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DEVELOPMENT OF A WATER QUALITY MONITORING PROGRRMME
CONNECT ST HELENA LTD
PHASE 1 REPORT

1 INTRODUCTION AND BACKGROUND TO THE STUDY

ConnectSaintHelena Ltd (Connecty a commercially opated company owned by the St Helena
Government(SHG) responsible for delivering electricity, water and waste water services to the
communities of St Helena IslandJp until the formation of the company on™1April 2013,the
provision of utility service was undertaken b§HG

As one of its core responsibilities, Connect supplies raw and treated water to all commanities
Island from a network of surface water and groundwater resources. Four water treatment works
(WTW)supply most of the main sdémentson the island. At each of the WTWs, raw water is dosed
with chlorine for sterilisation purposes and withermanganateto promote the oxidation
precipitation of soluble iron or manganeseThisis an accepted treatment for groundwater or
surface wéger supplies. Permanganate, under normal water treatment conditions, rapidly reacts
with iron or manganese, producing a precipitated floc that is removed by coagulation, flocculation
and settling, or filtration.

At present, the only water testing faciés on the Island are located at the laboratory of the
Jamestown Hospital, which is only accredited to analyse for microbiological parameters. Treated
water is routinely tested at this laboratory for the presencecofcoli Enterococci,dtal colony counh

and coliform bacteria.Analysis of the chemical makgp of the water thus has to be performed at

an offisland laboratory, and as a result of the complicated logistics of this, together with the time
taken and the cost, no routine monitoring of the iiganic quality of water supplied by Connect has
ever been conductedalthough a oneff set of samples was collected from 5 sources in 2015 and
send to the Envirotek laboratory in South Africa for analysis

To rectify this, Connect appointed Bryony Walrgsied AssociateBW&A)on 6" February 2018 to
develop a water quality monitoring regime.

2 AIMS AND OBJECTIVES
The aims of the study are as follows:

i Establish seasonal baseline water quality conditions for all water sources used to supply raw
and treded water;

1 Determine the presence of local sources of pollution;

1 On the basis of the baseline conditions, develop a bespoke monitoring programme for
Connect;

1 Make recommendations regarding the establishment ofigland analytical equipment for
ongoing waer sample analysis.



3 APPROACH AND METHODOLOGY
3.1 Study approach

Work will be undertaken in a phased manner, with the results of each phase informing the next
steps. Phase (the subject of this reporttomprisel the establishment of the summeime baseline

raw water quality, while Phase 2 will be carried out in winter to collect and analyse samples to
establish the winteitime baseline. Phase 2 will also include discussions tithAgricultural and
Natural Resourcedivision (ANRD to determine pdential agricultural pollution sources and
sediment sampling if necessary, to detect the presence of persistent organic pollutants such as
pesticides. Phase 3 will involve ongoing monitoring and reporting.

3.1.1 Phase 1summer baseline survey
The activies thathavetaken place during Phase 1 includte
1 Meetings on island with Connect to:
o Discussthe Environmental Protection OrdinanceERQ and International Air
Transport AssociationATA requirements and relevance to theland;
0 Obtain an understandig of the water supply syst on the $land, including
catchments, dams anakservoirs, reticulation systems;
o Obtain any water quality data available (and from other sourcesBagil ReadBR).
9 Site visits to all main water supply dams, reservoiveirs and tanks to obtain firshand
knowledge of:
o The catchments and land use;
o0 State of water holding facilities
o Paential locations for monitoring;
0 Visual assessment of water qualigycolour, presenceof sediment, precipitation,
etc.;
9 Collection and prepation of water samples for shipment via RSHelena
1 Analysis and Reporting:
0 Obtaina quotation from CSIR LaboratorigsStellenbosch, South Africa for analysis;
o0 Collect water samples from the RMS in Cape Town and deliver to CSIR Labogratories
0 Analyse he resuls and present them in a report (this document);
0 Advise Connect on the reagents needed for the Photometer 8000 and whether any
other analytical equipment is redgyed.

Between Phase 1 and Phase 2, it is assumed that the Photometer 8000 will be set up at the Hospital
[F0 FT2NJ dzZ&S RdzNAyYy3I t KI &S H disland EnvirdninentalfCangultantd & dzY S R
namely AnninaHayes will conduct training for theConnect staff on the correct sampling, labelling

and sample storage protocols.

3.1.2 Phase 2winter baseline survey
The activities to be performed in Phase 2 are:

W Meeting with ANRD to understand land use activities within catchments, with particular
emphasis placed on use of pesticides and fertilisers, location of piggeries and other intensive



stock farming activities, waste disposal (including septic tanks, sewerage ponds), and any
other potential causes of pollution;

W Depending on the findings frorthe meeting with ANRD, design a sediment sampling
programme from selected reservoirs and tanks. The reason for sediment sampling is
because pesticidesf they are presenttend to adhere to clay particles in the sediment,
rather than existing in the watecolumn;

W Obtaining quotations fosediment analysis, if required,;

() Collecting a second set of water samples from the same points as Phasenkll as any
additional points identified in this reportand sending them for amgsis at the Hospital Lab
OAT [/ 2yySOiQa Fylfte@dAOlf SIldALIYSYd Aa NBIFR& -

w Analyss of the water sampling resultsid compilation of a Phase 2 report;

W Based on the results of the Phase 1 and Phase 2 water analyses, develop a water monitoring
programme for Connect, including the following information: monitoring locations;
monitoring frequency; sampling protocols; chain of custody procedures; personnel and
training required; the parameters to be monitored; data management; data analysis and
interpretation in terms of drinking water quality; reporting requirements.

3.1.3 Phase 3: ongag supervision and review

t KFaS o gAff O2YLINRA &S 2y3A2Ay 3 &dzLISNIIA dsfady 27F
Environmental Consultantas well asreview and interpretation of the monitoring results and

reporting byBW&A The frequency of samplirend reporting will be determined at the end of

Phase 2.BW&Awill alsoprepare an annual report in which all the results of the previous year will

be collated, trends identified and interpreted.

3.2 Identification of sampling points

A total of 23 samptig points were identified, 17 of which are current raw water supply sources, 2
were possible future supph2sdzNIDSa Ay CA adlléyd\and 4 wené Rcated<ak dddh Ofdhe +
WTWs. Each sampling point has been allocated a letter and number redenwhich should be
maintained going forward so that sample results can be easily compared. A detailed Sample Log is
provided in Appendix A, together with photographs and comments on the sample sites and the
physical appearance of the water at each sit€he location of each sampling point is shown in
Figure 1.

3.3 Sample collection, labelling and transportation

Samples were collected in clean, 1.5 litre plastic bottles. Prior to sample collection, the bottles were

rinsed outthree timeswith water fromthe sampling source. Each sample was labelled and placed in

a box with ice blocks and transported under cold conditicors the RMSSt Helenao Cape Town,

South Africa The samples remaingdy’ (0 KS aKALIQ&a OKAf f SNJ dzy G Af / dza G s
They were then transported tthe CSIR analytical laboratory in Stebosch in cooler boxes with ice

blocks The laboratory is accredited under the Southdaini National Accreditation System (SANAS).

The samples were delivered Wwithe sampling schedule (Appendixvihich wassigned on receipt by

the laboratory on 2 February 2018The sample results were reéeed from the laboratory on®

March 2017 (Appedix G.
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3.4 Sample analysis
The deermination of whichparameters to analyse for was based on the following:

1 Schedule Ill of the Environmental Protection Ordinance (EPO);

1 The International Air Transport Association (IATA) requirements for potabkr weairports
and on aircraft;

1 World Hedth Organisation Guideline Values 2017

1 Elements of concern identified by Basil RéBR)during routine construction monitoring for
the airport project 201317,

1 The potential risk of pesticide pollution and theelevant analtical capabilities of
laboratories in South Africa.

Schedule 1l of the EPO was used as the starting point, but it was found that many of the chemical
parameters listed are associated with highly industrialised countries and are therefoevamnelin

the context of St Helena Island which is unlikely to develop iron and steel, petrochemical, pulp and
paper, plastics manufacture, heavy metal mines and refineries, and such like in the near future, if
ever. The parameters that are usually asseclavith these industries were thus omitted from the
analysis, as shown in Taldle

On the other hand, some key elements of concern identiladng routine sampling by BReanot
included on Schedule Ill, such as calcium, chloride, orthophosphate aseil@nc, conductivity and

total alkalinity. All of these can have adverse effects on human health and/or aesthetics (taste)
and/or corrosion potential (Table 1). In addition, the IATA Aircraft Handling and Loading Manual
requires the drinking water praded to the airport and aircraft to meet certain standargisnostly
microbiological and aesthetic (colour, taste, odour, clarity), some of which are also not included in
Schedule 1l of the EPO (see Table 1).

The finalconsiderationin the choice of angkisrevolved around whether there is a risk of pesticide

or agricultural chemical contamination in any of the water sources. It is planned to hold meetings
with the Agricultural and Natural Resources Division (ANRD) during Phase 2 of the work to discuss
the land uses in each of the raw water catchments and to determine whether there is any risk from
pesticides and/or agricultural chemicals. If there is a potential risk, the nature of the risk will be
determined and an appropriate sampling plan developetich may include sediment sampling as

well as water samples. The CSIR laboratory, along with many other labs in South Africa, does not
offer pesticide analysis and, depending on the pesticide of concern, samples may have to be sent to
the UK for analysi Thus for Phase 1, no pesticide analyses were included.



Table 1:Determination of analytical requirements

Inclusion

Relevant to

Comment

Parameter

MICROBIOLOGICAL

based on:

island (Y/N?)

