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Abstract

The isotopic composition gbrecipitation and surface water southeastern
New Brunswickwasstudied over twelve months (202017)to complement a prior
regional groundwateguality study Monthly sanples for three precipitation sites and
six surface water sites were collecte@ssess seasoftemporal variabilityplusseven
onetime samples to assess spatial variabilithe Palmex Ltd. RS1 rain sampler
(equipped with heating coils winter) wasusedSa mp | es wer e®a%méal yzed
'O  (all samples) and tritium (selected ngdes), then compared to
climatic/hydrometric data and existing precipitation and surface waterTdetaocal
Meteoric Water Line (MWL) developedwas similar to a estblishedLMWL for
Truro, NS (19751983), but different than Harcourt, NB (1992@10). Tritium results
for precipitation were approximately 10% of thaseca 1980 inTruro, NS.Results
will be submitted to the Global Network of Isotopes in PrecipitatiorérRi
(GNIP/GNIR). Performance of theprecipitation collectorand heating systerwas

evaluated
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1. Introduction

1.1.Background

1.1.1. Isotopes inWater

Water is made up ohe elements hydrogen and oxyg&achelement has
several possible neutron numbers, resulting in different varieties of the element, called
isotopeg(Clark and Fritz, 1997)All isotopes of a particular element are collectively
known as the el ementds set of nuclides,
specific number oprotons and a specific number of neutrgnan Grieken and de
Bruin, 2009) The notation usedtidentify a particlar nuclideis*E, where A is the
mass number (i.@aumber of protonplusneutronsn the nucleusand E ighe element
symbol (e.g. He for HeliumBrown and Holme, 2014)

According toClark and Fritz (1997)the ratio of neutrons to protons in the
nucleus determines whether a nuclide is stable or unstable (radioactive). For isotopes
of light elements such as hydrogen and oxygen, tteagenuclear stability is achieved
where the ratio is approximately 1:1. The most stable isotope(s) of any particular
element are usually the most abundant in ngtGeadall and McDonnell, 1998)

Thesix naturally occurringsotopes of hydrogen and oxygérablel) combine
according to their abundances to produce 18 isotopologues of watewdie.
molecules that differ only by isotopic compositiqiojlido and Best, 1993)One
isotoplogue,H,1%0, represent89.728%of all water moleculessingle substitutions
of less common isotope®present the majority of remaining watee. *H2'%0 at

0.200%,'H21’O at 0.040%, antH*®O?H at 0.032%)Shatenshtein et al., 1960)



Table 1: Naturally occurring isotopes of hydrogen and oxygen

Nuclide symbol (name) Half-life Abundance (%)
H (protium)# Stable® 99.9885°
’H (deuterium)* Stable® 0.0115°
3H (tritium) A 12.32 year$ Variest
1o B Stable” 99.757°
(o) Stable® 0.038"
8o B Stable® 0.2058
A Bunnett J. F. and Jones R. A. Y. (2009)
B Berglund and Wieser (2011)
€ Kinsey et al. (2017)
D Lucas and Unterweger (2000)
E.

See Section 1.1.5

1.1.2. Stable Isotops The U Notation

According to Clark and Fritz (1997) and Kendall darMcDonnell (1998)
difficulties in measuringhe absolute concentrations of stable isotopes of hydrogen and
oxygenmean thatstableisotopic compositionsar e usually reported
values. The U0 naf{ ap e omeaningparts per thioosard)s and f
represents the isotmpcomposition of the sample relative to a reference standhed.
standard currently usasl Vienna Standard Meadbcean Water (VSMOW)for which
PH, Ol a '@ aré defined as zer®elevantli v sdrewcadculated usinghe

equations belowClark and Fritz, 1997; Kendall and McDonnell, 1998)

H
Ty ~
& H | ey
UZHsamplfﬁ% -1x*1000a )
Ty
& H ysmow o



180
16 ~

oy
0 Osampi= (g -~ - 1w* 1000 a ©
16~
@ ©Ovsmow O
170
16A ~
& O oy
0" Ocampi 75—~ * 151000 )
16~
@ O vswow O

Kendall and McDonnell (199&xplain:a sampleisfi e n r i corhparddd
the standard (in this case VSMOWj}heddh val ue is positive, or
Sample Aisfl i g HhiareSample Bvhenitis more depleted arittli v al lowes ar e
(i.e. more negative/less positiveConversey} , Aheaviero water is

heavier i sot ophgter(iz.more positivdask negative ar e

1.1.3. Stable IsotopesNatural Variability

Fractionationis definedas t he fichange of relative
isotopes of the sameebe nt i n v ar i Kendall and Mcpanneh, 4998)
In general, chemical bonds between heavier isotopes are slightly harder to break than
thosebetween lighter isotopes of the samglement, leading to small differences in
reaction rates(Kendall and McDonnell, 1998)Because ofthese differences
fractionation occurs as a resoftanythermodynart process the extent ofvhich, of
course, is dependent on temperaf@iark and Fritz, 1997Duringequilibriumphase
changessuch as evaporation and condensatioaictionation occurs such théte

denser phase becomes more enriched with heavier isotmpethe lighter phase

3



becomes more depleted in heavier isotajpessotopically lighter)(Clark and Fritz,
1997; Kendall and McDonnell, 1998pansgaard (1964j)eported severaltrends
identified byresearcherstudyingtheisotopic compositios of natural watersa few of

which are listed below

1 Fresh waters are isotopically lighter than ocean water;
1 Precipitationbecomessotopically lighter as distance from the ocean
increaseg iconti nental effect o)

1 At higher latitudes, precipitation tends to be isotopically lighter

(Alatitude effecto),

1 At higher latitudes, isotopic composition of precipitation varies
seasonally
1 Precipitation is isotopically lighter during longer rainstorms compared

to short rainstormg fimnd@ unt ehdf ect 0) ;
1 Precipitation is isotopically lighterathigherl t i t udes (fAal ti't
Natural waters are also subject to reaquilibrium (kinetic)fractionationeffects
that are often larger than equilibrium effects in low temperature envaats(Kendall
ard McDonnell, 1998)During evaporation of ocean water, for example, the system
would only be atequilibrium in an unrealisticundisturbedstate at100% relative
humidity. Decreases in relative humidity, windy condititret removéighter isotopes
from the surface of the wategnd higher surface temperaturedl contribute to
increased fractionatiofClark and Fritz, 1997)
Equilibrium and kinetic fractionation effects caule sotopic compositionf

precipitationto vary from storm to storpand on an annual basis. Consequently, it is
4



preferable to collect samples over adoperiod of time to improve the estimate of

average compositiofkendall and McDonnell, 1998)

1.1.4. Stable Isotopes: Uses

Harmon Craigliscoveredby examiningdata for 400 precipitation and surface
water samples worldwigé¢hat a linear correlation exists whéfH is plottedagainst
U0 (Craig, 1961) This relationshipis known as the Global Meteoric Water Line
(GMWL), and its equation ithe following:

PH = 80 +10 0 ()

As the name suggests, this equation represeglisbal and annuahverageA Local

Meteoric Water Line (LMWL)specific toa region of studycan beestablished by

measurindocal ’H  a R®@ ovéir month®r yeargCrossman et al., 2011; Isokangas

et al., 2015; Liao et al., 2009)he GMWL andor LMWL canbeemployed to &plore

interactions between precipitation, surface waaed groundwatelExampleswhere

PH a A%@ data andhe resulting LMWLshave proven useful include

1 Crossman et al. (2011pund that distinct isotopt signaturesn their

samples enabled them to identify water sources and pathways
contributing to a groundwatded streamin a glacierizedAlaskan
catchment A LMWL from a prior studyin their region providel
additionalcontext for their samples, which veeall collected over the

summer monthand likely not representative of annual means



1 Liao et al. (2005¢oncluded thamost nitrates present Rrince Edward
I s | awildod River during baseflow were derived from groundwater
and that groundwater was likely derived entirely from modern local
precipitation based on itopition relative to the LMWL
1 Isokangas etla(2015)derived the isotopic composition of water vapor
above a chain dbkes from isotopic precipitation data. This was used
to calculaéchangsin "H a A*@ dugito evaporation, which wtsen
usedin combination with independenthjerivedevaporéion ratesn an
isotopic mass balance of the laRéne mass balance yielded the influx
of groundwater to the lake, which is an important consideration for
water level decline and eutrophication studies.
The calculated isotopic parametaow known as de@rium excess was
introducedby Dansgaard (1964ndis defined as:
d-excess ¥*FHT 8 *O U (5)
Clark and Fritz (1997 otes thatlieglobalaverage value for-dxcess iapproximately
10a, which may be seen fr cextessandstie&kIWL o0 n
(It should be noted that the slope of thexatess line is always 8; it does mbange
when referencing &MWL.) For decades,-dxcesshas been useasan indicator of
nonequilibrium conditions as it depends on both temperature and relative humidity
(Clark and Fritz, 1997)
Recently, improvements in analyticalr e c i s i’Op measorémentsave
allowed the development of another secondary paraméeexcessdefinedby Luz

and Barkan (201(gs:

of



"0-excess = INft’O + 1)1 0.52&In( {O + 1) (6)
Luz andBarkan (2010)oncluded that high’O-excesscorrespondgo low relative
humidity at the oceanievaporation site. However, unlikeekcessl’O-excess is not
dependent on temperaty/ngert et al., 2004).uz and Barkan (201@eterminedhe
equation ofthe line e | a%¥G mag®@dn & global scale (analogous to the GMWL)

| nfod + 1) = WD.+8)28.000033 n ( | )
Used together, -excess and’O-excessshould permit distinction between the kinetic

effects due to temperature and relative humiadiigve the oceaffAngert et al., 2004)

1.1.5. Tritium: Origins and Uses

Trace amounts of cosmogenic tritiufh, are produced naturally in the upper
atmosphere when nitrogen is bombarded with cosmic radiéBorsse et al., 1954,
1951) Tritium oxidizes to form water vapor and enters the hydrologic cycle, usually
in the form of 3H®OH (Clark and Fritz, 1997; Kendall and McDonnell, 1998)
decays by e paticlestd pooducédid(Libay, 1946)

