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II.C. - Biological Conditions

IL.C.1 Provide a detailed description of representative biological communities in the vicinity of
your current and modified discharge(s)

There is evidence that prior to the construction of the Agana treatment plant in 1979, the reef
community in Agana Bay may not have been as diverse as other coastal areas of Guam. According
to the Dames and Moore Report 1994, an underwater video taken along the Agana Bay reef zone in
1968 showed no significant coral growth within the entire area. WWII battles had denuded much
of the Agana area, and heavy rainfalls have caused extensive erosion and mudslides. These have
adversely affected and possibly permanently impacted the Coral Communities (Dr. Richard Randall,
personal communication as reported in Dames and Moore, 1994). Randall considers that the video
findings in Agana Bay as reflecting ambient conditions that do not support coral growth, and not as
a result of any point or non-point source pollution or impact activity.

Jones and Randall 1971 reported that the depth at which the reef front terminates along West
Agana Bay is generally 6 to 8 meters. The only significant reef coral community occurs in this zone,
and is in sharp contrast with the dead corals of the submarine terrace, seaward slope and second
submarine terrace. The corals in these areas were reported as been 90% dead, presumably as a result
of a Acantaster planci infestation.

Biological monitoring of the Agana WWTP's was contracted to the University of Guam
Marine Laboratory. The surveys were conducted quarterly, from Aug 1989 until Sept 1994, with
quarterly reports and yearly summaries submitted to GWA. Three 10 m transects were run parallel
to shore, one immediately. at the diffusers (0 m) and the other two at 20 m and 50 m distances
towards shore from the diffusers (Figure 12). The transects were therefore at progressively
shallower depths. However, the individual transect depths are unknown. Transect sites were
permanently marked for long term monitoring. No control site surveys were conducted for
comparison.

Qualitative observations were made to determine the composition ofeachsite. An estimate
of substrate cover was done by using a 10 m chain-link transect method, and the percent cover of
various species and benthic groups were estimated. The species of fish present were recorded by a
diver swimming the 50 meter line connecting each of the three transects. The reports did not state
whether the fish observations were restricted to a distance either side of the 50 m line or whether it
was a timed observation, and quantities of each species were not recorded. The GWA biologist
conducted a Review and Analysis of Past Biological Monitoring Data for the Agana WWTP, Guam.
This report is located in ITEM N. The information below is taken from that report.

A summary of the surveys to estimate percent cover by individual species or benthic groups
(i.e. Bare Substrate, Turf Algae, Macro Algae, Coralline Algae, Corals and other) along the Om, 20m
and 50m transects are given in Table 2, 3 and 4. In general the area surrounding the diffusers 0-
50m) was predominantly covered by Bare Substrate and Turf Algae. These two groups in general
made up greater than 80% of the cover, with Coral, Coralline Algae, Macro Algae or other live
sessile organisms (sponges, ascidians, vermetid molluscs, etc) making up the remaining benthic
cover. Regression analysis was performed on the data to establish if there had been any significant
changes in the benthic community over the period of time that the surveys took place. Results of
the analysis are summarized in Table 5. There were significant increases in Bare Substrate and

Coral cover along the Om, 20m and 50m transects.



Macro Algae cover had a significant increase along the Om and 20m transects, and Coralline Algae
cover also significantly increased along the Om transect. Turf Algae cover significantly decreased
along the Om transect. All other changes in percentage over cover were non significant.

A summary of the fish species observed over the study period is given in Table 6. The
species diversity and number of species in each trophic level did not change significantly over the
period of biological monitoring, and are believed to be representative of other coral reef fish
communities around Guam (personal communication; Dr Steve Amesbury, Prof. of Ichthyology,
UOG Marine Laboratory).

Dames and Moore , 1994. Impact Assessment of Non-Chlorinated Effluent from Agana and
Northern District Wastewater Treatment Plants. Public Utility Agency of Guam Report

Jones R.S. and R. H. Randall, 1971. An Annual Cycle Study of Biological, Chemical and
Oceanographic Phenomena Associated with the Agana Ocean Outfall. University of
Guam the Marine Laboratory Technical Report No. 1.

IL.C.2. a. Aredistinctive habitats of Itmlted distribution (such as kelp beds or coral ree_f) located
in areas potentially affected by the modified discharge? ,
 Yes, coral reefs encircle almost the entire island of Guam.

II.C.3. a. Are commercial or recreational fisheries located in areas potentially affected by the
discharge?

Yes.
- b.. Ifyes, provide information on types, location and value of fisheries

Attached information is from surveys conducted by the Department of Aquatics and Wildlife
Resources (DAWR) during 1997.
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Table 5. Regression analysis results for Agana Biomonitoring. Regression performed on the change in % cover of the six categorie:
categories over the 61 months that the area was surveyed. (August 1989 to September 1994).
Transect Bare Turf Algae | Macro Algae Coral Coralline Other
Om +s -s + +s +s -
Is 2.708 -3.36 1.132 3.414 3.414 -1.267
20m +s - + +s - +
ts 2.51 -0.82 0.76 4.26 -1.4 1.33
50 m +s - - +s + -
ts 3.159 -0.807 -1.332 3.439 0.509 -0.783

s = significant at 85%
+ = positive regression
- = negative regression




Table 6. Agana outfall Fish Species.

shaded boxes represent that species were present. .
. Fiscal Year 1990 1991 1992 1993 1994 Tot:
quarter 172 [3Jaf1/2[3Jaf1J23[4|1]23Jaf1]2]3 4] n1
lAcanthuridae Acanthurinae (Surgeonfishes
Acanthurus blochii ) ns ns ns ns 10
Acanthurus nigricans ns ns ns ns 11
Acanthurus nigrofuscus ns ns ns ns 15
Acanthurus nigroris ns ns ns ns 1
Acanthurus olivaceus ns ns ns ns 2
Ctenochaetus binotatus ns ns ns ns 3
Ctenochaetus striatus ns ns ns ns 12
Zebrasoma flavescens : ' ns ns ns ns 1
Acanthuridae subfamily Nasinae {(Unicomnfishes )
Naso annulatus ns ns : ns ns 5
Naso hexacanthus ns| - ns ns ns 2
Naso lituratus ns ns ns ns 16
Apogonidae (Cardinalfishes)
Apogon spp. ns ns ns ns 1
Apogon angustatus ) ns ns ns 3
Balistidae (Triggerfishes) .
Balistapus undulatus ns ns ns ns 7
Melichthys niger ns ns ns ns 5
Melichthys vidua ns ns ns ns 16
Odonus niger ns ns ns ns 16
Sufflamen bursa ns ns. ns ns 15
Blenniidae (Blennies)
Meiacantus atrodorsalis I 1 | [ [ns] 1 [ Ins] T | [ns] 2
Carangidae (Jacks; Trevallys)
| Elagatis binnulatus I T T 11 [ Ins] T [ Ins| 1T | Ins]
Chaetodontidae (butterflyfishes)
Chaetodon citrinellus ns ns ns : ns 15
Chaetodon ephippium ns ns Ins ns 1
Chaetodon kleinii ns ns ns ns 8
Chaetodon lunula . ns ns ns ns 1
Chaetodon mertensii ns - ns ns ' ns 13
Chaetodon punctatofasciatus ns ns ns ns 1
Chaetodon reticulatus ) ns ns ns | ns 1
Chaetodon ulietensis ' ] ns ns ns ns 10
Forcipiger flavissimus ) ns ns ns ns "6
Forcipiger longirostris ‘ ns ns ns ns 12
Heniochus monoceros - ns ns ns ns 3
(Cirrhitidae (Hawkfish)
[ Cirrhitichthys falco 1
[Diodontidae (Porcupinefishes)
| Diodon hystrix 1
{Gobiidae (Gobies)
| Valenciennea strigatus 13
[Haemulidae (Sweetlips and Grunts)
[ Plectorhinchus obscurus 3
Hemigaleidae (Whitetip shark)
Triaenodon obesus 6
Holocentridae (squirrelfishes) Holocentrina
Sargocentron spiniferum 3
Kyphosidae (Rudderfishes; Sea Chubs)
Kyphosus sp. ns ns ns ns 1
Kyphosus cinerascens ns ns ns ns 4
Labridae (Wrasses) .
Anampes spp. ns ns ns ns 2
Bodianus axillaris ns ns ns ns 1
Cheilinus oxycephalus ns ns ns ns| 10
Cheilinus unifasciatus ns ns ns ns 15
Cheilio inermis ns ns ns . ns 10
Cirrhilabrus sp. ns ns ns| . ns 1
Coris gaimard ns ns ns ns 6
Epibulus insidiator ns| . ns ns ns 2
Halichoeres biocellatus ns nst | ns = Ins| 10
Halichoeres hortulanus ; ns b 1 ns - ns b o} ns 15
Halichoeres margaritaceus nsi _ ns ns nsi. | 10
Halichoeres marginatus ns . ns » ns g . ns 11




Table 6. Agana outfall Fish Species.

shaded boxes represent that species were present.

Fiscal Year
quarter

1990

2

3

Halichoeres melanurus
Halichoeres trimaculatus
_Hemigymnus fasciatus *
_Hemigymnus melapterus
. Labroides bicolor
' Labroides dimidiatus
Macropharyngogon meleagris

Novaculichthys taeniourus
Pseudocheilinus octotaenia
Pterogogus cryptus
Stethojulis bandanensis
Stethojulis strigiventor
Thalassoma lutescens
Lethrinidae (Emperors)

i Lethrinus harak

' Lethrinus ramak

Monotaxis grandoculus

Lutjanidae (Snappers)

Aphareus furca

Aprion virescens

Microdesmidae (Dartfishes)
Nemateleotris magnifica
Ptereleotris evides

[Monacanthidae (Filefishes)

¢ Pervagor janthinosoma

![I\llggllldae (Mullets)

¢ Parupeneus barberinus

Parupeneus cyclostomus
| Parupeneus multifasciatus
Pinguipedidae (Sandperches)

Parapercis sp. ‘
Parapercis clatherata.
Pomacanthidae (Angelfishes)

__Centropyge sp.
Centropyge flavissimus
Centropyge shepardi

l Pygoplites diacanthus

|Pomacentridae {Damselfi: ishes)
Abudefduf saxatalis
Abudefduf sexfasciatus
Amphiprion periderion
Chryiptera traceyi

Chrysiptera glauca

Chrysiptera leucopoma
Dascyllus trimaculatus
Pomacentrus vaiuli
Stegastes sp.

|Scaridae (Parrotfishes)

Calototomus carolinus

. __Scarus gibbus
. _Scarus globiceps

Scarus schlegeli

. Scarus sordidus
Scatophagidae (Scats)
| Platax orbicularis
Scombridae (Tunas)

Gymnosarda unicolor
Scorpaenidae (Scorpionfishes) o
Pterois antennata e L_.'.m

|Serrand|ae (Grouper)

' Cephalopholis miniata
Cephalopholis urodeta
| _ Epinephelus sp.

