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Case Study 1 — Havelock North
Campylobacter outbreak

Case Study 2 - Source
Protection Zones (SPZs) for
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urban and rural water supplies




Case Study 1 — Havelock North Campylobacter outbreak
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Hastings DC
water supply
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Figure 2-1: Layout of the Hastings Water Supply System (excluding Paki Paki zone)




Tummy bug outbreak linked to Havelock North  Tffr Tonkin+Tayior

water supply
Campylobacter confirmed in Havelock North water,
4100 affected

Timeline: NZ's worst
waterborne outbreak

Gastro: Second death linked to Over 4000 sick from Campylobacter in NZ water

campylobacter outbreak in o
Havelock North Havelock North water crisis sparks call for

all drinking supplies to be chlorinated

N N/ b —




Thursday 18t August 2016




+ HASTINGS
The Havelock North outbreak  "RAT TonkinsTaylor | @ HASTIN

* Havelock North public water
supply suffered a significant
Campylobacter contamination
event in August 2016 — followed
heavy rainfall

e Source of the contamination was
the nearby Brookvale Road bore \ e L ' R
field - part of the HDC water & L &/ 4_@ y S
supply system e S (B »

Government Inquiry into
Havelock North Drinking-
Water - the catalyst for major
reforms in the drinking-water

e Estimated 5,500 residents became
ill with campylobacteriosis - 45
hospitalised, possible contribution
to four fatalities
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1 August 2016 - 15 September 2016

Water chlorinated, boil water notice (12 Aug)

Switched to
Brookvale
Bores (3 Aug)
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Importance of good science...

 Contamination/
hydrogeology
Investigations

* Rainfall runoff modelling

* Geophysics

* Groundwater modelling

 Contaminant fate &
transport

* Dye tracer tests

* Genotyping (ESR)




Brookvale Bore 1
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Conceptual hydrogeological model
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Age-tracer data (GNS)
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Figure 3.2 Modelled cumulative residence time distribution for the Lyndhurst No.S and No.7 wells.




HDC Broad scale Investigation

* 100+ sites evaluated, 140ha investigation
area

* 10 priority sites identified for more detailed
assessment, including:
* Significant land disturbance, landfilling

* Numerous uncapped bores
e Potential areas of contaminated runoff

* Vulnerability of untreated water supply to
contamination if non-secure



Geophysics: Electromagnetic Induction (EM-34) qAAl" Tonkin+Taylor

Lower Electrical Conductivity in these areas
Possibly due to reducad thickness of sedimentary layers above acquifer

Higher Electrical Canductmty
in are of Landfill
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Electromagnetic (EM) induction
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Higher Electrical Conductivity
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contant in shallow soll layers
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1: .
Table 1: Summary of key genotypes of Campylobacter observed among samples ﬁnl_—rl Tonkin +Taylor
of Havelock North

Genotype Source [numbkers indicate the number of isolates analysed by MEIT, with in brackets, the number of those whole penome sequenced)

Cluster Human® Reticulated water [12/8) g Bore # animal Faecal (23/8) 7 Enmvironmental #
¢
C1-16-001 98 (38) 41 Hikanui Dr 1(1) |Bore1{19/8) 2(1) | Sheep 95, Paddock 2 2 (1) | Drain 55204 (30/8) 3 (1)
ST42A/B 0 31 Endsleizh 70(3) Sheep 98, Paddock 2 31
49 .r"ﬁ Library 3[1)
CJ-16-002 47 (19) - - |- - Sheep 84, Paddock 2 3(1) | Drain 55077 (16/8) 4(1)
ST3610-A o Sheep 97, Paddock 2 3y
23:’6 Sheep 100, Paddock 2 21
—— S - —— TR e 1) b e gt e e

STE3I0E-A Bore 2 {12/8) Pit 54536 (23/E) 5 (1)
C-16-005 g9 (4] 92 Endsleigh 4(1) | Bore1(24/8) 11(1) |- - |- ;
ST1517-A Library 1(0)

4%
CJ-16-D06 g (2) - - |- - Sheep 93, Paddock 1 1y |-
STATd-A

4%
C1-16-D07 3[1) 41 Hikanui Dr 6i2) |- - - - |-
STS0-A

2%

Yonby emaining cases may also

Source: ESR Evaluation of water and animal faecal samples from Havelock North, August & September
2016.




