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Executive Summary

This report has been prepared for the Internati@®alelopment Group (IDG) of the New Zealand
Ministry of Foreign Affairs. It follows a requestoin the New Zealand Minister of Foreign Affairs
during a recent trip to Tarawa to to summarise vigi&nown about the current state of pollution in
Tarawa lagoon, the effect this has on both pubid lagoon ecosystem health, and whether opening
installing causeways or openings in existing caasswvould improve flushing of the lagoon, and
have a positive impact on both the considerabledmend ecosystem health-related problems being
experienced.

On South Tarawa there are a wide range of humaraamdal waste-related contamination sources
and a wide number of contamination pathways. Vilyugvery sanitation system or practice currently

place in South Tarawa contributes to contamamatf the groundwater and / or immediate coastal
waters in some way.

R\/here the lagoon or ocean coastal waters formsop#ne contamination pathway, there are two main
mechanisms that can result in human-related puigiglth issues: 1) contact with contaminated

Aeawater, and 2) consumption of contaminated #tellFaecal contamination of both lagoon water
lose to the shoreline, and shellfish flesh havgeneral (and excessively so) exceed safe levels fo

ﬁome considerable time. Whilst there is no inforamaton the relative influences of the various
contamination pathways resulting in human healflugs, both of these are likely to be significant
given the number of I-Kiribati who bathe or swimthre lagoon each day, and the amount of shellfish

that are collected for consumption.
18/01/11

Past assessments of nutrient levels in the lagadrconcluded that the high level of tidal flushargl
uptake by the benthic biota in South Tarawa wafickrt to assimilate the levels of natural and
waste-related nutrients entering the lagoon. Heawethe algal bloom that occurred in December
2009/January 2010 does indicate that this situasorapidly changing and that that nutrient loads
entering the lagoon now (or under certain circumsta) exceed what can be effectively dispersed by
lagoon flushing or taken up by the marine benthatabin the southern part of the lagoon. If left
unchecked and nutrients accumulate in sufficiemceatrations for such algal blooms to continue or
become more frequent, significant ecological danvaijeoccur.

Flushing in Tarawa lagoon is dominated by the @ the exchange of water over the western
boundary. Whilst currents over, and in the vicirofy the sand flats and southern part of the lagoon
are low, over a tidal cycle a high level of flusipiloes occur due to the high tide range and twadyg d
exchange of water between the sand flats and thitbesm part of the lagoon.

In contrast very little water exchange, relativetidal flushing, occurs through any of the open
channels in South Tarawa or would have occurrealtiir any of the original causeway openings.

Increased flushing of Tarawa Lagoon: The potemiailmproving public and lagoon ecosystem healtttomes iv
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Despite the high tidal flushing overall that occelach day over the lagoon sand flats, pathogenic
faecal organisms become a human health risk as a®dhey reach the water. Hence flushing and
dilution, to a low enough level to reduce healtgksi would need to be near-instantaneous over the
sand flats to reduce public health risks from cont@ated lagoon water of South Tarawa. Given the
contamination loads that are picked up by the giside each day and the distributed nature aloag th
shoreline of this load, the small increases inHing over the sand flats that would be achieved
through opening up any or all of the causeways ot reduce contact or shellfish-related health
risk over the sand flats and would not make angeatisable difference to public health outcomes.

In terms of nutrient concentrations, causeways tcoction will have been a factor in the lagoon
ecosystem health issues now beginning to be sdlegit(a minor one relative to the source issues).
Increasing the flushing potential and reducingdesce time, particularly in the south-east corrfer o
the lagoon may have some limited positive bendfitdshe lagoon ecosystem in the short term.
owever, if the magnitude of the nutrient loadseeng the lagoon are not significantly reduced,
opening up some or all of the causeways will ddimgf to stop significant lagoon ecosystem damage
Ru the foreseeable future.

Whilst improving flushing potential in the southseaorner every little will help, it is unlikely &b the
Aost of doing so would justify the small improverteethat could be achieved. Only increasing the

ow through the Tanea-Buota channel and openingaxpof the Bonriki to Tanaea causeway, are the
Flu:osts likely to be low enough to consider.

-I-Creating openings in the causeways along the detatravestern part of South Tarawa (between
Taborio and Ambo, Taeoraereke to Nanakai to Baakil also at Temaiku) will result in limited
18/01/1]h . . . . .
exchange of water and flushing of either nutriéctt tagoon water reaching the ocean, or ‘clean wate
from the ocean reaching the lagoon. Openings inadrthese causeways will have the potential of

causing significant shoreline changes.

In improving lagoon ecosystem health, as with publgalth outcomes, addressing the sources of
contamination, through effective water and samtaprovision and behavioural change, is the only
way any substantive improvement can be made. Suphoivements will not be achieved through
increased flushing. Not only would this reduce tioatamination pathways via the lagoon, but also
address most of the other potential pathways ak Wt approach planned for the Betio and Bairiki
Peri-Urban Slum Upgrading and first phase of thbdsdsion at Temaiku under the Sustainable
Towns project would appear to provide an effectiypproach. However, care needs to be taken to
ensure the effluent disposal via the existing angl mew ocean outfalls are properly assessed and
constructed to prevent potential human-health aefleécology impacts being moved to the ocean side
coast.

Increased flushing of Tarawa Lagoon: The potemiailmproving public and lagoon ecosystem healtttomes v
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1. Introduction

11

1.2

Background to this report

This report has been prepared for the InternatiDealelopment Group (IDG) of the
New Zealand Ministry of Foreign Affairs. It followe request from the New Zealand
Minister of Foreign Affairs during a recent trip T@rawa to have options assessed for
improving lagoon water quality, specifically the gact of installing culverts or
openings in existing causeways to improve flusliotgntial of the lagoon.

The report builds on discussions held during thgoom Restoration Roundtable held
in March 2010 at the Teuanete Conference Room, Aiap&outh Tarawa. The two
South Tarawa Urban Councils (Betio and Teinainaeopgnise the importance that
the condition of the lagoon has on the socio-economell-being of their
communities. Teinainano Urban Council's (TUC) wgic plan has made the
restoration of the Tarawa lagoon its highest prjoniith this objective also supported
by Betio Town Council (BTC).

A visit to Tarawa was conducted between the 4-1¥eNwer 2010. The terms of
reference for the visit are contained in AppendiBiscussions were held with a range
of stakeholders (summarised in Appendix 2) andssessment of each causeway was
conducted at both low and high spring tide overat¥eNovember 2010.

Outline of this report

The next section, Chapter 2, provides and overviéwhe public and ecosystem
implications of pollution in Tarawa lagoon, discaesghe pollution sources and water-
related contamination pathways and summarises istatown about pollution levels
in the lagoon.

Chapter 3 provides a summary of past studies theat Imvestigated the influence of
the various channels on lagoon flushing and palfutevels and provides a discussion
of the potential opportunity, impact and issueatesl to opening up each channel.

Chapter 4 provides a brief discussion on relevangfomng or planned development
initiatives in South Tarawa, focussing on potentigbortunities and issues related to
public and lagoon ecosystem health. A summary & tAcommendation and

conclusions from the study are provided.

Increased flushing of Tarawa Lagoon: The poteiftiaimproving public and lagoon ecosystem healtttomes 1
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2. Current state of Tarawa Lagoon

2.1

Public and ecosystem health implications of pollutin in Tarawa Lagoon

Contamination of the southern part of Tarawa lagihwa to human and animal excreta
has been a major problem since at least the 19h@sresults in two primary impacts:

* A public health impact due to the potential rang@athogenic (disease-causing)
micro-organismis that are found in faecal wastes (e.g., from humaigs or
birds). Table 1 lists some of the common water-bgrathogens and their human-
health impacts (unfortunately routine microbiol@ditesting is not conducted at
the hospital to determine the organisms respondieparticular pathogenic
public health outbreaks).

* A lagoon ecosystem impact due to high nutrient aedation which leads to
disruption of the normal way the lagoon ecosystenctions.

Kiribati has one of the highest incident rates iafithoeal diseases in the Pacific with
766 and 634 cases per 1000 population in 2008 @@d @spectively. In 2009, 62,723

diarrhoeal diseases required inpatient care witbBlof cases occurring in children

under 5 years resulting in 9 deaths (WHO, 2010)phbjd outbreaks have also

occurred in both 2009 and 2010. Previous assessnmavie indicated that a high

proportion of the total diarrhoeal disease incigeimcKiribati occurs in South Tarawa,

particularly in Betio. The vast majority of thesases are considered to be directly
attributable to unsafe drinking water, inadequatatation and poor hygiene.

These incident rates have increased substantiadliy tbe last few years and have also
seen an increase in other pathogenic-related syngpsoch as cold and flu symptoms;

skin, eye and ear problems and, in particularnarease in festering of cuts and sores
after immersion in lagoon water.

Water quality testing was conducted from 30 samgalken from the reticulated water
system, groundwater wells and rainfall catchmentesys on South Tarawa by the US
Navy as part of the US Pacific Partnership in Au@@99. This found that 60% of the
samples tested positive for faecal coliforms, abith®f wells had nitrate levels above
safe levels, most excessively so. High nitrate Ifewe drinking water consumed
during pregnancy are thought to contribute to mlw@h an increased risk of birth
defects. It can also lead to methomoglobinemiaBlaby syndrome) in infants who

! In this report these are assumed to be bactet#zoa, viruses and helminths (worms).

Increased flushing of Tarawa Lagoon: The poteiftiaimproving public and lagoon ecosystem healtttomes 2
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are fed water or baby formula made with water higimitrates, and potentially via
mother’s breast milk where the mother consumes @t in nitrates. If untreated
this can be fatal. Boiling water that is high intraies increases the nitrate
concentration and the potential risk.

