than the worst conditions reported for the Piti reef flats and
'f6punganChannelin the earlier part of this report. However,although these
vr...1uesfor Piti Channeland the outfall 18.800nmaynot seemvery high, visual
CI'.l'3ervationsusually indicate that the water is murky;and tbere is an obvious
turbidity problemin the outfall lagoon.
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SAMPLING DATE

Station 30 ~an. 13 5 Feb. 73 1 tlov. I~ 21 Nov. 13 19 Mar. 14

1 1.4

2 1.2 1.8 0.65

8 2.5

10 1.1 3.1 2.1 3.6

11 1.4

13 2.1

14 ..... 2.6 3.2 3.1

11 3.1 4.2 4.2

18 2.8 4.1 13

19 2.6 2.8 3.2

21 2.1 3.0 2.2 2.8 3.3

22 2.4 2.5 3.3

23 1.6 2.5 2.8

24 2.4 2.4 3.0

25 3.0 2.9 3.5

26 1.8 2.1 1.6 2.5 2.8

21 0.41 2.8

Table 5. Turbidity values (Jackson Turbidity Units) at selected Itationa
in Pit1 Channel and Apra Harbor. See Fig. 13 tor station _'.locations.
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Table 6. Water flow in the three channels on the outfall side during falling

tides. Cross-sectional areas of the channels are calculated for the
major portions of the channels with significant water movement and do
not include the shallow edges with little or no water movement.
Station locations are shown in Fig. 13.

Vol. Trans-
X-Sectional Velocity port Direc-

Station Time Depth (m) Area (m2) (m sec-l) (m-3 sec-1) .'tion

14 August 1973 Tides: 0657, 2.3;.1352,-0.1

?iti Channel 1333 2.0 lto40 .29 11 W
1415 2.0 40 .23 9.3 W
1455 2.1 43 .11 4.6 W
1530 2.1 43 .089 3.9 E
1600 No movement

Connecting 1315 1.4 22 .046 1.0 SE
Channel 1411) 1.3 20 .072 1.5 SE

1445 1.3 20 .036 0.73 SE
1520 1.3 20 .044 0.89 SE
1550 1.3 20 .037 0.75 SE

Secondary 1250 2.2 35 .12 4.2 W
Channel 1400 2.2 35 .17 6.0 W

1430 No movement
1515 Barely detectable movement W
1540 Barely detected movement W

16 August 1973 Tides: 0822, 2.3~ 1453, 0.1

Piti Channel 1000 Barely detectable movement
1115 2.3 50 .32 16 W
1235 2.2 47 .30 14 w
1350 2.1 44 .17 7.5 W
1450 2.0 40 .19 7.7 W
1545 2.1 43 .088 3.8 w
1625 2.1 43 .073 3.2 E

Correcting 1030 No movement
Channel 1125 Barely detectable movement SE

1300 1.7 30 .057 1.7 SE
1400 1.6 28 .081 2.3 SE
1500 1.6 28 .093 2.6 SE
1600 1.6 28 .ll 3.0 SE
1635 Barely detectable movement SE

Secondary 1100 Barely detectable movement E
Channel 1155 2.4 35 .042 1.5 W

1315 2.3 33 .049 1.6 w
1420 2.2 31 .070 2.2 w
1515 2.2 31 .12 3.7 W
1615 No movement
1640 2.2 31 .032 0.98 E



Samplesfor analysis of dissolved oxygenhave been taken at irregular
intervals at the stations shownin Fig. l3. Results are presented in Table 7.
All samples'Weretaken during the daylight hours, and temperature wasmeasured
at the sametime. For the stations in Piti Channe1and adjacent areas only
surface sampleswere taken. For the stations in the harbor, including the
CommercialPort area, sampleswere taken at the surface, midwater, and bottom.
In the Commercial.Port area, the bottomdepths range from10 to 15 m, while
at the two samplingstations outside the Commercial.Port the bottomsamples
were taken at 30m. The dissolved oxygenval.ues at all stations usually
matchedor exceededsaturation values except for samplestaken on 11 October

Extensive temperature observations at c10sely spaced stations in the
eastern end of the dredgedarea for Commercial.Port weremadeon six different
days in June, July, and August1973. Nodefinitive evidencewas found to
support the hypothesis of upwelling. al.thoughthe data for one day (29 June)
did appear to fit the reasoning presented above. However,wedid reconfirm
the pattern of a 1ayer of warmerwater at the surface during falling and 10w
tides replaced by a cooler water mass at ambientharbor temperature during
rising and high tides. Webave observed that the thickness of the warmer
layer in the eastern end of the dredgedarea seemsto decrease from1-2 mto
about O.5 mwhenthe windblows fromthe east, and there is an iDlnediate
thickening of the warm 'Waterlens if the wind shifts or abates. Hence, it
still seemspossible that if there is a prolongedor strong enougheasterly
windthere could be upwelling. In any case, it appears that there is good
mixingof the waters in the Commercial.Port area, with no stagnant water mass
occurring in the bottomdepths.