. Epinephelus fasciatus

__Plectropomus areolatus




Table 6. Agana outfall Fish Species.

shaded boxes represent that species were present.
Fiscal Year 1990 1991 1992 1993 1994 Tots
uarter 123 Tal1 7234 J1 2341234123 T4 nie
'Siganidae (Rabbitfish)
Siganus aregenteus I I InsT T T Tns] T T Tns] 1
Sphyraenidae (Barracudas)
Sphyraena forsteri Ins] T | JosT T T Tns] 10
iSyngnathidae {pipefishes)
Corythoichthys sp. I 1 Ins] T [ InsT- T T Tns] 3
Synodontidae (Lizardfishes) . »
Saurida gracilis I T Ins] T 1 InsT T T Tns] 1
Tetraodontidae (puffers)
Canthigaster solandri ns ns ns 4
Cathigaster valentini ns ns ns 2
Zanclidae (Moorish ldol)
Zancluls cornutus ns | ns ns ns 7
total number of species 139 127 148 144 [42 [ns [56 [47 |51 |46 |ns [47 |43 |38 | ns |38 |38 |37 [ns [38
Numberof fish species that fall under each trophic level.
Fiscal Year 1990 1991 1992 1993 1994
quarter 1123 Jal1J2[3fal1]23Tal1(2]3al1]2]37T4
Herbivore 14 11 8 8 8 ns 15 15 15 16 ns 16 12 11 ns 11 11 11 ns 10
Carnivore 18 10 24 21 21 ns 29 22 25 23 ns 24 23 20 ns 20 20 19 ns 19
Invertivore 16 8 23 20 20 ns 27 22 24 23 ns 23 22 19 ns 19 19 19 ns 18
Planktivore 5 2 8 7 7 ns 4 5 4 3 nn 3 3 3 ns3 3 3 ns 3
Omnivore 1 111 1 ns 0 0 0 0 ns 0 0 O nn O O O ns O
Corallivore 1 36 7 4 ns7 5 7 5 ns 5 4 4 ns 4 4 4 ns 4




2—-19-1998 3:28PM FROM DEPT OF AGR DAWR 671 734 6570 P.1

FACSIMILE TRANSMITTAL SHEET
DATE:19 February 1998

NUMBER OF PAGES (INCLUDING THIS PAGE): 3
*'*t##***“***"*****'***0#*#**‘*ll%*.##****l*lll‘####*****-l**3'*#*“*!.**%##*?*****l*il’#
TO: NAME: JoAnne Bovd

ROUTING:  Guam Waterworks Authority ,

TELEPHONE: 637-2592 : (FAX)

(COMMERCIAL)

SUBJECT:

st‘****t'tta**#'lt##'t*******##*'####tl**#t*lt’*88*‘*‘*‘*1#.*###3#****‘t*#’O#*****'*t*#t*##

_ROM: NAME: Todd Pitlik , R
ROUTING:  Division of Aguatic & Wildlife Resources DAWR)
TELEPHONE: (671) 734-6570 (FAX)
(671)735-3986 : (COMMERCIAL)

ISP TararpparrpapeeTser TR 2 S PEEET LT L 2 2222 S E LA A LA Stk bl bl bl ih d

MESSAGE: ' ‘
Hi JoAnne,

I came up With an estimated total of fish harvested from locations 8, 9, 10, and 92 (Fig. 1). The total
estimated harvest of finfish and invertebrates for FY97 in thess areas was 2.9 xut (aot including manahak).
The total annual harvest was determined from 51 surveyed locations with an average of 735 kg (2% of
islandwide harvest) per location were harvested in FY97. I was not able to genetatc specific expansions due
to results with unacoeptable confidence intervals from the use of only 4 locations. However, approximately
99% of our annual Atulai (Selar crumenophthalmus) harvest comes from the Boat Basin (loc 9) and it was



approximately 995 ke in FY97. Gerry Davis did not think the offshore results would be of any use to your

project due to the catch being derived from the outer banks and FADs. Let me know if this info will suffice

and if you have any more questions.

&%MQ!W

Todd J/Pitlik

Sincerely,

Fisheries Biologist



Figure 13

Cocor Region



12-15—-1997 9:32AM FROM DEP1

U AGR DAWK b/t

Table 7

/134 OD/Y

Table 1. Combined estimated inshore participation, effort, and total harvest (kg) for all methods during the day and.

night in FY97.

METHOD Persons | Gears | Trips | Per-Hrs | Gear-Hrs | Catch | Finfish | Inverts | CPUE**
Hook & Line- | 44,774] 44,158 25697 155,038 152,318 15,033) 14,940 03} 0.15wd
Cast Net 5. 10,055 8,826 7,734 23,063 20,246 7,518 7,500 128§ 0.78 wen
Gill Net * 7,637 3,581 2,410 28,103 13,138 6,111 5,763 3471 0.87 wed
Sutround Net , 0 0 0 0 Oy 0 ] 0 0.0
Spear Snorkel 2,829 2455 1,370 59101 5,083 3,410 2,594 815 0.84 wn
Spear Scuba 36 36 32 37 37 39 36 3} 1.32wen
Drag Net 160 29 29 267 49 79 79 Of 167 wn
Hooks & Gaffs 731 938 469 1,376 1,659 433 0 433] 0.28 wd
Other* 2,323] 2,323 1,407 3,996 3,996] 4,864 647 4,217 2.12wd
TOTAL 68,545 62,344 | 39,147 | 217,789 197,525 37,486 | 31,560 5,925 0.16

. *Qther methods typically includes: gleamng, hand nets, waps, and spears.
**CPUE (kg/gh) summary includes either the greatest weekday (wd) or weeknight (wn) or weekend day (wed),
weekend night (wen) values listed in Tables 2 and 3. The greatest CPUE value for hook and line was

tegion 3.

Table 2. Estima(ed inshore partici_pation, effort, and total harvest (kg) for all methods during the day in FY97,

METHOD Persons | Gears | Trips | Per-Hrs | Gear-Hrs | Catch | Finfish [ Inverts | CPUE**
Hook & Line 30,180 30,148 18,361} 110,557 110,652] 12,098] 12,008 90| 0.15wd
Cast Net 9,080 8759 7672 22,932 20,1151  7.457 7.456 1| 0.54wd
Gill Net 5,628 2,660 1,626 19,567 9,253 4,686 4,447 239] 0.87 wed
Surround Net 0 ol 0 0 0 0 0 0 0.0
Spear Snorkel 1,348 1,063 785 2,959 2,304 1,473 829 644] 0.69 wed
Spear Scuba 0 0 0 0 0 0 0 0f - 0.0
Drag Net 0 0 OI 0 0 0 0 of . 0.0
Hooks & Gaffs 731 938 469 1,376 1,659 433 0 433] 0.28wd
Other* 1,668 1,668 928 2,572 2,572 4,664 616] 4,048] 212wd
TOTAL 49,545 | 45,235 | 29.841 | 159,962 | 146,555 | 30,812 | 25357 | 5.454 0.21

#*QOther methods typically includes: gleaning, baod nets, traps and spears.
**CPUE (kg/gh) summary includes either the greatest weekday (wd) or weekend day (wed) values. The greatest

CPUE value for hook and line was region 3
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Table 3. Estimated inshore participation, effort, and total harvest (kg) for all methods during the night in

FY9%7.

METHOD Persons| Gears | Trips |Per-Hrs|Gear-Hrg| Catch |Finfish|Inverts| CPUE**
Hook & Line 14,593} 14,010} 7,336} 44,481 42,666 2,935 2,932 3] 0.12wn
Cast Net 66 66 61 131 131 61 44 17] 0.78 wen
Gill Net 2,009 921 784 8,536] 3,886 1,424 1,316 108] 0.63 wn
Suvrround Neat 0] ) 0 0} 0 0 0 0 0.0
Spear Snorkel 1,481 1,392 585 2,951 2,778 1,936 1,765 171} 0.84 wn
Spear Scuba 36 36| 32 37 37 39 36 3! 1.32wen
Drag Net 160 29 29 . 267 49 79 79 0] 1.67 wn
Hooks & Gaffs |- 0 0 -0 Or 0 0 0 0 0.0
Other* 655 655 479 1,423 1,423] 200 31 169] 0.14 wd
TOTAL 19,000 | 17,109 '9,306 57,826 | 50,970 6,674 6,203 471 0.13

*Other methods typically includes: gleaning, hand nets, traps, and spears.
*+CPUE (kg/gh) summary includes either the greatest weeknight (wn) or weekend night (wen) values. The
greatest value for hook and line was region 3.
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Table 4. FY97 combined day and nizht catch composition for the top ten species and families of finfish harvested. Juven-
ile Caranx ignobilis, C. melampygous, C. papuensis, and C. sexfasciatus (i'e’ < 200mm), Mulloides flavolineatus

(ti'ao £ 100mm), and Siganus spinus (mafidhak), are listed separately from the intermediate to adult size classes.
" Finfish harvest percentages were derived from the day and night catch (31,560 kg). '

SPECIES Harvest

. kg %
Naso unicornis 3,454.57] 10.95
Siganus spinus 3,397.281 10.76
Acanthurus triostegus 1,973.18] 6.25
Lethrinus harak 1,170.58] 3.71
Caranx i'¢' 1,047.54] 332
Selar crumenophthalmus 994.94] 3.15
Liza vaigiensis 963.62| 3.05
Mulloides ti'ao T9R.58] 2.53
Mulloides flavolineatus 768.74] 2.44
Caranx ignobilis 618.85| 1.96
TOTAL ANNUAL 15,187.88] 48.12
COMBINED CATCH

FAMILY Harvest
kg %
Acanthuridae 6,835.24] 21.66
Carangidae 4,662.48] 14.77
Siganidae 3,650,931 11.57
Lethrinidae - | 2,193.78] 6.95
Mullidae 1,943.47f 6.16
Mugilidae 1,785.86] 5.66
Lutjanidae 1,437.95] 456
Gerreidae 1,049.82] 3.33
Labridae 1.006.37] 3.19
Scaridae 854.19] 2.7
25,420.09] 80.55

SPECIES Harvest

kg %
Naso unicorniy 3,154.85] 12.44
Siganus spinus 2976.54] 11.74
Acanthurus triostegus 1,689.77] 6.66
Lethrinus harak 944.00|1 3.72
Liza vaigiensis 88003 3.47
Mulloides ti'ao 764.30] 3.01
Caranx i'e’ 742,14] 2.93
Mulloides flavolineasus 652.82| 2.57
Gerres oblongus 563.68] 222
Cuaranx ignobilis 558111 2.20
TOTAL ANNUAL 12,926.24] 50.98
DAY CATCH

FAMILY Harvest

kg %
Acanthuridae 6,110.36] 24.10
Siganidae 3,187.36] 12.57
Carangidae 3,005.71] 11.85
Lethrinidae 1,728,74| 6.82
Maullidae 1,726.38 6.81
Mugilidae 1,615.97| 6.37
Lutjanidae 963.25] 3.80
Gerreidae 876.82] 3.46
Labridae 82245 3.24
Scaridae 617.89] 2.44
20,654.93] 81.46

Table 5. FY97 day catch composition for the top ten species and families of finfish harvested. Juvenile Caranx ignobilis,
C. melampygous, C. papuensis, and C. sexfasciatus (i'e' £ 200mm), Mulioides flavolineatus (ti'ao < 100mm),
and Siganus spinus (mafijhak), are listed separately from the intermediate to adult size clagses. Finfish harvest
percentages were derived from the total day catch (25,357 kg).
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Tabie 6. FY97 night catch composition for the top ten species
C. melampygous, C. papuensis,
Siganus spinuy (mafiihak), are Disted sep:
tages were derived from the total pight catch (6,203 kg).

and C. sexfasciatus (i'e’

SPECIES Harvest
kg %

Selar crumenophihalmus 840.55] 13.55
Siganus spinus 420.74] 6.78
Caranx i'e' 305.40] 4.92
Naso unicornis 299.72| 4.83
Acanthurus triostegus 283411 4.57
Lutjanus argentimaculatus 24327y 3.92
Lethrinus harak 226.58] 3.65
Caesio caerulaurea 203.32] 3.28
Caranx sexfasciatus 20025 3.23
Lutjanus fulvus 129.80| 3.06
TOTAL ANNUAL 3,213.13| 51.80
NIGHT CATCH

17

O
1

FRUM DEP I U AR DAWK D71 /24 02/0

FAMILY

and families of finfish harvested. Juvenile Caranx ignobilis,
< 200mm), Mulloides flavolineatus (ti"a0 < 100mm), and
arately from the intexmediate to adult size classes. Finfish harvest percen-

Harvest

kg %

Carangidae 1,656.77} 26.71
Acanthuridag 724.88] 11.69
Lutjanidae 47470 7.65
Lethrinidae 465.04] 7.50
Siganidae 463.57] 1.47
Holocentridae 293.43] 4.73
Scaridae 237.19f 3.82
Mullidae 217.09] 3.50
Caesionidae 20733} 334
. Labridae 183.92| 297
4923921 79.38
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" Table 7. Comparison of the combined day and night catch composition for the top species and families of finfish
harvested in FY93 and FY97. Juvenile Caranx ignobilis, C. melampygous, C. papuensis, and C. sexfas-
ciatus (i'e' £ 200mm), Mulloides flavolineatus (ti'ac € 100mm), and Siganus spinus (mafidhak), are listed
separately from the intérmediate to adult size classes. . '

SPECIES Harvest (kg) % A
FY93 FY97
Mulloides flavolineatus 443847 768.74 1383
Acanthurus triostegus 2,305.25| 1,973.18 l14
Lethrinus xanthochilus 2,154.46]  436.07 180
Siganus spinus 2,143.29| 3,397.28 377
Myripristis berndti 2,041.87 96.20 o5
Naso unicornis 1.971.48] 3,454.57 437
Crenimugil crenilabis 1,67597 377.73 477
Kyphosus cinerascens 1,482.58] 226.19 d8s
Lethrinuy obsoletus 1,298.21] 22240 183
Mulloides ti'a0 1,196.56]  798.58 d14
TOTAL ANNUAL 20,708.14] 11,750.94 143
COMBINED CATCH :
FAMILY Harvest (kg) % A
FY93 | FY97 o
Acanthuridae 7.296.15] 6,835.24 106
Mullidae | 6,818.88] 1,943.47 i
Lethtinidae . 4,539.39] 2,193.78 452
Mugilidae 3,600.74] 1,785.86 451
Siganidae 3,239.59| 3,650.93 377
Holocentridae - - 2.801.69] 545.64 |81
Carangidae 2,189.94| 4,662.48 a3 1
Scaridae ' 1,659.54| 854.19 da9
Kyphosidae 1.507.71] 47261 169
Lutjanidae 1,480.96] 1,437.95 403
35,143.59] 24,382.15 l47

% A reduction (L)or % A increase (T) of species and family totals (kg) from FY93-97.
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kg) and night (2,932 kg) hook and line catch.