> 00

Table 1:

Disease
Bacteria
Verotoxic E. coli

Salmonellosis

Typhoid fever

Paratyphoid fever

Shigellosis

(bacillary dysentery)

Campylobacter

Micro-organism

Escherichia coli
0157:H7

Salmonella
typhimurium

Salmonella typhi
Salmonella
paratyphi (ABC)

Shigella

Campylobacter

Common source

Intestines of
animals and
infected people

Animals and birds

Faeces of human
typhoid carrier or
case

Faeces of human
carrier or case

Faeces of human
carrier and infected
people

Chickens, swine,

Common waterborne pathogens (Ministry of Healti720

Symptoms

Cramping, vomiting, diarrhoea
(occasionally bloody), fever, dehydration.
Can develop into haemolytic urenemia
syndrome

Abdominal pain, diarrhoea, chills, fever,
vomiting and nausea

Fever, usually rose spots on the trunk,
diarrhoeal disturbances

Fever, diarrhoeal disturbances,
sometimes rose spots on trunk, other
symptoms

Sudden onset diarrhoea, constant urge to

defecate, fever, frequent stools
containing blood and mucus

Watery diarrhoea, abdominal pain, fever,

enteritis Jejuni dogs, _cats, humans, chills, nausea, vomiting, blood in stools
raw milk

Cholera Vibrio cholerae, Human faeces, Diarrhoea, rice-water stools, vomiting,

Vibrio comma vomit; human thirst, pain, coma
carriers, shellfish
I Protozoa
Amoebiasis Entamoeba Bowel discharges of Diarrhoea or constipation, or neither; loss
18/01/11 (amoebic histolytica carrier and infected  of appetite, abdominal discomfort; blood,
dysentery) people; possibly mucus in stool

Cryptosporidiosis

Cryptosporidium
parvum

also rats

Farm animals,
human, fowl, cats,

Mild flu-like symptoms, diarrhoea,
vomiting, nausea, stomach pain

dogs, mice

Giardiasis Giardia lamblia Bowel discharges of Prolonged diarrhoea, abdominal cramps,
carrier and infected  severe weight loss, fatigue, nausea,
people; dog, flatulence; fever is unusual
possum

Viruses

Viral gastroenteritis

Infectious hepatitis

Rotaviruses,
Norovirus

Hepatitis A

Human faeces, or
sewage

Faeces from
infected people

Nausea, vomiting, diarrhoea, abdominal
pain, low fever

Fever, nausea, loss of appetite; possibly
vomiting, fatigue, headache, jaundice

In December 2009 and January 2010 there was aré@aladence of a phytoplankton
bloom affecting the southern part of Tarawa lagdéigure 1 (Webb, 2010). Where
increased levels of nutrients (such as nitratesspimorous and potassium) are input in

Increased flushing of Tarawa Lagoon: The poteiftiaimproving public and lagoon ecosystem healtttomes 3



>0

T

18/01/11

Figure 1:

_NIWA_—

Taihoro Nukurangi

to a system such as Tarawa lagoon, this stimulbiigegical productivity at the
lowest points in the lagoon food chain such asqighkton and zooplankton. Where
this stimulates excessive reproduction of thesarsgns this can be seen visually in
the form of a bloom. In tropical atoll lagoon systesuch blooms are generally rare
and previous studies (Johannes et.al., 1979; Kimnaard Walsh, 1981; Naidu, 1991;
Kimmerer, 1994) have all concluded that to date flnshing characteristics and
capacity of the lagoon benthic biota in Tarawa tagbas been sufficient to assimilate
both naturally occurring oceanic, due to equatargalelling waters in the region, and
human nutrient inputs.

Potential phytoplankton bloom along South TaraweanduDecember 2009-January
2010 (Photo: Dr Arthur Webb, SOPAC).

However, the occurrence of the recent bloom isnalication of excessive levels of
nutrients entering the lagoon system. In a simpless, the lagoon system is now
becoming dangerously out balance between the amofumutrients entering the

lagoon, and how the lagoon can accommodate andtidesé nutrients through: 1)

dilution and dispersion due to flushing (the effie@mess of which will have been

reduced due to the causeways), and 2) the assimilzdpacity of the lagoon benthic
biota in the southern part of Tarawa lagoon. OuantlSdarawa, the most significant
increase in nutrient input to Tarawa lagoon is ljikeo be nitrate and phosphate
produced from the breakdown of human or animal eyaestd is a typical by product

of sanitation systems such as septic tanks ariddatr

The possible reason for the bloom initially ocaugriis potentially to be due to the
high rainfall that occurred (Webb, 2010) during Beber and January (554.6 mm
and 486.3 mm or approximately 3 and 2 times respdygtthe typical amount of rain
that occurs during these months). This would haa Ito an increased flow of
groundwater (and also surface run-off) into theotagand hence increased input of
water-borne contaminants and nutrients in to tgeda.

Increased flushing of Tarawa Lagoon: The poteiftiaimproving public and lagoon ecosystem healtttomes 4
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If nutrient concentrations remain in high enougimeamtrations to enable excessive
algal and plankton growth and such blooms to coetito develop and become more
frequent this can lead to eutrophication. This i@idly lead to disruption or changes
in the normal functioning of the lagoon ecosysteading to problems which include
oxygen depletion, a loss of fish and shellfish andeduction in biodiversity, and
potential health problems, either directly througkic algal blooms or indirectly for
example ciguatera poisoning.

Pollution sources and contamination pathways

On South Tarawa there are a range of human andchbmiaste-related contamination
sources and a wide number of contamination pathwiaags can lead to public or
ecosystem health impacts.

The dominant source of contamination and resulagerborne-related public and
lagoon ecosystem health impacts is the lack of aateqresidential sanitation
infrastructure. Sanitation practices in South Tarabased on information from the
2005 census, are summarised in Figure 2. More reésEmmation based on a survey
of 420 households in Betio and Bairiki as part lo¢ tSustainable Towns Project
identified that only 37% of households have theiwnotoilet with the remainder
sharing a neighbours, using a communal toilet,sanrguithe ocean or lagoon beach. Of
those households using toilets, 24% use a flustesys58% pour flush, and 3 %
composting toilets. 15% are primarily reliant ogdan or ocean beach (PIAC, 2010).
Virtually every current sanitation system or preeticurrently in place in South
Tarawa contributes to (pathogenic) contaminationgodundwater and / or the
immediate coastal waters in some way. A simplifiederview of potential
contamination pathways in relation to public he&@tues is shown in Figure 3.

In addition to contamination from human-relatedrses, the practice of keeping both
dogs and pigs largely uncontrolled and close td damusehold, contributes further
contaminant loading to surface water, groundwaerthe lagoon.

Further pollution sources to lagoon and ocean abasitters are also related to sewage
disposal directly to these receiving environmepdsticularly:

* From shipping that is berthed at the wharf or anetiavithin the lagoon at Betio.
At presentation there is no enforcement of regufafpreventing such lagoon
disposal but an inter-government water pollutiomputtee has recently been
formed to address the issues.

Increased flushing of Tarawa Lagoon: The poteiftiaimproving public and lagoon ecosystem healtttomes 5
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On the ocean shoreline in the vicinity of some lboathe four ocean outfalls at
Betio, Bairiki, Bikenibeu and Tungaru Hospital. Tisalt-water system was
designed so that the sewage discharge, which ierdily discharged at around 10
m below sea level off the edge of the reef, wowddob similar or greater density
than the receiving seawater. This resulted in ikehdrge tending to head down
the frontal reef slope, away from the coast, andikeed and dispersed in deeper
water and is an effective approach to sewage dispasatoll environments.
However, with the breakdown of the saltwater flgsistem and the move to a
dominantly pour flush system using less dense foeabkish groundwater, this
results in the sewage discharge from the outfaitliteg to rise to the surface.
Anecdotal information suggests this is occurrindeast at the Betio and Bonriki
outfalls with at least part of the resulting plupessibly coming back on shore
over the fringing reef.

70

50

50

a0

a0 1 —1_ 29 [ 1

20 1

4

Flush toilet Water sealed  Compost toilet  Lagoon beach Bush Ocean beach Other
latring

] =B

Sanitation type

O 1955 m 2000 m 2005

Changes in sanitation practices in South Tarawadst 1995 and 2005.

Drinking contaminated water and a lack of hygiemenf major pathways for

pathogenic-related public-health problems. In termo$ groundwater-related

contamination pathways, with the exception of higimperatures, most other factors
that influence the inactivation of pathogenic beatand viruses favour their extended
survival and sub-surface transport (Dillon, 199i)particular the sandy nature of the
soils on South Tarawa, and the high infiltratiomesa means that there is limited
capacity for organisms from either surface or stfiase sources of human or animal

Increased flushing of Tarawa Lagoon: The poteiftiaimproving public and lagoon ecosystem healtttomes 6
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wastes to be filtered or absorbed, making it exédgrdifficult to protect groundwater
on South Tarawa unless the source of the contaimimistcontrolled.
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Figure 3: Simplified representation of the main public-heattdated pollution sources and
waterborne pathways for pathogenic organisms (bacteprotozoa, viruses,

helminths).
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Where the lagoon or ocean coastal waters formsgbette contamination pathway,
there are generally two main mechanisms that csultesl in pathogen-related public
health issues:

» Contact with contaminated seawater, for exampléndubathing: Pathogens can
enter the body if water is swallowed, inhaled amedn to contact with ears, nasal
passages, mucuous membranes or cuts in the skify @80D3). In the many cases
the ill-health effects from exposure to contamidaveater are minor and short-
lived. However, there is the potential for morei@as diseases, such as hepatitis
A, giardiasis, cryptosporidiosis, campylobactesosind salmonellosis (MfE,
2003).

e« Consumption of contaminated shellfish: Shellfiske dilter feeders and can
accumulated pathogenic micro-organisms, virusestopoa, marine biotoxins,
heavy metals or other toxic substances within ttiesues. The human-health risk
is particularly high where shellfish are consumad,rwith some diseases causing
viruses able to withstand both freezing and coakiilgmany parts of the world
the consumption of shellfish has been associateth wutbreaks of viral
gastroenteritis and hepatitis A infection causeda®cal contamination of coastal
waters with human waste. The consumption of comtated te bunAndara
maculosa was a factor in the cholera outbreak in 1977/78

At present there is no information available on tblative influences of the different
contamination pathways resulting in human healthaicts.