According toKendall and McDonnell (1998)prebomb cosmogenic tritium
levels are in the order of 5 to 10 Tritium Units (TU), where 1 TU equals 1 atom of
tritium per 108 protium atoms. However, there was a marked increase in atmospheric
tritium due toextensivenuclear weapons testing for about three decades after World
War Il (Clark and Fritz, 1997)Ottawa, Ontario (the site with the longest continuous
record) measured peak concentrations approaching 10000 TU if@l@é3and Fritz,
1997; Fritz and Fontes, 1986; IAEA/WMO, 2018)evels have since decreased

largelydue to accumulation n t he wo r |radbactivedeca@gendall and d
7



McDonnell, 1998) However, concentrations will likely never reach-pmmb levels,
as small amounts of tritm are still generated by facilities such as nuclear power plants
and manufacturers of tritiated (radioluminescent) pd@tsrk and Fritz, 1997)
Measurements of tritium in precipitation, surface water, and groundwater can
all be used (typically in conjunction with other dating methods) to calibrate models that
estimategroundat er mean resi dence (Beyemstal (2016; gr o u
Cartwright and Morgenstern, 2012; Gusy&e\ al ., 2013; Ma.Joszew
Groundwater age is useful in various aspects of contaminant fate and transport studies,
and in understanding the recharge and storage of an a{Bdger et al., 2016;
Cartwright and Morgenstern, 2012; Gusyev et al., 208Bgrnatively, tritium can be
used qualitatively; high levels in groundwater (i.€.& TU) usually indicate that some
portion of the sample was exposed to the atmosphere lafter 95 Clark and Fritz,

1997)

1.2. Existing Water Isotope Data forNew Brunswick

The Global Network of Isotopes in Precipitation (GNIP) was initiated in 1958
by the International Atomic Energy Agency (IAEA) and the World Meteorological
Organization (WMO) with the intent of monitoring bomb tritium. As tritium levels
decreased, thfocusshifted tothe stable isotopes of hydrogen and oxygen that could
be used for hydrologic studi@AEA/WMO, 2015) Canada is a lortime participant
in GNIP; Ottawa is a key NortfMH,Amd0di cian |
records date back to 1953, 1967, and 1970, respectivel@9In, Canada initiated a

national network within GNIP, the Canadian Network of Isotopes in Precipitation



(CNIP) (University of Waterloo, 2004)Thanks to GNIP, precipitatiorathfrom over
125 countriesirepublicly accessiblenling, free of charg¢lAEA/WMO, 2015). North
American ontour maps(based on a global mdel last updated in 201&re also
available on the GNIP websiteat showpre di ct ed mont hl Oamk an v a
UPH in precipitation(Terzer et al., 2013)A sister program, the Global Network of
Isotopes in Rrers (GNIR) was launched circa 200AEA, 2013)

Currently,New Brunswickprecipitation data available through GN&imited
to monthly composite samples from Harcourt, ,NBcated approximately 60 km
northwest of MonctorHarcourt datapans from 1997 to 2010 acdnsists ofi*®0 and
UPH results.The only otheiGNIP precipitation record fronthe Maritimes is monthly
compositeresults fori®0 , 2H,tand tritiumfrom Truro, Nova Scotia dating from 1975
to 1983.In a similar veinthe onlyNew Brunswickdata availablefrom GNIR was
submittedby a single investigator ithe late 1960sand samples are concentrated
the western and southern portions of the prov{ilBEA, 2018; IAEA/WMO, 2018)

Timsic and Patterson (201dcentlymeasured”H a A8@ of fiver watessin
a regionalstudy of Eastern Canada and New Engjaride samples were collected
from New Brunswick locations in 2013Jnfortunately the study lacks detailed
information pertaining to eastern and central New Brunswitkexsine samplesvere
concentratedh two areasnear Edmundstqnn thenorthwest corner of the province;
andnear Saint Johalong the Fundy coagturthermore, only one sample was collected
per sanple site

Recently, researchers at the University of New Brunswick (UNB) conducted a

regional baseline study of domestic well water quality in southeastern New Brunswick
9



(Loomer et al., 2016)n total, 434 private water wells were sampled in four study areas
comprising about 6100 kipamassing a large amount of isotopic data for groundwater.
The study did not, however, inme the collection of precipitation or surface water
isotopic data.

In summary, gisting isotopic data foprecipitationand surface water in New
Brunswick isspatially sparsé€Figurel) and not currentPrecipitaton samples in the
province ardimited to one statiothat wasdeactivatedeveral years ag@Qne surface

water sample set is long outdated and the other stlghyncludedonesampleper site

Legend w ¥ o R \
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Hu u

Surface Water: Timsic ar|d¥ ~ *# = Miramichi
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o < - s

i~ = = 7 Study Areas: Loomer et . % * b ; 4!
Il- - - = (2016) groundwater stud

¥

Summerside
i % - 2 Harcourt S 5 han
Moncton
=F@dericign v :-—\‘
’
7
& e
Truro .
B ([

* S ohn
*ox ki ¥

Service Layer Credits: Sources: Esri,
HERE, DelLorme, Intermap, increment #*
P Corp., GEBCO, USGS, FAO, NPS,
NRCAN, GeoBase, IGN, Kadaster NL,
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¥

Figure 1. Regional map showingsample locations of previous studies that
included the collection ofprecipitation and surface water isotope data (IAEA,

2018; IAEA/WMO, 2018; Timsic and Patterson, 2014)Relevant Loomer et al.
(2016)groundwater isotope study areas are included for reference.

10



1.3.Objectives

Theoverarchinggoal of this study was to obtain isotopic data for precipitation
and surface water that would supplement, and assist with the interpretation of, the
recent groundwater data collectedllmomer et al. (2016)Such data may also be of
value n future regional hydrological investigations requiring an understanding of
interactions between precipitation, surface water, and groatedw he following
activitieswereundetakenin pursuit ofthis goal

1. Established locations for sample collection;

2. Selected sampling equipment and methodgely to generat

representativeamples of adequate volume for isotopic analysis;
3. Regdarly collected and submitted precipitation and surface \

samples for isotopic analysis;

4. Obtainedclimatichydrometric data for sample locations;
5. Assessed spatial and temporal variability of isotopic results;
6. Explored relationship betweésotopic results and climatic/hydrome

conditions at the sample sfe

7. Established LMWL using the collected data,;

8. Compared results to previously collected isotopic data for precipi
and surface water in New Brunswick;

9. Evaluated performece ofchosersamplingequipment and methods;

10.  Submitedisotopic data to GNIP/GNIR for inclusion in their databe

11



2. Prior Reporting

Thi s project wa s funded by t he
Environmental Trust Fund (ETF) und#re project numler 160271 for fiscal year
20162017.To comply withfunding conditions, a report summarizing work completed
to date was submitted to ETF on March 1, 2@dobmer et al., 2017)The ETFreport
includeda large portion of thenethodologygiven below and some preliminamsults
As sampling was not yet compleiethe time of the ETF repatibmission, this report

supersedgthe ETF report

12



3. Methodology

3.1.Sample Locations

Sample distribution focussed ohree of the four study areas included in the
Loomer et al. (2016)roundwaterstudy: the Central, Kent, and Sussex study areas
(Figure2). The Central area represents the mainly forested interior of the Province, the
Kent area represents a coastal region along the Northumberland Strait, and the Sussex
area is an inland aa, closer to the Bay of Fundy.

With permissionfrom Environmentand Climate Chang€anada (ECC) and
Parks Canada, precipitation samplers were installed on August 19, 2016, at one weather
station within each of the three study ardagyre2, Table Al). Installation inside
ECCCcompounds minimized the risk of vandalismd animal intderence, and the
nearby weather stations provided free, reliable;speific climate data

Two locations for monthly surface water sampling were selecteddh 6 the
three study area&igure2). Bridges were chosen for sampling sites, as they facilitated
mid-channel sample collection in rivers that were too large to wade. In the Central and
Sussex study areas, bridge ddons were chosen that corresponded to locations of
ECCC hydrometric stations. As there are no hydrometric stations within the Kent study
area(presumably because rivers in the area are tidally influensadjple sites were
selected based solely on thezadtion of bridges in the areBive additional surface
water sampling locations were selected in the Kent study #rese ¢f which were

upstream ofthe monthly samples) for oreme samplingoased on the locations of

13



bridges(Figure2). Coordinates and photos all surface water sampling locations are

given in Appendix B.

3.2. Precipitation Sample Collection

3.2.1. Precipitation Collection System

ThePalmex Ltd RS1 rain samplers used in this stuBig(re3, Figures A.1 to
A.12) were designed specifically for collecting composite monthly samples. These
collectors are recommended by GNIP as they are an inexpensive option with excellent
evaporation protection(lAEA, 2014) These lowmaintenance, reliable units
circumvent the use of paraffin oil as artiagvaporation layer, which poses problems
for laboratory analysis if not entirely removed from the sar{@léning et al., 2012)
Groning et al. (2012¢xplain the inner workings of the RS1 samptegreat
detail; the following is a brief summary. The collector consists of a deufled
cylindrical casing with an open bottonfigure 3a). A highdensity polyethylene
(HDPE) collection bottle is inserted intfoe casing from below and screwed in. (Based
on a review of historical monthly precipitation amounts, the bottle size chosen was 3L.)
A funnel installed above the casing collects precipitation and transfers it through the
top of the casing via-fhm airtight tubing to the bottom of the collection bottle. Once
a small amount of precipitation has collected in the bottle, the end of the tubing
becomes submerged. At that point, the surface area of the sample exposed to outside

air is limited to the crossectioral area of the tubing, and evaporation is essentially nil.

14
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“~ aluminum tube

“~ funnel

ventilation openings

e 1solated
- protection
external tube

T internal tube

[ sampling
bottle

Figure 3: RS1 rain sampler, (a) schematic modified fronréning et al. (2012)and
(b) a rain sampler installed at an ECCC weather station for this study.

However, some air exchange is necessary to maintain atmosplesscire inside the
collection bottle as precipitation continues to accumulate. Thishgeved bya 15-m

length of 5-mm tubing coiled insidethec asi ngo6s that wdnheets thea | |
collection bottle headspace to outside air. Air in the tubing maaglsand forth along

its length to equilibrate the pressure, but is sufficiently long to prevent any significant
moisture exchange with the atmosphere or diffusive effects, even over several months.
The doublewalled design of the casing provides some meastiinsulation against

rapid heating of the sample by sunlight, and is painted a reflective silver color for the

same reason. The funnel includes bird deterrent mesh at th&igope(3b) with a

16



stainless steecreen inside to prevent large debris from entering the sg@pdaing
et al., 2012)

Snow adaptation kits, consisting of a&f tall aluminum chimney to mount
overthe funnel and a siphon inlet to replace the dmjoibing, were alsobtainedrom
Palmex Ltd. In times of alternating freeiteaw conditions, accumulated snow in the
chimney will melt and drip into the collector. However, with the prolonged
belowfreezing winter temperatures in New Brunswick, snow accumulated in the
chimney would not naturally melt into the collection bottle within a timeframe that
would allow for the collection of eepresentative compositeonthly sample. Transfer
of accumulated snomto the collection bottle is also required because snow is at risk
of isotopic fractionation from sublimation as long as it remains in the chimney.
Fractionation is undesirable because it can affect data interpretation.

