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DISCLAIMER

ThePetitcodiac Watershed Alliance (PWA)is a nonprofit environmental charity that works to

improve and maintain the ecological systems within the Petitcodiac River Watershed. We use

local science to educate community members witiéwatershed about the ecology within the
Petitcodiac Riverdéds watershed boundary, and t
system.

Laboratorial Disclaimer

The PWA has been working on monitoring water quality within the Petitcodiac Watergshed wi

the help of government organisations and volunteers since 1997, and we have been collecting our
own monthly water quality data since 1999. The PWA has our oswnuse, noraccredited

water microbiology lab (PWAML) where we can conduct bacterial antgemiitesting.

Although the PWAML is notfully accrediteddue to financial constraints), we work to ensure

our testing has the same scientific merit asfatha accreditedab: we follow all necessary

protocols, standard operating procedures, training and quality management systems as per 1ISO
17025 certificabn standards. Ouraboratory Quality Management Syst¢bh@QMS) can be

made available upon request.

Photographic Credits

Unless otherwise indicated, photographs, charts, and maps in this publication are courtesy of the
Petitcodiac Watershed Alliance. Alther photograph or map credits appear following the image
caption.

General Disclaimer

While every effort has been made to present accurate maps and data, the Petitcodiac Watershed
Alliance does not guarantee that the maps and data are correct. Uaets pfesented in this

report, as well as the data herein must take care to ensure that applications envisaged for these
data are appropriate uses. The opinions expressed in this document are solely those of the author,
and do not necessarily represerg tipinion of the other employees and board members of the
organisation, or of the Petitcodiac Watershed Alliance.

The Petitcodiac Watershed Alliance
236 St. George St., Suite 405

Moncton, N.B., E1C 1W1
(506) 3843369
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Executive Summary

For 2 years (199-2019), the Petitcodiac Watershed Alliance (PWA) has been gauging the
health of our local ecosystem by monitoring water quality parameters throughout the Petitcodiac
WatershedThe objective of our longerm water quality monitoring remains to identify sources

of water pollution to help us and our stakeholders improve water quality within the Petitcodiac
and Memramcook River atershed To fulfill this objective, data was collesd at 21 monitoring

sites once a month froMay to October 202 on the following parameters: dissolved oxygen,

pH, specific conductivity, total dissolved solids, salinity, water temperature, turbidity, total
coliforms, Escherichia coli (E. coli), nitratesd phosphates.

Results were compared to relevant water quality guidelines and past data to infer trends in water
gual ity measurements, which allows us to spec
fluctuations and relationships and prepareedial plans when necessary. To better understand

the temperature fluctuation in urban streams, 20 temperature loggers were installed (HOBO

TidbiT v2) to 20 sites in the urban watershed. Also, 5 swim guide sites were monitored for total
coliform and Ecoli from June to September to keep communities informed on water cosdition

at popular recreationalvimmingsites.

Results indicated that parameters at sites were routinely above the recommended guidelines
levels we refer to. It was observed that overaliewguality in urban streams was inferior to

rural streams, and that temperature was higher in large, rural rivers. Temperatures in urban
streans were higher in locatiagwith less vegetation on riverbank and more development in the
surroundings. Dissolveolkygen was lowest at sites with stagnant waters, low flows and
reservoirs/impoundments. Conductivity, salinity, &oil dissolved solids were highest in

streams with tidal influence, or natural salt in the surrounding geology. Turbidity was higher in
urban stream or tidal areas. Nutrient levels are higher in summer months, assumed to be caused
by wastewater treatment plants, fertilizers or some cleaning products; average nitrates were
higher in rural areas, but average phosphates were higher in urbantreoli andotal

coliforms were routinely above our detection limits and higher in summer months. Streams that
were consistently exceeding or not meeting guidelines were the most influenced by
anthropogenic effects and focused in urban areas.