Table 9. FY97 day and night catch composition for the top ten
enile Caranx ignobilis, C. melampygous, C. papuensis,
from the intermediate to adult size classes. Finfish harvest percentages were

Day Species Harvest
ke %

Naso unicornis 2997.31| 24.96
Lethrinus harak 758.63] 6.32
Liza vaigiensis 631.76] 5.26
Caranx ignobilis 558.11] 4.65
Caranx melampygous 530.60] 4.42
Caranx i'e’ 518.60] 4.32
Decapterus macrosoma 430.47| 3.58
Abudefdyf sexfasciatus 41954 349
Aprion virescens 391.25] 3.26
Lethrinus xanthochilus 368.811  3.07
Total Top Ten 7.605.171 63.33
Hook & Line Catch

Total Combined 071995 | 65.06
Hook & Line Catch

Table 10. FY97 day and night catch compositi
Caranx ignobilis, C. melampygous,
(ti'ao £ 100mm), and Siganus spinus (mafizhak),

FROM DEPT OF ACR DAWR 671 734 65/8

species of finfish harvested by hook and line method. Juv-
and C. sexfasciatus (i'e' S 200mm), are listed separately
derived from the total day (12,008

Percentages were derived from the total day (4,447 kg) and night (1,316 kg) gilloet catch.

Day Species Harvest
kg %

Siganus spinus 597.84] 1344
Gerres oblongus 561.85) 12.63
Valamugil seheli 328241 7.38
Mulloides flavolineatus 323.191 7.27
Liza vaigiensis 242.71 5.46
Leiognathus equulus 219.24| 493
Crenimugil crenilabis 21431 4.82
Gerres acinaces 190.18] 4.28
Myripristis murdjan 189.20] 4.25
Carany papuensis 178.94] 4.02
Total Top Ten 3,045.70] 68.49
Gill Net Catch

Total Combined 4,008.35| 6141
Gill Net Catch

Night Species Harvest
ke | %
Selar crumenophthalmus 840.55] 28.67 .

Caranx i'¢’ ' 277.65] 947
Lutjanus urgentimacularus 234.05; 7.98
Caranx sexfasciatus 189.47) 646
Lethrinus harak 143.42] 4.89
Lutjanus fulvus 142.80| 4.87
Decapterus macrosoma 103.68; 3.54
" Lethrinus obsoletus 62.92| 215
Caranx ignobilis 60.74] 2.07
Sphyraena barracuda 5950 2.03
2,114.78] 72.13

on for the top ten species of finfish harvested by gill net method. Juvenile
C. papuensis, and C. sexfasciatus ‘G'e’ < 200mm), Mulloides flavolineatus
are listed separately from the intermediate to adult size classes.

Night Species Harvest
kg %
Acanthurus triostegus 187,66 14.26
Caesio caerulaurea 167.79] 1275
Gerres acinaces 147.82] 11.23
Siganus spinus 100.06f 7.60
Mulloides flavolineatus 84.18f 640
Crenimugil crenilabis 71.86] 546
Liza vaigiensis 56.55] 4.30
Hyporhamphus acutus 56.55] 4.30
Lethrinus harak 5425 4.12
Diodon hystrix 35.93] 273
- 962.65] 73.15
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Table 11. FY97 day and night catch composition for the top ten species of finfish harvested by snorkel spear method. Fin-
fish hatvest percentages were derived from the total day (829 kg) and night (1,765 kg) snorkel spear catch.

Day Species Harvest Night Species ) - Harvest
kg % ' kg %
Naso tuberosus 108.10] 13.04 ~ Siganus spinus 312.53] 17.71
Scarus sordidus 092.48] 11.16 Naso unicornis 299.56] 16.97
Searux microrhings 8369] 10.10 Cheilinus trilobatus 127.38) 7.22
Kyphosus cinerascens 74.62] 9.00 Acanthurus triostegus 95.75] 5.42
Diodon hystrix 62771 7157 Epinelphelus merra 80.56] 5.07
Synanceia verrucosa 627171 157 Scarus psinticus 1 7341 416
Naso lituratus 57.12} 6.89 Naso lituratus 54,57 3.09
Acanthurus triostegus 47421 572 Scarus ghobban 49.44] 2.80
Lutjanus fulvus 41291 498 Parupeneus barberinus 39.53] 2.24
Naso unicornis 3550 4.28 Acanthurus lineatus 36.19] 2.05
Total Top Ten 663.76] 100.00 . 1,177.92| 66.74
Spear Snorkel Catch 5
Total Combined 1,84368] 71.07
Spear Snorkel Catch
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IL. D. State and Federal Laws [40 CFR 125.61 and 125.62(a)(1)]

ILD.1. Are there water quality standards applicable to the following pollutants for which a
modification is requested:

- Biochemical oxygen demand or dissolved oxygen?
- Suspended solids, turbidity, light transmission, light scattering’ or maintenance of the euphotic
zone?
- pH of the receiving water?
Yes, for all listed.
IL.D.2. If yes, what is the water use classification for your discharge area? ’

Good marine water (M-2)

What are the applicable standards for your discharge area for each of the parameters for
which a modification is requested? -

See II;B.2.

Provide a copy of all applicable water quality standards or a citation to where they can be found.
Revised Guam Water Quality Standards, 1992 (Appendix E)

}LD.3. Will the modified discharge: [40 CFR 125.59(b)(3)]

- Be consistent with applicable State coastal zone management program(s) approved under the
Coastal Zone Management Act as amended, 16 U.S.C. 1451 et seq? [See 16 U.S.C. 1456(c) 3)A)]

Yes.

- Be located in a marine sanctuary designated under Title III of the Marine Protection,
Research, and Sanctuaries Act (MPRSA) as amended, 16 U.S.C. 1431 et seq., or in an estuarine
sanctuary designated under the Coastal Zone Management Act as amended, 16 U.S.C. 14617

No.

- Be consistent with the Endangered Species Act as amended, 16 U.S.C. 1531 et seq.? Provide
the names of any threatened or endangered species that inhabit or obtain nutrients from waters
that may be affected by the modified discharge. Identify any critical habitat that may be affected
by the modified discharge and evalute whether the modified discharge will affect threatened or
endangered species or modify a critical habitat. [See 16 U.S.C. 1536(a)(2)]

None.



11.D.4. Are you aware of any State or Federal laws or regulations (other than the Clean
Water Act or the three statutes identified in item 3 above) or an executive order which is
applicable to your discharge? If yes, provide sufficient information to demonstrate that your
modified discharge will comply with such law(s), regulation(s), or order(s). [40 CFR 125.59

B3]

No.

GWA has forwarded a copy of its permit application package (relevant sections) to the Bureau of
Planning for review. The Bureau is the clearinghouse for all federally funded programs and as
such, obtains comments from agencies who’s programs may be impacted by planned activities
such as wastewater discharges into ocean waters. Letters were delivered to Guam’s Bureau of
Planning, Department of Agriculture, and the Environmental Protection Agency requesting for
consistency determinations with their respective programs. Responses to these letters will be
forwarded to U.S.E.P.A. upon receipt. These comments will address consistency with applicable
State Coastal Zone Management Program(s) approved under the Coastal Zone Management Act
as amended, the modified discharge’s consistency with marine sanctuary regulations and with the
- Endangered Speciés Act, and consistency with Water quality standards. Copies of these letters
are attached as Appendix J.

Regulations under Guam’s Water Pollution Control Act are applicable. A copy of this Act is
attached as Appendix F.
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III.A. Physical Characteristics of the Discharge

IILA.1. What is the critical initial dilution for your current and modified discharge(s) during
1) the period(s) of maximum stratification? and 2) any other critical periods(s) of discharge
volume/composition, water quality, biological seasons, or oceanographic conditions?

There is no significant periods of stratification or any other critical period. There is no
stratification of the waters above the diffusers except that caused by the discharge itself. The
effluent is low density (non saline) and because of this the effluent rises rapidly to the surface
where it flows horizontally in the top 1 m of surface water. The depth of water above the
diffusers is 26 m to 29 m (85 ft to 95 ft).

In November 21, 1990 transmittal from Susan Cox regarding Priority Pollutant Scan
Results, the initial dilution values for the Agana District Plant was given as 47:1

I1I1.A.2. What are the dimensions of the zone of initial dilution for your modified discharge(s)
According to the Amended Section 301(h) Technical Support Document the dimensions

for the zone of initial dilution (ZID) can be considered to include the bottom areas and water

column above the area that circumscribed by the distance d from any point of the diffuser.

d = depth of water above deepest point of discharge =29 m
L = length of diffuser section = 12 m (40 ft)

ZID width = 2d ZID length =L ZID area= 2dx L
=58 m =12m =2320 m?

II1.A.3. What are the effects of ambient currents and stratification on dispersion and
transport of the discharge plume/wastefield ?

The effluent plume rises rapidly to the surface and dissipates over 1 m depth. Matson
(1990 ) concluded that complete dilution occurs in the top 1 meter of water, and that the effluent
dissipates with the surface currents. Currents run predominantly to the west and are generally in
an obliquely offshore direction.

NE tradewinds are dominant in all seasons, but are especially pronounced in the winter
(Jan.- May). During the summer (July - Oct.) the effect of the trade winds are diminished and
winds from every direction are not uncommon. Transportation of the discharge across the reef
by wind driven surface currents are in frequent. The near shore current generally runs to the
west, currents to the east are weaker and are short in duration. The currents are generally in an
obliquely offshore direction. High fecal coliform numbers do occur at the shoreline stations
especially during the rainy season, but the source is likely to be from the stormwater culverts
situated along the shoreline in Agana Bay. On rare occasions currents may move onshore when
there is heavy wave assault from the North. ‘

Matson E.A., 1990. Effects of the Agat, Agana, and Northern District Wastewater Effluents on

Receiving Water Quality. Marine Laboratory Technical Report No. 93.

IIIA.4. only small discharges must respond




IIIA.5. Sedimentation of Suspended Solids

a. What fraction of the modified discharge's suspended solids will accumulate within

the vicinity of the modified discharge?

b. What are the calculated area(s) and rate(s) of sediment accumulation within the

vicinity of the modified discharge(s) (g/m’/yr)?

c. What is the fate of settleable solids transported beyond the calculated sediment

accumulation area?

The tabulations for sediment deposition are based on the method for large discharges
outlined in Appendix B-I of the Amended Section 301(h) Technical Support Document, EPA
842-b-94-007, Sept 1994. The quantitative prediction of seabed accumulation is based only on
the processes of deposition and decay.
Prediction of Deposition
A portion of the settled solids is inert, the organic fraction of the settled solids is a primary
concern. For primary or advanced primary discharge 80 percent of the suspended solids are
organic and 20 percent are inorganic.
Settling velocities for the effluent were not available, therefor suggested values from appendix
B-I were used.

primary or advance primary effluent

5 percent have V, > 0.1

20 percent have V> 0.01

30 percent have V, > 0.006

50 percent have V, > 0.001
remainder of solids settle so slowly that they are assumed to remain suspended in the water
column indefinitely.

