Atlantic Climate Adaptation Solutions Association
Solutions d'adaptation aux changements climatiques pour I'Atlantique

Climate Change Adaptation
Groundwater Management in Atlantic Canada

—

- St. George’s, NL
By
Trina Adams

Government of Newfoundland and Labrador
Department of Environment and Conservation

December, 2011

- : - (i:)} . 1} 3 f o ‘-‘?{E}. I &l Matural Resources  Ressources naturelles
"}%f E dzt’ﬂ}’é‘/ Vi Canada Canada

= € e New. 4~ MNouveau ‘ ‘ #

NOVASCOTIA BYUfSWitk e idand Nelputdend (o o 4

LANADA




Report prepared by: Trina Adams and commissioned by the Atlantic Climate Solutions Association
(ACASA), a non-profit organization formed to coordinate project management and planning for climate
change adaptation initiatives in Nova Scotia, New Brunswick, Prince Edward Island and Newfoundland and
Labrador and supported through the Regional Adaptation Collaborative, a joint undertaking between the
Atlantic provinces, Natural Resources Canada and regional municipalities and other partners.

Project management: Policy and Planning Division, Department of Environment and Conservation,
Government of Newfoundland and Labrador. P.O. Box 8700, St. John’s, NL, A1B 4J6.

Disclaimer: This publication is not be used without permission, and any unauthorized use is strictly
prohibited. ACASA, the authors, the provinces of Nova Scotia, New Brunswick, Prince Edward Island,
Newfoundland and Labrador, and the Regional Adaptation Collaborative are not responsible for any
unauthorized use that may be made of the information contained therein. The opinions expressed in this
publication do not necessarily reflect those of ACASA, its associated provinces, or other partners of the
Regional Adaptation Collaborative.



Reconnaissance of Southwest Newfoundland: Examining Potential Sea-Water

Intrusion in Past and Current Public Water Supply Wells,

Newfoundland-NL Case Study

TrinaF. Adams

Abstract Due to the growing concern of climate change
and its current and future impact on coastal conitiesn
adaptation is essential to carry on in a changiigate.
The Atlantic Canada Adaptation Solutions (ACAS)jBcb
is a partnership by four Atlantic Provinces in Cdmand
Natural Resources Canada (NRCan) to work alongside
local communities, organizations and professiontls
investigate the susceptibility and influence ofnaie
change and to offer a basis for community acclipaiton
decisions

This reconnaissance study provides baseline data as
foundation for further investigation, and potentlahg-
term monitoring by the Groundwater Section, Departn
of Environment and Conservation, Newfoundland and
Labrador. A total of eleven wells were studied and
sampled in the southwester

Southwest

supply a foundation to make community decisions on
groundwater and engage further study and datactiolie
Based on the International Panel for Climate Change
predictions, Batterson and Livermé010)predicted local
sea level rise for four zones in Newfoundland and
Labrador. The southwest portion of the island falighin
zone 2 where sea water for the region is expedaibé
less than 2 mm per year. This equates to a projea
level rise of 40 cm by the year 2049 and greaten thOO
cm by the year 2099.
Furthermore, a sensitivity index assembled by NRCan
to provide a national atlas illustrating coastaissgvities
to sea level rise in Canada indicates a large reiche
Bay of St. George area with high coastal vulneitgbib
sea level rise (Fig?). The index was based on scores from

portion of Newfoundland. Wells
that yielded measurable bromid
ions and were less then 50
metres from the coast ar
discussed in this case study. A
indepth paper with results ant
study particulars can be found i
the appendices.

Purpose/ L ocation

The small study completed by th
Department of Environment anc
Conservation. Newfoundland an
Labrador was intended to provid
baseline data in regards to sa
water intrusion along the
southwest portion of the islanc
and to also provide
reconnaissance on governmel

3
Newfoundland
"

T 1 T T

owned abandoned wells. Sa

water intrusion is not known torjgyre 1: Hydrogeology of southwest Newfoundland

have been studied
regard to climate change, and wit

the persistence of sea level rise induced by cérohtinge,
the need for one was apparent. Groundwater
contained within the provincial Drilled Well Datadm is
inconsistent and does not provide an adequate mefans
assessing meaningful baseflow parameters. Thisystud
provided the opportunity to collect baseline datad a

data

in  specifinttp: /atlas.nrcan.ge.ca/auth/english/maps/climatechange/potenti alimpacts/coastal sensitivityseal evelrise