Enterococci Schedule 111 Y Is being routinely analysieat the
IATA Hospital Lab
E. coli Schedule 111 Y Is being routinely analysed at the
IATA Hospital Lab
Coliform bacteria IATA Y (airport) Is being routinely analysed at the
Hospital Lab
Pseudomonas IATA Y (airport) Reagents being purchased by Hitesip
aeruginosa Lab
Colony count IATA Y (airport) Is being routinely analysed at the
WHO Hospital Lab
Clostridium IATA Y (airport) Reagents being purchased by Hospitg
perfringens Lab
CHEMICAL
Acrylamide Schedule 11l N Used in industrial processes e.g. pulp
and paper industry, dyes and plastics,
as well as in the treatment of water an
waste water. Found in foods cooked @
high temperatures
Aluminium Schedule 111 Y Sources from mining wastes, food
additives and antacids
Ammonia Element of Y Typicaly found near septic tanks,
concern sewage treatment works outlets, cattle
feedlots
Antimony Schedule 111 N Found in mining wastes, plumbing
materials, manufacturing effluent,
landfill leachate
Arsenic Schedule 111 N Sources from mining wastes,
manufacturing proesses, heavy
industry, pesticides. Previous result:
<0.01 mg/l in Longwood tap water
Benzene Schedule 111 N Used as an industrial solvent in paints
varnishes, lacquer thinners, gasoline.
Also used to manufacture chemicals
and in industrial process thatake
resins, adhesives, plastics, etc.
Benzopyrene Schedule 111 N Is a PAH found in coal tar. Generated
the incomplete combustion of fuel and
organic substances
Bicarbonate Element of Y A key determinant of corrosion
concern potential
Boron Scheduldll To be Can occur naturally. Previous result:
determined <0.02 mg/l in Longwood tap water
Bromate Schedule 11l N Formed in many different ways in

municipal drinking water due to the
reaction of ozone and bromide and
during electrolysis of brine. Sugtht

exposure encourages liquid of gaseou




Parameter

Inclusion

Relevant to

Comment

based on:

island (Y/N?)

bromine, which will form bromate in
bromide-containing waterBromide not
used by Connect.

Cadmium

Schedule llI

Can enter water from mining wastes,
smelting and refining of metals,
manufacturing processes elgatteries,
coatings and plastics. Previous result:
<0.01 mg/l in Longwood tap water

Calcium

Element of
concern

Y

Important in determining corrosion
potential

Chloride

Element of
concern

Y

Rocks and soils on island contain high
levels ofsodiumchloride

Chlorine (residual)

IATA

Y (airport)

Added diring water treatment process
Is being routinely analysed by the
Hospital Lab

Chromium

Schedule lI

May enter water from mining activities
tanning/leather industry and other
manufacturing processes.

Copper

Schedule lI

Can occur in drinking water as a resul
of mining activities, plumbing, food
preparation, pulp, paper and timber
industries. Previous result: <0.01 mg/l
in Longwood tap water

Cyanide

Schedule lI

Sources include gold mining, organic
chemical industry, iron and steel plant:
wastewater treatment plants.

1,2 dichloroethane

Schedule lI

Used to make vinyl chloride (PVC) pip
and furniture

Epichlorohydrin

Schedule lI

An organochlorine compound used in
the production of epoxy resins.

Fluoride

Schedule lI

Used in the production of
fluorocarbons. Can be artificially adde
to water but this is not practised on St
Helena. Previous result: <0.1 mg/l in
Longwood tap water

Iron

Schedule Il

Can occur naturally. Sources include
plumbing (in presence of corrosion),
iron and steel industry, mining,
manufacturing. Previous results: 0.9
0.13 mg/l at Longwood, Bradleys and
airport.

Lead

Schedule Il

Depends if there is still lead piping
present in plumbing Otherwise found
due to mning and smelting processes,
paint. Previous result; <0.01 mg/l in
Longwood tap.

Magnesium

Best practice

Standard cation

Manganese

Schedule Il

Can occur naturally. Used in metal
alloys e.g. stainless steel production.




Parameter

Inclusion

Relevant to

Comment

based on: island (Y/N?)

Nickel Schedule 111 N Used infood preparation equipment,
mobile phones, medical equipment,
transport, power generation, mining
and smelting. Previous result: 0.01 m
in Longwood tap

Nitrate Schedule 111 Y From fertilisers, waste water,
explosives, animal feedlots, etc.

Nitrite Shedule 111 Y From fertilisers, waste water,
explosives, animal feedlots, etc.

Orthophosphate Possible Y Typically found near septic tanks,

element of sewage treatment works, animal
concern feedlots, etc

Pesticides (including | Schedule 111 To be Occurrence will depend of whether an

Aldrin, dieldrin, determined of these pesticides are used on the

heptachlor, Island and where in relation to raw

heptachlor epoxide) water sources

Total pesticides Schedule 11l To be

determined

PAH Schedule 11l To be Only if fuel sources in catchment area

determined above water abstraction points.

Selenium Schedule 11l N Used in the manufacture of electronic
and photocopier components, health
supplements, glass, pigments, rubber
metal alloys, textiles, petroleum and
photographic emulsions and pesticides

Sodium Schedule 11l Y Rocks and soils dhe Island have high
levels of sodium chloride

Sulphate Element of Y Elevated levels can have a laxative

concern effect. Can affect corrosion potential.
Previous results:-45 mgl in
Longwood, Bradleys and airport taps

Tetrachloroethene Schedule 11l N Used in dry cleaning and textile
processing

Tetrachloromethane | Schedule IlI N Used in cleaning industry in Hald04
firefighting chemicals and in
refrigerants

Trichloroethene Schedule IlI N Used as an industrial solvent

Trihalomethane Schedule 111 N Forms as a bproduct when chlorine is
added to drinking water

Vinyl chloride Schedule 111 N Used in the production of PVC

Zinc Element of Y Present in low concentratits. Previous

concern- BR result: 0.11 mg/l in Longwood tap
PHYSICAL
Colour Schedule 111 Y (airport) Aesthetic issue
IATA

Taste Schedule 111 Y (airport) Aesthetic issue
IATA

Odour Schedule 111 Y (airport) Aesthetic issue

IATA




Parameter

Inclusion

Relevant to

Comment

based on: island (Y/N?)

pH Best practice | Y (airport) Sandard indicator of water quality
IATA

Conductivity Element of Y Standard indicator of water salinity ar
concern corrosion potential

Turbidity Schedule 111 Y (airport) Or could use suspended sediment as
IATA surrogate

Total alkalinity as Elementof Y Indicator of corrosion

CaCe concern

Bicarbonate Element of Y Indicator of corrosion
concern

3.5 Sample interpretation

The samples have been interpreted in terms qéiality, compliance with legal standardkealth and
aesthetic effectscorrosion poential, pollution potential, and where relevant, irrigation useThe
methodologies and reference materials used are described below.

3.5.1 Compliance witldrinking waterstandardsand guidelines

Schedule Il of the St Helena Environmental Protectionn@mntie 2016lists the standards that need

to be complied with for water supplied to consumers. This list (includdalae 1 above) is based
on the EUDrinking Water Directi (98/83/EC), which has been revised based onlaltest World
Health Organisatn (WHO) Guideline Values (2017However there are no EPO, EU or WHO
guideline limits for some parameteo$ concern on St Helena Islaadd therefore the South African
drinking water quality standards set out in SANS 241:2015 have been used for cawgparat
purposes.

3.5.2 Health and aesthetic effects

The South African Water Quality Guidelines for Domestic Use (DWAF, 1996) wete ugetpret

the health and aesthetic effects of the water used to sypmgdnsumers on St Helena Islanthese
Guidelineswere based on the WHO Guidelines for Drinking Water Quality (1984 and 1993), as well
as guidelines from Australia, Canada and UBKAe most recent WHO Guidelines (2017) were also
consulted to ensure that the latest standards for health and aesthetic tsfigere applied.

Domestic water users can experience a range of impacts as a result of changes in water quality.
These may be categorised as follows:
1 Health impacts (shott and longterm);
1 Aesthetic impacts, which can include:
o0 Changes in water tasteplour and odouy
0 Staining of laundry or domestic appliances
1 Economic impacts such as:
0 Increased cost of treatment
o0 Increased cost of water distribution due to scalingrrosion sediment deposition,
etc.;
0 Scaling or corrosion of household pipes, fittiagsl appliances (DWAF, 1996).
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The DWAF Guidelingsovide a Target Water Quality Range (TWQR), starting with a range of values
where no health or aesthetic effects are experienced, through a graduated scale of impacts to a
concentration range where severeffects may be experienced. This is a useful guide for the
interpretation of impacts and determining significance.

3.5.3 Corrosion potential

There are various measures of corrosion including the Langelier Saturation Index (LSI) and the Ryznar
Index. Fo the purposes of this report, the LSI has been chosen to indicate the potential for
corrosion (negaive values)or scaling (positive scoreg. The LSI is calculated based on pH,
conductivity or total dissolved solids, calcium and bicarbonate concentrations and water
temperature. The latlr was set at 20°C for all samples. Bicarbonate analyses were done for all
samples (see analysis certificate in Appendix C), but the concentrations in all waters sampled were
so low that they are recorded as 0.00 mg/l. The virtual absence of bicarbdongether with very

low calcium concentrations in all samples means Hibthe water sampledis undersaturated with
respect to calcium carbonat@egaive scores) Undersaturated water has a tendency to remove
existing calcium carbonate protective coags in pipelines and equipmg and thus there is a risk of
serious corrosion. The LSI scores for the treated water samples and the untreated water supplies
are provided in the discussion chapter below.