ChemicalObservationsl

Previous extensive temperature observations in the Commercial.Port area
(Marshand Gordon,1973) led us to suspect that upwelling could be bringing
bottomwater to the surface at the east~rn edge of the dredgedarea (Fig. 13).
~'lehave nowlooked into tbis question furtber by applying the following
reasoning. If there is upwelling in a particular locale, there shouldbe a
constant temperature fromsurface to bottomwherethe cooler bottcmwater is
rising to the surface. This water should then spread downwindon the surface
and showup as a plumeof cooler water whichgradually becomeswarmerthrough
mixing with the adjacent water mass. Outside the upwelling region there should
be a vertical temperature stratification from surface to bottom, with the
warmerwater forminga 1ayer 1-2 mthick on the surface. Sucha temperature
stratification in the harbor was described in our last annual report (Marsh
and Gordon,1973). Wereported there that the stratU'ication existed only at
lowtide whenwarmerplant-heated water fromPiti Channeland solar-heated
water from the tidal. f1ats flowedwestwardinto the Commercial.Port area. On
rising and high tides,harbor water of ambient temperature enters the area and
pushes the warmerwater back into Piti Channeland onto the tidal. flats. If
there is no upwelling occurring, then the pattern of vertical. stratification
should be present throughout the entire area at low tides.

vo1umetransports are comparab1evith the val.uesreported in Tab1e7 for the
secondarychannel.. However,water movementacross the tidal fiat was not
steady and continuous, and at a given time and station it occasionally
reversed itself for short interval.s. Weare not sure why this occurred, but
it may have been correlated with the movementof ships in the Commercial.Port
area.
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SAMPLING DATE

Station 1973 1974
& Depth 27 Mar. 27 Jun·. 6 Jul. 18 Sept. 11 Oct. 1 Nov. 4 Dec. 16 Jan. 5 Feb.

1 S 6.62 6.58 6.26 6.54
M 6.38 6.44 6.13 6.57
B 6.28 6.61 6.20 6.66

2 s 6.50 6.16 5.96 6.02 6.27 6.06 6.59
M 6.54 6.31 6.06 6.34
B 6.40 6.06 5.95 6.62

3 6 6.41 5.90 6.48
M 6.54 6.00 6.20
B 6.06 5.69 6.55

4 s 6.76 6.77 6.57 .5"95 6.32 6.23
M 6.83 6.49 6.37 5.84 6.43
B 6.69 6.79 6.40 5.89 6.54

. 5 s 6.86
M 6.51
B 6.83

'6 S 6.97 6.74 6.46 5.98 6.27
M 6.80 6.84 6.32 6.06
B 6.73 6.63 6.31 5.54

7 s 6.93
1·1 6.79
B 6.91

8 S 6.69 6.30 5·90 6.08
M 6.88 6.40 5.96 6.09
B 6.87 6.42 5.79 6.41

9 S 6.59
M 6.69
B 6.68

10 s 7.22 7.02 6.09 6.26
B 6.80

14 6.36 6.94 6.42
17 6.79 6.36 6.64
18 6.14 ,.87' 6.30
19 6.05 6.12 6.59
21 6.22 6.48 6.70

41

Table ~~ Disso1~ed oxygen (mg liter-1) at selected stations in Piti Channel
and Apra Harbor. See Fig. 13 for station locations. Depths:
S, surface; M, mid-depth; B, bottom. If no depth is indicated for
a given station, samples were taken at the surface.



22 6.74 6.68 6.65
23 6.80 6.86 6.76
24 6.32 6.78 6.81
~5 6.62 6.72 6.81
26 6.50 6.76 6.76
27 6.91
28 6.82

SAMPLING DATE
1973 1974

Station 27 Mar. 27 Jun. 6 Jul. 18 Sept. 11 Oct. 1 Nov. 4 Dec. 16 Jan. 5 Feb.