Rainfall

Farm Bore

runoff

Runoff volume from 6-8 August 2016 for
a scenario with 125mm of rainfall.




Groundwater modelling AA" Tonkin+Taylor

« Groundwater numerical Noar Ty ‘,
modelling using MODFLOW e T T Tl TRy
and MODPATH il

Mongoteretere Stm

« Modelling results indicated a
1-2 day travel time between
the Mangateretere Stream 1 \
and Bore 1 \

« Contaminant fate & transport
indicated Campylobacter
survival in groundwater

¢ Via bi I ity S u p po rted by ES R Groundwater pathlines and travel times {days) around bores in main squifer (Layer 2) b
(Dr Brent Gilpin) e

Figure 16: Simuiated path Ines and captures zones and travel times for BV1 and BV2 using an efiective
porosity of 0.02. BV 1 pumpang at 80 Lisac, BV2 pumping at 15 Lisec.
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Key question: “Could viable
pathogenic micro-organisms have Il Tonkin+Taylor
travelled from the Mangateretere
Stream ponded area to Bore 1?”:

e Qutbreak timeframe to match
epidemiology (2 days)
* Concentration of >5 MPN/100m|

(Dr Brent Gilpin’s estimate)

* Pathogenic micro-organisms in the :
monitoring bores, and pond \« NGO
including E. coli, Campylobacter, RSSO R eSS R

total coliforms
*0157:H7 in pond water

RN AN s




Fluorescent dye tracer tests

* Dye tracer test undertaken in January 2017,
with the following refinements:

* Water levels in pond raised, 8kg of mass
of fluorescein dye used

* Pumping regimes (BV1 and BV2)
synchronised to outbreak

* Testing of a range of parameters including
E. coli, Campylobacter, total coliforms

* Rhodamine WT dye was used to assess a
potential contaminant migration

N N/ b






Results of dye tracer tests

Dye Tracer Test Results

Fluorescein dye first appeared in
Bore 1 approximately 29 hours
after injection into the
Mangateretere pond

Strongly supported by |
contaminant data, including:

e E.coli
* Campylobacter

* Total coliforms
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Bore / casing assessments

High level float switch operation, casing
integrity, downhole geophysics
demonstrated casing integrity




Outbreaks due to contaminated water sources TRAr TenkinsTaylor | @ HASTINGS

Year Location Water Type |Pathogens Cases Total Cases Comments

Walkerton, Groundwater E. coli O157:H7, 163 (E) 2,300 Cattle manure
ON, Canada Campylobacter 105 (C) 27 HUS Rainfall
12 both 7 deaths Treatment failure

PAVIVIY = did, OU UWdlc U JVIiODU = 2 U a a
2001 Finland jejuni No treatment
Transtrand, Groundwater Norwalk-like 4 ~500 Leaking sewer pipe near
Sweden virus bore
No treatment
pLo[ok} North Surface water Cryptosporidium
Battleford pa);l\iumﬁicype 1 375 5'800_.7'1.00 ,
’ 50 hospitalised Sewage discharges
%K' Canada upstream drinking water
2010 Ostersund, Surface water Cryptosporidium 27,000 intake
Sweden >29

270 hospitalised

AURNE



Havelock North Drinking Water Inquiry — AT Tonkin+Taylor
Stage 1 report key findings (s10)

(a) Contaminated drinking water was the source
of the campylobacter bacterium. Sheep faeces
were the likely source of the campylobacter.

(b) Highly likely that after heavy rain on 5 and 6
August 2016, contaminated water in the pond
entered the aquifer and flowed across to

Brookvale Road bore 1. REPORT OF THE HAVELOCK NORTH
DRINKING WATER INQUIRY: STAGE 1

(c) Contamination may also have entered drains
adjacent to Brookvale Road bores 1 and/or 2, but
much less likely.