The ideal bance for water is an LSI of 0.0, but any values within the rel@eo +0.3 ar¢olerable
in terms of corrosivity andcalingrespectively LSI scores exceedin@.5 indicate the potential for
serious corrasion.

3.5.4 Pollution indicators

The key chemical indicators of pollution from sepinks, sewage treatment works, fertilised land,
animal feedlots and stock concentrations are ammonia, nitrate + nitrite and orthophosphate, while
the microbiological indicators include. colj total coliforms, Enterococci and total plate count. The
sampes taken as part of this project were only analysed for chemical determinants, because the
laboratory at the Jamestown Hospital undertakes routine microbiological analysis of all treated
water on the Island.

3.5.5 Agricultural use
Some of the water supigd by Connect is used for irrigation of crops and livestock wateririge

quality of the water used in agriculture is important in determining its effecttmyp production,
animal health and performance, as well as the effects on the health of consumengpadéindanimal
produds. Volume 4 of the SA Water Quality Guidelines s€éB&8AF, 1993provides target water
guality ranges for both irrigation use and livestock drinking and these have been used in this report.
The elements of concern used in this report for irrigationd eimestock are listed below:

Irrigation use Livestock watering

1 Salinity (electrical conductivity| § Salinity (electrical 1 Sodium
1 Sodicity conductivity) 1 Lead

1 Boron 1 Chloride 1 Znc

1 Chloride 1 Sulphate 1 Aluminium
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1 Sodium 1 Copper M Boron
I Trace elements 9 Calcium M1 lron
1 Magnesium 1 Manganese

1 Nitrate + nitrite

4 SAMPLE RESULTS AND INTERPRETATION

Each of the four WTWs on the Island are supplied from one or more sources of water, therefore in
order to have operational relevance, the sample results are interpreted and distumss&VTW
catchment area. The five sources of untreated water and the two potential future water resources
are discussed under separate headings. The results are interpreted on the basis of:

1 Compliance wittEPO, WHO anBU and South African drinking watguality standardsand
guidelines

Aesthetic and health issues;

Corrosion potential;

Pollution indicatorsand

Suitability foragricultural use

=A =4 =4 =4

4.1 Red Hill Water Trelment Works: sources and supply

4.1.1 Description of water sources and supply system

The Red Hill WTW is located on top of a ridge just below High Knoll\Water from the following
sourcesh & | ff LIALISR 2NJ LJzYLJSR G2 {O02G4Qa aAatf N
WTW(Figure 1)

&
QX
(p))
-

Surface water Springs

f Grape Vingsutl and 2; T [FRéQa . I GKT

f Harpers 1,2 and 3. T DSyiadQa .| GKT
1 Callie® spring;
91 Fishpond spring;
1 Oakbank;
1 Osborne.

Water can also bgoumpedto the Red HIITWTW N2 Y (G KS WI YSadaz2gy 2¢2 @Al {
Of these sources, samples were only collecteainfrGrape Vine Guteservoir (GV1 and GV2),

HarlSNB H ol mnoO YR [R&8€Qa . F0GK O6[. MHO® I GNBFGSH
tap at the Red Hill WTW (RB) (see Sample Log in Appendix A).

The Grape Vine Gut reservoir is located just betlogvconfluence of two small valleys which drain

0KS y2NIKSNYy atz21LJ5a 2F 5AFylFQa t S| OCAIdzNE ™m0
catchment above the reservoir and the vegetation is primarily flax, with some exotic tree plantations
(Platel).
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The three Harpers reservoirs are located in a valley immediately to the east of the Red Hill WTW. At
the time of samplingHarpers 1 reservoir was empty to allow repairs to be carried out following a
rockfall (Plate2). The new Harpers 3 reservoir recss water from Oakbank

Plate 1: Grape Plate 2:
Vine Gut Harpers 1
catchment reservoir

The[ I R@& Q &Callie® ardFishpondsprings areall located in Plantation Forest, in the upper

NEI OKSa 27F (Figudzy)Tesareadround $hése springs is densely covered with mature
F2NBadszs odzi LI &dGdzNBE 1 yR Aa LINBaSyld KMWR (IKSy (daas
Bath springs are situated in one of the upper tributary valleys high above the Harpers reservoirs

The catchment around the springs made up of pasture land and flaxOakbank springs

surrounded bypasture land and mature forest g A G K AdGa OF 6 OKYSy i SEGSYRA)
area

The Red Hill WTW supplies water to the communitiesaf Hree Hollow, Cow Path, Red Hill, New
Ground St Paulsind Francis Plain.

4.1.2 Water chemistry andampliance with water quality standards

¢KS DNIYLIS +AyS Ddzi YR 1 FNLISN&E ¢ G§SNJ al YL Sa | NJ
is noticeablyhigher in sodium chloride (Figure 2 and Table 2). The treated water sample (idG23)

clearly influencd Ay G SNX¥a 2F AGQa &l f and prabablyodhér saiurkeS nof + R& Qa
sampled during this monitoring episode.
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Figure 2: Red Hill WTW wex quality: major anions and cations

Table 2: Red Hill WTW water quality resulis mg/l except where indicated)

EPO/
WHO/
EU TWQR (no
drinking adverse
water SANS aesthetic or
standard | 241:2015 | health effects) GV1 GV2 LB12 | H14 RH23

Potassium 0-50 0.9 1.2 4.4 1.5 1.4
Sodium 200 200 0-100 29 19 61 29 36
Calcium 0-32 3.8 3.3 2.8 3.6 3.8
Magnesium 0-30 5 4 5.2 4.1 4.6
Ammonia 1.5 0-1 0.09 0.09 0.08 0.1 0.09
Sulphate 500 0-200 2.3 4.6 15 13 12
Chloride 250 300 0-100 46 31 79 39 49
Alkalinity 22 17 14 17 20
Nitrate + nitrite 11 0-6 <0.1 <0.1 3.4 <0.1 <0.1
Orthophosphate <0.05 | <0.05 | 0.05 | <0.05 | <0.05
Conductivity
(mS/m) 250 170 0-70 20 15 37 20 23
pH (units) 5-9.7 7.5 7.4 6.6 7 7.4
Aluminium 0.2 0.3 0-0.15 0.02 004 | <0.01| 0.09 0.02
Boron 1 2.4 0.04 0.03 0.06 0.04 0.04
Copper 2 2 0-1 <0.01 | <0.01 | <0.01| <0.01 | <0.01
Iron 0.2 0.3 0-0.1
Lead (pg/l) 10 10 0-10 <0.5
Manganese 0.05 0.1 0-0.05 <0.01 | <0.01
anc 5 5 0-3 <0.01 <0.01

Red shading indicates that the value exceeds the drinking water standards; yellow shading indicates where the

value exceeds the TWQR for adverse health and aesthetic effects.

The iron concentrations in the GV1 and4Hsamples are over theP@QWHO'EU and SA water
guality standards (red shadirig Table 2, while the H14 sample exceeds tBE@QWHCO EU Directive
for manganese of 0.05 mg/l, but it is just within the SA lirkibwever, the treated water supplied to



14

custorrers from the Red Hill WTW (RH23) is well within the iron and manganese guideline limits.
Both iron and manganese occur naturally in the environment and the typical concentration of
dissolved iron in unpolluted surface water is in the range of 0.001 ton@/f while for manganese,

it can be present up to 0.13 mg/l (DWAF, 1996). Both minerals are present tatatheé and it is not
thought that these levels have been caused by anthropogenic pollution.

The main issue of concern is the high lead concehtgdty F2dzy R Ay (G K®3t20.8 Re& Qa
pg/l, this concentration is more than double the EU and SA limit gfgtld(Tabe 2), howevethere
is sufficient dilution from other aarces to ensure that the lead concentration in the treated water

supplyfrom the Red Hill WTWRH23A & 06Sf2¢ GKS f1F 02Nl G2NEQa RSGSC
safe to drink

Lead is rarely present in tap water as a result of its dissolution from natural soutdssprimarily
found in drinkingwater as a consequence of lead service connections and lead plumbing with a
contribution ffom old highlead joint solder, leaded brass fixtures and copper alloy fittings, which
also contain lead to improve milling characteristics. The amount of lead dissolved from the
plumbing system also depends on pH and alkalinity, with soft, acidic watdigrg the most
plumbosolvenfWHO, 2017) It was thuspostulated that this high concenttian could becaused by

old lead piping at the springThis has been investigatednd no evidence of lead piping could be
found. However,as part of longterm upgrading works envisaged fthre site, the old corrugated

iron roof and wallssurrounding the spring have been removed and #rea isnow enclosed with

steel hand railings

It is therefore possible that the result is anomalpeven though itwas doublechecked by the
laboratoryat the time of analysisWhile there is no immediate risk to the publfature monitoring
will provide more insight into thissue and inform management decisions going forward

4.1.3 Health and aesthetic effects

Leadconcentrations between 1@p n kx Ak f | & T 2 athys&mple,ould fteSen( alsligit Q &
risk of behavioural changes and the possibility of neurological impairment especiallidirerciif
takenover a long periodespeciallyif there is also exposure to lead from other sources e.g. old-lead
based paints, vehicle fumes, ettead concentrations below 10 pgés in the treated water sample
RH23have no adverse health effects (DWAF, 1996).