1 to 5 and relies on seven variables: relief, ggplooastal
landform, sea-level tendency, shoreline displacentital
range and tidal height. The index showed that th@rity

of Newfoundland and Labrador is of moderate to low
sensitivity to sea level change. The exception hawes
the northwest coast of the Burin Peninsula, and the
projects study area of St. George’s Bay (Batterand
Liverman, 2010.To provide an overall reconnaissance of
the southwest portion of the Island, the Port awxt P
Peninsula and the Codroy Valley area were alsadtexd

in the study. Although the index does not rate ipidaé for
sea water intrusion directly, it does correlate tte
variables used in the index.
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Figure2: Coastal Sensitivity to Sea-Level Rise
http://atlas.nrcan.gc.ca/auth/english/maps/climatechange/potentialimpact
s/coastalsensitivitysealevelrise

The southwest portion of the island is largely
underlain by different types of carboniferous be#ttand
provides an average yield of 64 Lpm (Amec
Environmental,2008. This is a relatively high yield in
comparison with other areas of the province. Thgore
has been heavily inundated by past glacial events a
glaciofluvial surficial deposits of up to 50 meti@ssome
areas. Coupled with elevations as low as 1 mewgeabea
level in some areas, bedrock is often found at sdepth
below sea level. The southwest portion of the @lalso
has many communities that rely on groundwater as a
public water source. Depending on usage, the fnegbr-
sea water interface could potentially be drawrpicurrent
supplying aquifers. The seven variables listed ipresly
may also accommodate storm surges which wouldpalso
groundwater at risk of sea water intrusion. One aor
combination of these factors could play a partea water
intrusion.

Methodologies/ Challenges

For the purpose of reconnaissance in the study, #nea
locations of abandoned government water wells were
investigated and located, often with the assistaote
communities during fieldwork. After locating eaclely an
assessment was made as a case by case scenagaritsr

to appropriateness of the wells use. When deemed
adequate as a study well, an initial well log waspleted
that included length of casing above ground, GPS
coordinates, static water level, temperature ofil
conductivity profile, and well depth. Static watewvel,
well depth, temperature and conductivity were gagdtie
using the Solinst Temperature, Level, and Condiigtiv
Meter (TLC). The TLC meter was calibrated each rimayn

in accordance with manufacturer's specification and
periodically throughout each day. Spikes in coniitgt
were used as a basis for grab sample location,hwhere
taken at various depths in the well using the Sblin
Discrete Interval Samplier. For some wells that ever
assessed as having vulnerability of salt wateusaidn, a
borehole video was completed using the GeoVisioalDu
Scan Micro Borehole Video System. This allowed an
evaluation into the integrity of well constructicend
overall well condition. Using conductivity spikesnch
borehole video, the AquaVision Colloidial Borescopas
used in select wells to evaluate aquifer velocityd a
direction. In wells that contained conductivity rmfughly
1000 uS or greater or contained appropriate bromide
chloride ratios from water chemistry collected dgrithe
earlier field work, samples for enriched tritium rere
collected and sent to the University of lllinoig fanalysis.
Results are pending. The Grundfos Redi Flo-2 purap w
used to obtain the 500 ml quantity needed for tiedysis.
Due to various reasons such as well accessibiliggther
conditions, time constraints, permission of privateperty
access, and relevance to the study, work completed
each well varied.

There were some challenges encountered in regard to
the methodology. Identifying government owned
abandoned drilled wells that were sited to condsak
water intrusion was very challenging. When wellsreve
located in promising sites, either well depth dat allow
opportunity to puncture the interface at depthhar well
was obstructed by rocks, or well plug. Considettingse
wells were originally drilled as to avoid interamii with
the interface, this scenario was anticipated.

Lack of prior knowledge regarding which
communities had abandoned government water welts wa
a reoccurring issue. Much of the time spent in shely
area was used traveling between communities araditac
town officials or residents that could give insigitt the
topic. Much time was also spent in locating welliattwere
identified. Information regarding basic well consttion,
initial well yield and aquifer tests were not aabile for
most of the study wells. The abandoned wells wargely
unrecorded in the Drilled Well Database, which made
community visits a necessary component of the
reconnaissance. Permission of access was alscam &s
the wells were often located on personal property.