Table 7. (Continued)
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We are aware that \1eneed additional samplin~ in the study area for pli.
phosphate~ and nitrite-nitrate analyses before He can make more definitive
statements about natural conditions or the possible effect of plant operations.

Samples for nitrite-nitrate analyses were truten on 16 JanuarJ 1974.
Nitrate values are shovn in Table 11. All nitrite values were below detectabke
limits except for Station 18 (Fig. 13), vhfch ,res affected by fresh-uater
runoff. lIere the nitrite value 'WaS 0.20 lJe-l:'·t1iter..·1~ and there wa.s no
detectable n1trate. Other n1trate values ranged frol!l0.14 to 0.45 ~.:;-o.tliter-':
except for a high value of l~.45 ll:3-~.tliter-l at Station 21. The reason for
this high value is unclear to us. !10 spatial pattern was obvious in the result:
and there was no evidence that plant operations \7ere affecting levels of
dissolved nitrite or nitrate in the area.

Samples for reactive phos~horous have also ~een taken. Results for two
sampling dates are presented in Table 10. Values range from 0.08 to 0.50 micro~
gram-atoms per liter. The lowest value was found at the locality where the
Commercial Port area joins the outer harbor. T.hehighest value was found at
Station 25 (Fig. l3) on 14 !<~ov1973. This is a station which is located
adjacent to the point where the raw sewer from the Piti Power Plant enters the
outfall lagoon. No doubt the level of dissolved phosphorous could be higher
if there is a significant outflml from this serrer ,

Samples for pH determinations ~,erc also taken on two occasions. Results
are shovn in Table 9. Values on the tlTO dates ranged from 0.02 to 0.20 pH
units~ except for a value of 7.93 on 11Tovember 1973 at Station 24 (Fig. 13).
~lis station is immediately adjacent to the temporary outfall where water
pumped out of the excavation for the construction site enters the outfall
lagoon. Again there is no evidence that plant operations affect pH in the
outfall lagoon.

On tl'1Ooccasions salinities ,',eretaken at scattered locations ,d.th a
handheld refractometer and rounded to be nearest 0.5 part per thousand. ~esults
are shown in Table a. It can be seen that salinities in the study area are
rather constant, as reported by ~!arsh and Gordon (1973). The range is fro!!l
33.0 to 34.5 ppt, with the exception of Station 10, which had a value of 33.5
ppt on 4 December 1973. This station is affected by a small stream which
drains into the moat and thus brin!Ss in fresh water after a rain (Marsh and
Gordon, 1973). Salinity is not affected by operations of the Piti Power Plant.

1973. rione of the sal!lplestaken on that date exceeded 0XY$en saturation
values. The significance and reason for this are not clear to us. However,
unlike the other samrJline dates:..the 'Weather on 11 October ",as rainy and
overcast, and it is possible that the light intensity was below the
compensation intensity for phytoplankton photosJ~thesis. thus leading to a
net oXYSen demand rather than a net oxygen production by the phytoplankton
conmunity. This possibility can only be checked by further data collection.
The fact that dissolved oxygen levels in tbe study area exceed saturation
during sunny days indicates a generally healthy state. provided that the
niehttime values do not fall too greatly. ~e must ~et additional nighttime
data before a more definitive statement can be ~ade.
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S.M-1PLING DATE

Station 27 November 1973 4 December 1973

1 34.5

2 34.0 34.0

4 34.5

6 34.5

10 34.0 34.5

12 33.0

14 34.0 33.5

15 34.0

16 34.0

17 34.5 33.5

18 34.0 32.5

19 34.0 33.5

20 33.5

21 34.0 33.5

22 34.0 33.5

23 34.0 33.0

24 34.0 33.0

25 34.0 33.0

26 34.5 33.0

27 34.5

28 33.0

Table 8. Salinity values (parts per thousand) at selected in Pit!
Channel and Apra Harbor. See Fig. 13 tor station
locations.
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SA."1PLING DATE
Station 1 November 1973 4 December 1973

1 8.07

2 8.10

4 8.05

6 8.18

10 8.10

12 8.20

14 8.08 8.04

15 8.12

16 8.20

18 8.02 8.09

19 8.01 8.05

20 8.11

21 8.07

22 8.08 8.00

23 8.10 8.10

24 7.93 8.18

27 8.22

Table 9. Observed pH values at selected stations in Piti Channel and
Apra Harbor. See Fig. 13 for station locations.
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2 0.14 0.08