At values of AL to 0.3 mg/l (as in sample GV2 (shaded orange in Table 2)), the preserareroby

have a slight effect on taste and may leave deposits on plumbing, but there will be no adverse health
effects. Results in the range of 0.3 to 1.0 mg/l (samples GVHa4H will have an adverse effect on
taste and could cause plumbing problems. Prolonged use of this water by itself could result in slight
adverse health effects in young and irsansitive consumers (DWAF, 1996). The presence of iron in
the GV1 samplean be seen in the photo in the Sample Log (Appendix HAQwever, the iron
concentration in the treated water sample, RH23, is well within TM/QRfor no health and
aesthetic effects.

Manganese concentrationsbelow 0.05 mg/l have no adverse health orsHeetic effects, but
between 0.05 and 0.1 mg/l (as in samptd4), the water is tolerable to use and has no health
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effects, but could cause slight staining of laundry and appliances (DWAF, Deg6)o the effects of
dilution, the manganese level in theeated water from the Red Hill WTYRH23)is well within the
guideline limits. Due to the number of sources contributing to the Harpers reservoir, it may be
useful to take samples from some of the other contributing sources to try and determine thessourc
of the manganese.

4.1.4 Corrosion potential
The LSI for the Red Hill WTW treated wate#ig, indicative of a serious corrosion risk.

4.1.5 Indicators of pollution
None of the samples supplying the Red Hill WTW showed any signs of anthropogenicuituag)
pollution.

4.1.6 Fitness for agricultural use
The water supplying, and being supplied by the Red Hill WTW poses no danger for irrigation use or
livestock watering.

42 1 dzidQa DFGS 2 (i SshurcesvBdisippi€sy i 2 2 NJ &

4.2.1 Description of water sources and supply system

¢KS 1dzititQa DFGS 2¢2 Aa t20FG6SR Ay GKS OSYiGNB 27
currently supplied by a network of surface waterusoes, springs and one borehole. Water is also

often pumped from tle Grape Vine Gut reservoir (samples GV1 and GV2, see section 4.1 above). As

LI NI 2F /2yySO0iQa RNRdAAKIGI YAGAIIGAZ2Y &adGN)r GS3Tex
02NBK2fSa Ay CAAKSNDa =zFffSe IyR A{yRINSJAGAND2zO0(fdENSS
.2NBK2fS p Ay B5NB Ddzi AT NBIjdzZANBR® 2 GSNJ FNRY
+F ffS@ LizyLd adlGdAz2y oFflyOAy3a (Rdugl)> YR GKSyOS

Surface water Springs Groundwater
1 Upper and Lower 1 Upper Wells 1 Willowbank
Legf2 & ; D dzi 1 Lower (Bttom) Wells T CAaKSNDRa =+I
1 Fig Tree Gut 1 Jimmy Lots (in future). needed)
1 Grape Vine Gut (when 1 Borehole 5 (when
needed); needed)
T { KI'NJ Q@het | {
needed).

¢KS [ S33Qa Ddziiz CA IrWelsas Wilazbabk shutdestundallllogaied ih thes S
dzLILISNJ GNR O dzi I NAS& 2F GKS { KISy QaSNyt aseLOEIRRYS
OCA3IdzNB M0 @ ¢tKS CAaAaKSNNa =x+FftSex {KINyaey =+IffS
reaches on the dry eastern side of the Island (Figure 1).

The catchment NS | 62 @S (i K Sis ¢chamctérRed byflaxiivihile 2zhé area around the
WTW is mainly pasture land, with some exotic forestry plantat@md derse forest in the valley
(Phte 3. Further east, the landscape becomes drier and the vegetation in theraigy sections of
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{KIFN] Qa3 CAAKSNRa& FyR 5NB Ddzi @lftftSea Aa GeLRAT
woodland, especially along the water cour¢Ptated). Somewetlands are present alg the broad

Tt 22N 2 dleylbse 0 ghbllbcationof the boreholésee photo in Sample LogBome arable

I ANR Odzf G dzZNB Aa LINY OGAaSR Ay CAaAKSNRa =+=lfttsSe of
Levelwood and SilveHill).

Plate3: Vegetation around the Willowbank Platen Y ¢@LIAOFt @S3SGl A2y

borehole Note dense infestation of wild mango in the
watercourse

2} GSNJ FNRY GKS 1dziiQa DIGS 2¢2 adzllld ASa GKS F2f¢
Longwood, Bottom Woods and Deadwood.

4.2.2 Water chemistry andampliancewith water quality standards

¢CKS gl GSNI FNRBY [ S33Qa (Eotein) WellsWWEZBWS)litelRidallylthg R [ 2 & S
same with respect to cations, anions and dissolved metals, while the Willowbank borehole water
(WB6)has significantly higher levels of sodium chloride sattd lower iron as might be expected in

a groundwater samplé-igure 3 and Table 3Yhis is confirmed by the results of the sample taken in

2015. Since water from the Willowbank boreholegampedon a daily basis to cover the deficit of

water abstracted from the springs feewj the Hutts Gate WTWt is unsurprising thathe treated

g GSNJI FNRBY GKS 1 dzidQa 3FdS 2 ¢2qualitp(FighieBE aA YA F NI

Hutt's Gate WTW water sources and supply

70

60 e

%9 BW3
N L

20 +— \ ——UWS5

10 +—— %/ WB6

0 — = HG22
'bs(:’\&(\ 0&06\ fb\é-'\o 6{9\0@ @o{\\’b ‘\6@ \O;‘\ * AN ‘\C\
& 7 & © o &

CA3IdaNB oY |l dzidQa DIFIGS 2¢2 gl GSNI ljdzk £t AdG@Y
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Table3:1 dzi G Q& DI GS 2 ¢2 ginnigh &xdefjt diterfe hdicatedNS a dzf § &
EPO/ TWQOR (no
WHQ EU adverse
drinking aestheic or
water SANS health
standard | 241:2015 effects) BW3 LG4 UW5 WB6 HG22
Potassium 0-50 1.1 1.6 1.2 1.8 1.6
Sodium 200 0-100 24 24 22 42 45
Calcium 0-32 3.5 4.8 4.1 11 8.3
Magnesium 0-30 4.1 3.7 4.1 9.8 7.7
Ammonia 1.5 0-1 0.09 0.08 0.07 0.08 0.06
Sulphate 500 0-200 4.7 5.5 2.6 12 9.2
Chloride 250 300 0-100 40 38 37 58 66
Alkalinity 17 20 22 61 39
Nitrate + nitrite 11 0-6 <0.1 <0.1 <0.1 0.4 0.1
Orthophosphate <0.05 | <0.05 0.06 0.12 0.05
Conductivity
(mS/m) 250 170 0-70 19 18 18 34 32
pH (units) 5-9.7 6.9 7.3 7.3 7.4 7.7
Aluminium 0.2 0.3 0-0.15 0.06 0.02 0.02 <0.01 0.03
Boron 1 2.4 0.04 0.03 0.03 0.05 0.04
Copper 2 2 0-1 <0.01 | <0.01 <0.01 | <0.01 | <0.01
Iron 0.2 0.3 0-0.1 ﬁ 0.04 0.12
Lead (ug/l) 10 10 0-10 <0.5 <0.5 <0.5 <0.5 <0.5
Manganese 0.05 0.1 0-0.05 0.02 <0.01 0.02 0.03 <0.01
Zinc 5 5 0-3 <0.01 | <0.01 | <0.01 | <0.01 0.02

Red shading indicates that the value exceeds the drinking water standards; yellow shading indicates where the
value exceeds the TWQR for adverse heaitti aesthetic effects.

The Upper Wells (UW5) and Lower Wells (BW3) samples significantly exceed the guide$iier limit
ironz ¢ KAf S Giitk64) faBFeraeds tBEO, WHO and Hiohit of 02 mg/l, but is within

the SA limit(highlighted in redn Table 3) The evidence of the high iron content can be seen below
GKS [26SN) 6. 2G02Y0 2Stta FyR [S33Qa Ddzi LI LIS
Sample Log). However, the treated water supplied to customers is within the guidetihéoli
potable waterfor iron.

2 d

4.2.3 Health and aesthetic effects

The iron concentration in the Willowbank wat@VB6)will have no adverse health or aesthetic
STFSOGasx odzi GKS [S33Qa Ddzi o[ Dn 0metaficRastglaNS I G SR ¢
there is a small risk of iron deposition on plumbing, as the iron concentrations fall in the range 0.1 to

0.3 mg/l (Table 3). The iron present in the Upper and Lower Wells water (UW5 and BW3) will give it

a distinct taste and deposits on plumbing dikesly, however there are no adverse health effects at

this concentration0.3 to 1.0 mg/l)
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4.2.4 Corrosion potential
¢KS [{L F2N G§KS | dzi (i @4, inDitaiivéof & serousicdddsloniriSkR ¢ | G SNJ A 2

4.2.5 Indicators of pollution
None of KS &l YLX S&a &dzlJLX eAy3d GKS 1dzidQa DFEGS 2¢2
agricultural pollution (Table 3).

4.2.6 Fitness for agricultural use
The water from all the sources described above can be used for irrigation and livestock use without
any advese effects.

4.3 Levelwood Water Treatment Worksources and supply

4.3.1 Description of water sources and supply system

ThelLevelwood WTW is currently only supplied with wabeing gravity fedrom Deep Valley to a

reservoirat the WTW (Figuré and Plate6 > o6dzi AU A& LlaaiotsS GKIFG gl i
could be pumped to the Levelwood WTW in future. The Levelwood WTW is situated in the south

east of the Island on a ridge between Deep ValleyRledsantalley(Figure 1). Deep Way has its

origins highuponthesoutS I a4 Ft Iyl 2F S5ALylFQa tSk]1 YR GKS ¢
dominated by flax. The middle section of the valley around the WTW is largely covered with exotic
plantations.