Challenges regarding equipment were also
experienced. The groundwater pump purchased for the
study contained a defect that prevented propertifumc



The pump was sent back to the manufacturer foiirepd
could not be used during the first field trip. Tihemp was
repaired prior to the second field excursion.

Main Findings

Upon completion of the study, many things were adze
not only about the prospect of salt water intrudionthe
study area, but also about fundamental data gaphein
Department of Environments Drilled Well Databaskere
were a total of eleven wells sampled throughoutstiuely
area and eleven abandoned government drilled wedis
could not be used due to well obstruction or uraduiiity
for the study. This number is considered to undenese
the number of government abandoned wells in thdystu
area. It was found that basic knowledge of the svelich
as drilling year, depth of well, problems encouetewere
in most cases not known by Town officials or reside
Neither are they recorded in the Department of
Environments Drilled Well Database.

Although it is still unclear whether or not sometioé
study wells are experiencing recent sea watersiin) the
presence of bromide in select wells suggest thainat
time, sea water may have entered into the aquiteslls
that contained various concentrations of bromideevike
Flat Bay West (ABD 15), the two Port aux Port Bastls
(Abd 16 & 19), the Highland well (Abd 22) and Mand
well (Abd 25). Although these wells contain bromidee
guestion of recent sea water intrusion remains siwared.
Source water from the remaining wells that did yietd
any detectable bromide are not considered to heeinéed
by sea water intrusion and are not included in éhes
findings(see attached report for further detaiGhloride
was found in all sampled wells with concentrations
varying from 10.7 ppm to 171 ppm, averaging at pghp
These chloride levels do not support any strontyénfce
of sea water intrusion, and may be reflective of
formational or anthropogenic sources.

The highest concentration of chloride was founthim
Mainland well, which also showed the highest lewél
bromide with a bromide chloride ratio of 0.0083@nce
the wells were not pumped prior to sampling; prgkeh
ambient conditions of the wells may have left chehi
constituents higher in concentration compared tee tr
aquifer chemistry. This also leaves ratios suchtres
chloride to bromide for seawater unreliable. Thespnce
of bromide most likely indicates the presence @ivsater,
either as present or relic sea water intrusionmay be
caused by contamination of road salt. At currenbiamt
conditions and shallow depth, it is unlikely thiaistwell is
under considerable influence of current sea water
intrusion. Although a local resident of Mainlanda#ls the
well never being activated due to salt in the wiblis has
not been confirmed by the study. Although ionshagh in
relevance to samples from other wells, concentatiill
fall within drinking water parameters set forth Bgalth

Canada. Taking all complexities such as site deleend
water well chemistry into account, the Mainland vilat
some risk of developing or currently experienciragns
form of sea water intrusion. This does not indidat the
mainland well aquifer contains the highest risk sgfa
water intrusion, but rather the well is coincidgngited
with the highest risk.

Community Well Sample Ccr Br-

1D depth ppm ppm
Flat Bay West Abd 15 16 66.8 0.188
Port aux Port East Abd 16 37 23 0.221
Port aux Port East Abd 16 39.5 26.2 0.132
Port aux Port East Abd 16 495 26.9 0.14
Highlands Abd 22  Whole 54.8 0.616
Mainland Abd25 8.6 171 1.42

Table 1. Chloride and bromide source water results from
selected study wells

Source water samples were collected for tritium
analysis in wells that are thought as having orettging
some degree of current sea water intrusion. Thasples
were collected from the Mainland well, Tompkins kel
Flat Bay East well and the Highlands well. Results
expected to be made available in the early New ,Year
2012. Tritium samples were taken during the sedaeid
trip and water chemistry of the wells, with the eption of
the Highlands well, was unknown. If tritium is pees in
any of these wells, recent sea water intrusion Wdd a
likely source. Long term monitoring of water cheimjs
and conductivity may be a possible avenue for &utur
study.