To prolong the usefulness of thalectors into the winter months, the collectors
at the Doaktown and Kouchibouguac weather stations were wintenezdbvember
26, 2016 FiguresA.13 andA.14). First, theplasticbody of the casing was covered
with aluminumfoil tape to help conduct heatenly, leaving the ventilation holes open
Second,Paladin 120V selfregulating heating cablegobtained from Heakine, a
division of Christopher MacLean Ht) were coiled around the collectaaadpartway
up the chimneyThe assembly wafencoveredwith doublereflective bubble wrap
insulation leaving theventilation holes operAluminum foil tape which maintains
reliable adhesion over a wide range of temperatwas used to secure both the cable
and the insulatiorf-inally, the assembly wasrapped in black plastic to enhance the

effect of solar radiatioandfurtherpromotesnowmelt in the chimneyTo confirm that
17



the heating arrangement was operating as intengeddgntinuouslynelting snowand
ice to keep the inlet cleabut not overheatinthe unit) batterypoweredtemperature
loggers were installed inside the collector casing.

This type of winterization has not been previously attempted with these rain
collectors pers. comms. May t&ugust 2016, Palmex Ltd.)Therefore, forboth
redundacy and comparison purposes,-L®pen pails were set on the ground at
Doaktown and Kouchibougudo collect snow in accordance with GNIP protocols
(IAEA, 2014). Heating of the collector at Mechanic Settlement was not possible due to
lack of access to electricity; therefore, winter samples were collectedandyrayl9-L
pal.

The distance from the ground surface to the top of the funnel was approximately
1.1 m for the three collectors. Precipitation collectors that are elevated above the ground
can affect the wind patterns at the mouth of the collector in such a wantvais
blown away from the collector, causing systematic losses of up to (G6&dison et
al. 1998) One common method used to minimize this effect is to place an Alter Shield
(wind-break) around the collector. At the Kouchibouguac weather station, atteid
Shield was available on loan fronCEC and was installed around the precipitation
collector. However, assessment of snow capture at the beginning of the winter season
indicated that the collectors were accumulating acceptable sample volumes arithout
intervention. Therefore, no wind break was installed at the Doaktown weather station.
As the snow collection pails were set on the ground (0.37 m high) and have a capture

diameter of 0.30 m, wind shields were not considered necessary.

18



3.2.2. Totalized Samle Collection

In accordance with GNIP protocoldAEA, 2014) precipitaion sample
collection bottles were switched out with clean, dry bottlesrabout the first of each
month for 12 months beginnin@eptemberl, 2016 If snow/ice was present in the
chimney, this was noted, sintleis could indicatahat the collection bdte did not
contain allof the captured precipitation for that mon8ample bottlesvere lidded,
stored in a cooler with icéghentransported back to UNBndrefrigerated

Snow bucket wereset outto collect samplefom December 1 through to the
end d April. Buckets were switched out with clean, dry buckets on or about the first
of each month (concurrent with the collection bottlegpplicable), and again midway
through the month to minimize the risk of the isotopic fractionation of the accumulated
snow due to sublimatiotJpon collection, sow buckets werédded and transported
back to UNB.

Upon return to UNBJidded buckets containing snow/ice were left to melt
overnightat room temperature in accordance with GNIP protd¢asA, 2014) If the
buckets contained micthonth samples, meltwater waansferred to HDPBottlesas
soon as possiblendrefrigerateduntil after thenextmonthly sampling event

The day following a monthly sampling evenbmposite monthly snow bucket
samples were created by adding the meltedmmodth sample from the refrigerator to
the endof-month bucket sample just collected. The bucket was then inverted gently
several times to ensure sample homogendlither precipitation samples were

removed from the refrigerator and allowed to equilibrate with room temperature for at
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least 30 minutesSample volumes were estimatgdhat timeby weighingprecipitation
collector jarsandmeasuringhe depth of meltwater in snow buckets.

Samples for the st2db'fOd airtéd) wacepikesed of wa
(<0.45 um) into 2emL polyethylene scinlfation vials. The vials were prensed three
times with filtered sample water and capped with zero head space. The join between
the vials and caps was then sealed with Parafilm® wrap. Samples for tritium analysis
weredecantedunfiltered, ino 1-L HDPE bottles.

It should be noted thatecipitation collector jar sam@andthe corresponding
snow bucket sampdavere never mixed togethelar samples (if available and deemed
representative) were preferred for analysis due to assumedreduced risk of
fractionationby evaporation/sublimationOn a few occasions, both jar and snow
bucket samples were available and deemed representative for a given site and month.
In these cases, both samples were analyzed and compared to evaluate any isotopic

effects of tke winterization technique.

3.3. Surface Water Sample Collection
On or about the first of each moritt 12 months beginnin§eptember 1, 2016,
surface water samples were collecfed om each Mofit hlhyeo ss xr flac e
sampling siteshown inFigure2. On August 17, 2017, surface water samples were
collected from seven locations in the Kent study area to assess the spatial variability of
surface water isotopic composition; these included theftvnthlyo locationsand

the fiveOmtddmedbosamphAhing | ocations.
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Surface water samplegere obtainedy lowering a sampler to the watieom
approximately miespan of each bridgeAs severalof the stug rivers werevery
shallow a horizontal Van Dorn sampler wgically used to collect the sample. When
this sampler was unavailable or out of commiss#owertical Kemmerer sampler was
substitutedOn rivers tha had frozen overtheice cover wagpunctured(if possible)
from mid-span of the bridge by repeatedlyodping a lad weight on a rope, then
sampledas per normallf the ice was deemed too thick to punctuseng the weighta
sample was obtained from a river bank in the vicinity of the bridggr-on-pole
apparatus was employed for grab samples obtdnoed river banks this permitted
samplecollectionfrom areas obpen, flowing water up to approximatelyr8from the
bank Ice augering wasot attemptedor safety reason#hotos of all sample locations
(including river bank sample locatioremegivenin AppendixB.

During the summemonths stable isotope samples wdirgld-filtered (<0.45
pum) into 20-mL polyethylene scintillation vials. The vials were piresed three times
with filtered sample water and capped with zero head space. The join béteeels
and caps was then sealed with Parafilm® wrap. Samples for tritium analysis were
decanted unfiltered, ino 1-L HDPE bottles. Field measuremestof pH and
conductivitiywerec onduct ed using a Thermo Scientif
multiparaméer meter. The meter was calibratedfiope each use for pH using
NIST-certified 4.01 and 7.00 buffer solutions, and the linearity of the calibration was
checked with the pH 10.01 buffer solutidrhe meter was calibratédr conductivity
using a 1413 pS/crstandard solutiorin colder weatheisample preparatioandmeter

readings were performed indoors$ (#NB) with the same equipment
21



3.4. Equipment Protocols

Before first use, the HDPE collection bottles, funnels, tubing, and stainless steel
filter screensfor the precipitation collectorsvere cleaned using laborategyade
detergent, rinsed thoroughly with tap water, then tnpleed with distilled water. The
plastic 19L pails (snow buckets) were filled with warm tap water and allowed to sit at
room tempeature for at least 24 hours to remove any easily leachable contaminants.
They were then cleaned and rinsed using the same process as the collection bottles.

All bottles, buckets, syringes, tubing, caps, lids, etc., were disassembled and
cleaned thoroughlwith laboratorygrade detergent and rinsed well with tap water after
each use. This was followed by three thorough rinses with distilled water. The
equipment was left to dry overnight, protected from dust, and then sealed and stored

until the next samplingvent.

3.5. Sample Handling andAnalytical Methods

Samples were stored in a refrigerator and shipped overnight in insulated
packages to the analytical laboratories. In summer, samples were accompanied by ice.
No ice was included in winter to reduce the ridktlee samples freezing during
transportStable isotopeamnples were all analyzed withihreemonths of collection
while tritium samples were all analyzed within five months of collection

The samples for stable isotopes of water analyses wdrenitted to the
University of Waterloo Environmental Isotope Laboratory (Waterloo) and/or to the

University of Ottawa G.G. Hatch Isotope Laboratory (Hatch). The stable isotopes of
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water were determined using Los Gatos Research (Triple) Water Isotopednaly
(LGR-OA-ICOS T-LWIA (Waterloo) orLGR-TWIA-4SEP (Hatch)) laser systems.

Many stable isotope samples were sent in duplicate to both the Waterloo and
Hatch laboratories. On three occasions, the accuracy and precision of the laboratory
results were compad by submission of blind reference water. Results of this
assessment (Appendix C) indicated early on that Watgnoducedslightly better
accuracy and precision, and was thus chosen as the primary laboratory for stable
isotope analysedPuring the analsis of data, Hatchesultswere ignored unless no
Waterloo result wereavailable. Other measures of laboratoglated quality assurance
and quality control (QAQC) are included in Appendix C.

Samples for tritium analysis were submitted to the André dioride AMS
Laboratory at the University of Ottawa. Tritium analyses were performed by tritium
enrichment and liquid scintillation counting with a kaackground Quantulus liquid
scintillation counter.

Tritium analyses require sample volumes in excess06fr@L and are cost
prohibitive in large quantities. Tritium samplegrealways analyzed in triplicate by
the laboratory if sufficient sample volunveas provided. Therefore, for the tritium
analyses, the QQC protocols of the analyzing laboratory wererded sufficient. The
QA/QC assessment focused on the stable water isotope analyses, which are at greater

risk of fractionation effects due to evaporation during handling.
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3.6. Procurement of Climatic and Hydrometric Data

Historical hourly data (wind speed/ditem) and daily data (total precipitation,
minimum/mean/maximum air temperature), were obtained E@@C (2018a} Daily
data were typically available online within a few days of measurembrdh permitted
ongoing estimation of cumulative precipitation amounts to ensure samples did not
become compromised due to overflowing precipitation collection jars. Precipitation
and air temperature data were considered during the sample submissios {orbeds
select théoestsample for analysis. Finally, precipitation, air temperature, and wind data
were all used in the interpretation of isotopic results.