Plate5: Levelwood reservoirwith the WTW
located below the green tanks.

Treated water from the Levelwood WTW supplies the communities of Silver Hill, Levelwood and
Sandy Bay.

4.3.2 Water chemistry andampliancewith water quality standards

Given that there is only once sourcéwater entering the WTW (LW8), it would be expected that
the treated water (LW20) would have a similar chemical signature, but sodium, chloride and iron are
all noticeablyhigher in the treated water sample (Figure 4 and Table 4).
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Levelwood WTW water sources and supply

‘9\\)@ 6\0@ \(',\0 ‘_)\\)6\ 6\0&’0 é{\&e R be {C\
> O > & N

Figure 4: Levelwood WTW water quality: majanions andcations

Table 4 LevelwoodWTW water quality resultgin mg/l except where indicated)

EU/ WHO
/EU TWOR (no
Drinking adverse
water SANS aesthetic or

standard | 241:2015| health effeds) LW8 LW20
Potassium 0-50 1.8 2
Sodium 200 0-100 26 42
Calcium 0-32 6.4 8
Magnesium 0-30 4.9 6.5
Ammonia 1.5 0-1 0.08 0.09
Sulphate 500 0-200 8.1 9.9
Chloride 250 300 0-100 43 55
Alkalinity 22 25
Nitrate + nitrite 11 0-6 <0.1 <0.1
Orthophosphate 0.1 0.1
Conductivity (mS/m) 250 170 0-70 21 26
pH (units) 59.7 7.5 7.4
Aluminium 0.2 0.3 0-0.15 0.07 0.05
Boron 1 2.4 0.04 0.04
Copper 2 2 0-1 <0.01 <0.01
Iron 0.2 0.3 0-0.1 0.15 -
Lead (ug/l) 10 10 0-10 <0.5 0.6
Manganese 0.05 0.1 0-0.05 <0.01 <0.01
Zinc 5 5 0-3 <0.01 0.04

Red shading indicates that the value exceeds the drinking water standards; yellow shading indicates where the
value exceeds the TWQR for adverse health and aesthetic effects.

Theiron content in the treated water is over the EPO/WHO/EU recommended guideline limit of 0.2
mg/l, but within the SA standard of 0.3 mg/l (Table 4).



20

4.3.3 Health and aesthetic effects

Iron concentrationdn the range 0.1 to 0.3 mg/as found in the Levelwabwater, will give the water

a very slight metallic taste and possibly cause iron staining and deposition on plumbing. However
there are no adverse health effects associated with this level of iron.

4.3.4 Corrosion potential
The LSI for the Levelwood WTk&ated water is-4.3, indicative of a serious corrosion risk.

4.3.5 Indicators of pollution
The water from Deep Valley which supplies the Levelwood WTW does not show any signs of
anthropogenic or agricultural pollution (Table 4).

4.3.6 _Fitness for agcultural use
The watersupplied by the Levelwood WTW is suitable for livestock watering and irrigation.

4.4 Jamestown Water Treatment Worksources and supply

4.4.1 Description of water sources and supply system

The Jamestown WTW (also known as Cl@i§pring) is supplied from four springs in the valley

dzLJA GNBFY 2F GKS LXFydyYy . €FO1 . NAR3IS o6..wmMp0OXI 5NYz
and the Hambess spring (not sampled). The Jamestown WTW can also receive water via gravity feed
fromthe 201 Qa aAff NBASNW2ANI 6St2¢ GKS wSR I Aff 2¢:

The catchment above the springs is severely disturbed with residential areas, roads, the Prince

' YRNBg {OK22f FyR LXIF&@Ay3a FTASERAZ | FNLISNRAE NBa&S
intensive agrialture (open and in tunnels), dense forest, rough scrubby vegetatioth lare

mountain slopes (Plate)6

%.:, & - T : —

Plate 6: Catchment above Jamestown WTW supp Plate 7: Jamestown WTWblack tank onlower right of
springsshowing Prince Andrew school arplaying photo), showing valley where Black Bridge,
fields, pasture landand plantations Drummond® Point and Tom Peters springs are locate

The Jamestown WTW is located on the edge of The Briars residential area and it supsigisuttis
Fa ¢Sttt a WHYSalhe@eag7)l YR wdzLJSNIiQa =+ ffSe
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4.4.2 Water chemistry andampliancewith water quality standards

The water from the Black Bridge (BB15) and Tom Peters (TP17) springs is chemically similar in terms
of the major cations and anions (Figlrend Table 5), but Black Bridge has a high iron concentration
(0.61 mg/l) which exceeds the EPO/WHO/EU limit of 0.2 ndils in turn seems to impact the iron
concentration in the treated water from the WTW, which at 0.16 mg/l is higher than the other
waters supplying this plantBlack Bridge water also has elevated aluminiuvhich again has an

impact on the overall water quality of the treated sample (Table 5)

The water from the Drummond Point spring (DP16) is somewhat different and reflectieremt
geochemical provenance with elevated sodium chloride salts, and thus a high electrical conductivity
(Figure 5 and Table 5). None of these values are over the prescribed limits, but they exceed the
TWOQOR for no aesthetic or health effects (see secti.4.3 below).

The Drummond Point water clearly has an impact on the overall quality of the treated water (JT21),
which showselevated chloride levelsompared to other sampled water sources

Jamestown WTW (Chubb's) water sources and supply

160
140 A
120 /\
100 A [ A\
S g0 N [//~\ = —sBis
E 50 \ /// DP16
40 \\ / TP17
20 V/ JT21
0 : : . : . : : .
RO & N AR o
Qo@‘:’@ ‘—P&Q 0&00@0%&9\) 1S 6\00 5\}6& ()&00 @Q}‘Q

Figure 5: Jamestown WTW water quality: majnions andcations

Table 5: JamestowWTW water quality resultgin mg/l except where indicated)

EPO/
WHO/
EU TWQR (no
drinking adverse
water SANS aesthetic or
standard | 241:2015 | health effects) | BB15 DP16 TP17 JT21
Potassium 0-50 2.6 3 2.4 2.5
Sodium 200 0-100 83 111 92 92
Calcium 0-32 8.8 14 17 11
Magnesium 0-30 11 19 16 14
Ammonia 1.5 0-1 0.08 0.09 0.09 0.07
Sulphate 500 0-200 25 48 33 30




22

EPO/
WHO/
EU TWQR (no
drinking adverse
water SANS aesthetic or
standard | 241:2015 | health effects) | BB15 DP16 TP17 JT21

Chloride 250 300 0-100 90 150 88 114
Alkalinity 79 83 81 81
Nitrate + nitrite 11 0-6 <0.1 0.6 0.6 0.3
Orthophosphate 0.18 0.13 0.15 0.14
Conductivity
(mS/m) 250 170 0-70 50 74 52 58
pH (units) 5-9.7 8 7.8 7.8 7.9
Aluminium 0.2 0.3 0-0.15 0.18 <0.01 0.03 0.08
Boron 1 2.4 0.12 0.1 0.07 0.1
Copper 2 2 0-1 <0.01 <0.01 <0.01 | <001
Iron 0.2 0.3 001 OB <001 | <001 | 0.6
Lead (ug/l) 10 10 0-10 <0.5 <0.5 <0.5 <0.5
Manganese 0.05 0.1 0-0.05 <0.01 <0.01 <0.01 | <0.01
Zinc 5 5 0-3 <0.01 <0.01 <0.01 0.03

Red shading indicates that the value exceeds the drinking water standatidsy whading indicates where the
value exceeds the TWQR for adverse health and aesthetic effects.

4.4.3 Health and aesthetic effects
The Drummonds Point sample (DP16) hasdium concentration of 111 mg/l which may make the
water taste faintly salty.

CHoride levels in the range 16R00 mg/l, as found in DP1#nd the treated water (JT213l0 not
have any adverse health or aesthefiaste) effects, but values over 50 mg/l (all samples), together
with a high conductivity are indicative of a er$ potenial for corrosion (see s 4.4.4 below).

Conductivitylevels higher than 45 mS/m as evident in all samples may give the water a slightly salty
taste, but there are otherwise no adverse effects.

The aluminium concentration in the Black Bridge water (BB1%)just within the EPO/WHO/EU
drinking waterguideline limit of 0.2 mg/l, but it could have a noticeable impact on water colour,
especially in the presem of iron as is the case with this water source. Although intake of
aluminium from this source aloneould exceed the 5% dietary guidelifBWAF, 1996)the
concentration of aluminium in the treated water from this plant (JT21) is well within the TW8IQR
no aesthetic or health effects.

As noted above, the Black Bridge sample (BB15) hammmoncentrdion of 0.61 mg/l which will

cause an impact on taste and possible deposition on plumbing, but no adverse health effects. The
iron concentration in the final treated water is 0.16 mg/l which could result in a very slight effect on
taste (JT21).
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4.4.4 Corosion potential

The LSI for the Jamestown WTW treated wateBi8, indicative of a serious corrosion tigkimarily

due to the contribution of water with elevated sodium chloride from the Drummond Point source
(Table 5). Water from the Jamestown WTWIALJLJ A Sa wdzZLJSNIIQa =+ ffSe& 6KS
Facilities (BFI) for the Island and airport are being constructed. One of the main concerns of the
design engineers and fuel management contractor is the level of chloride in the treated water supply
they u® in the firefighting systems for the fuel facilities. A chloride concentration of less than 50
mg/l would be optimal, but less than 100 mg/l could be tolerated. It is recommended that
consideration needs to be given to the water supply operating systesee if the contribution of

water from Drummond Point could be reduced, or greater dilution could be achieved for the
wdzLISNIiQa @It Se adzJ) & o

4.4.5 |Indicators of pollution
The water from the Jamestown WTW does not show any signs of anthropogenic aultaggl
pollution (Table 5).