Current speeds used were:
Upcoast 5 cm/sec
Downcoast 5 cm/sec
Onshore 3 cm/sec
Offshore 3 cm/sec

Bottom Slope:
Onshore 0.09 m/m
Offshore 0.34 m/m

Height of rise of plume is 24.9 m
Mass emission Rate = 2178 kg/day

The settleable organic components by group and maximum settling distances for each group are
given in Table 8. The deposition rates and accumulation rates for each contour are given in table
9. The highest steady state accumulation was 27 g/m? in a 0.27 km? area surrounding the outfall.
A detailed bathymeteric map was not available to plot the predicted steady state sediment
accumulation around the outfall. Figure 7 is plotted on the Guam , Ritidian Point Quadrangle
Map.
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1I1.B: Compliance with Applicable Water Quality Standards and CWA 304(a)(1) water
quality criteria [40 CFR 125.61(b) and 125.62(a)].

IILB.1. What is the concentration of dissolved oxygen immediately following initial dilution
Jor the period(s) of maximum stratification and any other critical periods(s) of discharge
volume/composition, water quality, biological seasons, or oceanographic conditions?

Dissolved oxygen has been measured directly in the effluent boil, at bottom, mid and
surface depths, starting in 1989. The results of these measurements are given in Table 1, section
IL.B. The D.O. readings have varied during this time . From June 1989 until April 1991
readings were above 75% saturation after initial dilution (75% saturation ranges from 5.2 to 7.4
mg/L). However, from May 1991 until October 1993 D.O. readings ranged from 2.5 to 5.6
mg/L, averaging 4.4 mg/L in the surface water and 4.3 mg/L in the mid and bottom waters. The
control site also had low D.O. readings, ranging from 2.7 to 5.4 mg/L, averaging 4.1 mg/L in the
surface waters and 4.4 mg/L in the mid and 4.5 mg/L in the bottom waters. All 3 stations,
including the control station had low D.O. readings, and low D.O. readings were also recorded
during this period at both Tanguisson and Agat. It is likely that these readings are due to meter
failure, poor calibration or sampling techniques. From June 1994 until present the readings have
been well above 75% D.O. saturation. There is no indication that the D.O. in the waters in the
zone of initial dilution (station D), or in the near fields (station E) have been adversely impacted
by the discharge, when compared to the readings obtained from the control station (E).

IILB.2. What is the farfield dissolved oxygen depression and resulting concentration due to
BOD exertion of the wastefield during period(s) of maximum stratification any other critical
periods(s) ? ' _

There are no periods of maximum stratification or any other critical periods. The
farfields have not been monitored in the past. However, the D.O. readings taken at station E,
which is located approximately 100 m West of the boil, do not indicate that there has been any
adverse dissolved oxygen depression due to the discharge (Table 1, section ILB. ). Readings
were similar to those found at the control station. '

II1.B.3. What are the dissolved oxygen depressions and resulting concentration near the
bottom due to steady sediment demand and resuspension of sediments?

The water readings taken at the boil (station D) and in the nearfields (station E) do not
indicate that there are adverse depressions in the D.O. of the waters near the bottom, when
compared to the D.O. readings of bottom waters at the control site (Table 1, section IL.B.).
However, a study on D.O. depression due to steady sediment demand has not been conducted.

II1.B.4. What is the increase in receiving water suspended solids concentration immediately
Jollowing initial dilution of the modified discharge(s)?

Suspended solids have not been monitored in the receiving waters. However, turbidity
has been measured at three depths, bottom, mid and surface, at the three monitoring stations
since 1989. There has been no incidences of adverse increases in turbidity (above 1 NTU of
ambient), as outlined in the Guam Water Quality Standards.



II1.B.5. What is the change in receiving water pH immediately following initial dilution of the
modified discharge(s) ?

Again there has been little or no change in receiving water pH from that of the ambient
waters. The receiving waters after initial dilution and the ambient waters average at around pH.
8.3.

II1.B.6. Does (will) the modified discharge cemnly with app!zcab’e water quality standards
for:

- Dissolved Oxygen 4

- Suspended Solids or surrogate standards?

- pH?

Past monitoring of the receiving waters for these parameters has not indicated that the
discharge has caused any adverse conditions when compared to the readings obtained from the
ambient waters at the control station. There was a period when low D.O. readings that did not -
comply with the water quality standards (<75% D.O. saturation) recorded from May 1991 until
October 1993. However, the ambient waters were also recorded as having similar low D.O.

levels. This leads me to believe that these readings were due to incorrect meter operation,
calibration or sampling. No D.O. readings below 75 % have been recorded in the last year, and
except for fecal colifom, all water quality standards have been meet. Suspended solids have not
been part of the parameters measure in the past. However, turbidity readings at all locations and -
depths have been within the Guam Water Quality Standards as-are pH.

IILB.7. Provide data to demonstrate that all applicable State water quality standards, and all
applicable water qualily criteria established under Section 304(a)(1) of the Clean Water Act
Jor which there are no directly corresponding numerical applicable water quality standards
approved by EPA, are met at and beyond the boundary of the ZID under critical
environmental and treatment plant conditions in the waters surrounding or adjacent to the
Dpoint at which your effluent is discharged.

The results of the water quality monitoring conducted since 1989 are given in Table 1.
Section ILB. There are occasions when readings indicate that water quality standards are not
meet, such as the period of D.O. readings below 75% saturation (May 1991 until October 1993),
and pH above pH 9.0 (1991). The same high pH and low D.O readings were recorded at the
Northern District receiving water stations on these dates, and are likely to be due to meter failure
or incorrect calibration. When receiving water results are compared to the results of ambient
waters at the control station, they are very similar.

. Inthe offshore receiving waters fecal coliform densities at the effluent boil (station D)
were generally >400 FC/ 100 ml. The numbers of fecal coliform at station E (100 m west of
station D and predominantly down current) were also often recorded as being >400 FC/100 ml.
On several occasions high numbers of fecal coliform were also recorded at the shoreline stations
A, B and C. In June, 1997 extended sampling at the shore line and reef line was started in order
to assess if the fecal pollution at the shoreline stations was due to effluent flowing over the reef,
or whether its was from non point sources such as stormwater. Stormwater is discharged onto
the reef flat at several culverts along the Agana Bay shoreline. The location of these stations are
shown in Figure 9. The results of the shoreline samples are given in Table 9. Station A



especially often had elevated levels of fecal coliform. Although the extended surveys have only
been conducted for a short period, it is obvious that the shoreline stations have higher levels of
fecal coliform. The three stations located near the reef crest (stations: G, H and I) generally had
less than 2 FC/ 100 mL. The occurrence of elevated levels of fecal coliform at the shoreline

* stations also coincided with periods of increased rainfall. It therefore seems that non point
source pollution is the cause of fecal contamination along the Agana Bay shoreline.

IL.B.8. Provide the determination required by 40 CFR 125.61(b)(2) for compliance with all
applicable provisions of State law, including water quality standards or, if the determination
has not yet been received, a copy of a letter to the appropriate agency(s) requesting the
required determination.

GWA has forwarded a copy of its permit application package (relevant sections) to the
Bureau of Planning for review. The Bureau is the clearinghouse for all federally funded
programs and as such, obtains comments from agencies who’s programs may be impacted by
planned activities such as wastewater discharges into ocean waters. Letters were delivered to
Guam’s Bureau of Planning, Department of Agriculture, and the Environmental Protection
Agency requesting for consistency determinations with their respective programs. Responses to
these letters will be forwarded to U.S.E.P.A. upon receipt. These comments will address
consistency with applicable State Coastal Zone Management Program(s) approved under the -
Coastal Zone Management Act as amended, the modified discharge’s consistency with marine
sanctuary regulations and with the Endangered Species Act, and consistency with water quality
standards. Copies of these letters are attached as Appendix J.

Regulations under Guam’s Water Pollution Control Act are applicable. A copy of this Act is
attached as Appendix F. :
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Table 10

Number of Fecal Coliform per 100 mL at Agana Bay Shorefine and Reef Flat sample Stations

DATE A B o]
2/26/90 23 60 93
3/13/90 4 25 5
8/2/90 0 0 3
9/3/90 0 -0 0
11/6/190 13 12 8
12/19/90 0 5 23
1/16/91 250 0 2
2/27/91 0 0 0 s
3/13/91 3 0 4
4/30/91 >400 50 10
8/15/91 >400 60 5
6/19/91 0 0 1
7/30/91 0 0 6
8/14/91 >400 >400 22
9/5/91 >400 >400 45
10/14/91 >400 28 >400
11/11/91 2 26 >400
12/26/91 97 68 66
716194 63 15 0
8/2/94 20 1 1
10/4/94 81 10 5
11/1/94 22 10 6
12/8/94 62 35 10
115195 12 6 3
2/15/95 0 0 0
3/30/95 0 0 0
4/27/95 >400 >400 >400
5/18/95 >400 40 6
6/15/95 0 0 0
7/10/95 0 0 0
8/1/95 16 10 13
97/95 6 3 1
10/5/95 0 0 0
11/27/95 0 0 0
12/95 0 0 0
1/11/96 0 0 0
2/5/96 3 1 1
3/21/96 3 7 1
5/17/96 0 2 8
6/24/96 9 7 6
8/22/96 24 18 19
9/29/96 0 3 3
10/18/96 5 0 3
11/28/97 5 1 4
12/19/96 6 20 ‘89
1121197 113 1 >400
2/27197 51 0 10
3/13/97 15 0 3
4/10/97 0 0 1
5/8/97 20 9 39
6/24/97 111 4 1 36 3 1 0 2 1
7/29/97 6 0 4 1 0 0 (o} 0 0
8/26197 >400 10 27 69 >400 45 2 1 0
9/25197 1 2 0 0 1 0 1 0 0
10/27/197 >400 3 3 2 >400 0 1 0 0
11/20/97 2 5 19 12 0 1 0 1

Station locations

A West Agana Bay Shoreline

B Central Causeway Channel

C Boat Basin channel

D Shoreline between A and causeway
E 200m west of A

F 100 m from shoreline at E

G Reef line 100m east of outfall

H Reef line adjacent to outfall

| Reef line 100m west of outfall
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III. C. Impact on Public Water Supplies.

IIL.C.1. Is there a planned or existing public water supply (desalinization facility) intake in
the vicinity of the current or modified discharge?
No. '
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IIL.D. Biological Impact of Discharge

IIL.D.1. Does (will) a balanced indigenous population of shellfish, fish, and existing wildlife
exist: N

- Immediately beyond the ZID of the current and modified discharge(s)?

- In all other areas beyond the ZID where marine life is actually or potentially affected by the
current and modified permit.

Previous Biological Monitoring Surveys were conducted by UOG Marine Laboratory did not
include sites beyond the ZID.

IIL.D.2. Have distinctive habitats of limited distribution been impacted adversely by the
current discharge and will such habitats be impacted adversely by the modified discharge?

Coral reef communities are considered distinctive habitats of limited distribution. Guam'is
nearly completely surounded by coastal coral reefs. A report on the Review and Analysis of
Past Biological Monitoring Data for the Agana WWTP Outfall, Guam is found in ITEM N.

IILD.3. Have commercial or recreational fisheries been impacted adversely by the current
discharge (e.g. warnings, restrictions, closures, or mass mortalities) or will they be impacted
adversely by the modified discharge?

Commercial or recreational fisheries have not been adversely impacted by the current
discharge.

IIL.D.4. Does the current or modified discharge cause the following within or beyond the ZID

- Mass mortality of fishes or invertebrates due to oxygen depletion, high concentrations of
toxics, or other conditions? ’

- An increase incidence of disease in marine organisms?

- An abnormal body burden of any toxic material in marine organisms?

- Any other extreme, adverse biological impacts?

There are no reported incidences of fish or invertebrate mortality due to oxygen depletion,
high concentration of toxics or other conditions. Monitoring results of dissolved oxygen in the
receiving waters indicate >75% oxygen saturation. There is no reported incidences of an
increase incidence of disease in marine organisms or any other extreme adverse biological
impacts.