REPORT OF THE HAVELOCK NORTH DRINKING WATER INQUIRY: STAGE 1, May 2017 MAY 2017

N N/ b



Inquiry Stage 2 — Findings TRET Tonkin-Taylor
* Systemic failures in water industry at all levels

e 700,000 New Zealanders potentially exposed to
unsafe Drinking-water

* Competency/training/certification is lacking

 Enhanced monitoring required to demonstrate
COmpllance Wlth DWSNZ REPORT OF THE HAVELOCK NORTH

DrRINKING WATER INQUIRY: STAGE 2

* Drinking Water Standards NZ need reviewed

Water Safety Plans require significant
improvement — risk based, multi-barrier

approach

N N/ b —




Inquiry Stage 2 — Recommendations CHED Tonkin<Taylor

* All Drinking-water treated, including a residual
disinfection

* Dedicated, independent Drinking water
regulator

* Water suppliers should be licensed,
aggregated

* Enforcement policy for safe drinking water Reporr OF Tre HaveLock Nors

DrRINKING WATER INQUIRY: STAGE 2
* Secure bore water classification should be
abolished;

* Joint Working Groups will oversee Drinking-
water safety in their region

* Design / construction / operation of bores

EEEEEEEEEEE




ﬁ Tonkin+Taylor

Case Study 2: Risk based Groundwater Source Protection
zones

e Catchment Sanitary Investigations (CSls)

e Source protection zones (SPZs)

 |dentify existing land uses and activities that
may pose a risk to drinking water safety

* Develop risk matrix / heat map in ArcGIS

e Statutory controls to manage activities within
catchments - level of risk posed to the drinking
water supplies

* Direct risk management, including
treatment/disinfection




Applying risk management to drinking water supply systems... CEET Lo nkin«Tay|
onkin+Taylor

Rivers
Groundwater
DE[N

Etc...

Monitoring

Filtration

Disinfection

Etc. Piping
Pumping
Storage
Etc.

Direct from supply to consumption

Many argue that this
entire area is red zone
for drinking water...

What are the risk and
mitigation options for each
step from supply to tap?




Hastings, Havelock North, Flaxmere, Bridge Pa and Paki Paki WSP
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—
51.1 51.1 & P1.2 P1.1 & P10 fpﬁ_g CARTRIDGE ‘ P71 D1 D2 P10
SUPPLY SOURCE & ABSTRACTION PUMP I FILTRATION & I CHLORINE PST TREATMENT RETICULATION PUMP OPERATION
CATCHMENT OPERATION I P7.4U.V DISINFECTION || STORAGE NETWORK
IRRADIATION |
= | ' ! Ay 4w
% I B ! I N [ N B
E N/ N E S I
E ' - I & I - -
5 .. N | - ’
< U - | |
Bore Abstraction Pumps I
12 Wells | — -
' | I
l I
[ = v I c Backflow protection by-law
E & -E E E £ I I ._E £ E ] E in place. High and medium
—_ [ = 0 & = m b= . .
o % 3 i a = = R o2 2 risk premises assessed and
< 5z g g E E g ﬁ = = % I -'EI;:._ % ap E ﬁ 5 & -‘E I protected. All connections
m i?é 2k Emg ta & ‘g’ B E =5 I 0 u = 2 H E 2ok plannead to have = minimum
B % 3o @ 35 *-; ; I = E = I gt L:i;;_? WE E% of double check protection
F = E 32 = 5. cc 9 -9 = 2 2 ] g =
g5y vge  d 55f S5% 8% el 2258
EE A R il g = | =& Eg S G EE®
EEa art E 3D «CEew hEd I i "‘E_g ﬁﬂua:ﬁ
BdE 383 2 aa EE=X S E = BT S&d 5Ea
. € Eo I I
1. No Barrier I BROOKVALE OMLY I Gl Staff Training
> I . \ — o G2 Monitoring
o e, Barrier in place but effectiveness lithited or incomplete P2 Water Transmission

—>

Effective Barrier in place

P11l Plant Construction and Operation
P10 Pump Operation

I A\ N1




DISTRICT COUNCIL

Sources — surface water, groundwater TRAT Tonkin+Taylor | € HASTINGS

Toxic algae bloom in Lake
Taupo could cause breathing
difficulties

Timaru District Council water supplies
need upgrading

MATTHEW LITTLEWOOD o O e @

Last updated 15:34, April 6 2018

. . . . ) .
FIXI ng Ch rIStCh u rCh Clty S The multi-million dollar cost of fixing the city’s well heads has been revealed.
™ i S d rl n kl ng Wa te r CO m es Wlth A city council report has shown two options to regain water secure status. The preferred will
Time is running out for Timaru district residents to have their say on a council proposal to meter uvaterrsaxil‘aglx;é,”’ ) m u Iti_ m i I I io n d OI Ia r p rice tag cost $21.5 million.