4.4.6 Fitness for agricultural use

The sources to and water gplied from the Jamestown WT\&fe categorised as Class Il water
irrigation, in terms ofsalinity, chloride and sodium. A small reduction in yield can lpeagd in
saltsensitive crops. It is therefore recommended that farmers use a low frequency drip or flood
irrigation system and avoid foliar sprays. The water is suitable for livestock.

4.5 Untreated water supplies

45.1 Jimmy Lots

Waterisfedbydr A G& FTNBY GKS WAYYE [20a& ALINAY3I Ay 2 NN
222R& WAR3IS O0CAIdzNBE mMO O 2 ININGBNYOHR  DIJAILISFE 268 AT
the catchment is mostly under flax. The water is used for irrigation invimod) and on Tobacco

Plain (PlateB), however, there are plans to pump water from the Jimmy Lots spring to either the

l dzi G Qa DIFGS 2N [ S@Stg22R 2¢24 Ay TFdzidzNBSo

Plate 8: View of the Longwood agricultural area
from the Jimmy Lots tank near Woody Ridge

Thewater is good quality, with no sign of aagthropogenigollution, except for a high iron content
(0.8 mg/l), which exceeds the guideline limits for drinking water on the grounds that it will impart a



distinctly metallic taste to the water and cause pramis with plumbing(Table 6 and Figure .6)
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However, here would be no adverse health effects at this concentration.

Untreated water supplies
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80
70
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Figure 6: Untreated water sources: majanions andcations
Table 6: Water quality of untreated suppliggn mg/l except where stad)
EPO/
WHO/ TWOR (no
EU adverse
drinking aesthetic
water SANS | or health
standard | 241:2015| effects) JL7 | RW9 | GH10| CG11| IP13
Potassium 0-50 1.8 1.5 2.1 2.5 2.8
Sodium 200 0-100 25 33 32 51 40
Calcium 0-32 6.5 9.3 3.2 8.1 5.7
Magnesium 0-30 5.6 6.5 3.7 7.1 5.3
Ammonia 1.5 0-1 0.09 | 0.08 | 0.08 | 0.08 | 0.06
Sulphate 500 0-200 5.1 10 11 15 15
Chloride 250 300 0-100 35 43 49 83 61
Alkalinity 36 48 7.5 22 11
Nitrate + nitrite 11 0-6 <0.1 | <0.1 | <0.1 | 04 1.4
Orthophosphate 0.07 | 023 | 0.1 | 0.08 | 0.08
Conductivity
(mS/m) 250 170 0-70 20 26 22 36 28
pH (units) 59.7 76 | 79 | 69 | 74 7
Aluminium 0.2 0.3 0-0.15 0.03 | 0.02 | 0.07 | <0.01| <0.01
Boron 1 2.4 0.03 | 0.04 | 0.04 | 0.07 | 0.07
Copper 2 2 0-1 <0.01 | <0.01| <0.01| <0.01| <0.01
Iron 0.2 0.3 0-01 |0 0.04 | 0.07 | <0.01] <0.01
Lead (ug/l) 10 10 0-10 <05 | <05 | <05 | <05 | 4
Manganese 0.05 0.1 0-0.05 | <0.01] <0.01| <0.01 <o.01H
Zinc 5 5 0-3 <0.01| <0.01| <0.01| 0.04 | 0.02

Red shading indicates that the value exceeds the drinking water standalttsy shading indicates where the

value exceeds the TWQR for adverse health and aesthetic effects.
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The water is suitable for irrigation with low concentrations of the main salts: sodium and chloride.
Iron, at the levels present, is not toxic to plants.

The corrosion potential is serious, with a LSHd2.

4.5.2 Rockwater

The Rockwater spring is found in one of the srwdler tributaries of Mount PleasaniFigurel).
There was very little flow at the time of sampling and the avah the small weir contained green
algae (see photo in Sample Log). The catchment valley is densely vegetate@)(PIRgwv water
from this source supplies the@esternparts of Sandy Bay, where it is used for irrigation and domestic
use.

Plate9: The overgrown
Rockwater catchment

In spite of the presence of some algae, the quality of water from this source is gyubdt is
compliant with the drinking water guidelines, with no adverse aesthetic or health effects (Figure 6
and Table 6).No signs opollution are evident and the water is suitable for all cr@psl livestock
watering However, there is a serious risk of corrosion, with an L-8I&f

45.3 Green Hill

2 §SNJ A& LIALISR QA 3ANIGAGE FTNRY 2 lsanfpl@eGHIOWaS (2 |
02t f SOUSR® 2 AKQa Ddzi F2N¥xa 2yS 2F GKS dzLJLISNI
at21L5a 2F S5ALYylFQa tSF{ 6CAITdz2NE mL O ¢ K Sson@l 0 OKY S\
arable andpastureland. Waterfrom this source supj#s the Green H area (Platel0).

The water quality is good and complies with all the drinking water standards and it does not have
any adverse aesthetic or health effects (Table 6 and Figure &re T no evidence of nutrient
pollution and the water is suitable for agriculture. However, it has a very high ESRpfwhich
indicates a serious corrosion potential.
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Plate 10: View of the Green Hill area

454 CNBYyOKSa Ddzi 02NBK2fSa FyR /laz2yQa DIFGS o6/ Dmi
Two boreholes have been dewgkd in Frenches Gut at the upper end of Lemon Valley on the west

side of the Island (Figure 1). The boreholes are located 100 miagaastureland, with one being a

vertical hole to 30 m; the other is an artesian source accessed via a horizontaPhaiks{1 and

12). Raw water from this source is supplied to the commiukiS& 2 F . f dz8in, Buknf £t = | St
w2012 I 2NBRS tlaiddNB FyR ¢K2YLA2YyQa 222RX | a ¢St
area(where the sample was collected)

Plate 11: The outlet of the horizontal borehole in Plate 12: Pastureland surrounding the Frenches Gu
Frenches GutNote oily film on the water surface boreholes

The quality of water is good and complies with all the drinking water guidelines, but slightly higher
sodium and chloride values syest that the water is in contact with saline volcanic rocks (Figure 6
and Table 6). The water presents no adverse health or aesthetic effects and is suitable for
agriculture, although very salt sensitive plants may be slightly affectéw 2018 resultsompare
favourably with the results obtained in 2015, except for zinc which is higher (but still within limits)
and bicarbonate.
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During sample collection, a film of hydrocarbons was evident on the surface of pools lying below the
borehole outlet(Plate 11) The sarce of this is unknown and could be from servicing the boreholes;
it is unlikely that the water itself is polluted.

The corrosion potential for this water is serious with a LS5.@f

4.5.5 |Iron Pot

The Iron Pot borehole is locatéa one of the upp®ld G NA 6 dzi I NAS&a 2F [ SY2y I
Gate (Figure 1). Water is pumped from this borehole to a holding tank @asp® (Gold Mine

TanR, from where raw water is supplied to High Pgist Paulsand BuemarQ &  C llaGdiugde &

around the borehole comprises pasture and forestry plantations.

In the sample analysed at the CSIR in 2018)ganese exceeds the allowable EPO/WHO/EU and SA
limits at 0.17 mg/l (Table 6). At this level, the water is tolerable tasse, but could ause slight
staining of laundry and plumbingNo health effects are expected. It is likely that the source of the
manganese is natural, rather than anthropogenic at the concentrations found hierdeed, the
2015 sample analysis showed a much lower nasege concentration at 0.05 mg/l, but in all other
respects the 2015 and 2018 results were simildre water is fit to use for agriculture, but there is a
serious risk of corrosiogthe LSI for the Iron Pot water45.9.

4.6 Potential future water souces
4.6.1 Description of water sources

Borehole 5,{ K N] Q&4 YR CAaKSNRa =zlffSea KIFS 0SSy AR
sources.

Borehole 5 was drilleth Dry Gutby Basil Read in 2012 as part of the programme to find sufficient

water to use to compact the Dry Gut rockfill for the airport runway extensidhe borehole yields a

constant supply of good quality water and has thus been retained by Connect to provide water in

times of drought(Plate B). The water in the borehole must emaitedS FNRB Y KA 3IK dzZLJ 2y E
and flow rapidly towards the borehole because the quality of the water is far superior to any of the

other boreholes drilled close by in Dry Gut. However, the quality is susceptible to long contact with

the underlying geolgy, showing a marked increase in salinity when pumping stops for a few days.

The water quality thus improves with increased pumping.

CKS {KIN]Qa I ffS& lopdtedratlevevaodoNT ACHIdENIS/ M.02dA v G{ KAFAN] ¢
quite alarg OF GOKYSYy (s RNIAYAY3I G(KS SHadsSNy afz2L8a 2
2 NNByQa Ddziz ttSraltyd =+=rttSe yR ¢F3tFaGS =+ ¢ff
comprises flax on the upper slopes of the mountain, with extensive agriatliand (arable and

pasture, plantations and alien vegetation on the rstbpes. Further downstream the valley slopes

are largely bare or support sparse scrubby plants, while the river valley is choked with wild mango
(Plated). The settlements of Woodyidge, Silver Hill and Levelwood are situated in this catchment.

 tFNES OFGOKYSYd RNIFAyAy3I Ff

CA aKSND
0K 2T S5AF Yyl Q& tufdrtakhment, KS YI A
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62 @S i Kéle WTWzis dafyély cBmposed of flax and some plantations. As one moves away

from the higher slopes, agriculture (pasture and arable) becomes quite dominant in the landscape,

which in turn merges into Crown wastes andasgely vegetated slopes as one moves downstream

(Plate B)® ¢CKS (g2 02NBK2ftSa Ay CAAaAKS Mpasturddantd t S A
upstream of thewetland area(Figure 1).