As previously stated, GWA has requested Letters of Determination from the Bureau of
Planning, Department of Agriculture and Guam Environmental Protection Agency (See State and
Federal Laws, Section I1.D.4 of application questionnaire). Upon receipt of their letters, GWA
will immediately forward their responses to your office.



Samples for the required Toxicity and Priority Pollutant Scans were collected on the 8" and 9%
of March for the Northern District and Agana WWTPs. The samples were then immediately sent
off to the Montgomery & Watson Labs in Pasadena California. GWA has received E-Mail
confirmation that the analysis of the samples are presently in progress.

Needs to be done once priority pollutant scan completed

Evaluate potential for bioaccumulation is to compare the concentrations of toxic pollutants after
initial dilution with EPA Aquatic life water quality criteria. Two types of information required:
(1) Concentration of the pollutant in the discharge effluent (scans need fo be done)

(2) Critical initial dilution (= 100) '

the value of (1) divided by (2) should then be compared with available criterion. Also important
to study sediment accumulation patterns. Demonstrate adequate initial dilution and sufficient
circulation to prevent localized accumulation of solids.

Only necessary to conduct tissue and sediment analysis if effluent and dilution analysis indicate
potential for bioaccumulation.

II1.D.5.
NA

IILD.6.
NA

IILD.7.
NA

11.D.8.
NA
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IILE. Impacts of Discharge on Recreational Activities

IILE.1. Describe the existing or potential recreational activities likely to be affected by the
modified discharge(s) beyond the zone of initial dilution.

Fishing (shoreline: scuba, spear, net, rod and reel. Offshore: Boat; trolling and bottom
fishing, scuba), swimming, snorkeling and diving. ‘

III. E.2 What are the existing and potential impacts of the modified dischafge(s) on
recreational activities? Your answer should include, but not be limited to, a discussion of
fecal coliform bacteria.

The results obtained from the biological and water quality monitoring the receiving
waters indicate that the only potential impact on recreational activities would be from potential
pathogens associated with the occurrence of high numbers of the indicator bacterial, fecal
coliform. There have been no reports of illness resulting from recreational use of waters in the
vicinity of the outfall

As previously stated, GWA has requested Letters of Determinations from the Bureau of
Planning, Department of Agriculture and the Guam Environmental Protection Agency (See State
and Federal Laws, Section I1.D.4 of application questionnaire). Upon receipt of their letters,
GWA will immediately forward their responses to your office. GWA is confident that the
" Letters of Determination from these agencies will show that no impact, i.e. no reported
incidences of illness attributed to swimming in or consuming fish from the discharge area exist.

IILE.3. Are there any Federal, State, or local restrictions on recreational activities in the
vicinity of the modified discharge(s). If yes, describe the restrictions and provide citations to
available references.

Not at present.

IILE.4. If such restrictions exist, would such restrictions be lifted or modified if you were
discharging a secondary treatment effluent

NA
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IILF Establishment of a Monitoring Program

IILF.1. Describe the biological, water quality and effluent monitoring programs which you
propose to meet the criteria of 40 CFR 125.63. Only those scientific investigations that are
necessary to study the effects of the proposed discharge should be included in the scope of the
301(h) monitoring program. \

This section is divided into several parts. The first addresses the monitoring program of the
existing outfall, both biological and water quality monitoring. The second addresses the
monitoring of plant effluent. The third part addresses the baseline monitoring for the proposed
outfall extensions. Once the location of the proposed extended outfalls is finalized new locations
for the water quality and biological monitoring will be established. Water quality monitoring
will include stations upcurrent and down current of the outfall, either side of the ZID (zone of
initial dilution) and control stations at least 1000m upcurrent of the new outfall. Water quality
stations will also include shoreline stations. The biological monitoring will be similar to what is
outlined below, but will depend on final placement of the outfall. GWA will then work with
EPA to design an appropriate biological monitoring plan. A proposed Quarterly Monitoring

 Program for the existing outfalls, and the proposed scope of work to obtain information needed
to support the extension of the Agana WWTP and Northern District WWTP ocean outfalls, was
faxed to USEPA September 9, 1997. They are described below. Also attached is the response
letter from USEPA (dated: September 23, 1997}. ‘

1) QUARTERLY BIOLOGICAL MONITORING OF THE EXISTING GWA OCEAN
OUTFALLS.

BIOLOGICAL MONITORING
Based on Design of 301(h) Monitoring Program for Municipal Wastewater Discharges to Marine
Waters, EPA 430/9-82-010, November 1982 and Framework for 301(h) Monitoring Programs,
EPA430/09-88-002, September 1987. :
General Requirements
1) Conduct periodic surveys of biological communities most likely to be affected by the
discharge and communities at reference sites.
2) Provide data to evaluate the impact of the discharge on marine biota.
3) Describe sampling and analytical techniques, sampling locations and schedules.
4) Surveys are to be conducted within the zone of initial dilution (ZID), and at a reference area
unaffected by the discharge.
The monitoring objectives are translated into a series of testable hypotheses. These hypotheses
focus the monitoring activities so that the studies are conducted efficiently and results are useful
for evaluating statistically significant differences between areas. In most cases, multiple testable '
hypotheses will be required. One example of such a null hypothesis is that the abundance of
corals does not differ between a sampling station within the ZID and a reference station.
Biomonitoring Techniques. '
There are several technique use to obtain representative data on surface cover and species
composition. I recommend using one of the below, or ideally a combination of both. A total of
20 replicates should be sampled at each station




1) Photograph permanently marked quadrats along 50 m transect, that runs parallel to shore, at
each station. Photographs of at least 0.5m? of the bottom should be taken at intervals along the
transect. An underwater camera mounted on a rigid frame should be used. Each photograph
should contain a small slate indicating the station, date, and position of the photograph along the
line. To ensure that the same quadrat is photographed each quarter drive or cement stakes to the
reef indicating at least two corners of each frame. Photographs should be developed as slides.
These slides'should be projected onto a grid having the same dimensions of the original
quadrate, and the percent cover of living coral species, coralline algae, macro algae, turf algae,
bare substrata and other organisms should be estimated.

2) Point quadrat sampling at each station, using a 0.5m* quadrat that is subdivided by 4 evenly
spaced lines in both directions, giving 16 intersecting points. Record what lies below each
intersecting point for each replicate sample. Replicates should be randomly sampled.

Station Locations.

There should be at least two survey stations, one with in the ZID, and one at a reference
site that is located in the opposite direction to the current. The selection of control or reference
stations is important as all assessments of impacts will rely on comparisons made with the data
- from these locations. The stations should be located out side the traceable wastefield and not be
affected by the wastewater discharge or other discharges. The monitoring stations for each
discharge need to be at the same depth and approximately the same distance from shore.
Describe Community Structure.

Conduct at least quarterly surveys of the benthic flora and fauna each station.
® Percent coverage of the area should be quantified by breaking the cover down into six
groups:

- coral
- macro algae
- turf algae
- coralline algae
- bare substrate (dead coral, rubble, sand) -
- other ( macro invertebrates, any foreign objects or material)

Note predominant species. Photographs of permanently marked quadrates are useful.

® Fish surveys should be conducted using timed visual counts at least by family
categories. Several timed counts should be conducted at each site location. Reference  depth,
location and time period of each survey. From these counts provide a fish list.
Reports.
Compile quarterly reports the that discuss such aspects as station locations, sampling procedures,
processing and analytical methods. Each report should include copies of field collection logs and
laboratory sample counting forms. Data provided should include the actual numbers of each
species or groups counted in each sample, and the calculated areal or volumetric abundance of
each taxon. Sufficient detail should be provided to allow for verification of analyses conducted
as part of the monitoring program, or for further analysis of the submitted data. Include data
from each survey and analysis comparing the potentially impacted site(s) with the reference
site(s). Provide an annual report that reviews all previous data, describe any naturally occurring
phenomenon and conclusions as to the impact of the discharges on the surrounding community.

Presentation of study results should include general characterization of the biological



communities sampled. Emphasis should be placed upon descriptions of spatial and temporal
trends in community structure and function. Specific comparisons should be conducted for all
biological criteria contained in the 301(h) regulations, (eg. ZID boundary vs reference

~ communities).

WATER QUALITY MONITORING

GWA staff has been conducting water quality monitoring for the Agana WWTP receiving
water in accordance with the NPDES permit No. GU0020087. See Tablel1. indicating
parameters to be measured and frequency of monitoring. A map of the site locations can be
found in section II.B, figure 11. This monitoring program will continue as is until advised
otherwise by EPA. '

2) INFLUENT AND EFFLUENT MONITORING

Monitoring is conducted by GWA staff in accordance with NPDES permit requirements (Permit
No. GU0020087). Monitoring parameters, limits and frequencies are outlined in Table 12.
Monitoring results are submitted to USEPA a via routine quarterly compliance report known as
the Discharge Monitoring Report (DMR). The DMR summarizes the quality and/or quantity of
the discharge, and compares samphng results to the discharge limitations authorized by the

NPDES permit.
Toxic pollutant scans are included in this apphcatxon and will be conducted annually or
as otherwise stipulated in the permit. :

3) PROPOSED SCOPE OF WORK FOR SUPPORT FOR OCEAN OUTFALL
EXTENSIONS

The following is the proposed scope of work to obtain information needed to support
extending the sewage outfalls for the Agana and Northern District WWTPs and their
corresponding 301(h) applications due April 4, 1998.

1. Bathymetery of seafloor, from the reef crest out to the area surrounding the proposed outfall
diffusers. '

2. Hvdrodvnam1c studies at the proposed outfall sites, in the nearfields and farfields to determme
current and wind regimes, as well as stratification depths at each location.
These studies should include:

- current meter mooring

- dye and drogue releases

- continuous temperature-salinity- -dissolved oxygen profiles

3. Baseline monitoring. This should include water quality data, community structure:
quantitative information on the benthic flora and fauna, and sediment quality in the area of the
proposed discharges.
‘a. Water quality. Collect quarterly data for at least four locations equally spaced
around each of the proposed diffuser sites. ( surface, mid and bottom depths).




these surveys must include:

- site location, and sample depth

- microbiology (fecal coliform / 100 ml)

- pH :

- orthophosphate

- nitrate-nitrogen

- dissolved oxygen

- salinity

- total filterable suspended solids

- turbidity

- temperature

- 0il & petroleum products

b. Community structure. Conduct quarterly survey of the benthic flora and fauna of

the area of the proposed discharges that guantify coral, algae, macroinvertebrate and
fish communities as follows:
® Provide a species list of flora and fauna, indicating abundance, (i.e. rare, common,
abundant etc.) identifying predominant species.
® Percent coverage of the area should be quantified by breaking the type of cover
down into six groups:

- coral

- macro algae

- turf algae

- coralline algae

- bare substrate (dead coral, rubble, sand) _

- other ( macro invertebrates, any foreign objects or material)
® Fish surveys done using timed visual counts at least by family categories, for at
least four locations equally spaced around each of the proposed diffuser sites.

" Reference: depth, location and time period of each survey. Compile a report that

includes the data from each survey, and a fish species list.

c. Sediment samples. Uniform, replicate grabs at four sites equally spaced surrounding

each of the proposed diffuser sites should be obtained for analysis of :

- grain size _

- total organic carbon

- total Kjeldahl nitrogen

- total phosphorus

- total sulfide

- priority pollutants

- infauna
See Procedures for Handling and Chemical Analysis of Sediment and Water Samples,
EPA/CE-81-1 and see protocol in EPA's guidance document Quality Assurance and
Quality Control (QA/QC) for 301(h) Monitoring Programs Guidance on Field and
Laboratory Methods.



Because of the deep depths, diving these sites may not be feasible and surveys may need to be
done using remote equipment. All site and sample locations, depths, dates of collection, and
methodology needs to be recorded. It is important that the data gathered be quantitative. The
monitoring surveys 3a, 3b and 3¢ will need to be conducted again at a later date, after the outfalls
have been constructed and are discharging.

IILF.2. Describe the sampling techniques, schedules, and locations, analytical techniques,
quality control and verification procedures to be used.