4 O.ll

6 0.12

10 0.13 0.10

14 0.18 0.14

17 0.17 0.16

18 0.19

19 0.24

21 0.21

22 0.20

23 0.38 0.16

24 0.40 0.20

25 0.50

26 0.20 0.16

27 0.14

4 December 197314 November 1973Station
SAMPLING DATE
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Table lQ. Reactive phosphorous (ug-at P 1iter-l) at selected stations
in Piti Channel and Apra Harbor. See Fig. 13 for station
locations.



2 0.16

10 0.18

17 0.14

18 Belowdetectable limit

19 0.45

21 4.45

23 0.18

24 0.35

25 0.40

26 0.30

Station

Table h. Reactive nitrate (ug-at N liter-1) at selected stations in
Piti Channeland ApraHarbor, 16 January 1974. See Fig.
13 for station locations_
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As reported previously (t~sh and Gordon) i973). we are maintaining a
pyrheliograph on the roof of the usa building near the study area to record
the amount of solar energy striking a horizontal surface. This gives an upper
limit of the amount of solar heat that can be absorbed by the \mters in the
study area. An identical pyrheliograph is also maintained on the roof of the
University of Guam Science building in ~mngilao for comparative purposes.
Results (reported as 7-day averages) are shown in Fig. 17. There may be a
slight seasonal trend in the data, with lower values occurring from August

Figure 16 shows representative recordings for Station 10~ located at
the mouth of Piti Channel. Unlike the other two recording stations, this
station shows a daily pattern which has two temperature peaks and two dips per
24-hour period. As noted in our last report ..this pattern seems to follow the
tidal cycle, with the dips coming at high tides~ when harbor waters flood into
the westernmost portion of Piti Channel, and the peaks coming at low tides,
when effluent waters from the power plant affect water temperatures all the
way downstream to this location. The maximum temperature fluctuation is from
28.0 to 34.5°C~ and the more usual fluctuation is from 30.0 to 33.0oC. We are
not sure why the maximum observed temperature here exceeded the maximum
observed temperature at Station 21 described above.

The daily temperature pattern recorded at Station 21 near the site of
the future Cabras Island Plant outfall is similar to that in the present out­
fall lagoon, with a single broad peak in the late afternoon or early evening
hours and a sinBle broad dip after midnight or in the early morning hours.
This similarity is not surprising since this station is only about 300 m d~·m­
stream from the station described above. Representative recordin~s are given
in Fig. 15. The maximum temperature fluctuation is from 28.5 to 34.ooc, and the
more usual fluctuation is from 30.0 to 33.0oC.

At the outfall location (Station 26) there is a daily temperature cycle
t-ritha single broad peak usually. (but not always) occurring in the afternoon
0r early evening hours and a Single broad depression ust~ly occurring after
midnight or in the morning hours. Representative temperature records for this
location are shown in Figure 111. The basic pattern was different from 27
August to 3 September 1973, when two temperature peaks and two depressions per
24-hour period were observed. As noted in our last report, the basic tempera­
ture in the outfall lagoon seems to follow the daily pattern of temperature in
the intake vater, reinforced by the daily ~tter.6 of pl~nt lor-dine. Thus,
temperature of the intake water and the maximum plant load usually occur in
the late afternoon or early evening hours, so a similar pattern in the outfall
lagoon is not surprising. The extreme temperature fluctuation at this location
is from 20.9 to 35.0oC. but the more usual fluctuation is from 30.0 to 33.0oC.

Additional temperature data are available from the contirtuously recording
Minicorders since our last report. These recorders have been placed in the
outfall lagoon at Station 26. at the mouth of Piti Channel (Station 10), and
at a location near the future outfall of the Cabras Island Plant (Station 21).
(See Pi:..13 for sto.tionloc:-.tions.) The be.sic pe.ttcrns tho.twe have
obscrved reinforce those reported l:'!.styco.r ~d ·~iv<.:us added conifid...nee
in our d::Ltc..