Recorded river stage measurements for the study period were obtained from
ECCC (2018bJor the foursamplesites located withinhie Central and Sussex study

areas. Stageatih was used in the interpretation of isotopic results.

! Bulk historical climate data was obtained in .csv format from a ECCC (2018a) using agonpes

utility called Cygwin(Cygwin, n.d.) To access the ECClibsted FTP site that houses the data, visit
http://climate.weather.gc.ca/historical_data/search_historic_ data_eahtinsearch for any weather
station. Choose any data interval anmdepatdottieat r ange,
station. Ontherighh and si de, under the Download heading, cl
opens with further instructions for downloading and using Cygwin.
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4. Results

Isotopic results for precipitation asummarizedin Table 2; the complete
precipitationdata sefincluding monthly precipitation amounts)givenin Table D.1
Val ue s fvaried between-16.28 and-5. 77 a, vaHuvwared f or t‘
between121.86and3 5. 6 4 &, VI®lvarieddetveer8.508nd3 . 073, and
tritium varied between 3.1 and 16.1 TQalculated values for-éxcess ranged from
+0.03 to +2'0-exe8sawas hetwabd51.8 and +291.34 per meg
(equivalenttocO . 45 and +0.29a, respectively
Isotopic results fosurface water samples collectaa August 17, 2017 as part
of theassessnr of spatial variability araummarizedn Table3. Results for surface
water samples collected as part of the monthly sampling prograsumu@arizedn
Table4. The competesurface watedata set(including pH ancelectricalconductivity
measurerants) are given in Tables D.2 and D.3F o r 180, livalues ranged
between-14.30 and-6 . 9 0 %d,variéd between99.13 and5 3 . 5 1}'® ,varianl
between-7.53 and-3 . 3 7a@d,tritium varied between 4.7 and 13TU. Calculated
values for e xcess ranged from +De&asranged +17 . (
from -600.28to +604.89 meg (equivalent t0.60and +0.6@&, r especti vel y) .
Based on simple differences between minimum and maximum Valueach
parameter, eerall, 4able isotopai-values d-excess, and tritiurooncentrationsvere
30 to 90% more variable in precipitation compared to surface water samples.
Conversely ’O-excesswas 60% more variablein surface water compared to

precipitation.
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Table 2: Isotopic Compositian of Monthly Precipitation Samplesby Study Area
(September 2016 to August 2017)

170_

Study Sample Sample Month U0 UeH ut’o e)(O(I:'esexcesTritium N Notes
Area Date Type Representec +02 ¢ +08 &+£02 &, 7 (per (TU) (TU) )
(a ‘meg)

Oct1-16 Jar September -8.80 -59.33 -454 11.05 107 10.4 0.8
Nov-1-16 Jar October -10.93 -74.65 -548 1275291 39 0.6
Dec4-16 Jar November -11.73 -77.93 -6.52 15.89-323 45 0.8
Jan2-17 Bucket December -14.68 -100.12 -7.66 17.29 89 59 07 1
Feb1-17 Bucket January -11.78 -79.04 -6.01 15.19 212 3.7 0.6 2
Feb1-17 Jar January -10.77 -74.46 -5.60 11.68 89 NS NS 2

g Feb17-17Bucket February -20.12 -148.74 -10.58 12.20 43 NS NS 2,3
8 Mar-1-17 Jar  February -15.49 -114.44 -796 945 214 73 0.7 2
Apr-1-17 Jar March -9.18 -63.19 -4.69 10.28 160 7.5 0.8
May-1-17 Jar April -7.41 -45.05 -3.87 14.23 43 7 0.8
Junl-17 Jar May -7.45 -49.40 -3.86 10.20 71 5 0.7
Jun30-17 Ja June -11.27  -81.63 -596 855 -3 131 1
Aug-1-17 Jar July -6.68 -42.31 -3.63 11.14-102 132 1
Sepl-17 Jar August -7.56 -48.83 -3.96 1168 35 142 1
Oct1-16 Jar September -8.82 -56.12 -458 1448 81 8.7 0.8
Nov-1-16 Jar October -11.33 -77.49 -5.78 13.11 203 3.7 0.6
Dec4-16 Jar November -12.27 -85.39 -6.93 12.73-452 44 0.6

Jan2-17 Bucket December -14.98 -100.27 -7.84 19.55 65 56 07 1
Feb1-17 Bucket January -12.38 -80.97 -6.24 18.03 299 42 07 2
Feb1-17 Jar January -1052  -70.28 -5.32 1387230 NS NS 2
‘GEJ Feb17-17Bucket February -19.35 -140.68 -10.23 14.12 -14 NS NS 2,3
¥ Mar-1-17 Jar February -16.28 -121.86 -850 835 94 6.3 0.7 2
Apr-1-17 Jar March -12.22  -87.75 -6.31 9.99 138 8.7 0.8
May-1-17 Jar April -8.22 -51.91 -4.29 13.89 54 835 0.9
Junl-17 Jar May -8.26 -55.78 -4.28 10.27 77 5 0.7
Jun30-17 Jar June -10.07  -80.55 -5.38 0.03 -58 128 1
Aug-1-17 Jar July -9.73 -66.51 -5.13 11.32 7 16.1 1.1
Sepl-17 Jar August -7.66 -49.52 -4.00 11.74 46 10.7 09 4
Oct1-16 Jar September -7.04 -46.24 -3.54 10.11 182 115 0.9
Nov-1-16 Jar October -11.29 -76.90 -6.10 13.41-134 35 0.6
Dec4-16 Jar November NS NS NS NS NS NS NS 5
Jan2-17 Bucket December -11.92 -76.14 -6.22 19.19 70 6.2 0.7
Feb1-17 Bucket January  -9.81 -57.72 -498 20.73 199 3.1 06
é Feb17-17Bucket February -18.44 -132.40 -9.73 15.12 1 47 0.7 2,3
¢ Mar-1-17 Jar February -11.74 -81.79 -6.18 12.11 21 NS NS 2
O Apr-1-17 Jar March -10.75 -70.18 -5.51 1583167 7.5 0.8
May-1-17 Jar April -7.09 -42.77 -3.67 1397 73 6.1 0.8
Junl-17 Jar May -5.77 -35.64 -3.07 10.56 -25 3.7 0.7
Jun30-17 Jar June -11.28  -79.55 -5.95 1065 1 83 09
Aug-1-17 Jar July -6.89 -45.46 -3.68 965 -43 126 1

Sepl-17 Jar August -6.99 -43.96 -3.69 1195 5 79 0.9

Please see next page fargeral and sampispecific (numbered)otes
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Notes for Table 2

General %0, 2H{ a0 areréferencedgainst VSMOW.
General NSindicates'No Sample".

General The source of tritium samples (bucket or jar) depended on sample volumes availal
tritium analyses require 60@L of water.

General Red, italicized font indidas result was obtained from the University of Ott@&vé.
Hatch Isotope Laboratory.

1 Bucket samples were chosen over jar samples for analysis as the precipitation col
siphon inlet was frozen (blocked) for an unknown amount of time in Deceffibejar
sample was not considered representative.

2 For analysis, stable isotope results for the bucket sample were ignored in favor of
sample. Bucket sample stable isotope results will be compared with jar sample res
Section6.2.

3 Mid-morth bucket samples collected on February 17th were considered to be larg:

representative for the month of February, as the majority of precipitation for the mc
fell during that period. Bucket sample stable isotope results will be compared with
sampe results in Section 6.2

4 Stable isotope results are the averages of field duplicates KEN20170901b and
CAC20170901KTable D.).

5 No sample was obtained as the jar could not be removed from the collector.
Precipitation had entered the jar via theitgband then frozen around it, effectively
locking the jar and collector tubing together. A bucket had not yet been placed at t
site.

Table 3: Isotopic Composition of Onetime Surface Water Samples collected in
the Kent study aea on August 17, 2017

170_
River Location Sample ¥  WH U0 ex?:-es< excess Tritum N
Date N 02N 08N 0:5€C (per (TU) (TU)

(a) meg)

Keswick Rd Aug-17-17 -9.96 -68.69 -5.20 10.98 54 NS NS

Route 116 Aug-17-17 -10.43 -71.02 -5.36 12.41 143 NS NS
Pont de Milieu Aug-17-17 -7.32 -53.51 -3.75 5.04 110 NS NS
Kouchibou Gérasime GallarAug-17-17 -9.51 -67.21 -4.94 8.86 80 NS NS

guacsis  Ch Cameron's
Mill Cross

Richibucto Route 116  Aug-17-17 -10.34 -71.11 -5.32 1159 141 NS NS
St. Charles Chde I'Eglise Aug-17-17 -7.79 -56.20 -4.01 6.11 103 NS NS

Bass

Aug-17-17 -9.11 -65.76 -4.83 7.16 -17 NS NS

NSindicates’No Sample".
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Table 4: Isotopic Composition of Monthly Surface Water Sampledy Study
Area (September2016 toAugust 2017)

170_

Study oo Location | Sample o wH  uo ex?:-es< excess Tritum N
Area Date N 02 N O8N 02 < (per (TU) (TUV)
(a) meg)

Durham Bridg: Sep1-16 -10.05 -67.27 -5.39 13.16 -77 78 0.8
Durham Bridg Oct-1-16 -10.13 -70.95 -5.14 10.11 206 6.2 0.8
Durham Bridg'Nov-1-16 -10.17 -67.99 -4.77 13.40 605 NS NS
Durham Bridg Dec4-16 -10.87 -70.10 -5.22 16.82 519 NS NS

—S‘cg Durham Bridg: Janr2-17 -10.57 -70.15 -556 1441 25 NS NS

E Durham Bridg Feb1-17 -10.85 -71.90 -5.68 14.90 52 NS NS

% Durham Bridg:Mar-1-17 -12.23 -82.37 -6.51 1547 -53 NS NS

< Durham Bridg Apr-1-17 -11.08 -74.14 -5.74 14.47 106 NS NS
Durham Bridg May-1-17 -11.06 -7280 -5.76 15.64 79 NS NS

Durham Bridg Jun1-17 -10.57 -70.92 -5.55 13.64 31 64 0.8

= Durham BridgJun30-17 -10.41 -70.95 -5.56 12.33 -64 NS NS
= Durham Bridg Aug-1-17 -10.01 -69.04 -5.25 11.04 40 NS NS
8 Blackvile Sepl-16 -1044 -70.38 -5.53 13.16 -12 74 0.8
Blackvile Oct1-16 -10.11 -72.97 -5.03 7.90 309 7 0.8