In lagoon and coastal waters, faecal bacterial \anges reduce with time due to
inactivation or death. Salinity, temperature andbitlity all influence the rate of
inactivation but it is exposure to solar radiattbat has the most significant effect. In
Kiribati, during daylight and in sunny conditioresecal bacterial are reduced by about
50% in 6 hours (Kelly, 1994). Viruses on the othand can be present for many
weeks after release in to the lagoon environmentridéhts, in essence, remain in
concentration until there are either diluted argpdrsed by flushing or are taken up by
lagoon biota. They become detrimental to the lagamosystem if they remain in high
enough concentrations that results in excessiva algl plankton growth.

Lagoon water quality

Limited information of coastal lagoon or ocean wageality is available. Ad hoc
monitoring has been conducted, including in 197&rathe cholera outbreak in
1977/78 (Johannes et al., 1979), various Universityhe South Pacific activities,

Increased flushing of Tarawa Lagoon: The poteiftiaimproving public and lagoon ecosystem healtttomes 8
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(Naidu et al., 1991; Kelly, 1994), and as part loé fTarawa Lagoon Restoration
Project (Kimmerer, 1994; Danielson et al., 1394)

Currently the Environmental Health and Laboratorgits) under the Ministry of
Health and Medical Services monitors the qualitywafl water, rain water, Public
Utilities Board reticulated water, and lagoon awdan water (Figure 4). According to
the Unit, parameters that have been tested indhngleonductivity, dissolved oxygen,
salinity, turbidity, temperature nitrate/nitriteutbthe equipment has been broken for
some time), chlorine, lead, and faecal coliforms)fddtunately the data is not
available as the computer and back-up that heldddta was stolen in 2010 and
attempts are currently underway to recover the fitata the original recording sheets
where they have been kept. However, in the catsgobn and ocean monitoring it is
doubtful whether the results could be used to labthe long-term changes in water
quality as samples tend to be collected on the sdame(Tuesday) each month and
depending on the tide are not collected at the sktation (either close to the
shoreline if the tide was high or out on the sanckef flat if the tide was lower). As is
discussed in the next section, contaminant coragoms can vary substantially
depending on their location across the sand fldtaamthe state of the tide.

Tabiteuea

- vbatao

N
2 - Bonriki

e — i

Temaiku

L. Bairiki
~ s

" Teaoraereke

Location of Environmental Health Unit lagoon andceaa monitoring (red circles).
The location of the four ocean outfalls are shownhe blue arrows

Lagoon bacterial contamination patterns

Figure 5 summarises the bacterial results fromdagand ocean reef water samples
presented in Johannes et al. (1979) and Naidu @t98l1). Kelly (1994) also found
that mean faecal coliform counts exceeded 350 /Mot 7 of 12 lagoon sites and 2

2 Both the Kelly and Danielson reports have not babfe to be viewed as part of this
assessment.
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of 3 ocean outfall sites with the highest level2,080 / 100 ml) occurring in the
eastern corner of the lagoon.
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Figure 4: Bacterial results presented in Johannes et al9)1&6p) and Naidu et al.,(1991)
(bottom). Red dots indicate bacterial counts at&f¥@/ 100 ml, orange between 0 and
T 200 / 100 ml and green, no bacterial accounts. THTEOO numerous to count. Blue
arrows show the location of the ocean outfalls. Vakies on the top plot show the
bacterial counts for faecal coliform / faecal stogpcci, with the values on the bottom
plot the lowest and highest faecal coliform codatken over three sample dates.

18/01/11
The conclusions drawn by all these studies indith#t bacterial contamination is
predominantly from human sources with the highegtls occurring in the proximity
of the areas with the highest population densitieslso suggested that:

* Highest contamination typically occurred durindifa tides and in the morning.
This is likely to be due to increased use of tlygoéa as a toilet during the night /
early morning and the high bacterial die-off durthg day due to inactivation by
exposure to solar radiation.

e Lower contamination levels towards edge of reafndsflat and on the rising tide.
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Contamination decreased with tidal flushing, ircréased dilution and removal of
nearshore contamination occurred on Spring tidespaoed to neap tides. However,
prior to this flushing faecal concentration levale very high for a couple of hours
each day.

Whilst no monitoring data is available since 199 same pattern of contamination
will be occurring, and indeed worsening, along bolarawa as the population has
continued to increase from around 28,350 in 199&ntafficially around 50,000 in the
2010 census.

At both Bairiki (east of the harbour) and Betiogeaf the port reclamation) during the
visit in November there were pockets of visuallflyted water and a foul odour.
Johannes et al., (1979) noted this as a local iasBairiki also, with it being due to
the structures / reclamation trapping and concengrébenthic algal detritus (albeit
there was evidence of nappies and other humanroordtion sources also during the
visit in November) due to the easterly wind-drivemrface currents resulting in a
localised stagnant area.

The above observations suggest that:

« In general Tarawa lagoon is very well flushed dugéhe high tide range and large
volume of water that is exchanged over the opertemedoundary of the atoll
(and between the sand flats are deeper lagoorgethdater quality in the lagoon
would be much worse if water exchange over the avadtoundary was restricted
by a reef flat and motu as on the east and soutioarsts.

* It is the high input of human waste that is ocewgron a daily basis that is then
picked by the rising tide, particularly in the mimg that is causing the high
contaminant levels and the contamination gradienmyss (from shoreline to the
lagoon edge) the sand flats along South Tarawas dily cycle is shown in a
simplified form in Figure 5.

Increased flushing of Tarawa Lagoon: The poteiftiaimproving public and lagoon ecosystem healtttomes 11
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Rising tide: ‘Clean’
water from lagoon
over sand flats

Dilluted and in general Rising tide water comes
lower pellution in to contact with high

concentrations at low pollutant loads along the
tide in main body of the shoreline from direct use
lagoon and groundwater

Bacteria die-off during Upper tide: High
the day due to solar pollution concentrations
radiation in water over sandflats
4 along south Tarawa

Falling tide: Dilution
and mixing occurs

Simplified daily cycle of contaminant loading angdbsequent dilution and bacterial
die-off along South Tarawa.

Shellfish contamination

The previous studies of bacterial contaminatiodagoon water summarised above
also assessed bacterial contamination in commamgumed filter-feeding bivalve
molluscan shellfish. The cholera outbreak in 1987f¥as in part due to the
consumption of contaminated shellfish (te bumadara maculoga No known
information or studies have been found on potentalels of enteric viral
contamination shellfish.

The patterns of bacterial contamination in shéilfiscorded by Johannes et al., (1979)
and Naidu et al, 1991) are summarised in Figurddyvels varied depending on
species and location over the reef flat where tlveye gathered but in most cases
vastly exceed safe consumption levels. Again comation levels in the south-east
corner off Bikenibeu were higher than further weselly (1994) also found that
faecal coliforms levels in edible shellfish atsites monitored exceeded U.S. National
Health standards at all sites.

Given the continued population increase and poltutissues since this time it is
unlikely that there any shellfish gathering locatiocover the sand flats along South
Tarawa that won't result in risk of severe healiitcomes when consumed.

Increased flushing of Tarawa Lagoon: The poteiftiaimproving public and lagoon ecosystem healtttomes 12
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® Te bun (Anadara maculosa)
m Te koikoi (Asaphis pectinatum) @Above safe consumption levels
A Te koumara (Gafrarium violascens) @ Within safe consumption levels

Summary of shellfish faecal coliform levels in dfigh as reported by Johannes et al.,
(21979) (top) and Naidu et al, (1991) (bottom).

Nutrient levels

Water chemistry measurements were included inttitées by Johannes et al, (1979),
Kimmerer (1981), Naidu (1991), Kelly (1994) and Kivarer, (1994). All these
studies concluded that the nutrient loading frorman waste enter the lagoon was not
at the time causing a detrimental impact on thedagecosystem. However, as
discussed in Section 2.1 this situation appearisatee changed. Given the nutrient
issue is due to increased concentrations, the swadrely affected areas are again
where the population is higher and flushing is Istvalong the central and eastern
parts of South Tarawa.

On the ocean side, Kaly (1996) carried out a dmladssessment of the effect of
sewage release from the existing outfalls on thacadt reef ecology prior to the
rehabilitation of the sewage schemes in Betio, idaénd Bikenibeu under the ADB
funded Sanitation, Public Health and Environmerpriovement Project. This found a
relatively high impact on the outer reef ecologlated to the outfalls discharging in
relatively shallow water but that this could beueed in the saltwater system was
functioning and the outfalls could be extendediml¢eper water. Anecdotal evidence
suggests that at present algal cover has largg@hacded coral cover over much of the
areas surrounding the various outfalls, which éaative of excessive nutrients.

Increased flushing of Tarawa Lagoon: The poteiftiaimproving public and lagoon ecosystem healtttomes 13
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3. The potential for improved lagoon flushing

3.1

Figure 7:

Overview of past studies assessing the influenceatfannels on flushing

South Tarawa has approximately 5.1 km of causewWigiggire 7) that have closed

naturally occurring channels between islets (We&ttli,0). The construction of these
causeways and resulting blocking or reduction éitherchange of water between the
lagoon and the ocean side is_an exacerbd#iomr in the water quality issues being
experienced in the southern part of Tarawa lagddre causeways are not the
fundamental cause, for example water quality problevere occurring at Betio, long

before the Dai Nippon causeway was constructed

" Tabiteuca
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(Anderson Causeway)

Causeway locations on South Tarawa

A number of past studies (Chen and Kimmerer, 26024ds Consulting Ltd, 1996;
Damlamian and Webb, 2008) have assessed the in8uehthe channels in South
Tarawa on water quality and circulation within Twealagoon. Each of these studies
have limitations, namely most assume complete raio¥ the causeway and an
exchange of water over the complete removed lemgthsome generally conclusions
can be drawn and are summarised below.