The case of declining water quality cannot be attributed to one specific event or activity but

rather a culmination of events and activities. Urban streams sil@xaSreekRabbit Brook,
Humphrey Brook, Jonathanoés Cr eeikpacteHhyl | 6s Cr ee
activities related to urban langse. Increased development in riparian zones (e.g. removal of

riparian vegetation and construction of impermeable surfaces such as pavement) is increasing the
levels of sediments, overland runoff and stormwaéendpdischarged into waterways during

precipitation events. In rural areas, our results show that larger rivers yielded temperature

readings above the limits for celdater species. In the overall watershed, nutrients and bacteria

levels were higher during the warmer months of summer which can pose a concern to citizens

during their recreational activities in the communities.

In the following years, the PWA wants tontmue water quality monitoringncluding the use of
temperature loggers within the Petitcodsabwatersheds. This will help our communities and



stakeholders better understand where sources of thermal inputs are, as well as locations of
important thermatefuges for colevater species, such as the endangered inner Bay of Fundy
Atlantic salmon population. To improve water quality in rural streams, the PWA will continue

to: engage with community members to improve riparian buffer zones; stream remediation t
increase the amount of suitable upstream habitat; and promote best land management practices
related to watershed management.
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RésuméGeénéral

Depuis 2ans (199-2019) , | 6 Al Il i ance du bassi n@hadillommant de

| 6eau pour sur tresdelldgeatdd € i vé@e au pdamsn | 6ensembl e
de | a Pet i@&aerhsasdenaré@ognystihedlocal. L'objectif de notre

surveillancé’ long terme de la quaBide I'eau demeure d'identifier les sources de pollution de

I'eau afin de nous aidéram®iorer la quali®de I'eau dans les bassins versants desewi

Petitcodi@ et Memramcook. Pour atteindre cet objectif, des @mont®®collecties sur 21

sites de surveillance une fois par moiswi ~ octobre 209 sur les parantres suivants:

| 6 o reydigsous, le pH, la conduct®ipRifique, le total des sol&b dissous, la saliftla
temp®ature de l'eau, laturbidt | e t ot al de coliformes, | 06Esch
les phosphates.

Les ®&ultats onR®compafs aux recommandations pour la quadie I'eau et aux do®as
ant®ieures afin de @luire les tendances de mesure de la gpadit'eau, ce qui nous permet de
sp&uler sur les causes potentielles des fluctuations et les relations de chaquér@g@um en
pr&arer des plans de correction @essaire. Pour mi comprendre la fluctuation de la
temp®ature dans les cours d'eau urbains, 20 enregistreurs d@atumg (HOBO TidbiT v2) ont

@Binstall® sur 20 sites dans | e bassin ®&ersant. Au
surveill®s de juin” segembre pour @ecterlapgs ence de col i formes totau:

d'informer les communa@t de Rat de I'eau dans les sites de loisirs populaires.

Les ®ultats ont indig@®que les parantres sur les siteRaientsyst®natiquement suieurs aux

niveaux recommar@® auxquels nous noug®@ons. Il a@®obser®que laqual®d e | deau dan
|l es cour s ®brdReure’icred diensles cour s d ®atwe®aitr ur au X
plus®@ev®@ dans les grandes rivies rurales. Les ter@atures dans les cours d'eau urbains

®aient plus®ev®@s aux endroits¥él y avait moins de @®ation sur les rives et plus de

d®eloppement dans les environs. L'oxyg dissoufait le plus faibledans les sites d'eaux

stagnantes, de faiblesliits et dans les®& e r v 0 i r sconduGtiei® la salini®at le total des

solides dissou®aient les plu®ev® dans les cours d'eau soufnisd i nf | ue@sxs @ des ma
la pi®&ence de selaturel de la @logie environnante. La turbi@®ait plus®@ev@ dans les

cours d'eau urbains @ des zones de n@ Le total des solides en suspendgiait plus®@ev®
principalement dans les sites urbains et dans certains sites riihyawait pi&ence de

s&li ment s fifaible diEtdanglcérmiascas. Les niveau®@hents nutritifs sont plus

®@ev® pendant les mois®® possiblement ca@s par les stations de traitement des ea@sys

les engrais ou certarproduits de nettoyage; en moyenne, les nitrates m@®ageat plusldev®

dans les zones rurales et les phospl@sesnt pluslev& dans | es zones urbai
les coliformes totaux@®@assaient fjuemment adlessus nos limites d&dction et®aient plus