.....

O ATENY

A2y Ay

Plate 13: Connect collecting@orehole Swater at the
Fire Water tank in February 2017 as part of the
drought relief strategy

! LldzY L) adlGA2y YR oFftlyOAy3a GFyl INB f20FGSR
water fromthS4S 02NB K2t Sa dzLJ (énhdoi KoBgwdodiAResetvaiin Driesid 2 ¢ 2
drought. Drect pipelines have also been laid fronthe Borehole 5 holding tankAirport Fire Tank)

and{ KI NJ Qa =+IFftfSe G2 lftt2g¢ ol GSNI G2 06S LizYLISR dz
drought periods.

4.6.2 Water chemistry and compliance with drinking water standards

Borehole 5water complies with all the drinking water standards when it is being pumped on a
regular basis as mentioned above. If it is allowed to stay in contact with the underlying geology for a
few days, it becomes noticeably saltier and unfit to drink.

Borehole 5, Shark's and Fisher's Valley water
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¢rofS 1Y 2 §SNJ ljdzl f AG& NB aakfre$ults irffFraghexéefpt wheteQ a
shown)

EPO/ TWQR (no
WHO/ EU adverse
drinking aesthetic or Ave
water SANS health 201318

standard | 241:2015 effects) Svi8 FV19 BH5
Potassium 0-50 4.6 6.7 4.9
Sodium 200 0-100 166 163 124
Calcium 0-32 38 42 28.3
Magnesium 0-30 40 42 25.3
Ammonia 15 0-1 0.1 0.09 Nd
Sulphate 500 0-200 67 47 35.8
Chloride 250 300 0-100 241
Alkalinity 71 36 60
Nitrate + nitrite 11 0-6 1 4.9 3.6
Orthophosphate 0.12 0.15 Nd
Conductivity (mS/m) 250 170 0-70 132 136 106
pH (units) 5-9.7 8 7.3 7.8
Aluminium 0.2 0.3 0-0.15 0.03 0.02 Nd
Boron 1 2.4 0.11 0.09 Nd
Copper 2 2 0-1 <0.01 <0.01 Nd
Iron 0.2 0.3 0-0.1 <0.01 <0.01 Nd
Lead (ug/l) 10 10 0-10 <0.5 <0.5 Nd
Manganese 0.05 0.1 0-0.05 <0.01 <0.01 Nd
Zinc 5 5 0-3 <0.01 <0.01 Nd

Nd: not determined
Red shading indicates that the value exceedsdtieking water standards; yellow shading indicates where the
value exceeds the TWQR for adverse health and aesthetic effects.

¢KS g1 0SN) OKSYAAUGNER FNRBY {KIEINJlaQ IyR CA&aKSNDa
7. The water quality is niteably poorer than any of the other sampled sources, with very high
chloride and elevatd sodium, calcium and magnesiurthis is confirmed by the results of the 2015

AL YLX S (F 1Sy FTNRBY Chha gré&ahtesof thesefsdltSrdeans that BectachlS a ¢
conductivity is also elevated (Figure 7 and Table 7). This is fairly typical of groundwater and surface
water on the eastern side of the Island and is indicative of the underlying geology and highly saline
soils found in this part of the Isldn

The chloride values over 300 mg/l do not comply with the drinking water standards, and while the
other elevated elements do comply, they are at levels where aesthetic effects may be observed.

4.6.3 Health and aesthetic effects

Sodium values higher thal00 mg/land chloride over 300 mg/l willive the water a slight salty
taste. Calcium and magnesium exceed the TWQR3& d@hd 030 mg/l respectively which could
result in scaling and inhibit soap latherjrigut no adverse health impacts would be exjzal.

byl

I+
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4.6.4 Corrosion potential
The corrosion potential is high fall three sources of water with LSIs €2.8, -4.2 and-4.9 for
Borehole5{ KI NJ Q& =+ ffS& |yR CAaKSNRa =+l ffSe& NBaLISOGA

4.6.5 Indicators of pollution
There are no signs of nigint enrichment from septic tanks or agriculture in either water sample.

4.6.6 Fitness fomgriculturaluse

The high concentrations of sodium, chloride and the high conductivigllahree water sources
indicate that this wateris classed as Class It ¥ for irrigation purposes. Even moderately salt
tolerant crops grown using this water could have a reduced yirtllwaer application should be by
drip or flood irrigation, rather than foliar spraysThe water is suitable for livestock drinking witho
any adverse effects.

5 CONCLUSIONS

Generally the water quality supptl to consumers on St Helena Island is good, with only lead, iron

and manganese exceeding the specified guideline limitsdone ofthe current sources of water.

The lead concentr i A 2 Yy A ¥ Bath K@ing [whtdR & @ concern as it could cause behavioural
changes and neurological impairment in small childfesonsumed over a period of timespecially

if they are also in contact with other sources of lead, such as olddaadd paints and leaded petrol

fumes However, theelatively smalO2 Yy G NA o dziA2y 2F GKS [l RéQa . I (K
the Red Hill WTW means that the lead concentration in the treated water supplied to the fublic

well within the prescribed limits.

Thee are non-compliant levels ofiron in the Grape Vine Gut 1, Harpers 14, Upper and Lower

6. 20G2Y0 2Stftasx [S33Qa Ddziz [ S@OStg2dRomythes . f I C
Levelwood WTW water is supplied directly to consumers for drinking water. This wilitbavea
slightmetallictaste and may cause staining on plumbing (Figure 8). However, at the levels found on

the Island, the iron concentrations will have no adverse effects on health, irrigated crops or
livestock.

Manganese levels amon-compliantin two samples: Harpers 2 reservoir and Iron Pot. In both cases
the source is likely to be natural and there would be no adverse health effects at these levels. The
main impact will be on taste (minor) and possible staining of laundry.
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Figure 8: Iron concentrations in all water samplesngpared to the guideline limit for
drinking water

The conductivity of all samplesvigthin the target water quality range o070 mS/mput the levels

are over the aesthetic limit of no adverse effects of 70 mS/m inthenmond Poin{DP16)source

andthe L2 0 Sy G ALt ySg adzll) ASA& Ay CA&aKSNIDEhe sahhi® { KI NJ
is caused by natural sodium chloride salts found in the volcanic rocks and soils of the Island,
especially on the dry eastern sidddowe\er, the salinity levels of tree samples should give no

cause for concern for drinking water quality, but may have an impact on irrigated crdlpshe

WTWs are compliant with regard to sodium, chloride and conductivity levels.
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Figure 9: Conductivitpf all samples

The pH of all samples analysed fell within the specified range for drinking watey @f75as shown
inFigure 106 KS f2¢gSad LI ¢l & SyO2dzy iSNBR Ay [l ReéQa
found in Black Bridge (BB15) and Skaék + | f £ S& 6 { tmy 0 @
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pH (units)
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Figure 10: pH of all water analysed.

lff 2F GKS 6FGSN) a2dzNDODSa yrfeaSR KIR OSNE 2
CAAKSNRa =IffSe az2daNOSao +SNE f2¢6 OFf OAdzy |
sodium and chloride salinity will result in water that is ungaturated with calcium carbonate, thus
exposing metal pipes, fixtures and fittings to serious corrosion. The Langelier Saturation Index
results for the water supplied directly to consumers atown in Table 8 belowAs mentioned in
section 3.5.3, the ideal value where water is chemically balanced is 0.0, but any values b&8een

and +0.3indicatethat the water is tolerable in terms of corrosion and scaling respectively. Values
over-0.5 indicate that seriousoecrosion couldoccur.

]
Yy R

Table 8: Langelier Saturation Index scores for all water supplied to customers

Water source LSI
Red Hill WTW 4.7
|l dzitQa DFGS 2 ¢2 -4.1
Levelwood WTW -4.3
Jamestown WTW -3.8
Jimmy Lots 4.2
Rockwater -3.8
Green Hill -3.8
Frenches Gut boreholes -5.2
Iron Pot -5.9
{KFN]J Qa =+l ftfSe 4.2
CAAKSNBEQ =+ ffSe -4.9
Borehole 5 -2.8

None of the samples collected appeared to contain high levels of sediment; a few corghgied
amounts oforganic material, as noted in¢hsample logand mostwere clear in colour.
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6 RECOMMENDATIONS

Several recommendations arise fromgtrieport relating to the immediate actions that need to be
taken, the Phas@ studyandthe purchase of reagents for thenalytical equipment.

6.1 Immediate actions

Following receipt of theamnple resultsConnect waslerted to the high concentration of lead in the
Lady@ Bath spring watefLB12)and an investigation was launched to determiwhether any lead
pipes,old lead joint solders, or leaded brass and copper alloy fittingee present at the spring.
None were found, but all old rostheeting has been removed and a metal fence has been erected as
part of planned maintenance wks. This water must be sampled gart of the Phase 2 study (see
below) to determine whether the result obtained during the Febyu2018 sampling exercise is
anomalous or not. The result will determine thranagemengctions that might need to be taken.