Most significantly these previous studies indicttat the exchange of water through
the channels along both the eastern or southesilic@s is extremely small, relative
to the average lagoon volume or the volume of wttat is exchanged through the
western boundary, Table 2. On the eastern chanft@ig,is predominantly (98% of
the time, (Damlamian and Webb, 2008) from the odeahe lagoon side due to wave
set-up effects on the tradewind ocean shorelinessnétrong winds occur from the
west when a lagoon to ocean flow can occur arougld tide. On the southern coast
net flow tends to be from lagoon to the ocean hig tdepends primarily on wind
conditions. However, the volume of water exchanged!d be low due to the lack of

Increased flushing of Tarawa Lagoon: The poteiftiaimproving public and lagoon ecosystem healtttomes 14
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any significant wave set-up on the ocean reef amdnmal difference in tide level
between lagoon and ocean, particularly along thetewe half of South Tarawa.

Summary of water exchange measurements througbugachannels and openings in

Tarawa lagoon.

Channel or opening

Over the
boundary

western

12 eastern channels
(total)

6 Eastern channels

(total)
Tanaea to Buota

Tanea to Buota

Bairiki to Betio

Exchange through channels and

openings expressed as a percentage of
mean lagoon volume®

44% and 46% of the mean lagoon volume
during flood and ebb respectively on a
Spring tide.

2.1% and 0.16% of mean lagoon volume
over a Spring and Neap tide respectively (in
to the lagoon)

0.46% of mean lagoon volume over a high
tide (in to the lagoon)

0.04% of mean lagoon volume over a high
tide (in to the lagoon)

0.03 of mean lagoon volume over a tidal
cycle (in to the lagoon)

0.14% and 0.06% of mean lagoon volume
over a Spring and Neap tide respectively (out

Reference

Damlamian and
Webb, (2008)

Damlamian and
Webb, (2008)

Chen et al (1994)

Chen et al (1994)

Groves and Yeeting

(1981)

Kimmerer and Walsh
(1981)

of the lagoon over 3.25 km of reef flat)

Chen et al (1994) concluded that approximately 2&%30% of water in the
southeastern corner of Tarawa lagoon would hawgnadly been derived from flows
through the various channels in the vicinity, ahdttopening the Temaiku channel
(assumed to be 225 m wide which is much wider thanld have naturally occurred)
would improve local circulation by around 11% armult in a slight reduction in
residence timein the area from 6.4 to 5.7 days. Opening up theaf the southern
causeways would not have any noticeable impact allutipn levels in the south-
eastern corner.

Royd (2006) provides a history of the Temaiku clehnand its closure. Further

modelling, albeit also using a relatively coarsedelp suggested that opening the
Temaiku channel would reduce pollution concentraty approximately 10% in the

vicinity of the south-east corner of the lagoon.

% Based on an assumed mean lagoon volume of 2 twl(amlamian and Webb, 2008)
* The average time a particle will remain in a gatr area. Increasing flushing reduces
residence time.
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Damalian and Webb (2008) also carried out an Iréisg@essment, using a much more
detailed hydrodynamic model than the in the previowo studies, of residence time in
various sections of the lagoon with and without ¢heseways for the four southern
causeways and the Temaiku channel opened. Thiseshseme significant reductions
in residence time along the South Tarawa coastéuiion needs to be expressed as
the results look overly optimistic and may be rexdkito:

* Wider openings being assumed at each channel tbaldwe practical or would
be maintained naturally. The inter-tidal channeistive south coast would have
naturally, prior to causeway construction, beensaterably narrower than the
entire length of each causeway due to reef flad d@sanks and sand spits that
extended from each islet.

* Alack of reef/sand flat bathymetry and flow ordidevel measurements to ensure
accurate representation of flow exchange through ebannel.

As part of the Asian Development Bank / World Bao#&d upgrade project the design
consultant will review opportunities for openingsthe existing causeways to improve
flushing, but currently there is no budget allosatior specific requirement for
causeway opening to be included in the terms efreetce.

Potential influence of channel flushing on public kalth and lagoon ecosystem
outcomes

The above studies and observations indicate thethifhg in Tarawa lagoon is
dominated by the tide and the exchange of water theswestern boundary. Whilst
currents over, and in the vicinity of, the sandsfland southern part of the lagoon are
low, over a tidal cycle a high level of flushingedooccur due to the high tide range
and twice daily exchange of water between the $aisland the southern part of the
lagoon.

In terms of pathogenic lagoon contamination aneéffisct on public health, the lagoon
is only one of a range of pathways that resultengte becoming ill (see Figure 3),
albeit one that may be reasonably significant givenhigh levels of lagoon usage and
consumption of shellfish. Despite the high tidaistiing overall that occurs each day
over the sand flats, pathogenic faecal organisraerbe a human health risk as soon
as they reach the water (Johannes et al, 1979ceHumshing and dilution, to a low
enough level to reduce health risks, would nedsktoear-instantaneous over the sand
flats to reduce public health risks from contam#datlagoon water of South Tarawa.
Given the contamination loads that are picked uphieyrising tide each day and the
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distributed nature along the shoreline of this |dad small increases in flushing over
the sand flats that would be achieved through aygeunp any or all of the causeways
would not reduce contact or shellfish related-risler the sand flats and would not
make any discernable difference to public healtic@ues.

The high level of tidal dilution and dispersiontie reason that in general nutrient-
related problems, until recently, have not had aendetrimental impact on lagoon
ecosystem health. However, the algal bloom thatiwed last year does indicate that
this situation is rapidly changing and that thatrieat loads entering the lagoon now
(or under certain circumstances) exceed what cagffeetively dispersed by lagoon

flushing or taken up by the marine benthic biotéhe southern part of the lagoon. If
left unchecked and nutrients accumulate in sufficieoncentrations for such algal
blooms to continue or become more frequent, sicgifi ecological damage will

occur.

In improving lagoon ecosystem health, as with mub#alth outcomes, addressing the
sources of contamination, through effective wated aanitation provision and
behavioural change to reduce the levels of contatmoim source, is the only way any
substantive improvement can be made. However, lagesidence times will have
been increased due to causeway construction whBich factor (albeit a minor one
relative to the source issues) in the nutrientteelassues now being seen. Increasing
the flushing potential and reducing residence tipagticularly in the south-east corner
of the lagoon may have some limited positive besed the lagoon ecosystem in the
short term. However, if the magnitude of the nuiril@ads entering the lagoon are not
significantly reduced, opening up some or all & tauseways will do nothing to stop
significant lagoon ecosystem damage in the forddedature.

Over the next sections, each causeway is assessdtef potential to provide an
opening for lagoon water quality improvement alavith other opportunities, issues
and risks noted.

Tanaea — Buota

Current situation

The channel between Tanaea and Buota is spannedsbygle lane bridge with an
opening of approximately 50 m. The bridge piersnidd significantly constrict or
reduce the flow of water, which for the majority fe time flows from ocean to
lagoon. In 2008 the bridge suffered a partial @it and became impassable for
vehicles. A low causeway structure (Figure 8),le bcean-side of the bridge, was
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constructed to enable vehicles to cross the chaduraig the lower part of the tidal
cycle. However, this structure reduces the volurhewvater flowing through the

channel, and blocks it completely over the lowert md the tidal cycle. With the

repair of the bridge across the channel in 2008 |alv causeway is now little used,
falling in to disrepair, and presently is unlikebybe passable by vehicles.

Low causeway across the channel between TanacBLena.

Opportunity, issues and risks

Removal of the low causeway structure would reisulin increase in the volume of
water flowing from ocean to lagoon particularly idgr the lower part of the tidal

cycle. The increase in total volume will be relativsmall but will have some slight
incremental benefit by increasing input of ‘cleavater in to the immediate sand flat
and lagoon area, improving localised flushing andsibly local fish and shellfish

environments, and reducing water temperaturesaichiannel.

Removal of the causeway has low environmental aistk low cost. The TUC Mayor
does not consider there would be any communitystasie to the removal of the low
causeway. The causeway material would need to bevwed from site with the

potential to be crushed and used as construction fi
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Bonriki — Tanaea

Current situation

A single lane causeway connects Bonriki with Tanabach completely blocks any
flow of water through the channel between the o@eahlagoon The channel is split
in to three sections for all but the highest tieeels by two raised conglomerate rock
platforms that run parallel to the channel (Fig@je Since the causeway was built
sand has accreted in all three channels on bothotkan and lagoon sides and
mangroves have established over the upper inter-adeas where accretion has
occurred. On the Bonriki shoreline, residentialgany has developed over part of the
accreted shoreline, with a reclaimed area and eesal property now located along
the lagoon-side of the southern coastline of Tanaea

“. platforms .+ =

Residential property
on accreted shoreline

Bonriki

Key features of the Bonriki-Tanaea channel and e&ag showing the three sections
(numbered 1, 2 and 3) that make up the channel

® This, and the subsequent sections are based lwriapsper discussing the opening up of the
Bonriki-Tanaea causeway prepared by Arthur WebbR&O) during an email-discussion
between Farran Redfern (MELAD), Doug Ramsay (NIW&Rd Arthur Webb (SOPAC) in
September 2010.
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At present upgrading the Bonriki-Tanaea causewayotsplanned under the Asian
Development Bank/World Bank road upgrade projecthwactivities unlikely to
extend any further north than the airport.

Opportunity, issues and risks

Installing culverts or a small Bailey bridge toestablish a flow of water through the
channel would, as with the channels to the noiitklyl result in a flow of water from
the ocean to the lagoon for the majority of theetidue to the effect of wave set-up on
the ocean side reef. The volume of water flowingtlgh any opening would be
considerably less than that occurring through taeata-Buota channel to the north.
Water flowing through the channel is likely to rbdhe lagoon by joining the Tanaea-
Buota channel to the west of Tanaea.

Opening up the entire causeway (i.e. all three wcéls) would result in erosion and
shoreline adjustments occurring along both the Boand Tanaea shorelines adjacent
to the causeway. On the Bonriki side, a numberesfdential properties are now
located on land that has accreted due to the imfief the causeway. If all of channel
1 was opened this land would be rapidly lost anaperty impacted. The southern
coastline of Tanaea, particularly to the lagoonesaf the causeway, has been
substantially modified with a number of residenpabperties now located on a very
vulnerable area of reclaimed land. Whilst addregsire long-term viability of this
community in this location is an issue itself, ojpgnup channel 3 would result in
changes in the present shoreline.