®@ev® en®® Les cours d'eau qui ne respectent pas les niveaux recom®aent les plus

influend® par les effets anthropiques et se retrouvaient dans les zones urbaines.

La cause de la@radation de la quaiiidel 6 e a u °‘tneeattripu@ Uun ®&@&ement ou une
activit®speifique, mais pluitt“u n e n s @fnbel nee ndt6s @.tlLesduisseauk urhainst

tels que les ruisseaux Rabbit, Homey, Fox CreekJ onat han Cr eek, &l | 6s C
sont affec® par les activils li@s™ | 6 ut i | i SReelbppement des terdeseurbdins. Le
d®eloppement accru dans les zones riveraines (par exemplevdignt de la@®ation



riveraine et la construction de surfaces imp&intes)augmente les niveaux d&éments, les

eaux de ruissellement et les eaux pluvial@eds@es dans les cours d'eau. Dans @#ons

rurales, nos@ultats montrent que les grandes ries ont des relé® de temf@ature suf@ieure

aux limites poulesespc es dbéeau froi de. Dans | " ensembl e d
d'®@®@nents nutritifs et de ba®@ies®aient plusRev® pendant les mois les plus chauds®e Ice

qui peut poser une ind@iude chez les citoyens lors des acvde loisirs dans les

communauss.

Aucoursdesa® s sui vantes, | 0ABVP souh®detel 6ceoanut,i nauiel
gudavec | es e natargdassies mssinssvershrts de Retitgodiac. Cela aidera les
membres concef® etnos communa® ~ mieux comprendrelése trouvent les sources
déintrants thermiqgues, ainsi que | es emplacem
espces dbéeaux froides, ®&eldeess aguure nlsa &iedrgeunita tqiucer
la baie de Fundy. Pour @iorerlaquali®d e | ' eau dans | es cours d'ea

continuera’: collaborer avec les membres de la commu®aoitir an®iorer les zones tampons
riveraines; restaurer les cours d'eau pour augmenter |la @imdibitat sain; et promouvoir les
meilleures pratiques de gestion des terf@sli la gestion des bassins versants.
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Introduction
1.1 Context

For the past2years (1992019), the PWA has been monitoring and collectiifitgrent water

quality parameters to help gauge the health of the ecosystems within the Petitcodiac watershed.
Although we started our monitoring program with the capability to measure Bigi@ra in

1997, we have built our capacity to be able to assess the following 11 parameters in the 2019
field season out of 14 tested historically:

Water Temperature in degree Celsius (°C)
Dissolved Oxygen (DO) in milligrams per litre (mg/L)
pH measured along the pH scale
Specific Conductivity measured in microSie
Salinity in parts pethousand (0/00, ppt)
Total Dissolved Solids (TDS) in mg/L
Total suspended solids
Turbidity in NTU (nephelometric turbidity units)
Nutrients measured in mg/L
= Nitrates (NG-)
= Phosphates (P®)
1 Bacteria measured in Most Probable Number of-Eotiming Units (MPN)
= Total Coliforms
» Fecal Coliforms (Escherichia coli (E. coli))
Metals (monitored in 201& 2018)
Pesticides (monitored in 2017)

A A8 _-49_-5_-95_-95_-42_-°
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By monitoring these parameters, the PWA can compare the data we have compiled to determine
trends and monitor water quality throughout the Petitcodiac River and its tributaries by
comparing it to our baseline data and pestiewed guidelines for protectiaf aquatic life.