N N/ b



Source contamination events TR Tonkin Taylor | @ HASTINGS
* Catchment management failure )
* Bore security failure
(widespread)

50

s Total Coliforms Result

e Total Coliforms Trend
40 @ Positive E.coli result

@ High Coliforms

No. of Total Coliforms per 100mL sample

* Rainfall (Havelock North, z
Watercare and many others) -
* Drought N
* Major earthworks e d 0 g i

: TS

( E a rt h q u a ke (C h ri Stc h u r. C h . ‘ October 2016  November 2016 December 2016  January 2017 February 2017 March 2017

) Chlorination of

. . Hutt City network: A
0{, (’ y‘ laenae Reservoir

Wa IW h et U Aq U Ife r) Waterloo Bores: ¢ gore offiine - & inet ipine

¢ Sorefnoperafion 5 becember
Colin Grove

 Havelock North outbreak — L e
“Swiss Cheese mode

IIIIII
Penrose Street South

Street

Penrose Street North

Bl field Street
Willoughby Street North
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Heretaunga Plains conceptual hydrogeology "[Fifir" Tonkin+Taylor

Flowing well (pressurised)

Rmintall nfiltration

DG

N e S ————————
—————————

Impermeable Rock

WEST EAST  1BRC Report No. RM 1619 -

4803 (Groundwater Quality
Confined State of Environment; State

Semi confined
and Trends; September 2016)

|
Unconfined :

-




Eastbourne Street bore field

1302 (Bore 5)
1171 (Bore 4)

* Aquitards are not continuous

* 3 source aquifers are part of the ////////

¢ Ash / pumice

same hydrogeological unit/aquifer 7;/77;/,;/,;%;}/

NRY *r~ N
\S : \%\17\\\

o
(a leaky system) 2 /é Zi W{; Z W%

L) L%

. i S 1 7 S
Potential for downward movement %/%%/7//%%(2#// 7
of groundwater from surface (T, 7.7 5 ;‘// //

* Evidence of influence of rainfallor
mixed source water — trend is

toward younger water = 7‘*’?‘




Approach for developing SPZs “[FAA Tonkin+Taylor

Adopted GNS Science (GNS) method to establish E—
the SPZ’s, comprising 3 individual zones for each L e

bore field: / )
e Immediate protection zone (SPZ1): a 5m \\i//
setback zone around each bore head to allow - .

Regional Flow Direction |

Minmum gistance for Zone 1 = 50m

for specific control (by statute, regulation, e
planning rule) , |

e Microbial protection zone (SPZ2): analytical
modelling represents a 1 year groundwater
travel time from source to bore field

e Capture zone (SPZ3): the full capture zone

Source: GNS Science, 2014. Envirolink Tools Project — Capture Zone
Delineation — Technical Report, 2013/57.98p.

_\Kl\"/-_




HDC Source protection zones

 SPZs were defined for four Hastings
metropolitan water supply bore
fields
 Developed using USEPA WhAEM
software e | e
* SPZs determine future management /S
areas for each of the bore fields, St R e
including: s e R f{’rm |
. Eastbourne Street s SIS e
. Wilson Road
. Portsmouth Road |
. Frimley Park

N N/ b —
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ﬁ Tonkin+Taylor

o Sk
AR

7

¥

AL

A

- Eastbourne Str

LEGEND
Pumping Wells
SPZ2a

ST
A0 &S0 »

Unconfined Aquifer

Eastbourne Street SPZ 2
Eastbourne Street SPZ 3

Frimley Park SPZ 2
Frimley Park SPZ 3

Wilson Road SPZ 2
Wilson Road SPZ 3

Portsmouth Road SPZ 2
Portsmouth Road SPZ 3 )

gl jn

11005769-1000-FIG026.mxd Date: 13092018 Time: 4'49:10 PM

O

7

HDC Metro
g

. DRAWN | DXLR]
Notes: DISTRICT COUNCIL
Heretaunga Plains Confined and Unconfined Aquifer Shapefile Source - HBRC GIS APPROVED SOURCE PROTECTION ZONES FOR PUBLIC SUPPLY BORES
- @ﬁﬂ__mz_sﬂ_ HASTINGS URBAN AREA
A3 SCALE 1:60,000 Tonkin +Tay|or A All SPZ2 and SPZ3 Zones
Service Layer Credils: Eagle Technology, =~ 0 065 13 195 26 325 (km) 105 Carlton Gore R, et, Auckland [1:00.000 —
:ﬁ LINZ —— — Location Plan 4 www.tonkintaylor.co.nz 1005769 Figure 22 rw 1