To prevent potential erosion and readjustment efghorelines of both Bonriki and
Tanaea bordering the channel, if this causeway Ietopened, it is recommended that
only the channel 2 (middle channel) and potentiafigund 10 m of the northern part
of channel 1, adjacent to the raised conglomeb&®pened (Figure 10).

In opening up channel 2, some fringing mangroves tiave established in both the
ocean and lagoon sides of the channel adjacehetoauseway will be lost. There is
potential to offset this loss with mangrove plagtalong both the Bonriki and Tanaea
shorelines on the lagoon side of the causeway lpdtebilise the shoreline bordering
the channel

Re-establishing a flow of water through the chanvilireduce water temperatures in
the old channel and surround sand flats and wilprowe localised flushing and
possibly local fish and shellfish environments.
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Sand that has accreted in the channels due totigtraction of the causeway is clean
and well sorted and any sand excavated to re-dechannel could be used to meet a
small amount of the top-fill requirements for theis&inable Towns Project in
Temaiku.

Pétential

Deatio

Mangrove
replanting
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Figure 10: Potential culvert / bridge opening and summaryesfiedial activities at the Bonriki-
Tanaea causeway.

3.5 Temaiku

3.5.1 Current situation

Re-establishing the opening at Temaiku has beausked for many years with the
history of the Temaiku channel closing and som¢hefsocio-economic rational for
opening summarised by Royds (1996).

Figure 11 shows the Temaiku area in 1943 prior g geclamation and channel
closure. At the ocean eastern end the channelvmadpenings, the main northern

Increased flushing of Tarawa Lagoon: The poteiftiaimproving public and lagoon ecosystem healtttomes 21



—NIWA_—

Taihoro Nukurangi

opening and a smaller one to the south, both ofhvappear limited in size due to the
ocean beach blocking off much of the entrance. Al the channels to the north, the
intertidal channel would have been relatively nar{a few 10’s of metres in places),
and exchange of water limited. The flow would haeeinantly been from ocean to
lagoon, albeit with potential a slightly greatergantage of time with flow from the

lagoon to the ocean than further north.
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North

Figure 11: The Temaiku Bight area in 1943 (top) (Photograpbrtasy of Dr Arthur Webb,
SOPAC) and at present (bottom).

Increased flushing of Tarawa Lagoon: The poteiftiaimproving public and lagoon ecosystem healtttomes 22



> 00

T

18/01/11

3.5.2

_NIWA_—

Taihoro Nukurangi

Due to the reclamation of the Temaiku area, théade® between the old ocean
opening and the lagoon inter-tidal area is ovem® kigure 11. A large number of
residential properties have been constructed, pitynalong the naturally occurring

flanks of the old channel but with a number ovevdolying reclaimed areas. Three
causeways with access roads now cross the old ehaktrthe mouth of the northern
channel, a number of seawalls and reclamations teagred and the position of the
shoreline has shown some changes. At the locafitimecold south channel, the road
is prone to overwashing at high tides and modevatee conditions.

Opportunity, issues and risks

Given the lack of circulation in the south-eastnasrof Tarawa lagoon re-establishing
a flow through the Temaiku channel would have spwstive impact on flushing of
nutrients and reduction in residence time.

Dredging and reopening a channel of a similar widtid depth as would have
originally or naturally occurred would:

» Unlikely result in a significant exchange of watelative to that required to make
any significant difference to overall flushing alagjoon ecosystem health in the
south east corner, albeit some local benefits @atlur within the Temaiku bight
and immediate lagoon areas.

« May create an additional pollution source to thgotan (via the channel) from
contaminated groundwater due to inadequate septitities in the properties
along the South Temaiku area.

« Have a significant capital cost given the amoundrefdging required to create the
channel. The likely capital cost will far outweighy potentially achieved lagoon
water quality benefits unless the dredge mater&d suitable to be used to raise
land levels for the Sustainable Towns Project. Esenthere may still be less
expensive sources of sediment for this purposeh siscsand dredged from the
lagoon.

* Require the relocation of more than 5 properties)aval of three causeways and
construction of at least two bridges (one at thgaat road and one on the
Temaiku coast road), as well as potentially cogstatection along the adjacent
shorelines along both the airport road and at ttean side opening. There is a
real risk that re-opening the channel may caustndurshoreline change on the
ocean side coast adjacent to the opening.
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Opening up a larger channel (As an example, thenéxtf a 200 m wide channel is
shown in Figure 12) through creating an artifigiallide and maintained channel
would increase the exchange of water between oaedriagoon, improving flushing
potential:

e This would require a substantially larger capitadtcto create (including increased
dredging and at least two substantial bridges, emgineering structures at the
ocean entrance) and likely significant maintenacast to maintain (there would
be a tendency for sediment to move from the ocanajacent beach and reef
flat in to the channel).

* Would have substantial greater impact (than a materally-sized channel) on
shoreline change on the adjacent open ocean cwastli

* Would require the relocation of a large amountesfidential property and a loss
of a large amount of claimed and filled land.

Potential route of a channel at Temaiku (dashedewime) and potential approximate
extent of a 200 m wide channel (red shading).

In improving flushing potential in the south-eastrreer every little will help.
However, unlike the changes or opening to the thanaoels to the north described in
the previous sections it is unlikely that the sniaprovements that can be achieved
through opening up any size of channel at Temaikuligely to be justifiable given
the considerable capital costs, and potential baadi environmental issues and risks,
of doing so. Increasing flushing via the channela only help ease the symptoms
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slightly but cannot provide an adequate solutioth&lagoon nutrient problems in this
south-east corner.

Temaiku - alternative

Current situation

An alternative to the old Temaiku channel propodsd the current Mayor of
Teinainano Urban Council is to open up the narreetisn of land between the ocean
and lagoon at the southern end of the airport ebdlle eastern boundary of Bikenibeu
(Figure 13). This would be a much shorter chanaed, potentially less expensive to
construct. No channel naturally occurred in thesaar

On the ocean side, the proposed channel wouldsgtern long section of beach that
stretches from Temaiku to beyond Tungaru Hospitahted by a relatively narrow
fringing reef. On the lagoon side, the channel opemould enter the lagoon at the
south-east corner of the Temaiku sand flats, iexansive area of mangroves that is
covered by water on only the highest part of tdaltcycle. This section of land from
the hospital toward Temaiku is relatively densedpuylated.

/"IN

" O
Propertysand 7., >
andowners to — -+ ‘thannel
be rglocated . - - 2

Likely minimum extent of
direct shoreline change

Location of proposed alternative Temaiku channel smmmary of main issues and
impacts.

3.6.2 Opportunities, issues and risks

The rationale for the artificial channel is to pides an alternative to the Temaiku
channel that is shorter, and to provide potentiglam boat access for local fishermen
at the eastern end of the island (rather than lthageall the way to Fishermen’s
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Channel at the Dia Nippon Causeway, or via theheort channels where ocean
access is rare due to the wave conditions).

Unlike the channels to the north, where wave setopthe ocean reef creates a
dominant ocean to lagoon flow, along the south tcsagh wave set-up will not have
as significant a role. Rather it is likely that thevill be an ocean to lagoon flow on
part of the rising tide and lagoon to ocean flohigh tide and on the upper part of the
falling tide. On the lower half of the tide therg unlikely to be any significant
exchange of water through the channel. The voluhweater that would flow through
the channel in either direction over the upper pérthe tide would not be all that
substantial (relative to the daily flushing duetlie rise and fall of the tide over the
lagoon sand flats) and improved flushing would &ielyf localised over the sand flats
in the south-west corner.

There are a number of significant social and emvirental risks associated with this
option (Figure 13), including:

* A substantial number of residential property wonded to be relocated to enable
a channel to be created and a new road and pedesiridge constructed of
sufficient height to enable boat access underragatigh tide.

¢ On the ocean side:

0o The channel would intercept the predominant eastwést longshore
movement of sand. This would likely cause substhstiosion and shoreline
change along the adjacent ocean coastline.

o ltis likely that the channel would require periodiearing to keep it open,
particularly from sand transport in to it, or a@dbe mouth, from the ocean
side.

0 A significant amount of sand moved on to the rdaf flue to lagoon to
ocean flows through the channel would likely be tf§the edge of the reef.
This would represent net loss of sand from thecaiijaocean side beaches
furthering erosion potential, and would impact be living coral at the edge
of the reef.

o Given the lack of any natural channel at the refgfeealong this section,
small boat access over the reef flat and outerisesily likely to be possible
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on a high tide and when wave conditions are lowce&s is unlikely to be
possible for the majority of the time.

* On the lagoon side tidal channels created will ltdsua loss of mangroves and
care would need to be taken to ensure that anychaitmels did not impact on the
road to the airport or on development along thesttio@ immediately to the west
of the channel entrance.

This is considered a very high risk option on betivironmental and social grounds
with the potential impacts far outweighing any e€amimental (i.e. minimal increase in
flushing within the Temaiku Bight) or social bensfi

Ambo — Taborio

Current situation

The opening between Taborio and Ambo was the oalyral opening along the
approximate 17 km section of South Tarawa betwesmaiku and Taeoraereke. Prior
to the causeway being constructed the opening kel Ito have been a narrow
channel or channels through inter-tidal sand bawkh, a spit extending east from the
eastern end of Ambo (hence relatively easy to cocista causeway closing the
opening). On the ocean side, a number of offsisbe¢si provide shelter, with the inner
part of the reef ponding at low tide. The sheltaratlire, sand covered inner-reef flat,
and likely nutrient input from the high level ofage of the ocean beach as a toilet
along the Taborio coast, results in the only paafeseagrass found on the ocean side
of South Tarawa.