Collection of this data enables the PWA to make inferences on the sources of degrading water
quality within our study area, the Petitcodiac Watershed. Historically, stream degradation occurs
in areas with increasing urbanization of thed; urban landises leading to the loss of riparian

zones and increasing stormwater-nfhare the greatest threats to water quality facing the
Petitcodiac River and its tributaries.



1.2 Watershed Geography

The project efforts, to help makepasitive impact on watershed habitats through water quality
monitoring and natural resources conservation, were conducted in the Petitcodiac River
watershed limitsKigure 1).

The Petitcodi ac Watershed Allianceds boundar.i
Memramcook, and Shepody River watersheds. This watershed is located in southeastern

New Brunswick and hasdrainage area of approximately 3,0002kmaking it the third largest
watershed in the province. The Petitcodiac River, along with its 10 major .

tributaries, runs through both rural and urban environments and drains ini . = e

the Shepody Bay, at the northernmiogt of theinner Bay of Fundy. Some of gt N

the communities along this river include: The Village of Petitcodiac, the e
Village of Salisbury, the Greater Moncton area, and the Village of Wiy ,.Q
Hillsborough. The Memramcook River has four major tributaries that flow S
through rural communities, MemramcoakdDorchester, to Legend
join with the PetitcodiadRiver. South ofthe Petitcodiacvatershed, Hydrology
the ShepodyRiver watershedlirains into the&ShepodyBay with el Y
its river flowing through Riverside Albert. 8,/\,\\'
Figure 1: A map of the Petitcodiac Watershed WTS
boundaries in southeastern New Brunswi? <
Figure 2: A map of the Fundy Biosphere Reserve 2 L
Y
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The watershed is part of the Fundy Biosphere
Reserve (UNESCO World Heritage site),
e whichincludes an area of 442,250 hectares

Nouvelle-Ecosse

W in the upper Bay of Fundy coast, stretching
o from St. Martins to the Tantramar Marsh
Bucsr s e near Sackville, and inland to the City of
@ i Moncton Figure 2). This designation from

the United Nations recognizes the uniqueness
of the upper Bay of Fundy in its geography, culture and history, in addition, emphasizing the
importance of conservation and sustainability within this re(fflamdy Biosphere Reserve,
2012). The Bay of Fundy tides reach upwards of 9m in height on the Petitcodiac River, and some
14 m in the Shepody Bay area (Hopewell Rocks), uncovering kilometers of mudflats at low tide,
and nouri shing s oshestuariés. Bsthagies vankwithdrdpeal rginferests and
cor al reefs as the worl dds most productive ec
the ocean that influence them from either side (McLeod, 2005, pg. 102)



1.3 Watershed Geology and Geomorpology

From the Village of Salisbury to its downstream confluence with the Bay of Fundy, the

Petitcodiac River mixes with the tidal waters of the Bay of Fundy. This section of the river

system, known as the Petitcodiac River Estuary, is browolour due to the elevated levels of

clay and silt that form the soils sandstone bedrock through which the river flows. This colour has
coined the name fiChocol ate Rivero for the Pet

highlights the uniquenessd this river is the tidal bore
(Figure 3) which travels up the river system twice a da

The bore is the result of the immense tidal action that &
characterizes the Bayf Fundy. Strong tides carry huge
volumes of water and suspended sediment in the
Petitcodiac River, reaching speeds of 13 km/hour. This
deposits sediment particles on the riverbanks adbe §
rises, only returning them into suspension as the tide

recede®r as rain events occur (McLeod, 2005, pg. 102
Figure 3: The tidal bore rolling up the Petitcodiac
River (Photo courtesy of Charles LeGresley)

Avarietyoflandu s es ar e present throughoudricutturak r i ver o6
forestry and quarrying activities to residential and commercial developments, leading to a variety

of different impacts and potential associated pollution pathways: urbanization of riparian areas,

oil and other chemical spills, stormwater réfnobstruction of waterways and fish passage from

roads and culverts; septic leakage and sewage overflow measures; clearcutting of forests; and
agricultural runoff leading to eutrophication of waters, among other things.