Temperature and Solar Insolation
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through January. However, variation from week to week is greater than any
possible seasonal variation; and day-to-dey variation (not apparent from
Fig. 17) is also greater than seasonal variation. There is a tendency for
values from the University of Guam Science Building to be higher than the
USO values; this tendency was not apparent in last year's data.
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Water turbidity in Piti Channel continues to be high and is likely to
remain so until construction is completed. Biological observations are
difficult because of this turbidity, but we suspect that there are few
macroscopic organisms there now. Daytime oxygen levels are usually at or
above saturation throughout Piti Channel and the Commercial Port area. We
have found no evidence that operations of the Piti Plant or construction
activities for the Cabras Island Plant are affecting levels of dissolved
oxygen~ phosphorous~ nitrite, nitrate. salinity, or pH in the outfall area.

'''aterturbidities on the Piti reef flats and in the USO s'W'immingarea
increased by at least two orders of magnitude during dredging operations
but have now returned more or less to normal. Waters in Tepungan Channel
remain turbid. and are likely to be that way for some time to come. p._ minor
problem at the present time is the turbidity plume caused by the construction
of the new culvert system throue;h the Cabras Island causel1ay at the eastern
end of the new arm of Tepungan Channel.

The biological community in the ne\Tly enlarged channel itself is rather
sparse, \dth a burrowing shrimp-goby association beinB the dominant form of
macroscopic life. ~he bottom of the channel consists of fine silt and
provides an unstable substrate not suited for the settlement of most benthic
organisms. The sides of the channel partially consist of firmer rubble and
have a greater variety of organisms.

Otherwise, the Piti reef flats i"hich'Were disturbed by dredging in
Tepungan Channel have returned more or less to their original state, at
least in a qualitative sense, with an algae-echinoderm community being the
characteristic one. 1·10stof the fine silt deposited on the reef flats during
dredging has now been swept away. and the substrate appears much as it did
before. Large areas of reef flats not affected by dredging activities were
subjected to a natural stress caused by a temporary lowering of mean sea level~
with the resultant aerial exposure and dessication of biological communities.

The major Long-rtierm environ.-nentaleffect caused.by the dredging and
construction activities for the Cabras Island Power Plant has been the
inadvertent damage to the coral community in the western end of Piti Bay.
This was caused by a bulldozer crossing the reef flats well outside of
prescribed operational limits. The damage could have been completely
avoided without hampering the dredginr; of Tepungan Channel. About 25~ of
the live coral community was destroyed, and other bioloe;:icalcommunities'
on adjacent reef flats vere also damaged, The coral community has now been
replaced by an algae-echinoderm community similar to that in other reef flat
areas of Piti Bay. The outlook for eventual restoration of the original
coral community is uncertain.
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3. Particular attention should be given to our previous recommendation
that the contractor be required to conduct a complete clean-up of all
areas affected by construction activities. Clean-up of a particular area
should be carried out as soon as activities are completed in that area.
!hrine areas adjacent to the construction site must not be regarded merely
as a convenient dumping place for debris and construction wastes.

2. Guam Power Authority should take steps to insure that its
contractor or subcontractors do not again cause unnecessary environmental
dacage such as occurred in the coral community in Piti Bay.

1. Review the terms of the Corps of Engineers permit and the
recommendations of our previous reports and insure that the contractor is
abiding by these. Guam Pover Authority should not give its contractor
clearance on the final project completion or any portion thereof until it
has assured itself that these terms have been met completely. If any
conditions of the Corps of Engineers permit are found to be unworkable in
the light of experience gained during construction of the Cabras Island
Plant, then Guam PO~TerAuthority should apply for a waiver of such conditions
before applying for an operational permit for the plant.

RECOl~1BNDATIONS

55



•

Strickland, J. D. H.) and T. R. Parsons. 1968. A Practical Handbook
of Seawater Analysis. Fish. Res. Bd. of Canada~ otta\m •

Harsh, J. A., Jr. ~ and G. D. C-ordon. 1973. A thermal study of Piti
Channel, Guam) and adjacent areas, and the influence of power
plant operations on the marine environment. Tech. Rept. No. 6~
Univ. of Guam Mar. Lab. 51 p.

Marsh, J. A., Jr., and G. D. Gordon. 1972. A marine environmental
survey of Piti Bay and Piti Channel, Guam. Envr. Surv. Rept.
No.3, Univ. of Guam Har. Lab. 28 p.

American Public Health Association. 1971. Standard Hethods for the
Exemino.tion of Hater and \-1asteweter(13th ed.). A.P.H.A.,
Washington.

REFERIDTCES

56