The closure of the opening has resulted in acaraifoland, along the length of the
causeway on the lagoon side (which is now staté)land along the adjacent Ambo
lagoon shoreline (upon which some residential pitype now located). At the eastern
(Taborio) end of the causeway, the reclamation devklopment along the Taborio
lagoon shoreline, and tendency for the net moveroémieach sediment along this
section of lagoon to be to the west, results imm@awer strip of land between the road
and the lagoon beach and for the shoreline to lre mmne to periods of erosion and
change. This area was identified as one of theifyriareas for shoreline protection
under Phase Il of the Kiribati Adaptation Projedthwan approximately 280 m in

length section of seawall recently constructedyfeédL4).
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Location of Ambo causeway and summary of main ssunl impacts.

Opportunities, issues and risks

Given the lack of natural openings along the sactibcoast between Temaiku and
Taeoraereke, the level of direct use of the beaxhlagoon as a toilet and direct
pollution of groundwater due to the lack of anyiaa@tted sewer system between
Bikenibeu and Taeoraereke, improving flushing coloéd expected to have a more
significant impact than some of the other causelaegtions.

Furthermore if the opening was large and high ehawogallow local small fishing
boats to pass between the lagoon and ocean siddseampper part of the tide, it
would substantially cut the time and distance fogan access, compared to travelling
all the way to the Fisherman’s Channel at the Digpbih Causeway. There would
appear to be at least a couple of natural charawlsss the outer reef which could
enable boat passage under low wave conditionsit ateeamount of time that wave
conditions would be safe enough to cross this @edaf reef will be less than at the
Fisherman’s channel.

As with other channels along the South Tarawa toasthere is unlikely to be any
significant difference in water levels between toean and the lagoon side (Section
3.2) throughout the tidal cycle, albeit the diffeces at Ambo causeway are likely to
be slightly greater than further west due to ahsligg in tide and small amount of tide
range amplification. Hence the potential net irttartge of water through any opening,
irrespective of the width, is unlikely to be sigo#nt, with a slightly greater flow
likely from lagoon to ocean, particularly duringetmormal north-easterly wind
conditions. Any change in flushing will again bdatevely local and limited to the
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immediate Taborio/Ambo sandflat area. However, géhare two issues which will
influence the degree of flushing:

* The reef flat on the ocean side ponds on the Igpaetr of the tide cycle. At high
tide and first half of the falling tide, water witnd to flow from the lagoon to the
ocean-side reef flat, with water flowing off theeam reef flat to the ocean.
However, on the lower part of the falling tide dirdt half of the rising tide there
is less interchange between the ocean-side reiefifid the ocean resulting in
water flowing from the ponding ocean reef flat batho the lagoon. This further
limits the amount of water from the lagoon thatr#sferred to the open ocean, or
the amount of ‘clean’ ocean water that is transféiio the lagoon during a tidal
cycle. This is summarised in Figure 15.

* As the ocean beach is extensively used as a taileeast along the Taborio
shoreline, contaminant levels on the ocean-sidefl@emay not be significantly
different to that in the lagoon.

Causeway location

Lagoon Sand flat Reefflat Ocean
= = '

rd

Pl
ﬂ

High tide and upper part of falling tide

. o

ower part of falling tide
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7 Lower part of rising tide /_\

) - W
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Figure 15: Summary of flow directions (green arrows) betwela kagoon, lagoon sand flats,

ocean side reef flat and ocean during a spring tigale under typical weather
conditions through an opening in any of the chamrebng the South Tarawa
coastline.
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Any opening will tend to result in a net movemer#.(loss) of sand from the lagoon
to ocean reef-flat side with the impact of thigenms of shoreline change and erosion
depending on the location and size of the opening.

Whilst the magnitude of any flushing will increasgth the size of the opening
through the causeway, opening up the channel tonideh prior to the causeway
being built, or a lesser width located to the wedhe new KAP seawall would result
in substantial shoreline change and loss of lanthéowest along the Ambo lagoon
and eastern ocean-side frontage (Figure 14).

To limit the shoreline impacts (and if enabling #nfwat passage was important),
opening a short section at the eastern end ofabsesvay could be considered. This
would require removal of a section of the newly pteted KAP seawall but would
likely have least negative impact on shoreline geanas the lagoon shoreline along
the Taboroi frontage is largely reclaimed and #reainder of the KAP seawall would
limit the most significant impacts to the west. Hawer, there would still be some
erosion potential to the west of the wall / easemd of Ambo due to a loss of sand
through the opening to the ocean side. This movemwikesediment may also have a
detrimental impact on the seagrass beds locatddeoimner section of the ocean side
reef.

Given the limited width if a culvert or small briegvas installed, any improvements
in water quality in the vicinity are likely to beimmal.

Bairiki-Nanakai-Taeoraereke

Current situation

The causeways between Bairiki and Nanakai, and kéana Taeoraereke (Anderson
Causeway), were constructed in the early 1960swif{s the Ambo causeway sand
spits extending from the islets would have formid foundation of the causeway
with the width of the inter-tidal channel(s) reletly narrow. Since construction there
has been a build up of land on the lagoon sidetf bauseways, which will have also
built up the shoreline along the coastlines of bddmakai and Bairiki, and some
significant changes in shoreline position on theamcside of Nanakai, albeit some of
which are due to other human activities and nat sssult of the causeway, Figure 16.

A detailed assessment of the changes and prooemssisg these changes is provided
by Webb, (2005).
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The Nanakai waste dump is located on the lagooe bBetween Taeoraereke and
Nanakai along with a telecommunication mast andaated building. On the ocean
side a seawall protects the eastern (Taeorarekledfethe causeway to just beyond the
location of the dump. At the western end of Nanakaew seawall has been built as
part of Phase Il on the Kiribati Adaptation Projeeith a short section of ad hoc
seawall also located on ocean side, Figure 17.

Both ocean side reef flats pond at low tide albieiiot to quite the same depth as at
Ambo.

200 m

Y
N

Area subject to
wave over lopping

sl
+—— _ Nalwalmaised

B. 2004 IKONOS Image imestone groynes

Shoreline changes at Nanakai between 1969 (topoghayih / red line) and 2004
(bottom photograph / blue line), (Webb, 2005).
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Bairiki and Nanakai, and Nanakai to Taeoraerekaléksen) causeways.

Opportunities, issues and risks

Most of the same considerations and issues disgtuss&ection 3.6 for the Ambo
causeway are relevant here, in particular:

The exchange of water through any opening will eisubstantial relative to the
effects of lagoon tidal flushing and will follow samilar pattern to that shown in
Figure 15. Flushing, where nutrient enriched lagoatter is removed to the open
ocean, or where ‘clean’ ocean water enters theolagolikely to be limited under

normally occurring weather conditions. Hence, athwhe other openings, any
water quality improvements are likely to be loaadis It is unlikely that any

opening would have any significant influence onltelised trapping of polluted

water east of Bairiki harbour.

Creating an opening in ether of the causeways wadtentially result in
significant shoreline change due to the net Idssaad from the lagoon to the
ocean side via the opening and the impact any ngemould have on beach and
lagoon sediment being transported alongshore. Ergimy structures would need
to stabilise the entrance and immediate shorelitenbgative impacts will still be
experienced:

0 Any opening to the east of Nanakai dump will resialt direct
shoreline changes on the lagoon side between Tereta maneaba
and the dump. Due to the influence on longshorevssd movements
it may also affect the shoreline to the west ofdhep.
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0 Any opening to the east of the dump will resuubstantial shoreline
change along both the lagoon and ocean side ofkdanduich on the
lagoon side may extend some considerable distamaads Bairiki.

o Tidal current through and adjacent to any openingecto the dump
could result in increased dispersion of litter dedchate (albeit at
present there is little indication that heavy mefahutrient leachate
from the dump is a significiant issue), both on kkgoon and ocean
side.

0 Between Nanakai and Bairiki any opening would ladig be located
to the immediate west of the new KAP sea wall. Hgave potential
shoreline change could extend some considerabiendis along both
the lagoon and ocean shoreline of Bairiki to thetwe

Dai Nippon Causeway

Current situation

Since the construction of the Dai Nippon causewa$987 there has been a build up
of land along both ocean and lagoon shorelines atfoB Figure 17. The lagoon
shoreline has also built out and to the west atbegcauseway from Bairiki.

Fishermen’s channel intercepts beach sediment malong the lagoon-side of the

causeway and sand flats. Whilst sediment will bevedoin both directions there is

likely to be a net movement to the west from Bairikhere is also a general net
movement of sediment out (i.e. loss) through Fislaers channel towards the ocean.
As a result the channel is largely filled in (anglshbeen cleared on a number of
occasions), particularly on the lagoon side, witithba flood and ebb shoal currently
located some 30 or 40 m from the opening underctheseway (Figure 18). Only

under and adjacent to the bridge, where flow vékxican be strong due to the
constriction of the opening under the causeway, @whrds parts of the channel
towards the ocean is the channel currently navegablall stages of the tide. The
width of the opening under the causeway is cuiyentt wide enough to enable

passage of the inter-island ferry boats to Maiana.

As with the other natural opening along South Taraprior to the causeway being
built exchange of water between lagoon and ocadm+sief flat would have been via a
number of narrow inter-tidal channels between ssamks and bars (Figure 19).
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D Figure 17:
18/01/11
Figure 18: Fisherman’s channel over the ocean side reef. bheslkoal can be seen in the middle

of the picture along with the two main flow patimstd the channel that drain the
ponding reef flat at low tide.
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#

Looking east over Betio towards Bairiki and Taeoge in 1944. The many intertidal
sand bars and banks with narrow channels in betwaerbe seen between Betio and
Bairiki (Photo source: http://www.tarawaontheweb/overview.jpg).

The ocean-side reef flat ponds during the lowet pktide cycle. This influences the
flow direction through the causeway opening at &istan's channel. Figure 20
summarises flow direction and indicative currengmtudes during a Spring tide on 6
November 2010, with a similar pattern as that dbsedrin Figure 15. Wind conditions
were from the east and typical of conditions nolynakperienced on Tarawa.