ﬁ Tonkin+Taylor

Groundwater models
% * Analytical Element Models (AEM)

350m

* AnAqgSim: Analytic Element
Modelling Software for
Multi-Aquifer, Transient Flow

300 m

250m

* Well Head Analytic Element
Model (WhAEM)

200m —

150m —

e GNS SPZ models

100 m

e Numeric models based on
. Modflow/Modpath/MT3D

50m

; ‘ ‘ * Point source assessment e.g. PFAS
——t——— e % | | & from firefighting facility

0.0 km 10km 20km 30km 40km 5.0 km




Potential contaminant sources

ﬁﬁ' Tonkin+Taylor

Active and abandoned wastewater infrastructure (microbiological)
Onsite wastewater disposal/treatment (microbiological)

Former gasworks sites (hydrocarbons/ heavy metals)

Dry-cleaning (chlorinated solvents)

Heavy industry (various)

Bulk storage of chemicals

Dairy feed lots or intensive calf rearing (protozoa)

Emerging contaminants of concern (e.g. PFAS, endocrine
disruptors)




ﬁrL"_r' Tonkin+Taylor

Average summer

groundwater level

contours (February
v 2012 - 2015

LEGEND

(=) Pumping Wells

—  Piezometric contours m RL (Feb 2012-15 Awvg Data)

Heretaunga Aquifer Systemn




Sensitivity analysis - SPZ2 zones AT Tonkin+Taylor

* Analysis captures the range of
groundwater flow regimes
that develop over relatively
short periods of time (1 — 12
months)

* Final SPZ2 encompasses the
range of groundwater flow
regimes that develop inside a
1 year groundwater travel P ,
time e B i
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Non-microbial contaminants TR Tonkin Taylor | @ HASTINGS

Non-microbiological contaminants for each bore field for following sources:
e Arsenic from orchard and timber treatment sites,
 Boron and PCP from timber treatment sites,
* BTEX from petrol stations,
* TCE, PCE from dry cleaners and workshop sites.

* Organic contaminants: contaminant migration in groundwater,
biodegradation and dispersion.

* Levels would be below DWSNZ for plumes originating outside the SPZ,
except for TCE (factor of 8 above DWS)

e Suitable for evaluation of emerging contaminants of concern e.g. PFAS
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HDC Catchment Sanitary Investigations

Eastbourne Frimley Lyndhurst Portsmouth Wilson _
) 2
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Waters Reform in NZ
3 Waters Refo ﬁTonkinﬁaqur

L f v Lin ||
New Zealand's looming 'three waters' crisis .
ooeoe Keyfactors: L R e

* Response to Havelock N

» Lack of investment in aging  Ceundils plan a huge hike in
, spending, debt
infrastructure - | S

° More Strlngent health & and debt. David Williams reports.
environmental standards

L. Fixing Christchurch City’s drinking water comes
* ReplaCE/reneW ex|Isti ng 3 with multi-million dollar price tag

Timaru District Council water supplies
need upgrading

MATTHEW LITTLEWOOD o o e @
Last updated 15:34, April 6 2018

Waters assets $14 billion

* Funding challenges

* Water industry rationalisation
(aggregation models)

 New regulatory body

The multi-million dollar cost of fixing the city’s well heads has been revealed.

A city council report has shown two options to regain water secure status. The preferred will
cost $21.5 million.
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Application to the Pacific Islands TRAT Tonkin+Taylor | @ HASTINGS

* Protect public health and drinking Eewt. R LD
water sources N I N TN

e Effective monitoring and assessment of
overall risks to the water supply

* Prioritise management/mitigation

e Assess contaminating activity controls
to manage public health risk

* Applicable to surface water and
groundwater sources

e Atoll islands with freshwater lenses
used for drinking water
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Thank you!

Questions?

Tony Cussins, Tonkin + Taylor International Ltd
tcussins@tonkintaylor.co.nz
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