= Blackville Nov-1-16 -10.55 -70.83 -5.48 13.61 94 NS NS

2 Blackvile Dec4-16 -11.07 -73.45 -564 1507 202 NS NS

O  Blackvile Jan2-17 -10.89 -73.37 -5.80 1373 -51 NS NS

% Blackvile Feb1-17 -10.94 -7453 -5.88 13.00 -103 NS NS

g’;, Blackvile Mar-1-17 -12.43 -84.78 -6.66 14.69 -94 NS NS

g Blackville Apr-1-17 -11.23 -75.61 -5.81 14.25 118 NS NS

3 Blackvile May-1-17 -11.53 -76.52 -6.01 15.72 81 NS NS
Blackvile  Jun1-17 -11.00 -74.18 -5.83 13.82 -26 6.6 0.8

Blackville Jun30-17 -10.89 -74.54 -586 12.60 -111 NS NS

Blackville Aug-1-17 -10.36 -71.89 -5.38 11.00 90 NS NS

Keswick Rd Sepl-16 -9.54 -64.92 -5.04 1144 -1 6.8 0.8

Keswick Rd Oct-1-16 -10.18 -73.12 -5.09 8.31 284 6.4 0.8

Keswick Rd Nov-1-16 -9.91 -70.22 -541 9.05 -181 NS NS

Keswick Rd Dec4-16 -10.78 -73.66 -6.29 12.55 -600 NS NS

Keswick Rd Jan2-17 -10.86 -73.57 -575 13.34 -13 NS NS

‘g § Keswick Rd Feb1-17 -10.93 -7539 -591 12.05 -134 NS NS
X M Keswick Rd Mar-1-17 -12.24 -83.24 -6.48 14.68 -18 NS NS

Keswick Rd Apr-1-17 -11.22 -75.59 -594 1414 -16 NS NS
Keswick Rd May-1-17 -11.23 -75.88 -5.86 13.96 71 NS NS
Keswick Rd Jun1-17 -10.81 -72.99 -5.64 1351 70 6 0.8
Keswick Rd Jun30-17 -10.54 -72.46 -5.71 11.87 -149 NS NS
Keswick Rd Aug-1-17 -852 -59.47 -4.38 8.71 120 NS NS

Continued next page
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Table 4, continued

170_
Study oo Location | Sample o wH  uo ex?:-es< excess Tritum N
Area Date N O0O2 N O8N 02 ( & )‘ (per (TU) (TUV)
meg)
Pont de MilieL Sep1-16 NS NS NS NS NS NS NS

Pont de Miliet Oct1-16 -6.90 -53.64 -3.37 158 274 6.4 0.8
Pont de Miliet Nov-1-16 -9.85 -68.17 -5.00 10.60 196 NS NS
Pont de Miliet Dec4-16 -10.91 -73.03 -5.86 14.24 -102 NS NS
Pont de Miliet Jan2-17 -10.84 -73.41 -5.71 13.30 12 NS NS
Pont de Miliet Feb1-17 -11.08 -7451 -5.77 14.17 82 NS NS
Pont de Miliet Mar-1-17 -12.57 -86.73 -6.77 13.83 -131 NS NS
Pont de Miliet Apr-1-17 -11.39 -76.19 -5.94 1497 75 NS NS
Pont de MilietMay-1-17 -10.98 -74.55 -581 13.30 -14 NS NS
Pont de Miliet Jun1-17 -10.29 -70.01 -542 1232 13 6 0.7
Pont de MilietJun30-17 -10.00 -69.18 -5.30 10.80 -18 NS NS
Pont de Miliet Aug-1-17 -8.86 -63.12 -4.62 7.72 56 NS NS

Kent
Kouchibouguacsis

Apohaqui Sepl-16 -9.51 -65.44 -5.16 10.63 -142 6.85 0.8
Apohaqui Oct1-16 -9.70 -65.49 -5.21 12.10 -85 47 07
Apohaqui Nowv-1-16 -9.83 -65.17 -4.65 13.44 537 NS NS

k% Apohaqui Dec4-16 -10.54 -67.94 -5.07 16.36 494 NS NS
S  Apohaqui Jan2-17 -1042 -67.60 -537 1576 135 NS NS
% Apohaqui Feb1-17 -10.31 -68.42 -5.37 14.02 72 NS NS
S Apohaqui Mar-1-17 -13.10 -87.73 -6.82 17.06 97 NS NS
g Apohaqui Apr-1-17 -10.87 -73.33 -570 13.64 45 NS NS
Apohaqui May-1-17 -11.00 -73.24 -5.75 14.77 61 NS NS
Apohaqui Junl-17 -10.67 -70.97 -5.54 1438 94 5.6 0.7
«< Apohaqui Jun30-17 -10.39 -69.68 -5.55 13.42 -69 NS NS
§ Apohaqui Aug-1-17 -10.15 -68.64 -5.21 1259 150 NS NS
a Petitcodiac Sepl-16 -9.58 -63.31 -5.06 13.32 0 131 0.9
Petitcodiac Oct1-16 -9.30 -67.71 -4.69 6.67 220 47 0.7
Petitcodiac Nov-1-16 -9.89 -65.99 -4.84 13.11 376 NS NS
Petitcodiac Dec4-16 -11.02 -72.89 -5.45 1529 368 NS NS
_§ Petitcodiac Jan2-17 -11.11 -74.16 -5.87 14.74 -6 NS NS
8 Petitcodiac Feb1-17 -10.69 -72.89 -565 12.65 -4 NS NS
% Petitcodiac Mar-1-17 -14.30 -99.13 -7.53 1525 15 NS NS

a

Petitcodiac Apr-1-17 -11.13 -77.74 -6.06 11.3 -181 NS NS
Petitcodiac May-1-17 -11.19 -75.63 -5.89 13.86 21 NS NS
Petitcodiac Jun1-17 -10.75 -72.57 -5.57 13.42 104 6.3 0.8
Petitcodiac Jun30-17 -10.40 -70.43 -552 1274 -26 NS NS
Petitcodiac Aug-1-17 -9.26 -66.47 -4.81 7.58 80 NS NS

NSindicates'No Sample".
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Climatic data obtained fronECCC (2018a)or the three weather stations
coincident with théocations of therecipitation collectorased in this study agven
in Figures 4 to 6For the purposes of discussipartaining to precipitatigrthe study
period is defined as September 1, 2016 to August 31, 2Qi&;that climate data
grapts are extended backwards and forwards by one nsomibly to provide context

At Doaktown, the monthly precipitation over the study period ranged from 35.0
mm (July) to 153.2nm (May) The driest and wettest month differed by 11813,
and the monthly average was 7m&n. The maximum precipitation amount for any
one day was 53.am (May 6). Air temperature ranged fron31.8°C (February 11) to
32.1°C (May 18, a total range of 63.9°C, with a mean of 5.1ACdaily maximum
wind gust exceeding 3dm/h occurred on 49% of 365 days (record was complete); the
maximumreportedgust was @ km/h. The predominant wind direction was from the
west (47% of measurements), with an additional 20% coming from the southwest.

At Kouchibouguac, the monthly precipitation over the study period ranged from
45.1mm (July) to 191.8nm (May) The driest anavettest month differed by 146.7
mm, and themonthly averagevas90.6 mm. The maximum precipitation amount for
any one day was 47mm (May 6). Air temperatures ranged fror29.6°C (February
12) to 33.4°C (June 11), a total range of 63°C, with a mea®u 5.

Kouchibouguac wd gust informatiorfor the study periods divided into two
categories: before and after November 17, 20Q6. that date ECCC weather
equipment was moved Bm north to aless sheltered siteAppendix A). Before
Novemberl7, theextremely shelteretbcation of theweather station equipment (and

precipitation collectgrdid not experiencanywind gust exceedm31km/h. Based on
30
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hourly data for that period, the maximum wind speed wds1l/6, and wind was from
usually from the southwest (44% of measurements) or (88% of measurements).
After November 17, a maximum daily gust exceeding 31 km/h occurred on 133 of the
283 days with recorded data (equivalent to 47%), and the maximum reported gust was
67 km/h. The predominant wind direction was from the west, as 60#ieasurements
were within the southwestestnorthwest range, with west most frequently recorded
(25%).
At Mechanic Settlement, the monthly precipitation over the study period ranged
from 34.8mm (July) to 226.8nm (May). The driest and wettest month diéeiby 192
mm, and the monthly average was 10®/@. The maximum precipitation amount for
any one day was 94rm (May 6). Air temperatures ranged freg8.7°C (January 9)
to 29.3°C (May 18), a total range of 53°C, with a mean of 5.1°C. A daily maximum
wind gust exceeding 3&dm/h occurred on 79% of 365 days (record was complete); the
maximum reported gust was 82 km/h. Recorded gust directions were predominantly
from the west and south (26% and 22% of gusts, respectively), but a substantial number
of the maxmum gusts came from either the northwest (17%) or southwest (10%).
Overall, Mechanic Settlemehtdthe largest difference in precipitation from
its driest to wettest month, while Doaktown experienced the least difference. All three
sites had similar miniomm mont hly preci pitation amount
maximum monthly precipitation amount was 50% higher than Doaktown, while
Kouchibouguac was 25% higher than Doaktown. The three sites also had the same
wettest day, May 6, but Mechanic Settlememgived substantially (90%, on average)

more rain than Doaktown or Kouchibouguac.
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The temperature rangecorded atMechanic Settlement was 10°C narrower
than the other two sites. Doaktown and Kouchibouguac had similar minimum and
maximum temperatures, bilee mean temperature at Kouchibouguac was 0.8°C higher
than Mechanic Settlement and Doaktown.

Doaktown and Kouchibouguac batlad recordeanaximum wind gusts of 67
km/h, with wind exceeding 3&m/h just under 50% of the time at both locations. The
predonminant wind direction for all sites was west, but wind patterns differed at each
site. Southwest was the clear secondary direction for Doaktown, as west and southwest
wind gusts accounted for almost 70% of all gusts. At Kouchibouguac, wind gust
directions brmed a wider bell curve centered on a westerly directiogu(e 7).
However, it is important to note that almost three months of gust data are missing from
Kouchibouguac due to the equipment being in a very esleeltarea that may have
significantly altered the curve. Mechanic Settlement had a maximum gust 20% higher

than Doaktown and Kouchibouguac, and gusts occurred much more frequently.