Over the lower half of the falling tide and at loide water flows off the ocean-side
reef flat in to Fisherman’s channel and both bactoithe lagoon and out to the ocean
via the channel. As the tide rises on the oceam isidads the tide level in the lagoon
resulting in a period of strong flow through theachel in to the lagoon. As the tide
approaches high tide, slight amplification of tigetin the lagoon, and north-easterly
wind effects result in a reversal of the currembtigh the channel which continue
during the falling tide until the reef ridge on theean side becomes exposed and the
ocean side reef flat begins to pond.
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Sea levels at Betio during Saturday 6 November 2814 flow directions through
Fishermen’s Channel at various times during the. ddye size of the arrow is
indicative of the current speed through the opening

Along parts of the causeway, repairs have had toabeed out due to a loss of the
causeway core material through fine sediment withs core being winnowed out
between cracks and holes in the outer armouring ¢ resulting in various repairs
being carried out along mainly ocean-facing sestiomotably at the curve in the
causeway towards the Bairiki end. As part of theBANorld Bank road project
investigations will be conducted as to the intggat the causeway core but there is
concern that there may be considerable sectiotiseotauseway with voids and core
material lost (Moanataake Beiabure, Pers Comm).

Discharges from the ocean outfall at Bairiki andi®are know to result in surface
plumes that are (under certain conditions) likelyoe transported back onshore and
over the ocean-side reef flat, and in the casd®Bairiki outfall, over the reef flat
along the eastern end of the causeway.

Opportunities, issues and risks

Given the very minor difference in tide levels beén the ocean and lagoon side, and
the lack of any frequent high wave conditions om dkcean side there is little to force
any significant net exchange of water through #weseway. Hence it is unlikely that
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any significant reduction in nutrient concentrasionill be achieved along the more
populated sections of South Tarawa or at Betio foganing up further channels or
culverts through the causeway. However, some ingmant could be achieved over
the sand flats adjacent to the causeway (albesethecas tend to be less polluted than
further east) and in the lagoon areas to the neest- of Bairiki which the SOPAC
modelling (Damlamian and Webb (2006) shows tidatrents to be relatively
sluggish:

To enable ferry access there is a desire to widempening at Fisherman’s channel. It
IS suggested that this is only widened as mucls ascessary to navigate the ferry
vessels safely through the opening at peak tidaldl Maintaining a relatively narrow
with of channel ensures that the tidal flows canticwe to maintain the channel under
and immediately adjacent to the opening from sedtat®n enabling boat access at
all stages of the tide. To enable improved heigheas would require the underside of
the bridge to be raised.

If further culverts or bridge opening are created isuggested that these be located
over the central section of the causeway and motlwse to where land is building up
on the lagoon sides at both Bairiki and Betio (Fég@1). The costs of installing
culverts or further sections of bridge are unlikéty be justifiable on the small
improvements in water circulation and nutrient fiung alone. However, if the
causeway surveys being carried out as part of tb®/orld Bank road project
identify large voids in the causeway replacing seehtions with culverts or wider
openings could be feasible.

Openings located east of fisherman’s channel &adylito have a slightly greater
flushing impact. However, they will intercept sathét is being moved in a westerly
direction along the lagoon side of the causewal wihet loss of sand out the opening
and on to the ocean reef flat. This may reduceptitential for sand filling up the
Fisherman’s channel but would resort in a lossafdeast less accessible) of a source
of construction sand which is frequently gathenexnf along the lagoon side of the
causeway to the east of Fisherman’s channel.

The low current velocities through the opening iashdrman’s channel at low tide

show that there would little benefit from dredgidgeper channels through the
causeway, which in any case would largely fill wédnd. Opening up further channels
across the entire ocean side reef flat to the oaeanot recommended.
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Figure 21.: Location (shaded red area) where further culveftsbridge sections could be
considered along the Dai Nippon causeway.
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Impact of other ongoing or planned development actities

There are a range of other developmental activitiesned for South Tarawa over the
next few years, a number of which are directlyvatd to water and sanitation-related
public or lagoon ecosystem health outcomes.

At present within the Asian Development Bank / VdoBank road upgrade project,
which extends from the western end of the Dai Nipmpauseway to the Airport
(excluding Bairiki), there is no specific requirembéo construct openings in any of
the existing causeways to improve flushing. Ratherterms of reference will require
the design consultant to review the opportuniteepaxt of their design report.

Under the Kiribati Adapation Project Phase Ill, thaft Project Appraisal Document
indicates that the focus will be on continue t@sgthen the government capacity and
improving the management and governance of watssurees and infrastructure.
Whilst improved public-health outcomes would be eotpd from the planned
development of the groundwater abstraction systeresculation management,
rainwater harvesting, community behaviour and goamce and management
activities, the project is unlikely to have any mepon improving lagoon water quality
and associate human and ecosystem issues.

The most significant potential for improved humaua éagoon ecosystem health of the
currently planned activites is likely to occur undlee two MFAT-IDG coordinated
projects:

e The proposed Betio and Bairiki Peri-Urban Slum Wakng project (Teinainano
Urban Council and Betio Town Council, 2010) wheeswrhousehold sanitation
facilities are planned for 630 plots and improvetsda the area-wide existing and
new sewers planned for 1000 plots in Betio andiBair

* The first phase of the Sustainable Towns Proje@A{d, 2010) where 150 new
plots are planned for the first Temaiku subdivision

Both schemes intend to use a bucket flush systeeadéh household connected to a
closed household septic tank with the liquid effiuédrom the septic tanks being

transported through small-bore flat grade shallewes's for disposal out the existing
outfalls (in the case of Betio and Bairiki) and g@i@ew outfall on the southern / south-
eastern coastline for Temaiku.
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This approach has the advantage in that it cankbinwa of the most significant
human-related lagoon contamination pathways (Fig8jeby: 1) removing a
significant source of groundwater faecal and notreontamination (leakages apart),
and 2) improved access to toilet facilities therebglucing the use of the beach or
bush, assuming health promotion activities arecéffe and result in the use of the
new toilets in each household becoming the domisanitation practice.

However, care will needed not to transfer probléonhe ocean side. There is already
evidence, likely due to the use of brackish watsher than salt water, to flush in the
three reticulated sewer systems of significant ientsrelated problems leading to

coral being replaced by algae and associated meghiodiversity changes in the

vicinity of the outfalls. With the limited water géh of the ocean outfall (10 m), and

the release of more buoyant brackish water fromahtall, there is considerable

potential for surface plumes moving back over tbeam fringing reef resulting an

increased risk of human contact with contaminatedewalong ocean-side sections
adjacent to the outfalls. There is some evidendgisthappening at Betio and Bairiki

and surface plumes of discoloured water have adso boted at the hospital outfall.

In terms of reducing the potential environmental auoman-health risk impacts on the
ocean side from effluent discharged from the olstfahe most effective solution
would be to have a saltwater system (which resalisitial dilution and dispersion
occurring in deeper water rather than close ta tleasurface) discharging at a deeper
water depth (25 to 30m) away from the area wheretnooral growth occurs.
However, it is appreciated that the saltwater syseemes with increased on-land
operational issues and the pour-flush system masch better likelihood of remaining
operational.

No detailed assessment has been done as to diititabn and dispersion performance
from any of the outfalls and the impact this mawéan water quality on the
surrounding ocean side reef flat, and on the ree$ystem. As going forward, ocean
disposal is likely to be the main approach to sewdgposal if both water-borne
related public health and lagoon ecosystem problmado be significantly reduced,
the impact of increasing sewage disposal to tharmesale needs to be assessed to
establish the potential impact this will have om tsurrounding reef ecology and
whether, or under what conditions, sewage plumagddcoome back onshore and
create a public health risk. As part of any suchessment this would need to
investigate:

« Whether it would be better to have many small distfae.g. an additional one
servicing the Temaiku area (and other areas ciyresithout reticulated sewage),
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or whether to limit the number and increase thé@utfrom the existing outfalls.
For a saltwater system it would likely be prefeeatd have an increased number
of small outfalls but this may not necessarily t@se where brackish water is
being released.

« The effect of extend the outfalls in to deeper watedilution and dispersion

* If plume dispersal would result in negative humarmvironmental impacts what
other options could assist, for example the paddgitmf diluting sewage outflow
with more dense seawater at the landward end adfutfall to reduce the potential
for a buoyant plume, or whether the sewage couletleased at certain times, e.g.
during a falling tide and when winds are blowinésbbre.

The endorsement of National Water Resource Policthb Kiribati Government in
2009, and with the draft National Sanitation Polmyrently under consideration,
there is likely to be further investment in impnogiwater and sanitation infrastructure
in South Tarawa. Assuming the same approach asrig loonsider in the two projects
above for the main peri-urban areas, of a toiletefach household, health promotion
activities to promote behavioural change, preventd human waste reaching and
contaminating groundwater, and removal of nutramrd/or pathogen rich effluent for
ocean disposal this will have significantly greatdluence on reducing many of the
human health and lagoon ecosystem contaminatidmwagts summarised in Figure 3,
and considerably more effective than can be acHighrough increased flushing of
the lagoon.
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Conclusions

This report was prepared to summarise what is knabout the current state of
pollution in Tarawa lagoon, the effect this hashbath public and lagoon ecosystem
health, and whether opening installing causewayspenings in existing causeways
would improve flushing of the lagoon, and have aifpee impact on both the

considerable human and ecosystem health-relatddigpne being experienced.

On South Tarawa there are a wide range of human aamchal waste-related
contamination sources and a wide number of contaiioim pathways. Virtually every
sanitation system or practice currently in placeSauth Tarawa contributes to
contamination of the groundwater and / or immedtat@stal waters in some way.

Where the lagoon or ocean coastal waters formsgbette contamination pathway,
there are two main mechanisms that can result inanarelated public health issues:
1) contact with contaminated seawater, and 2) copson of contaminated shellfish.
Faecal contamination of both lagoon water closthéoshoreline, and shellfish flesh
have in general (and excessively so) exceed safdsléor some considerable time.
Whilst there is no information on the relative ughces of the various contamination
pathways resulting in human health issues, botthede are likely to be significant
given the number of I-Kiribati who bathe or swimtime lagoon each day, and the
amount of shellfish that are collected for consuampt

Past assessments of nutrient levels in the lagadncbncluded that the high level of
tidal flushing and uptake by the benthic biota iouth Tarawa was sufficient to

assimilate the levels of natural and waste-relatettients entering the lagoon.