Influent and effluent sample are obtained on weekly by WWTP operators using
composite and discrete sampling methods outlined in the NPDES permit. Characteristics
investigated are: flow (mgd), BOD, suspended solids, settleable solids, pH, and oil and grease.
Analysis is run in accordance with the Standard Methods for the Examination of Water and
Wastewater. The forms used to record the influent and effluent characteristics are attached,
along with a description of the sampling points. The GWA laboratory participates in the USEPA
annual laboratory performance evaluation, and runs standard and checks along with routine
samples. GWA will work with EPA to establish a split sampling and/or oversite plan to ensure
the quaility of the sample analysis.

IILF.3. Describe the personnel and financial resources available to implement the
monitoring programs upon issuance of a modified permit and to carry it out for the life of the
modified permit.

The monitoring program is implemented by GWA'’s Laboratory Support Services staff.
GWA has an annual budget for the activities of these personnel and the laboratory facilities to
conduct their work. The agency has its own boat, a 23-foot Sea Ox, which is used for the
receiving water quality and biological monitoring. Other essential equipment owned by the
laboratory include but is not limited to, various meters (DO, pH, salinity), BOD incubators, Van
Dorn samplers, muffle furnace, drying ovens, dessicators, and SCUBA equipment.

Adequate staffing is a dilemma. However, effective time management practices allow
laboratory personnel to conduct the required monitoring activities for both water and wastewater
systems. The laboratory personnel include a chemist, a biologist, a laboratory technician
supervisor, and four laboratory technicians. Three of the laboratory personnel are certified divers
and the technicians are certified as water treatment operators and/or water distribution operators.
The agency is in the process of acquiring another biologist and an additional technician in order
to meet the demanding biological monitoring requirements.
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Richard A. Quintanilla
General Manager

Guam Waterworks Authority
P.O. Box 3010

Agana, Guam 96910

Re: Agana and N. Districi STP
Dear Mr. Quintanilla:

This is in regards to your letter dated September 9, 1997, transmitting Guam Waterworks
Authority’s (GWA) draft Scope of Work for the Baseline Surveys to support the proposed extensmn v
of the Agana and Northern Dlstnct Sewage Treatment Plants (STP) ocean outfalls. .

We approve of the approach of the proposed Scope of Work for the Baseline Surveys relating
to the proposed ocean outfall extensions. The Scope of Work appears comprehensive and should
provide the necessary information to support GWA’s proposed placement of both the Agana and
Northern District’s ocean outfalls as we discussed in our letter dated June 18, 1997. ‘

We would also like to mention that we have received a fax copy of the proposed Scope of
Work for Quarterly Biomonitoring of the existing Agana, Northern District and Agat STPs from Ms.
Joanne Boyd, Biologist, GWA Monitoring Services Laboratory, dated September 10, 1997. Ms.
Boyd has also put together a comprehensive proposed Scope of Work for quarterly biomonitoring.
Although we have indicated to GWA the need for re-establishing biological monitoring at the
existing outfalls in accordance with NPDES permit requirements we hereby request that GWA
perform a statistical analysis using the existing biological data collected in place of deveioping and
implementing the proposed bjological monitoring plan at this time. GWA’s statistical analysis of
the existing biological data shall be submitted as part of the reapplications for the Agana and
Northern District STPs. The analysis should look into whether the biological data shows a significant
change or impact over time.

With respect to monitoring at the existing ocean outfalls receiving water quality monitoring
at all three respective outfalls shall be continued, as required, at this time. We will be available to
further discuss and comment on monitoring plan specifics once we know actual ocean outfall
locations and other area characteristics.



GWA-LTR
PAGE 2 OF 2

~ With regard to the Agat STP we need to receive an official response from GWA regarding
the type of NPDES permit renewal GWA will be seeking for the facility. GWA needs to clearly
indicate if they will be pursuing a NPDES permit renewal for meeting secondary treatment
requirements or applying for a waiver from meeting secondary treatment requirements under Section
301(h) of the Clean Water Act. Failure to respond in a timely and appropriate manner will result in
us taking further actions and may result in us initiating actions similar to those taken with the Agana
and Northern District 301(h) NPDES permit renewals. ' '

‘ If you have any further comments regarding this matter, please contact Mike Lee at 415)
744-1484 or Lily Lee at (415) 744-1592.

Sincerely,

Norman L. Lovelace
Program Manager
Pacific Insular Area Program

cc: T. Quan, GWA
H. Johnston, GWA -
J. Boyd, GWA
J. Salas, GEPA
N. Custodio, GEPA



Permit No. GU0020087

and, if appropriate, revised undér the direction of EPA. Revisions

may include a reduction or increase in the parameters to be
monitored, the frequency of monitoring, or the number and size of

samples collected.

1. Receiving Water Quality Monitoring

Monitoring Sample
Parameter Units Stations = Frequency Type
Floating materials¥, . :
odor, and color ‘ A,B,C monthly visual
' D,E,F quarterly visual
Total colifbrm :
bacteria MPN/100m1l A,B,C monthly - discrete**
D,E,F quarterly discrete**
Temperature ‘ o ‘c D,E,F quarterly disérete**
Salinity PPt D,E,F quarterly discretext
pH pPH units D,E,F quarterly discretev*
Dissolved oxygen mg/L D,E,F quarterly discrete**
Turbidity m or NTU D}E,F ‘quarterly Secchi disc or

. discrete**
*Floating materials shall include oils, grease, scum, etc.

**Samples shall be taken at the surface for coliform analyses.
For other parameters, samples shall be taken at the surface, mid-
depti and bottom.

Exact locations of the monitoring stations shall be designakted
by the permittee. Final station locations, parameters to be
monitored, methodology, and frequency shall be approved by EPA
Region 9 and the Guam Environmental Protection Agency.

Station Locations

Desgription

Station '
A shoreline station
B shoreline station
C shoreline station
D outfall station  _
E 100 m south of outfall station
F control station 1000.m

‘east of outfall station
Rec2iving water monitoring data shall be submitted quarterly to
EPA Region 9 and the Guam FEnvironmental Protection Agency.

K-8
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Effect of Discharge in Othjer Point and Non-Point Sources







IIL.G Effect of Discharge on Other Point and Nonpoint Sources

IIL.G.1. Does (will) your modified discharge(s) cause additional treatment or control .
_ requirements for any other point or nonpoint pollution source(s)?

There are no other pollution discharges within GWAs current outfall impact area or the proposed
outfall extension discharge impact area.

IILG.2. Provide the determination required by 40 CFR 125.64(b) or, if the determination has
not yet been received, a copy of a letter to the appropriate agency(s) requesting the required
determination. :

As previously stated, GWA has requested Letters of Determination from the Bureau of Planning,
Department of Agriculture and Guam Environmental Protection Agency (See State and Fi ederal
Laws, Section 11.D.4. of application questionnaire). Upon receipt of their letters, GWA will
immediately forward their responses to your office.
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IIL H. Toxics Control Program and Urban Area Pretreatment Program [40 CFR 125.65 and
125.66]

IILH.I. a Do you have any known or susupected industrial sources of toxic pollutants or
pesticides?

Guam has very little or no heavy industry and we have no suspected industrial sources of toxic
pollutants or pesticides. However, we are waiting on responses from the industrial user surveys
that were sent out on March 27, 1998. GWA remains optimistic that the resulting survey
summary along with the Priority Pollutant Scan results will demonstrate concurrence with the
previous statement.

b. If no, provide the certification required by 40 CFR 125.66(c)(2) for large discharges.
Must certify this fact based on the results of an industrial waste survey

c. Provide the results of wet and dry weather effluent ahalysfs for toxié pollutants and
pesticides as required by 40 CFR 125.66(a)(1).

Twenty four hour composite effluent samples were taken at the Northern District Wastewater
Treatment Plant starting on the 8th day of March, 1998, and Agana Wastewater Treatment Plant
starting on the 9th day of March, 1998. Samples have been sent off island for analysis at the
Montgomery Watson Laboratories, and results are expected back mid April. These will be
forwarded to you once received.

d. Provide analysis of known or suspected industrial sources of toxic pollutants and pesticides
identified in 1(c) above in accordance with 40 CFR 125.66(b).

Pending results of effluent analysis for toxic pollutants and pesticides.

IILH.2. a. Are there any known or suspected water quality, sediment accumulation, or
biological problems related to toxic pollutants or pesticides from your modified discharge?

b. If no provide the certification required by 40 CFR 125.66(d) (2) together with available
supporting data. '

c. Ifyes, provide a schedule for the development and implementation of nonindustrial toxics
control programs to meet the requirements of 40 CFR 125. 66(d)(3).

d. Provide a schedule for the development and implementation of nonindustrial foxics control
programs to meet the requirements of 40 CFR 125.66(d)(3).

Nonindustrial source control program. (1) The applicant shall submit a proposed public
education program designed to minimize the entrance of nonindustrial toxic pollutants and




pesticides into its POTW(s) which shall be implemented no later than 18 months after the
issuance of a 301(h) modified permit.

(3)The applicants nonindustrial source control programs under paragraph (d)(2) of this section
shall include the following schedules which are to be implemented no later than 18 months after
the issuance of a 301(h) modified permit:

(1) A schedule of activities for identifying nonindustrial sources of toxic pollutants and
pesticides; and

(ii) A schedule for the development and implementation of control programs, to extent
practicable, for nonindustrial sources of toxic pollutants and pesticides.

IILH.3. Describe the public education program you propose to minimize the entrance of
nonindustrial toxic pollutants and pesticides into your treatment system [40 CFR 125.66(d)(1)]

Applicants for reissued 301(h) modified permits must have a public education program in place.
Newspaper articles, poster, or radio and television announcements to increase public awareness
of the need for proper disposal of waste oils, solvents, herbicides, pesticides and other
substances that contain toxic pollutants.

The following schedule is GWA'’s plan of action to increase public awareness:

Mail out industrial user survey Mar, 1998
Compile and analysis survey results May, 1998
Publish results and their impacts _ Jun, 1998

in the local newspaper (PDN)

Investigate and identify significant Jul, 1998
toxic pollutant contributors

Establish programs i.e., posters, Sep, 1998
- newspaper articles, radio/TV, etc.
to advise public on proper disposal

Periodically publish or use electronic Quarterly commencing December 1998
media to maintain public awareness

previously established




IIL.H.4. Do you have an approved industrial pretreatment program (40 CFR 125.66(c)(1)?

No. Have no known or suspected industrial sources of toxic pollutants. This status may change
upon receipt of the user survey and toxic pollutant analysis.

a. If yes, provide the date of EPA approval.

b. If no, and if required by 40 CFR Part 403 to have an industrial pretreatment program,
provide a proposed schedule for development and implementation of your industrial
pretreatment program to meet the requirements of 40 CFR Part 403.

May not be needed

IILH.5. Urban area pretreatment requirement [40 CFR 125.65]
Discharges serving a population of 50,000 or greater must respond.

a. Provide data on all toxic pollutants introduced into the treatment works from industrial
sources (categorical and noncategorical).

b. Note whether applicable pretreatment requirements are in effect for each toxic pollutant.
Are industrial sources introducing such toxic pollutants in compliance with all of their
pretreatment requirements? Are the pretreatment requirements being enforced? [40 CFR

125.65(0)(2)]

c. If applicable pretreatment requirements do not exist for each toxic pollutant in the POTW
effluent introduced by industrial sources,
- provide a description and a schedule for your development and implementation of
applicable pretreatment requirements [40 CFR 125.65 ()], or

- describe how you propose to demonstrate secondary removal equivalency for each of
those toxic pollutants, including a schedule for compliance, by using a secondary
treatment pilot plant. [40 CFR 125.65(d)].