30% r

250 [
£ 20% [
15% [

10% [

5% E

Frequency of Wind Gusts

0%

East SE South SW West NW North NE
EWind Gust by Direction

Figure 7: Frequency of wind gusts by direction &Kouchibouguac from November
17, 2016 to August 31, 201(ECCC, 2018a)
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The wind patterns at Mechanic Settlement are interesting in that wind gusts from the
south and west are common, but wind gusts fronsthigthwest are considerably less
so Figure8). In general the wind directions are more diverse at Mechanic Settlement

compared to the other two sites.

East SE South SW West NW North NE
BWind Gust by Direction

Figure 8: Frequency of wind gusts ly direction at Mechanic Settlement from
September 1, 2016 to August 31, 201ECCC, 2018a)

The stages of the four rivers within the Central and Sussex study areas are given
in Figure9; as previously stated, no hydrometric stations recording continuous data are
active in the Kent study area. Based on availability of data, the study period for the
purposes of this discussion is defined again as September 1, 2016 td Zud&17.

During the study period, the stage of the Nashwaak River varied from 17.71 to
20.79m (a difference of 3.0&), and the mean stage was 1826The stage of the
Southwest Miramichi River varied between 0.41 and 24 difference of 5.88),
with a mean stage of 1.3B. The Petitcodiac Rivestagevaried from 0.31 to 2.76,
with a mean stage of 0.76. The Kennebecasis Rivstageranged between 7.24 to

10.42m (a difference of 3.181), with a mean stage of 7.8%
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From September to December, and Jun®ugust, all rivers showed relatively
little variation, regardless of precipitation events. Stage varied more from December to
May, likely because of frozen ground in tleatchmentsthat reducednfiltration
capacity therebyresulting in moreunoff due b precipitationand spring snow pack
melting

Surface watexin the Central and Kent study areas had similar pH ranges (6.4
to 7.5, and 6.4 to 7.6, respectively), whitethe Sussexarea surface watepH was
higher (ranging from 6.5 to 8.7Flectrical ©nductivity ranged between 0.022 and
0.080 mS/cm in the Central study area, 0.0206:@00mS/cm in the Kent study area,
and 0.104 to 0.994 mS/cm in the Sussex study Hreas noted thatonthly samples
for September, October, June, and Audusin rivers in the Kent study area had
conductivities two to three orders of magnitude higher tbaather months. Oréme
samples collected August 17, 2017 also had highlabkr conductivitiegonsidering

their close spatial distribution
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5. Discussion

In this sectionjsotopicresultsfrom this studyare compared texistinglong-term
data, then relationships between composition and atfhgtirometric conditions are
discussedNext, gaial variability is addressednd a local meteoric water lings

devebpedusing the recently collectgatecipitationdata

5.1.Long-Term Temporal Variability of G0 a rld 0

Existingli*®0 a AHataifor HarcourtAEA/WMO, 2018)wereplottedwith
data fromthis study inFigures 10 and 1. Geographically, the Harcourt sitedsest
to the Central and Kent precipitation sit@fie Central and Kent results wesenilar
to Harcourd § or HB%Ot f rid Byl comparison the Sussex results were
considerably less variabtkiringthe year

As tritium data verenot available for Harcourt xesting tritium data for Trurg
NS (IAEA/WMO, 2018) were plotted with data fromthis study inFigure 12. The
marked decrease in tritium levels over the long termchbievarious sources (e.qg.
Clark and Fritz (199%)is clearly visiblein Figure 12 Recent tritium levelsn
precipitationhave decreased to approximately 10% of what they were iath&970s
to early 1980s

Resultsf o %0 la RHifroni this study weralsoplotted with thepredicted
ranges ofvalues obtained through inspection of GNIP monthly contour n@ipen
the low resolution of the contour maps (one photo for all of North America) and lack
of landmarksor provincial borders interpolation between contour lines wast

attemptedTo clarify, if a study site appeared to be located in a yellow area of ihe
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map that representedvaluebetween54 and-3 8 @, t he it usyusitetwasf or t
considered to substantially agree with the contour map if it fell within that range of
values (plus or minus map uncertainty). Map uncertainties were also given in contour

map format; however, a range of uncertainties complicated anahgsigicantly.

Therefore, only the largest uncertainty value was used. For example, if orange indicated

an uncertainty of 12.8 to 14. 4a, Figwe was a
13 compareshe Kouchilmuguac monthly precipitation results fitH to the GNIP

contour mapssee Appendix E for the complete setomparisorplots

20 ¢
40 f
-60 F
80
-100 £
120 f
-140 £

_160 E 1 1 1 1 1 1 1 1 1 1 1
Sep10Oct1 NovlDecl Jan1 Feb 1Mar1l Apr1May 1 Junl Jull Augl

GNIP contour bracket GNIP widest uncertainty bracket=—Kent Study Area

(a)

’H

Figure 13 Kouchi bouguac (Kent study?Haihea) pr
GNI P06 s pr egdsi Barkegeken steows the predicted range. Light green
shows the outer limits of model uncertainty(Terzer et al., 2013)

In general, radts obtained during the warmer months were reasonably
consistent with the range of values predicted by GNIP, when considering uncertainty
in the model. Results for the cooler months, however, were slightly highethian
predictions. Results for Januafyb o 8@ & r?ld, fofi all study areas) were

particularly high.

43

f



5.2. Qualitative Relationships with Climatic/Hydrometric Conditions
The following observations were made when comparing precipitation and
surface watelisotopic result§(i.e. the temporalplots pesented inAppendix F)to
climatic andriver stagedata:

1 Regar 0O n#i U alfOd whigh are treated as a group here
because of the strong similarities between FigbrgsF.2, andF.3, it
was noted that

0 isotope results forrpcipitation tended tbave a higher month
to-month variability than surface water

o0 isotope results forrpcipitation, in general, appeared to correlate
strongly with air temperature, with lowésotopically lightej
values in the winter and highésotopically heaviérvalues in
the summer. Small montie-month variations in temperature
appeared to result in relatively large changes in these three
parameters

o in general, the two surface water sampling sitékin each
study area had comparaletopicresultsfrom month tomonth,
with a few exceptionsand

o isotope results forusface wates tended to be slightly higher
(isotopically heavier)in the summer and lowefisotopically
lighter) in the winter.

i Regarding eexcessit was observed that
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0 results for pecipitationweresporadidrom month to monthbut
exhibitedan overall decreasing trexdring the study period,

o surface waterd-excesswas generally slightly higher in the
winter than summer

0 ingeneral, theesults for théwo surface water sampling sites
eachstudyareawere comparablawvith a few exceptionsand

0 results for pecipitation did not clearly correlate with surface
water results in the Central and Kent study areas; a closer
relationship was noted for the Sussex study area.

1 Substantial differences in ’O-excess were observed between
precipitation and surface watersultsduringthe cooler month&r any
given study areaResultdbetween sitesere more comparable, and less
variablefrom month to monthin mid-summerNo clear relationship to
theclimatic data collectedasobserved.

1 Tritium results were generally lower in the cooler months and higher in
the warmer months, but no clear relationship was observed between

tritium andthe climatic data

5.3. Spatial Variability of Isotopic Composition

5.3.1. Annual Averages of Monthly Precipitation Samples

To better approximattheannual aver a¥e Hyid'Ojiaeds f or

tritium in precipitationfor each study areanonthlyprecipitation isotopicesults were
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weighted usinghe ECCGrecordednonthly precipitation amountgven inTable D.1
(Timsic and Patterson, 2014nnual weightedmeansfor each study are@able5)

were compared usirngPSS Statistical $twvare (IBM, 2016; IBM Corp., 2017)Using

a confidence interval of 95%i,was determined that there was no statistical difference

in isotopic composition between study areas for any of the parameters investigated
(Appendix G) This wasnot surprising given the high seasonal variability in ispic
compositionand thus the relatively high standard deviatiol®ar differencebetween

study areas were not expectedbe evident with only 12 months of data.

Table 5: Annual weighted meancomposition of precipitation by study areawith
associated weighted standard deviations

Study Measure utéo u?H ut’o Tritium
Area (a) (a) (a) (TU)
Weighted Mean -10.31 -70.36 -5.37 6.7
Central _
Weighted Std Dev 2.73 21.18 1.43 3.1
Kent Weighted Mean -10.89 -75.27 -5.68 6.9
en
Weighted Std Dev 2.57 19.93 1.37 3.2
Weighted Mean -9.38 -60.96 -4.91 5.6
Sussex .
Weighted Std Dev 2.39 17.63 1.26 2.5

Std Dev = Standard Deviation

Annual average values fart®O in precipitation are mapped iRigure 14.
(Please see Figures H.1 to H.6 for maps showing all annesdgavalues, including
d-excess and’O-excesy The Kent study area had the lowest valuesitéd , 2H,l
Ut’0, andd-excess The Central study area had the highéStexcess, while Susse

had the lowestror tritium, Kent had the highest result, while Sussex had the lowest
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5.3.2. Annual Averages of Monthly Surface Water Samples

Annual average isotopic compositiof monthly surface watersampling
locationsare mappedvith the precipitation results FiguresH.1 toH.6. As surface
water collection consisted of grab samplather than monthly composite samples,
weighting results using measurements such as precipitation amounts or river stage was
not considered appropriate. Thereforsjraple geometric mean was used forface
water results

Averaged results foit®O, 2HU  a'tOdwerd all very similar across study
areas despite the@robabilityof tidal influencein the Kent study aredt was observed
that dexcess results were lowest to the northeast, and incréadéd southwest
Results for’O-excess vadd widely from site to site, but also seemed to generally
increase to the southwestith one exception (Bass River at Keswick R)itium
results did not follow any particular pattern, but it should be noted that tritium samples

were only collectedwo or three timegor eachsurface watesite, not every month.

5.3.3. OneTime Surface Water Samples

Isotopic results for the or@me surface water samples collected August 17,
2017 are mapped in Figurels7toH. 1 1. I n gener a®qQ itk i'@her r e
were observed near the coast, while lower results oiet@nedfarther inland The
higher proportions of heavy isotopes near the caashbined withield observatios
that electrical conductivity of ver water nearer the ocean was more saline, indicated

that these rivers were indeed under a strong tidal influence at the time of sampling.
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Results for eexcess were generally lower near the ocean and higher iRaadlts for
170-excesglid not follow aperceivable pattern, and the range of values was ldrge:

to +143 per meg.