However, the algal bloom that occurred in Decen2®9/January 2010 does indicate
that this situation is rapidly changing and thadtthutrient loads entering the lagoon
now (or under certain circumstances) exceed whatbea effectively dispersed by

lagoon flushing or taken up by the marine benthatebin the southern part of the
lagoon. If left unchecked and nutrients accumulatesufficient concentrations for

such algal blooms to continue or become more frefgsggnificant ecological damage
will occur.

Flushing in Tarawa lagoon is dominated by the tdd the exchange of water over
the western boundary. Whilst currents over, anth@vicinity of, the sand flats and
southern part of the lagoon are low, over a tigalec a high level of flushing does
occur due to the high tide range and twice dailghexge of water between the sand
flats and the southern part of the lagoon.
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In contrast very little water exchange, relativeital flushing, occurs through any of
the open channels in South Tarawa or would haveroed through any of the original
causeway openings.

Despite the high tidal flushing overall that occaesh day over the lagoon sand flats,
pathogenic faecal organisms become a human hdslttas soon as they reach the
water. Hence flushing and dilution, to a low enoletel to reduce health risks, would

need to be near-instantaneous over the sand datsduce public health risks from

contaminated lagoon water of South Tarawa. Givencttntamination loads that are
picked up by the rising tide each day and the ibisted nature along the shoreline of
this load, the small increases in flushing over ¢had flats that would be achieved
through opening up any or all of the causeways ook reduce contact or shellfish-

related health risk over the sand flats and wowldmake any discernable difference
to public health outcomes.

In terms of nutrient concentrations, causeways tcatigon will have been a factor in

the lagoon ecosystem health issues now beginningetseen (albeit a minor one
relative to the source issues). Increasing théiigspotential and reducing residence
time, particularly in the south-east corner of fhgoon may have some limited

positive benefits to the lagoon ecosystem in tlegtdlerm. However, if the magnitude

of the nutrient loads entering the lagoon are mgnifcantly reduced, opening up

some or all of the causeways will do nothing topssignificant lagoon ecosystem
damage in the foreseeable future.

Whilst improving flushing potential in the southse@orner every little will help, it is
unlikely that the cost of doing so would justifyetemall improvements that could be
achieved. Only increasing the flow through the BaBeota channel and opening up
part of the Bonriki to Tanaea causeway, are thesclisely to be low enough to
consider.

Creating openings in the causeways along the deatveestern part of South Tarawa
(between Taborio and Ambo, Taeoraereke to NanakBairki, and also at Temaiku)

will result in limited exchange of water and flustiof either nutrient rich lagoon

water reaching the ocean, or ‘clean water from dlcean reaching the lagoon.
Openings in any of these causeways will have thenp@l of causing significant

shoreline changes.

In improving lagoon ecosystem health, as with pubé&alth outcomes, addressing the
sources of contamination, through effective wated asanitation provision and
behavioural change, is the only way any substariygrgovement can be made. Such
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improvements will not be achieved through increafeshing. Not only would this
reduce the contamination pathways via the lagoahalso address most of the other
potential pathways as well. The approach plannethiBetio and Bairiki Peri-Urban
Slum Upgrading and first phase of the subdivisibf@maiku under the Sustainable
Towns project would appear to provide an effectipproach. However, care needs to
be taken to ensure the effluent disposal via tigtiag and any new ocean outfalls are
properly assessed and constructed to prevent pdteoman-health and reef ecology
impacts being moved to the ocean side coast.
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7. Appendix 1. Terms of reference

Objective

Provide advice on the potential of increasing datian in Tarawa lagoon as a means
of improve lagoon water quality and associated ipubkalth in South Tarawa,
Kiribati.

Key deliverables or outputs

1. Submit a Draft Report to the MFAT Development Pesgme Manager —
Kiribati that sets out, clearly and succinctly, th#ormation, findings and
recommendations resulting from the performancéeftask above. The MFAT
Development Programme Manager — Kiribati will gatfeedback on the draft
report from other stakeholders.

2. Submit a Final Report, which covers the same cormigthe Draft Report but in
a manner that also addresses any feedback ondftereort from MFAT and
other stakeholders.

Specific tasks the Supplier must complete
Prior to visiting Kiribati, the Supplier will:

1 Refamiliarise as necessary with previous waterityustudies.

2 Review documents provided by MFAT of the World Bansouth Tarawa
Road Rehabilitation Project, and liaise with the rilWdank and the Kiribati
Ministry of Public Works and Utilities (MPWU) regéing the project:

» World Bank contact: Chris Bennett, cbennett2 @watdborg)
« MPWU contact: Moanataake Beiabure, moanataakeh&i@yahoo.com,au

3 Review the Sustainable Towns Programme Design decyrand other key NZ
Aid Programme Urban Development programme docum@gs Solid Waste
Management report and follow-up solid-waste managenactivities planned
and underway; Temaiku subdivision documents).

4 Research and review other documentation as relstethe objective and
provided by the MFAT Development Programme Mana€ribati) e.g.
pacific Infrastructure Advisory Centre (PIAC) Aati¢’lan for the South Tarawa
Water, Sanitation and Solid Waste improvement @nogne; relevant Kiribati
adaptation Project (KAP) Il and proposed KAP llicdments, and liaise with
the World Bank (Milina Battaglini) and Ministry dEnvironment, Lands and
Agriculture Development (MELAD) (Teiti Erikate).

5 Prepare (i) a brief synopsis of what is known abibt current state of the
lagoon (water quality and eco-systems) based ostiegidata, highlighting if
possible particular parts of the lagoon most d&f; r{§) summarise what is
known about the various pollution sources and theiential impact on lagoon
water quality and associated public health; anyl diisummary of all relevant
activities currently being or about to be undertake
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The Supplier will visit Tarawa from 4 — 9 Novemligacluding working Saturday).
During the Visit, the Supplier will;

6

10

11

12

13

Meet with stakeholders (time permitting, and whelevant and available) and
ascertain their views and priorities (e.g. MPWW Nigh Commissioner,
Teinainano Urban and Betio Town Council Mayors, KIAMELAD, the
MFAT Development Programme Manager (Kiribati), Kati Port Authority,
and Urban Development contractors). The NZHC wallphset up meetings on
request.

Assess the likely impact on lagoon water quality ofher proposed
infrastructural initiatives in South Tarawa ovee thext two — three years (eg.
MFAT / Government of Kiribati Urban Development Bramme activities;
World Bank KAP lII activities and South Tarawa RoRehabilitation etc).
Provide recommendations for any improvements tbatdcbe made to these
proposed activities that would assist with imprgviagoon water quality, or
mitigate increased lagoon water pollution.

Provide a qualitative assessment of each causewsgoon opening in South
Tarawd and report on the impact that opening up the ewaseor other

associated activities (e.g. dredging the existimheirman’'s channel, new
dredged channels) will have on improving lagoonewrajuality (if any) and

identify any other likely impacts / issues.

Where the World Bank is proposing culverts in cases, the assessment
should be based on what the World Bank is proposiuere necessary, make
recommendations on how the detailed design worketaundertaken on this
Roads project might be focussed to ensure maxinmasitiye impact of planned

structural solutions.

For areas outside of the focus of the World Barddsoproject: Advise if there
are any areas where it is assessed that increasiteg flow between the ocean
and lagoon would have a significant impact on imprg lagoon water quality,

with minimal or manageable risk. Provide a concegite of the actions and
likely resources required. Priority should be giverow cost options.

Provide advice on whether improving lagoon cirdalatwill improve water
quality in the lagoon and thereby improving pubiiealth in relation to other
infrastructure related (water and sanitation) d@itis and initatives.

Identify any potential opportunities not currentilanned by NZ Aid
Programme Urban Development activities, GoK’s Spatde Towns
Programme or KAP Il and KAP Il that if implementedould assist in
improving lagoon water quality and public healthendnparticularly at risk.

Provide a detailed note of the actions and likesources required to implement
any options identified from the above Tasks.

® No causeways or routes north of Bonriki airporttarée considered given the high risk of squatting
protected water lens areas if roads are upgradeld abthe airport.
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8. Appendix 2: Visit schedule (November 2010)

Wednesday 3 November
Thursday 4 November

Friday 5 November

Saturday 6 November

Sunday 7 November

Monday 8 November

Tuesday 9 November

Wednesday 10 November

Thursday 11 November

Depart Hamilton, NZ and fli)&ali, Fiji. Overnight in Nadi
Arrive Tarawa at 8:30 am oglflFJ230.
Brief meeting with Farran Redfern, MELAD at airport
Meeting Tareri Abete-Reema, Director, MELAD (10 am)
Meeting with MELAD water quality staff (11:30 am)

Visit to Fishermen’s Channel on the Dai Nippon (Bai—
Betio) Causeway.

Meeting with Rob Kaiwai, NZHC (4)
Meeting with Moanataake Beiabure, MPWU (2 pm)
Meeting with KAP Project team and World Bank (5 pm)

Visual monitoring of flows tigb the Fiserman’'s channel
and low and high tide assessment of the Dai NipBairjki to
Nanakai and Nanakai to Taeoraereke causeways

Visit at low and high tide to #&mbo and eastern causeways
and channels

Meeting with Tokia Creig, Teirain Urban Council
Meeting with Koria Tamuera, Kiribati Port Authority
Meeting with Mrs. Rubee Eromanga, Kiribati Port Aaitity

Meeting with Ms Beia Tiim, Enuimental Health (9 am)
Meeting with Kiribati Meteorological Service (1 pm)
Meeting with Sustainable Towns Project team (4 pm)

Meeting with Rob Kaiwai, NZgQ am)

Water Quality Committee Meeting, (2-4 pm), Ministof
Public Works Utilities.

Depart Tarawa on Flight FI81 fly to Auckland via Nadi,
Fiji. Drive back to Hamilton.
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