Dependant on industrial user survey and toxic pollutant analysis. Used to characterize industrial
sources by type, and types and concenirations of toxic pollutants in discharges, and flow into the
plant.
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INTRODUCTION
The Agana Wastewater Treatment Plant (WWTP) discharges primary treated efﬂuertt through
an ocean outfall into the coastal waters beyond the reef, on the leeward side of Guam at Tanguisson
 Pt. Agana WWTP outfall located at latitude 13°29' 3.3", longitude 144°44' 37.1", and runs directly
out from the treatment plant . It consists of six diffusers approximately 2875 ft from shore that run
perpendicular to the shoreline in 26 - 29 meters (85 - 95 ft) of water. The diffussers sit on a gently
sloping submarine terrace of limestone pavement and scattered boulders They are place 8 ft apart
and the end of the outfall sits on the edge of a submarine cliff with the end cap removed.
There is evidence that prior to theconstruction of the Agana treatment plant in 1979, the reef
community in Agana Bay may not have been as diverse as other coastal areas of Guam. According
to the Dames and Moore Report (1994), an underwater video taken along the reef zone in 1968,
showed no significant coral growth witltin the entire reef zone of Agana Bay. WWII battles had
denuded’ much of the Agana area, and heavy reinfalls have caused e)ttensive erosion and mudslides.
These have adversely affected and possibly permanently impacted the Coral Communities (Randall,

personal communication as reported in Dames and Moore, 1994). Randall considers that the video

findings in Agana Bay as reflecting ambient conditions that do not support coral growth, and not as

a result of any point or non-point source pollution or impact activity.

Jones and Randall, 1971 reported that the depth at wh1ch the reef front terminates along West
Agana Bay is generally 6 to 8 meters. The only significant reef coral community occurs in this reef
front zone, and is in sharp contrast with the dead cerals of the submaritle terrace, seaward slope and
second submarine terrace. The corals in these areas were reported as been 90% dead, presumably

asaresultofa Acantaéter planci infestation.




GWA contracted the University of Guam (UOG), Marine Laboratory, to conduct the
Biological Monitoring of the three WWTP ocean outfalls at Agana Bay, Tanguisson Pt and Agat |
Bay. Surveys were conducted quarterly, with quarterly reports and yearly summaries submitted to
GWA (then PUAG). Surveys were conducted from August 1989 until September 1994.

The data provided in the UOG Marine Laboratory quarterly reports were reviewed
and analyzed by the GWA biologist. Regression analysis was performed to test if there was any
significant change in percent coverage of each of six benthic cafégories or in fish species diversity,

over the 5 year survey period.




METHODS

Qualitative observétions were made to determine the benthic composition and fish diversity
in the area. Benthic cover was surveyed along three 10 m transects that ran paraﬂel to shore, and
were permanently marked for long term monitoring. Thé first transect was located immediately at
the diffusers (0 m) and the other two at 20 m and 50 m distances from the diffusers towards the shore
(Figure 1). The transects were therefore at progrgssively shallower depths. However, the individual
transect depthé are unknown. The types of benthic cover were recorded along each transect using
the chain-link transect method. The types of substrate were later grouped into 6 categoﬁes to
facilitate data analysis, and percent cover was estimated. These groups are;

1) BARE: bare substrate is non-living surface v§hich can either be attached or loose. This
category includes sand, gravel, cobble, dead coral, and limestone pavement.
2) TUREF: any substrate type which is covered by an unidentified turf algae. Turf algae are <1
cm in height.
3) MACRO ALGAE: any large fleshy algae (>1 cm). Includes chlorophytes, phaeopytes, fleshy
thodophytes and blue-greens.
4) CORALS: living corals of any taxonomic group
5) CORALLINES: coralline algae.
6) OTHERS: other live sessile organisms: sponges, ascidians, vermetid molluscs, etc.
Fish surveys were done by a diver who swam the 50 meter line connecting each of the three transects
and recorded the species types. The number of fish in each species were not recorded, and the
reports did not state whether the fish observations were restricted to a certain distance either side of

the 50 m line, or whether it was a timed observation.



AGANA

- Treotment
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Figure 1. Location of Biological Monitoring Transects. With sample locations at 0m, 20m and
50m.
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RESULTS

Tn the first biological monitoring report, dated March 1990, the benthic cover at the Agana site
is described as been dominated by turf algae. The macro invertebrates here were less abundant but
more varied than those at the Agat site, but similar to those found at Tanguisson. The larger
diversity due to the presence of deep water/low energy habitat species which the Agat site lacked.

Macro invertebrates commonly found here are seacucumber Holothuria atra, H. noblis, Stichopus

chlorotus, and Bohadschia argus. The Asteroidea included Linka laevigata, L. guildingi, Culcita
novaeguinea, and Acanthaster planci. Also found were the sea-urchin Echinopyga calamaris and the
large grazing gastropod Trochus niloticus. Species of fish found at Agana were said to be
representative of these coral habitats, and large schools of herbivores (Acantruridae) and filter
feeding or planktivorous fishes (i.e. Kyposidae) were often seen directly in the plume.

The results of percent cover by each of the six categories, August 1989 to September 1994,
are summarized in Table 1, along with the. numbers of recorded fish and invertebrate species. The
highest percent cover is bolded. The list of recorded benthic species and their percent cover for each
survey daté are given in the éppendix.

Results from the surveys conducted over the 5 year period indicate that the benthic cover along
the 0 m transect (Fig. 2) was predominated by turf algae on 12 0f 17 saﬁple dates; and bare substrate
on 5 of 17 sample dates. In general turf algae predominated up until mid 1992, after which bare
substrate became the most predominant cover. The 20 m transect (F ig. 3) had a some what different
benthic composition from that 6f the 0 m transect. Cover was predominated by three categories, turf
algae on 8 of 17 survey dates, bare substrate on 4 of 17 dates and macro algae on 5 of 17 dates. As

with the 0 m transect bare substrate did not predominate until mid to late 1992, when turf algae was

5




Table 1. Survey of Benthic Community (percent cover) at three transect locations, including fish
and invertebrate counts across the transects at the Agana WWTP Outfall.

Turf Macro Corals Coralline
Date Bare Algae Algae Live Algae Other
Oom
8/29/89 17.9 76.32 276 0 0 3.03
11/21/89 11.01 86.72 0.51 0 1.77 0
4/6/90 12.3 - 83.8 29 o] 1 (4]
6/14/90 7.92 73.25 10.13 0 0 8.7
10/4/90 12.73 86.49 17.14 [¢] 3.62 0
12/6/30 0 87.142 0 0 2.858 0
8/3/91 14.7 77.8 47 0 286 0
5117/91 3.6 .7 4.7 4] 0 0
12127/91) 28.9 453 263 1.2 0.3 0
4/10/92 258 a.4] - 31.7 1.1 V] 0
813/92 48.1 415 11 0 1.2 [}
12/3/92 57.8 30.4 105 0.2 1.4 0
3/28/93 232 33.8 40.5 0 25 0
8/16/93 76.8 165 1.8 1 49 0
1/12/94 70.4 11.2 8.3 3.7 6.4 0
5/26/94 413 18.6 246 49 10.6 0
. 9/2/194 4.4 87.5 0.3 1.3 52 1.3
20m
8/29/89 30.53 65.66 3.69 0.13 0 0
11/21/89 4.61 11.05 69.87 0.52 13.95 0
4/6/90 8 (4] 75.2 0 16.8 0
6/14/90 10.39 49.48 39.48 ] 0.65 0
10/4/30 15.18 75.09 7.662 0 1.6 ]
12/6/90 8.05 68.829 14.155 V] 8.962 0
8/3/91 124 87.9 19.5 0 0 0
SI17/91 15.9 74.8 . 9 0.3 ] 4]
12127191 1.8 8.2 91.4 o] 05 [}
4/10/92 10.3 8 78.9 0.8 2 [+}
8/3/02 31.1 48.4 12.7 06 6.8 0.3
12/3/92 51.6 20.3 26.2 0.2 1.7 .. 0
3/29/93 0.8 12.7 85.6 0 0.9 0
8/16/93 543 24.9 121 3 87 0
112/04 88.6 12.1 13 4.2 o] 21
5/26/94 66 13.7 13.2 6 1.1 1]
8/2/94 1.4 71.2 10.5 3 3.9 0
50m
8/29/89 2219 86.17 11.46 0.19 o} 0
11/21/89 11.58 60.39 26.31 0.66 1.05 0
4/6/90 8.5 132 734 0 3.8 1]
6/14/90 39 28.31 67.55 0.26} 0 0
10/4/90 22.86 39.48 26.88 1.819 7.27 1.68
12/6/90 4.805 46.13 45.433 1.429 1.558 0
8/3/91 55 18.1 74.9 ] 1.2 0.4
sM781 17 40.8 40.7 0 15 0
12127191 42 0 84.3 0 1.1 0.4
4/10/82 104 88.9 0.3 0 0 04
8/3/192 26.2 59.8 1" 0 28 ]
12/3/92 60.9 242 126 1.2 1 0
3/29/93 118 10.5 71.6 1.7 4.4 0
. 8/16/03 706 135 10.5 2.9 22 0.2
112/94 60.5 212 13 3.2 2.1 o
5/26/94 56.5 14 26.4 1.7 14 0
9/2/94 244 59.5 9.5 3 36 (4]
Date Fish Invenabrat#
8/28/89 39 :
112189 29 4
4/6/90 41 9
8/14/90 36 8
10/4/90 38 7
12/6/90 40 9
8/3/91 31 7
SM7/81 36 7
12/27/91 34 8
4/10/92 34 5
813192 3 5
12/3/92 34 ‘8
3/29/93 39 7
8/16/93 39 7
1712194 33 7
5/26/94 39 7
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reduced to léss than 20 percent cover. The percentage cover bvy’the other three groups was low. Live
coral ranged from 0 to 5 percent cover, with the average cover at approximately 1 percent. Coralline
algae cover ranged from O to 14 percent and averaged 4 percent. The 50 m transect (Fig. 4) had
similar benthic cover to the 20 m transect, in that it was predominafed by turf algae (8 out of 17
dates), bare substrate (5 out of 17 dates) and macro algae (6 out of 17 dates). Again bare substrate
began to predominate in mid to late 1992. At fhis time turf algae decreased from an average of 42
percent cover down o an average of 17 percent cover. Coral cover :anged from 0 to 3 percent cover,
the average cover was less than 1 percent. Coralline algae cover ranged from 0 to 14.5 percent and
averaged around 2 percent.

Turf algae, bare substrate and macro algae were the three most predominant benthic cover along
the ﬂuee trax.lsects.' Coral, coralline algae and other cover, each made up only a small percentage of
the total benthic cover (average <1.5 percent). When macro algae predominated the percent cover
by both bare substrate and turf algae was greatly réduced. The predominﬁnce of bare substrate that
occurred after mid to late 1992 was as a result in the decrease in turf and macro algae, rather than
a dc\zcrease in coral or coralline algae.

Not all of the changes in percent cover for each of the categories were significant. The
results of the regression analysis are summarized in Table 2. Significant changes (S) are at the 95%
level. There was a statistically significant increase in percent coverage by bare substrate and coral
at all three of the transects over the 5 year period . A significant increase was also seen in coralline
algae at the 0 m transect, and ther was a significant reduction in the percent cover of turf algae at

the 0 m transect. All other changes in percent cover were determined to be non-significant.
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Table 2. Regression analysis results for Agana. Significance of change in percent cover of the six benthic
categories over the 61 months that the area was surveyed.

Transect Bare .| Turf Algae Macro Algae Coral Coralline Other
oOm +s -8 + +s +s -
s 2,708 -3.36 1.132 3.414 3.414 -1.267
20 m +s - + +s - +
ts 2.51 0.82 -0.78 426 1.4 1.33
50 m +s - - +5 + -
is 3.159 -0.907 -1,332 3.439 0.509 -0.783

s = significant at 85%
+ = positive regression
- = negative regression




The significant increase in the percent cover by bare substrate is shown in Figure 5. Most of this

increase took place in mid to late 1992. The percent coverage by turf algae is seen to decrease along

all of the transects, but was only significant for the 0 m transect (Fig. 6). The changes in percent

- cover for macro algae were non-significant (Fig. 7) and any increases in macro algae appeared to be

seasonal. Seasonal blobms of macro algae' are common in the tropics. Coral cover significantly
increased along all three transects (Fig. 8). The percent cover by coralline algae increased
significantly along the 0 m transect, and had no significarnt change along the 20 m and 50 m transects
(Fig. 9). There was also no significant changes in other cover (Fig. 10).

A fish species list arranged by Family is given in Table 3. The shaded boxes represent the
presence of that species when the survey was conducted. There was no significant change in fish

species diversity over the 5 year period that biological monitoring was conducted,. The number of

species present in each trophic level remained relatively consistent through out this period and are

representative of other coral reef fish communities around Guam (personal communication, Dr.

Steven Amesbury, Prof. Ichthyology, UOG Marine Laboratory).