5.3.4. Comparison of Surface Water Results to Existing Data

Timsic and Patterson (2014) developed regionat coru r ma®@ s?Hiior U
and dexcess based @94onetime surface water samples collected between 2007 and
2013 in Atlantic Canada, coastal Québec, and New England. Exact sample dates are
unknown; only the sample year is stated. All New Brunswick samyses collected
in 2013 Contours indicate that ®ehouddhavet heas
been betweerl0 and-7 & ,?H should have been betwedi® and5 0 &, -axoeds d
should have been above 14a. Actuathe annua
current study were all belowt 0 & %@ and below-7 0 & f2Hh The &nnual
average values forrd x cess were all bel ow 14a with
Apohaqui). In summary, the measured annual average values were generally lower than
those predi@d by the published contour m@fimsic and Patterson, 2014 Timsic
and Patterson (2014) samples were collected dtypigal summer field seasgnthe
| owé&® dirHiresiiltsexpectedn winter would have been undegpresented in
calculation of the contour map, whicbuld partially explain this discrepancy.

The Timsic and Patterson (20120 contour map indicatetbr the Kent study
areathat results shouldave beebetween10 and-9 &; actual resultor the samples
collectedon August 17, 20varied betweerl0.43 and7 . 3 I & .€H contourmap

indicatesresults of-70 to-6 0 & ; a ct dram therAegsisti @17 samplesvere
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between-71.11 to-5 3 . 5 Tha dexcess map indicated that results would likely be
above 16a; actual resul t s insummary meadured we e n
80  a rfH for lonetime summer samples were relatively close to the exgecte
values, but eexcess values were considerably lower than predicted by the Timsic and

Patterson (2014) maps.

5.4.Local Meteoric Water Line

|l sotopic results for precipitHai®d on an
space inFigure15. Equations of the linear regression ling®. the LMWLs)for the
precipitation dataetsfor this study, Truro, and Harcourt were calculated and compared
usingGraphPad Software (201 dyhich employs a method equivalent to the Analysis
of Covariance (ANCOVA)Andrade and EstéveRérez, 2014GraphPad Software,
Inc., n.d.) Using a 95% confidence interval, resulégppendix|) indicatedthat the
slope of the LMWL for this study was not significantly differahan either the
Harcourt or TrurdctMWL . The yinterceptof the LMWL wassignificanty different
than that of Harcourt, but noof Truro. Linear regression equatiomalculated by
GraphPadwere confirmed using standard linear trendlines in MS Excel, and the
conclusions drawn by Grapa& appear to be corroboratedHgure15.

The plot generated by GraphP@ppendixl) indicated thatl2 of the 35 data
points wereclearly outside the 95% confidence intenfal the calculated regression
line (LMWL). It was decided that these outliers would not bmaeed from the
regression calculatiofor three reasongdata had only been collected for oneryea

outliersrepresented one third of all samplaad thecalculatedLMWL was already
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fairly consistent withthose ofHarcourt and TruroTherefore, he equabn of the
LMWL for this study was foun¢using only monthly precipitation results) be:

PH =7.765* 80 +9.9643 (8)

In general{i'®0 a AHdresiiits forsurface watey closely followed the LMWL.

0 A2
VA ’..,/.
20 L Local Meteoric Water Line .;';'/
(PH = 7.765ii80) + 9.9643 &
R?=0.97 A
7
-40 | o
¥
v é
o QOAT™
60 o
(e
80 ‘éﬁ
o f @ Central Precipitation
e © Kent Precipitation
T -100 e
35 /.’{,f-‘ ©  Sussex Precipitation
/&
2120 7 A Central Surface Water
R4 Kent Surface Water
S
-140 /./,f_.-" Sussex Surface Water
/./,',’-' ........ GMWL
160 |
s ,,:.-‘ - - - - Harcourt LMWL
180 [/ — - —-Truro LMWL
. LMWL (This Study)
_200 1 1 1 1
-25 -20 -15 -10 -5 0

VEOINEED)

Figure1l5: Rel at i on sf%i p r’iHicf dresigitation add surface waters,
presented byOs & ofidaydiredereecad.againsVSMOW. LMWLs
from Harcourt, NB and Truro, NS (calculated from precipitation results only)are
shown for reference, as well as the GMWIIAEA/WMO, 2018).
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6. Evaluation of Collection Equipment and Methods

6.1. Performance of Precipitation Colledors

The precipitation collection system used in this study was found to be very easy
to use, with most site visits taking less than five minutessistent with the findings
of Groning et al. (2012)Site visits did take longer when there was excessive snow
andbr ice buildup, as shovels and/or axes were required to dig out the collector so the
jar could be removed from the bottokowever, snow bucketgould haverequireda
similar amount of labgrso this was not consideregerly inconvenientThe simple
inexpensivemounting system used was sufficiently stable that the collectors remained
almost perfectly level for the entire -h2onth periodalthoughit should be noted that
such a mont would rot work over anuchlongertermdue to the use of untreated wood
and unprotected steel components.

The heating systemisofunctioned very wll. Unfortunately, na&complete data
set for the temperature loggers installed inside the collector casing was awilable
to technical difficulties.The aluminum snowchimneys howvever, were usually
completely clearof snow/iceupon visiting the collector sitesind the collector jar
contents were usuallgt least partiallyfrozen. Thissuggest that precipitation likely

meltedinto the jars within a day or two of fallgand did ot remain overheated

6.2. Comparison of Jar and Bucket SampleResults for Precipitation
As notedearlier, there were five instances where samples were collected from
both the precipitation collection jar and the snow bucket for a given month. The

geometric meaof thefive bucket sample results was compared to the geometric mean
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ofthefivej ar sampl e r ¥ u?Hi s a'® @ppéneiallih all oakes,i
two-sample ttestsconfirmed that the differences between jar and bucket samples were
statistically significantbased on a 95% confidence intervBlcket samples results
were oer 20% lower (more depleted) thajar sample results Because
evaporation/sublimation of samples leads to isotopic enrichment, not depletion,

evaporation/sublimation was not considered to bérttzen) cause of thisliscrepancy.

6.3. Assessment of Effects ofé@nple Handling and Storage Methods

On January 2, 2017, reference watéh known isotopic compositiQbtained
from the United States Geological Survey (USG®as split into two 2mL
scintillation vials as an intdaboratory comparison of accuracy ampdecision
(Appendix Chas more details on the results of the uédoratory comparisopThese
samplevials containedan equal (smallamount of headspacas the USGS reference
water sample was exactly 40mL and some losses were unavoidable dutmagsfer
of water from the glass ampoule to the sample vigishe same timetwo additional
samples were created from another ampoule of reference water that were held
(refrigerated) at UNB for six months prior to shipment to the laboratories for enalys

For the samples held back, the headspaces were not equal; the sample sent to
Waterloo had zero headspace, and the sample sent to Hatch was full only to the
shoulders of the sample vigale. had more headspace than the samples submitted in the
regulartime frame) The Waterloo holéback sample was supposecetoulatea sample
from this studythat was not analyzed until several months after collecTioa purpose

of this was to ascertain any fractionation effects that occurred during {targer
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samplestorageThe Hatch holeback sample was supposed to assess any fractionation
effects that a sample might experience over-asxth periodvhen the vial contained

headspacelhe results of the analysis of the four samplegpezsentedn Figure16.

-50
51 ®USGS Standard (Known Value)
- O Waterloo (Regular Analysis Timeframe)
¢ Waterloo (6-month Holdback)
53 }
— $Hatch (Regular Analysis Timeframe)
4]
_ AT ¢ Hatch (6-month Holdback)
T 55 + %
5
-56 |
57 F
-58 |
-59 |
_60 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-10 -9.5 -9 -8.5 -8
ato (a)

Figure 16: Analytical results used to assess the effects of sample handling and
storage methodsError bars represent analytical precision reported by the
laboratory. The two samples analyzeih a regular analysistimeframe (light blue
and light yellow) had equal headspace. The Waterloo samphgth a 6-month
holdback (dark blue) had zero headspace, and the Hatch samphath a 6-month
holdback (dark yellow) had more headspace than the two sangs submitted for
analysis inatypical timeframe.

The Waterloo results only diffstightlyforb o t0 @& AHJandwithin the reported
laboratory analytical precisioifhe accuracy of both samples is also very gdtis
(admittedly, small) tessuggestghat fractionation effects due to longerm storage

before analysis are probably small whine sample viahaszero headspace ansl
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sealed wittParafilm® wrap(as the samples were in this studihe reduced analytical
precision demonstrated by Hatch during the waboratory comparison and the fact
that only one pair of samples was anatiypeeclude any firm conclusions about the

possibility of fractionation over long periods in vials with headspace.
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7. GNIP/GNIR Submission

Monthly precipitation, monthly surface water, and -tinee surface water
resultswill be submitted to GNIP/GNIR thespring 0f2018.Resultswill be listed in
the GNIP/GNIR databagéAEA, 2018; IAEA/WMO, 2018under thesite names listed

in Table®6.

Table 6: GNIP/GNIR Site Names

Monthly Precipitation
Doaktown(NB)
Kouchibouguac (NB)
Mechanic Settlement (NB)

Monthly Surface Water

Nashwalk- Durham BridggNB)
Southwest Miramichi Blackville (NB)
Kouchibouguacsis Ch Pont de MilielNB)
Bassi Keswick RA(NB)

Petitcodiad PetitcodiadNB)
Kennebecasii Apohaqui(NB)

One-time Surface Water

Kouchibouguacsis Ch Gérasime Gallan(iNB)
Kouchibouguacsis Ch Cameron's Mill Crosg\B)
St.CharlesCh de | 6£glise (NB)
Bassi Route 116 (NB)

Richibuctoi Route 116 (NB)

56



8. Conclusions

A comparison b0 a rRHldata from this study20162017)and existing
data from HarcourtNB (19972 01 0) di d not revelo o#Eny | ar
results. This suggests that these two parametdraad vary considerably frorthe
previousdata collection p@pd. As tritium data vere not available from Harcourt,
tritium data from Truro, NB (197%983) were compared to tritium data collected
during this study. Tritium was found to have decreased to approximately 10% of the
levelsmeasuredhn the late 19708 early 1980s

A comparison of amounteighted annual mearesultsf o 0 la rfHlin U
precipitation with predicted values given in GNIP contour maps revealed sraliies
during summer months. However, results from this study were generally higher (more
enriched) than GNIPredictionsduring the cooler month3he speific reason for this
discrepancy is unknown, but is thought to be related to the use of precipitation
collectors instead dhe conventionasnowbuckets during the colder months. Heating
sysems were only used at two collection sidsle sample enrichent was observed
at all three sites; this suggests that heating ofatheamples was not the (only) cause
of enrichment.Further researchvould berequiredto determine the cause die
differences between jar and snow bucket sanrpladgts

A visual review of precipitation isotopic data in conjunction witmonthly
climatic data recorded at the ECCC weather statievsaledhatit®0, 2H{i a®d U
are all strongly related to air temperature general, precipitation varied more than
surface water onmonthto-month basis, but the precipitation and surface watarts

tended to increase (or decrease) together. Resultseiwcass tended to be higher in
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the winter and lower in the summer in surface water, while precipitation results were
very sporadi over the course of the yedesults fort’O-excess did not appear to be
closely related toany of the climate dataxamined although it was noted that
precipitation results and surface water results were more similar to each other in mid
summer. Tritim was noted to be higher in summer and lower in winter, but no clear
correlation taair temperature was observed.