Some evidence of hydrocarbon pollution was observed in small puddles just below the Frenches Gut
horizontd borehole. The source of this contamination needs to be investigated and any
hydrocarbonleaks from pumps need to be repaired.

¢tKS KAIK OKf2NARRS S@St Ay GKS o6 GSNJ &adzLJL)d A SR
concern to the BR design engimeend the fuel management contractoChloride oncentrations

over 100 mg/l could increase the risk of corrosion in the firewater tanks and fittings at the Bulk Fuel
LyadlrkttradAazy Ay dzLILIS NI w dehiSandlySisiindicayeRthtite dvatdr o . | & & A |
the Drummond Point source has a chloride concentration over 100 mg/l, which is influencing the

overall quality of the Jamestown WTW treated water. It is recommended that various options be
considered to reduce the contribution of waterofn the Drummond Point source to improve the

jdzt t AdGe 2F 61 GSNI gAGK NBaAaLISOG G2 OKf2NARS &dzLILX A

It is recommended that an investigation is carried out as to why the treated water from the
Levelwood WTW has a higher sajrtitan the source of thencomingwater. The results from the
next sampling exercise wilbnfirm this finding.

6.2 Phase 2 study

Based on the findings of this Phase 1 study, the phase 2 approach, as described in s. 3.1.2, should
proceed as planned iAugust/September 2018. However, it is recommended that samples should

be taken from the following sources in addition to the 23 samples collected during Phase 1: Harpers
1 and 3 (if full), the Oakbank, Osbo@e> D Sy (i Q & andIFighkPEnd spkisigif adcSssible).

Copper, boron and zinc could be dropped from the analyses as all of the samples were well within
the prescribed limits.
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6.3 Analytical equipment

Connect has a Palintest Photometer 8000 analytical instrument, but no reagents ahiprdsble 9
shows the main elements of concern, the range found during this sampling episode and the reagent
range available for the photometer. There are, however, some key determinants supHl,as
conductivity,calciumand sodium which cannot be anadygswith a photometer. For these elements,

it is recommended that a Hach HQ440d mphlirameter benchtop meter (or similar) should be
purchased together with the relevant probes.

Table 9: Reagents required for the Palintest Photometer 8000 instrument

Aluminium <0.01¢0.18 0¢0.5

Ammonia 0.06¢ 0.1 0c¢1

Bicarbonate <0.01 0-12

Boron 0.3¢0.12 0c¢25

Chloride 31-374 0¢ 50,000

Copper <0.01 0¢5

Iron <0.01¢ 0.9 0¢5

Lead <0.5¢ 20.8 ??

Magnesium 3.7-42 ?7?

Manganese <0.01¢0.17 0¢0.03 (is there a reagent for
larger range?)

Nitrate + nitrite <0.1¢ 3.6 0c20

Potassium 0.9¢6.7 0-100

Orthophosphate <0.05¢ 0.18 0¢l1l.3

Sulphate 0-67 0-200

Zinc <0.01¢ 0.04 0c4

Total alkalinity 0-83 0-500

It is strongly recommended that these reagents are purchased as soon as possible so that future
analyses can be done dsland.
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SAMPLE LOG
Sample location | Sample Type of water | Photo
Code and
Number
Grape Vinesut Gvi Surface
reservoir inflow
pipe 1
Grape Vinesut GV2 Surface
reservoir inflow
pipe 2(right)
| dzi G Qa D| BW3 Surface
reservoir inflow
pipe 1 from
Lower Bottom)
Wells
Hutts Gate LG4 Surface
reservoir inflow
pipe 2 from

Upper and Lower
[ S33Qa D

Comments

Pipe 1(GV1)is on the left (looking towards pipes)

Note iron(orange)precipitation below Pipe 1, with less below
Pipe 2on right,

Colour: clear

Sediment: slight

Supplies Red Hill WTW

Collecting sample froRipe 2(GV2)
Colour: clear

Sediment: more than GV1
Supplies Red Hill WTW

BWS3 (third pipe from left);
Iron precipitation below pipe;
Colour: paleyellow
Sediment: slight

{dzLJLJX A S& 1 dzidiQa DI

(kN
(s}

2 ¢ 2

LG4 (second pipe from left);
Slight iron(orange precipitation;
Colour:very pale yellow
Sediment: very slight

{ dzLJLX AsSGate Wawih (i Q
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Hutt@ Gate raw | UW5 Surface and Colour: very pale yellow

water tank inflow springs Sediment: none visible

pipe from Upper {dzLJLX A S& 1 dzidiQa DFEGS 2¢2

Wells

Willowbank WB6 Groundwater Willowbank borehole pump

borehole holding Waterpump®k (2 | dzidQg DI GS NB&aSN
tank Colour: clear

Sediment: none visible
{dzlLJLJX AS& 1 dzidiQa DFGS 2¢2
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Jimmy Lots tank | JL7 Spring
overflow pipe

WatSNJ FSR o0& 3INIGAGE FTNRBY WAY
Untreated water sed for irrigation only in Longwood and
Tobacco Plain

Colour: clear

Sediment: very slight

/[ 2dzZ R 0SS LzYLJISR (2 | dzidQa D

Levelwood Lws8 Surface Water gravity fedfrom Deep Valley to Levelwood reservoir
reservoir inflow (Lw8);
pipe Colour: pale yellow

Sedimentvery slight
Supplies the Levelwood WTW




Inflow pipe to RW9 Spring
tank at

Rockvater

Inflow pipe from | GH10 Spring

2 aKQa
Green Hill tank

D

Rockwater weir with algae (green) and iron precipitation
(orange)

Very low flow, sample taken from tank;

Provides raw water tavestern parts ofSandy Bay where used
for irrigation and domestic use;

Colour: clear

Sediment: moderate

2} GSNJ FNRY 2 aKQa Ddzi Aa TS
reservoir (GH10);

Supplies untreated water to the Green Hill area;

Colour very pale yellow

Sediment: slight
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Tapl G / I &|CG11 Groundwater ¢KS GFLI FG /F&az2yQa DFEGS LI NJ
Gate fed from Frencles Gut (upper Lemon Valley);
Frenches Gut Boreholes supply Blue Hill,S I R h Q2 | Ack; Horse dzNJ
boreholes P addzNBzZ ¢ K2 Wilhlareat@diwater2 2 R
Boreholes 100m apart;
One drilled to 30 m; the other is artesian (horizontal hole);
Colour: clear
Sediment: very slight
t SNJ Ay Qa&| Not sampled| Surface No photo Supplies untreated water to parts 8andy Bay
2 NJ y 3Kl Y| Not sampled| Surface No photo Supplies untreated water to the upper parts of Sandy Bay
Sping
Inflow pipe to LB12 Spring { dzNFI OS o6 GSNI FNRBY [ RéQa
weir at Lad@ a WTW,
Bath Sample collecteddm tank due to low flow;
Colour: clear
Sediment: none visible
Raw water tank | IP13 Groundwater No photo of tank due to rain Water pumped from Iron Pot borehole in upper Lemon valley

pumped from
Iron Pot borehole

YSIENI /a2y Q& Cabkoil@§GoiiNine iank’{ Y
Provides raw water to High PoirBjluemar@ Fieldand St Pauls
Colour: clear

Sediment: none visible




Outflow pipe H14 Surface
from stilling dam

above Harpers 2

Small weir BB15 Surface
outflow at Black

Bridge

Small weir DP16 Surface and
outflow at spring

5 NHzYY2 Yy R
Point

Stilling dam above the Harpers 2 reservoir;

Water pumped from Harpers reservoirs (1, 2 and 3) to Red Hi

WTW;
Colour: slightly cloudy grey
Sediment: very slight

Streamupstream ofJamestown WTW

Gravity fed to Jamestown WTW at Ch@&Bpring
Colour: pale yellow

Sediment: very little

Streamupstream of Jamestown WTW,;
Gravity fedto Jamestown WTW at Chu@pring;
Colour: clear

Sediment: slight




Inflow pipe to TP17 Spring
tank from Tom

Peters spring

Lower Sh NJ Q| SV18 Surface

Valley

42

Spring in same valley as samples BB15 and DP16 above;
Gravity feed to Jamestown WTW at ChaBbring

Colour: clear

Sediment: very slight

t ALIS 2dzif SG Ay t26SNI { KINJQ
Note the entire valley is overgrown with wild mango;

In times of drought, water is pumped to the pump station in
CAaKSNDRa zFftftSe FyR GKSyOS
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Borehole holding | FV19 Groundwater H 02NBK2fSa Ay CAaAKSNDa =1 ff
tankin A & K S| tdzylLd adlidAz2y FyR oFfFyOAy3
Valley +lftSe FyR .2NBK2fS p FyR LJ
of drought.
Borehole 5 BR results | Groundwater Borehole in Dry Gut;
Pumped to Firewater tank for use at airport. In times of droug
Oy 068 LMzYLISR (2 GKS CA&KSNJI
G2 1dzidQa DIFGS 2¢2T
Colour: clear
Sediment: none
Levelwood WTW | LW20 Treated potable Supplies the communiteof: Silver Hill, Levelwood and Sandy
sampling tap water Bay
Jamestown WTW, JT21 Treated potable {dzLJLJt AS&a GKS O2YYdzyAGASa 27
(Chubbs) water Valley
sampling tap
| dzi G Qa D| HG22 Treated potable Quppliesthe communites of:Longwood, Bottom Woods, Airpor
sampling tap water Deadwood ! f I NY C2NBadx | dzidQa
Red Hill WTW RH23 Treated potable Supplies the communities dfialf Tree Hollow, Cow Path, Red

sampling tap

water

Hill;