12
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Table 3. Agana outfall Fish Species.

__shaded boxes represent that specles were present.

Melichthys vidua

Odonus higer
Sufflamen bursa

Blenniidae (Blennies)

Fiscal Year 1990 1991 1992 1993 1994 Total
quarter 1 2|3|4 1 /21341721314 1I_2Li3|4 1 /23 |41 nn1e
)Acanthuridae Acanthurinae (Surgeonfishes ]
Acanthurus blochii ns ns ns| ° ns 10
Acanthurus nigricans ns ns ns ns { 11
Acanthurus nigrofuscus ns ns ns ns 15
Acanthurus nigroris ns ns ns ns 1
Acanthurus olivaceus ns ns ns ns 2
Ctenochaetus binotatus ns ns ns ns 3
Ctenochaetus striatus ns ns ns ns 12
Zebrasoma flavescens ns | ns ns ns 1
|Acanthuridas subfamily Nasinae {Unicornfishes
Naso annulatus . ns ns ns ns 5
Naso hexacanthus ns ns ns ns 2 -
Naso lituratus ns ns ns ns 16
|Apogonidae (Cardinalfishes)
__Apogon spp- ] ns ns ns ns 1
on angustatus ns ns ns ns 3
Balistidae (Triggerfishes) :
Balistapus undulatus 7
Melichthys niger 5

Meiacantus atrodorsalis

Carangidae (Jacks; Trevallys)

{ Elagatis binhulatus

Chaetodontidae (butterflyfishes)

Chaetodon citrinellus

Chastodon ephippium

Chaetodon kleinit

Chaetodon lunula
Chaetodon mertensii
Chaetodon punctatofasciatus

Chaetodon reticulatus

Chaetodon ulietensis

Forcipiger flavissimus

Forcipiger longirostris

Heniochus monoceros

Cirrhitidae (Hawkfish)

| Cirrhitichthys falco

[Diodontidae (Porcupinefishes

i Diodon hystrix .

|Gobiidae {(Gobies)
i Valenciennea strigatus

|Haemulidae (Sweetlips and Grunts)

H Plectorhinchus obscurus i

Hemigaleidae (Whitetip shark)

"~ Triaenodon obesus [T T T 1 Insl | I Ins ns ns 6

[Holocentridae (squirrelfishes)  Holocentrinae (Squirrelfishes) . .

| Sargocentron spiniferum ns| | [ Ins] I [ [nsT [ T Insl 3

Kyphosidae (Rudderfishes; Sea Chubs)
Kyphosus sp. ' | ns ns ns ns 1
Kyphosus cinerascens ins ns ns ns 4

Labridae (Wrasses)
Anampes spp. ns ns ns ns 2
Bodianus axillaris ns ns ns ns 1
Cheilinus oxycephalus ns ns ns ns 10
Cheilinus unifasciatus ns ns ns ns 15
Cheilio inermis ns ns ns ns 10
Cirrhilabrus sp. ns ns ns ns 1
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Table 3. Agana outfall Fish Species.

shaded boxes represent that species were present.

Pomacentridae (Damseifishes)

Abudefduf saxatalis

Fiscal Year 1980 1991 1992 1983 1984 Tota
quarter 1,23 23 /412 3]4 (2 73 ]a 3 4! nM6
Coris gaimard ng ns ns| ns 6
Epibulus insidiator ns ns ns ns 2
Halichoeres biocellatus ns ns ns ns 10
Halichoeres hortulanus ns ns ns ns 15
Halichoeres margaritaceus ns ns ns ns 10
Halichoeres marginatus ns ns ns ns 11
Halichoeres melanurus ns ns ns ns 1
Halichoeres trimaculatus ns ns ns ns 3
Hemigymnus fasciatus ns ns ! ns ns 4
Hemigymnus melapterus ] | Ins s ns ns 10
Labroides bicolor . ns ns ns ns 14
Labroides dimidiatus ns ns ns ns 18
Macropharyngogon meleagris i ns ns ns ns 6
Novaculichthys taeniourus ns ns ! ns ns 1
Pseudocheilinus octotaenia ns ns NS ns 3
Pterogogus cryptus ns | ns ns ns 10
Stethojulis bandanensis ns ns ns ns 4
Stethojulis strigiventor L ns ns ns ns 11
Thalassoma lutescens ns ns ns ns 15
Lethrinidae (Emperors)
Lethrinus harak ns ns ns ns 1
Lethrinus ramak ns ns ns ns 1
Monotaxis grandoculus ns ns ns ns 1
[Lutjanidae (Snappers) .
Aphareus furca ns ns ns ns | 1
Aprion virescens ns ns ns ns! 3
iMicrodesmidae {Dartfishes)
Nemateleotris magnifica ns ns ns 3
Ptereleotris evides ns ns ns| | 1
[Monacanthidae (Filefishes)
Pervagor janthinosoma
Mugilidae (Mullets)
Parupeneus barberinus
Parupeneus cyclostomus
Parupeneus multifasciatus
Pinguipedidae (Sandperches)
Parapercis sp.
Parapercis clatherata
jPomacanthidae (Angelfishes)
Centropyge sp.
Centropyge flavissimus
Centropyge shepardi
Pygoplites diacanthus

__Abudefduf sexfasciatus ) ns ns ns g
Amphiprion periderion ns ns ns 3
Chryiptera traceyi ns ns ns | 5
Chrysiptera glauca s ns ns 10
Chrysiptera leucopoma ns ns s 11
Dascyllus trimaculatus ns |ns ns 4
Pomacentrus vaiuli ns ns ns 6
_Stegastes sp. | ns ns ns | 1

Scaridae (Parrotfishes) e o
Calototomus carolinus 1. Ins ns ns 2
Scarus gibbus _ 1 |ns! _ins _|ns 1
Scarus globiceps: ns ns ns{ | 11
Scarus schlegeli ns ns ns 11
Scarus sordidus ns ns ns 16

Scatophagidae (Scats)




Table 3. Agana outfall Fish Species.

shaded boxes represent that species were pres

Fiscal Year

- quarter
Platax orbicularis

Scombridae (Tunas)

Gymnosarda unicolor

Scorpaenidae (Scorpionfishes)

Pterois antennata

Serrandiae (Grouper)
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Cephalopholis miniata ns ns 1

Cephalopholis urodeta ns ns 5

Epinephelus sp. ns ns 1

Epinephelus fasciatus ns ns 1

Plectropomus areolatus ns ns 1
'Siganidae (Rabbitfish)

Siganus aregenteus [ InsT T T [ns] 1

‘Sphyraenidae (Barracudas) .

Sphyraena forsteri [ " Tns] [ T Ins] 10
'Syngnathidae (pipefishes)

Corythoichthys sp. I Tns] T 1 Ins] 3
Synodontidae (Lizardfishes)

Saurida gracilis I Tns] T T Ins] 1
Tetraodontidae (puffers)

Canthigaster solandri ns ns ns 4

Cathigaster valentini ns ns ns 2
Zanclidae (Moorish Idol)

Zancluls cornutus ns ns I | ns 7
—total number of species 39 [27 ns 147 143 [38 | ns [38 [38 37 [ns [38
Numberof fish species that fall under each trophic level.

Fiscal Year 1990 1991 1992 1993 1994
quarter 1J2J3Jal1 (2341234 1273 [af1]2]3 |4

Herbivore i 14 11 8 8 8 ns 15 15 15 16 ns 16 12 11 ns 11 11 11 ns 10

Carnivore 18 10 24 21 21 ns 29 22 25 23 ns 24 23 20 ns 20 20 19 ns 19

Invertivore 16 8 23 20 20 ns 27 22 24 23 ns 23 22 19 ns 19 19 19 ns 18

Planktivore 5 2 8 7 7 ns 4 5 4 3 ns 3 3 3 ns 3 3 3 ns 3

Omnivore 1 1 1 1 1 ns0 O 0-0 ns 0 0 0 ns O O O ns O

Corallivore 1 3 6 7 4 ns7 5 7 5 nn 5 4 4 ns 4 4 4 ns 4



DISCUSSION

There were significant changes in percentage of cover by four benthic groups (bare substrate,
turf algae, coral and coralline algae) at the Agana site, over the survey period (August 1989 unﬁl
| September 1994). The final Biological Monitoring Report of Three Sewage Outfalls on Guam,
(Richmond et al., 1994) states that there has been an increase in the amount of bare substratum, and
that some of this may be attributed to the typhoons that have hit in the last few years of the surveys.
There were several Typhoons during the period that biological monitoring was conducted. Typhoons
cause a physical assault on coral reefs from wave action, sediment laden runoff and a disruption in
water quality. A list of the typhoons, the month and year in which they occurred are given in Table

. _ A
The increase in bare substratum was found to be statistically significant for all three transects.
We found that the major increase in bare substratum occurred in mid to late 1992, and correlated
with a decrease in turf algae cover. That year the island df Guam was hit by five typhoons. The
decrease in turf algae is likely to be a result of these typhoons and grazing pressure by herbivorous
fishes. The presence of an outfall would tend to increase the presence of turf and macro algae rather

than cause a decrease in its cover, because of the possible increases in nutrient laden wastewater.
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Table 4. Typhoons within 100 miles of Guam from 1980 until 1993.

Typhoon Maximum
Name Month Year Intensity
Andy April 1989 155 mph
Koryn January 1990 . 75 mph
Russ December 1990 140 mph
Yuri November 199 1 175-mph
Omar August 1992 120 mph
Brian October 1992 75 mph
Elsie November 1992 105 mph
Hunt November 1992 75 mph
Gay November 1992 100 mph

source: National Weather Service, Tiyan, Guam.
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Statistically we fdund that there was a significant increase in coral cover along all three transects
at the Agana site. Richmond, et al (1994) note that there has been no coral recruitment evident from
the present studies. Because of this the increase in coral cover can be attributed to coral growth
rather than recruitment. No étudies on coral recruitment at Guam's ocean outfalls has been done to
date. There was also a significant increase in the percent cover by coralline algae at the 0 m transect.
Coralline algae are one of the major substrates that coral larvae will settle and grow on. Although,
the whole reef line along Agana Bay is very poorly populated by coral, the fact that we are seeing
an increase rather than a decfease in coral cover and coralline algae is a positive sign. Yet it is very
difficult to ascertain weather there is still any adverse affects on such things as coral recruitment and
growth, because there were no benthic éurveys done in areas of the reef that are not impacted by the
discharge. |

As mentioned previously there were several typhoons during the period that biological
monitoring was conducted. When comparing the changes in percent cover of the six benthic
categories after the occurrence of a single, or series of typhoons, it is possible to correlate some of
these changes with the typhoons. Most obvious are the large increases in the percentage of bare
substrate, and a reduction in the percentage of turf algae and coral cover afterwards. Hdwever, after
the 1992 typhoons coral cover increased. This may be as a result of the decrease in the high cover
of turf algae, allowiﬁg for growth and recruitment of the more resilient coral species. Similar
changes in the percent cover of bare substrate and turf algae occured at the Northern District Outfall
site over the same survey period. This tends to support the hypothesis that these changes in benthic
cover were as a result of natural disturbances rather than the discharge itself. However, caution must

be taken in making any assumptibns as to how the typhoons, and grazing pressures have effected the
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benthic community in the area of the outfall, as there is no data from control sites outside the
discharge area with which to make a comparison.

Water quality monitoring of the receiving waters conducted quarterly basis since 1989 has not
indicated that the discharge has had a detrimental impact on the quaﬁty of the receiving waters. The
water quality parameters monitored include; pH, salinity, temperature, turbidity, dissolved oxygen,
and fecal coliform. In general the results are within an acceptable range when compared to the
control site, with the exception of the indicator bacteria fecal coliform, which was often elevated
in the discharge area. There has been no reported incidences of mass fish or invertebrate mortalities,
disease in organisms or any other adverse biological impacts related to the discharge.

In general results from both the water quality and biological monitoring have not indicated that
there has been any adverse effects on the coral reef environment from the discharge at Agana Bay.
The increase in the percentage of benthic cover by goral and coralline algae, and the results of the
fish surveys are positive signs of reef health. The increase in bare substrate and the decrase in turf
algae cover occurred at both the Tanguisson and Agana sites, and is likely to be as a result of natural

disturbances rather than the discharge itself.
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