It was found that the annual weighted average isotopic composition of
precipitation did not vary significantly between study areas. Givehigtestandard
deviations resulting from high seasonal variability in composition, statistical
differences between study areas were not expected to be evident with only 12 months
of data. Based on a visual assessment of annual (geometric) mean surfaciataater
results foriit®O, 2H{i  a'tOdwerdiall very similar across study areas, despite the
probability of tidal influence in the Kent study areaesRlts for dexcess and’O-
excess generally increased to the southwest, as the distance from the cessednc
Field electrical conductivity measurements and isotopically heavier surface water
closer to the ocean indicated that samples collected in the Kent study area on August
17, 2017 were influenced by tidal waters; a few monthly samples in the Kemiexeea
also considered to be under tidal influence.

Surface water r esul®® s?Hiaedrdexcessconfpwrr e d
maps presented byimsic and Patterson (2014). In general, the measured annual
average surface water results for all three parameters were lower than those indicated
by the maps. flecontour maps were created using a set oftone samples that were

most likely collected during warmer months (during a typical field season), which
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would yield higher values compared to an annual ave@getime (August 17, 2017)
samples were somewhatagreement with the Timsic and Patterson (2014) results (i.e.
contour maps) fofi'®0  a rfHl dedpite the tidal influence, but measuredxdess
values were considerably lower than predicted.

The equation of the LMWL f GH=7t765i*s st uc
Ut80 + 9.9643. The slope of the LMWL was not significantly differ@antthat either
of the previously establisheduro or Harcourt LMWLs; the LMWL yintercept was
different than Harcourt but not TruroGiven the relatively small amount of
precipitation data, no outliers were removed during the calculation of the LMWL for
this study. A more prolonged study period would better indicate outliers that could be
removed and ultimately lead to a better approximation of the LMW.L.

During this study, winter samples collected using the precipitation collectors
typically fell as snowmelted down the chimney of the collector, and then froze again
in the collection jar. Upon collection of the sample, the frozen sample was again re
melted for filtration and analysis. This represents two extraneous phase changes (one
freeze and one meltyat may have resulted in additional fractionation and enrichment
of the sample. Preventing the melted sample froffteezing in the collection jar
through better insulation would likely improve the representativeness of the winter
precipitation results.

Based on a small test, it was determined that the stable isotope sample collection
method (i.e. filtration into 20 mL vials with zero headspace, sealingRdatafim®
wrap, and refrigeration) provided adequate protection from fractionation for the

purpo®s of this study. The difference between a duplicate sample analyzed
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immediately and a duplicate sample held back for six months were within the
| aboratoryds reported precision.

Finally, datal 10, 2H 0  &’®,canddritium)rom this studyill be submitted
to GNIP/GNIR for inclusion in their databases. This inckitie monthly precipitation

data, monthly surface water data, and-bme surface water data.
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Appendix A: Precipitation Collector Location

Information and Photos
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Table A.1: Precipitation collector location information

S::Jedg Weather Station Name  Climate ID Latitude Longitude
Central Doaktown Auto RCS 8101201 46585217 -66.009974
Kent Kouchibouguac C3 8102328  46.771245 -65.002861

Sussex Mechanic Settlement 8102848 45.693560 -65.165193

A The Kouchibouguac collector was located at the site Bhaironment Canada/Parks
Canadaweather station that was activatii November 17, 2016. At that time,
Environment Canadaweather station equipment was relocated approximatekn2.2

north to a new site. Collection of weather station data continued under the same weather
station nameand ID as beforethe relocation(Table A.). It was decided that the
precipitation collectofor the current studyould remain at the old site where it was
more sheltered and more likely have a high snow capture rat&ny variations in
precipitation/climate data between the old and sites were considered unimportant

due to thevery short distance between thefherefore, 6r the purposes of analysis,

the change itocation ofthe Kouchibouguac C®eather station was ignored.
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Figure A.1: Precipitation collector installed at Envir on ment Canadads Do
Auto RCS weather station. Photo facing north. August 2016

Figure A.2: Precipitation collector installed at Environment Canada's
Kouchibouguac weather station. Photo facing south. August 2016.
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Figure A.3: Precipitation collector installed at Environment Canada's Mechanic
Settlement weather station. Photo facing east. August 2016.
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Figure A.4: A typical scene upon arrivalat a precipitation collection site during
the winter months. Snow bucket visible atack right . Kouchibouguac,April 2017.
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Figure A.5. Ensuring a representative sample was obtained after several
consecutive days of snow. The contents of the bucket and the snow column above
were packed into containers, melted,and then homogenized to create one
composite smple. Mechanic Settlement, February 2017.

Figure A.6: After collecting jar and bucket samples, routinely clearing the sites of
excessive snow was necessary for continued access to the bottomounted
collector jar and to minimize drifting over the bucket. Doaktown, February 2017.
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Figure A.7: Precipitation collector setup at Doaktown after 12 monthsof use
September 2017.

Figure A.8: Doaktown precipitation site after removal of equipment. September
2017.
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Figure A.9: Precipitation collector setup & Kouchibouguac after 12 monthsof use
September 2017.

Figure A.10: Kouchibouguac precipitation site after removal of equipment.
September 2017.
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Figure A.11: Precipitation collector setup at Mechanic Settlement after 12 months
of use September 2017.

Figure A.12: Mechanic Settlement precipitation site after removal of equipment.
September 2017.
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Figure A.13 WINTERIZATION:
Plastic collector casing wrapped in
aluminum tape to help conduct heat,
with Paladin self-regulating heating
cable to pramote snow melt into the
collection jar. Procedure typical for
Doaktown and Kouchibouguac
precipitation collectors. Doaktown,
November 2016.

Figure A.14: WINTERIZATION:
Heated precipitation collector coverec
with double reflective bubble wrap
insulation, with ventilation holes.
Procedure typical for Doaktown and
Kouchibouguac precipitation
collectors. Kouchibouguac, Novembe
2016.
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Appendix B: Surface Water SampleLocation

Information and Photos
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Table B.1: Monthly surface water sampling site infamation

Study . Hydrometric : :
Area Sample Site Station ID Latitude  Longitude
Doaktown  Nashwaak River at 01AL002  46.125908 -66.611669

Durham Bridge
Southwest Miramichi 155451 46.735042 -65.826105
River at Blackville
Kent  Kouchibouguacsis Rivere o .\ 46717743 -65.020564
Chemin Pot de Milieu
Bass River at Keswick g o \ote 46545570 -65.085068
Road
Sussex  Petitcodiac Rivernear g1 p15005 45947009 -65.167099
Petitcodiac
Kennebecasis River at
01AP004  45.701479 -65.601291

Apohaqui

Note:No Environmehand Climate Chang€anada hydrometric statiopgistin the Kent study area.

Table B.2: One-time surface water sampling site information

Study : Hydrometric . .
Area Sample Site Station ID Latitude  Longitude
Kent  KouchibouguacsiRiverat g\ 46701313 -65.081789
Gérasime GallarfRoad
Kouchibouguacsis River ¢
Chemin Came See note 46.671329 -65.138800
Cross
St. Charles River at 46.667790 -64.978198
. See note
Chemin de |
Bass River at Route 116  See note 46.549471 -65.10%63
Richibucto River at Route g0 note  46.500874 -65.162644

116 Bridge

Note:No Environmentaind Climate Chang€anada hydrometric statiopgistin the Kent study area.
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Figure B.1: Nashwaak River at Durham Bridge (monthly sampling site, Central
study area). Photo facing south. October 2016.

Figure B.2: Nashwaak River at Durham Bridge sampling location for January 2,
2017. Grab sample obtained in an areaf open water near bank Photo facing
north. January 2017.
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Figure B.3: Nashwaak River at Durham Bridge sampling location for February 1
and March 1, 2017. Grab sample obtained inraarea of open water near bank
Photofacing south.February 2017.

Figure B.4: Southwest Miramichi River at Blackville (monthly sampling site,
Central study area) Phao facing northeast. October 2016.
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Figure B.5: Southwest Miramichi River at Blackville sampling location for
February 1, March 1, and April 3, 2017. Grab sample obtained inmarea of open
water near bank Photofacing southeastFebruary 2017.

Figure B.6: Kouchibouguacsis River at Chemin Pont de Milieymonthly sampling
site, Kent study area) Photo facing northeast. September 2016.
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Figure B.7: Kouchibouguacsis River at Pomtde-Milieu sampling location for
January 2, February 1, and March 1, 2017. &mnple collected from bridge, after
breaking through ice near abutment (large rocks on bank visible upper right).
January 2017.
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Figure B.8: Kouchibouguacsis River at Pomntde-Milieu sampling location for
April 3, 2017. Grab sample obtained from shallow wadr along the bank.Photo
facing north. April 2017.
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Figure B.9: Kouchibouguacsis River at Gérasime Gallant Rd (on¢éime sampling
site, Kent study area). Photdacing northeast. August 2017.

Figure B.10: Kouchibouguacsis RiveratCh e mi n Ca me rrass{obestimeMi | | C
sampling site,Kent study area). Grab sample obtained from bankas site was a
covered bridge. Photdfacing southeast. August 2017.
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FigureB. 11: St . Charl es Ri v etmesampli@sie,idenh de
study area). Photo facinghortheast. August 2017.

Figure B.12. Bass River at Keswick Road(monthly sampling site, Kent study
area). Photo facing northwest. October 2016.
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