Conductivity profiles for each well containing
bromide and that are within 500 meters from thestaae
shown in figures3, 4 and5. Although the Highlands well
met these parameters, a profile could not be caegblfor
the well. Each profile reveals useful informatidroat the
well and aquifer that were unknown prior to thedstu

1. As shown in the Figure3, conductivity for the
Mainland well peaked at roughly 1050 pS at 9.3
metres, while temperature increased incrementally
after 5.3
meters

depth The 1000 3 9'
Mainland o00 .
well is 9 600 . 2
constructed 400 4 1s
within
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Figure 3: Temperature, Conductivity profile
for the Mainland study well (Abd 25).



and extends to a depth of 12 meters below surface.
The well is roughly 68 metres from the coast with a
metre elevation above sea level. Due to time
constraints and private land issues, equipment
requiring a generator was not used at this sitee Th
colloidial borescope could therefore not be used.

recent sea water intrusion activity. Although thellw
extends roughly 25 metres below sea level, given it
elevation of 72 metre above sea level elevatiod,i&n
420 metre distance for the coast, the well is thotgy
have a low risk of imminent sea water intrusion.

The temperature, conductivity profile completedtbe well

The Flat Bay West well showed moderate
conductivity that was measured at a high of 507apuS

21 metres and remained fairly consistent throughout
the entire depth of the well. Temperature also
remained consistent after a depth of 17 metres avher
it remained

t 6 S’C t Abd 15 - Flat Bay West
al . (0] 550 78
the bottom. st e
Total well ot 134N
depth  was | “ i e ]
measured at| ] 139
31 metres. JOS I e
The We” IS 15.143 19.145 23.145 27.145 30.585

Depth (m) —=—EC (uS)
constructed o Temp (00)
in . L .
area Figure 4: Temperature, conductivity profile for
where the Flat Bay West study well (Abd 15)
surficia

| deposits have been measured up to 50 meters in
depth (AMEC EnvironmentaR008). Borehole video
of the well show that well casing is extended te th
bottom of the well with what appears to be
strategically placed joints in the casing. This nuay
may not be an attempt at a well screen for a satfic
well.

The colloidial borescope was used at this well as
a tool to assess aquifer flow direction and velodks
shown in figure6, colloids suspended in the well
water form a loose, but apparent pattern. The dise o
jointed casing to the entire depth of the well rbaya
cause of scatter amongst the data, and could prohib
accurate measurement. From the graph it is shoatn th
the colloids are moving in and easterly direction
(90.78 azimuths), with an average velocity of 99.84
um/sec. From these results it would suggest that th
aquifer is moving inland as opposed to towards the
shore.

The Port aux Port well is located within 500 meters
from the shore but is not suspected to contain any

reveals defined intervals. The profile depicts mreited
well, with highest conductivity and lowest temperat
in the shallower portion of the well. This well located
at the base of a high grade, and is known to flawng
high precipitation events. The inverted naturehef well
may be explained by artesian properties. Pressnesgs
cause heavier ions to accumulate at the top ofvtieas
opposed to settling at the bottom.

Abd 16 - Port aux Port East

8.97 18.97

28,97 3897 4897 58.97

5.8
68.97 78.97 88.97 98.97 EC (u15)
—s—Temp (C)

Figure5: Temperature, conductivity profile for Port
aux Port East study well (Abd 16)

Depth (m)

The well water chemistry obtained from the study
revealed some expected and unexpected resultgandre
to aquifer chemistry. Some wells located adjacenthe
coastline with a relatively high conductivity inegance to
other wells in the study area, did not have anysuesble
amount of bromide (a signature element of sea Water
Aquifers that have experienced sea water intrusidmer
at present or as relic would expect to yield tresnmon
signature ion. The Flat Bay East well (Abd 21), Toins
(Abd 20) and St. Georges wells did not have any
measurable bromide, in spite of favorable condgiand
past sea level rise. Abandoned well 16 in Port Roxrt
East, did contain measurable bromide. The well vewes
over 400 metres from the coast and is locatedesb#ise of
a high grade, 75 metres above sea level.

Conclusions
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Figure 6: Graph produced by the Collodial Borescope forRbé aux Port East well
(Abd 16). Measurements were taken at a depth ofi@2es in the well and shosv
loose pattern for both velocity and direction o§pended colloids.

The study was a ground up attempt to shed lighthen
effects of climate change and sea level rise orstaba
aquifers. Until tritium analysis’ are completed a@he
selected wells mentioned, it is yet unknown if sadtter
intrusion is present. However, salt water-fresh ewat
interface is not thought to have been interseateanyy of
the study wells.

Only through studies and monitoring can proper tatam
take place and contribute to the long term presienvaf
coastal groundwater. Baseline studies such as these
crucial to not only recognize sea water intrusiahddso to
supply a foundation on how to protect coastal amsif
while still maintaining a standard of living in v
society has become accustomed.
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