Another feature that charactex&zthe Petitcodiac River is the presence of a causeway blocking

the Petitcodiac River Estuaryodos waters from r
was built in 1968, and created an artificial impoundment, named Lake Petitcodiac, commonly

used as recreational boating waterway. Before construction, there were serious questions raised
about the impacts that a causeway could have on the hydrodynamic conditions of this river (New
Brunswick Department of Environment, 2005). Human activity can changeen remove tidal

bores (National Geographic Society, 2011), and due to the silty nature of this watercourse, the
estuary began to fill in with mud as the tidal bore came in and out, bringing the width of the river
from 800m to 80m, on averageigure 4).



Figure 4: Comparison of Petitcodiac River aerial view before installation of causeway (1954, upper photo)
and after installation of the causeway (1996, lower phapproximately 28 years later)

The Niles Report (2001) was released, outlining issues associated with the causeway based on
previous knowledge. This report deemed that the causeway was in contravention of the federal
Fisheries Act, acting as an illegarbier to fish passage (AMEC, 2005, pg. 43), as the original
Department of Fisheries and Oceans requirement for fish passage was never actually achieved
(New Brunswick Department of Environment, 2006, pg. 7). Thi¢dehe first of a 3step

process to restore the former function of the Petitcodiac River, an Environmental Impact
Assessment (EIA) conducted in 2005. Phase 2 began in 2010 with the permanent opening of the
causeway gates. Currently, the five open gatéiseoPetitcodiac causeway (Stage 2) only offer

an opening of 40 mHgure 5), creating significant turbulence issues and dangerous navigation
conditions in this sectioof the river. Phase 3 (full removal/ installation of partial bridge) began

in the spring of 2017Rigure 5) andthough was set to be completed by 2020,bessn delaye

due to the decision to spread out the spending another year on cons{iMeati@e, CBC New
Brunswick, 2019)

P 1le
mi |l il |

Figure 5: The causeway gates open, which has provided passage to the entire river system above the structure since 2010 (left),
schematizationf the bridge under construction to replace the causewégdle), construction of the bridge (right)

In 2012, the New Bmswick Department of Environmentassessed the condition of the
Petitcodiac River and found that the increased passage had caused the river to widen along all



sections downstream from the causeway. The largest increases in width (250m) are found in the
segment from Dieppe to Upper Dover (nearest to the Bay of Fundy), and the smallest changes in
measurements (16m) closer to the causeway itself (AMEC, 2012, pg. 10). The channel is
expected to widen more when the causeway barrier has been fully remoweee®&tay 2010

and November 2011 approximately 3.5 million cubic metre3 ¢fnsilt accumulated in the

former impoundment (above the causeway), mainly in the form of mudflats which had reached
an elevation of 6.06.5m (AMEC, 2012, pg. 10). Various salarsh grasses have now begun to
recolonize the mudflats, which will eventually return to important salt marsh habitat.

The Petitcodiac River has been undergoing lagge changes since the permanent opening of

t he causeway gat esshydrodyhgmics, morpghdoty)and ritthaguatici v e r 6
ecosystem have been returning to a more natural state as the river and its tidal bore are now able
to travel several kilometers upstream of the causeway, where its passage was completely
obstructed for over 49ears. Fish are now able to access habitat upstream of the causeway, and
fish monitoring since the opening of the gates has confirmed the return of a number of fish

species that were once extirpated, or significantly reduced, from the Petitcodiac Rivesak

of this migration barrier (Petitcodiac Fish Trap Resul®18 Season prepared by Fort Folly

Habitat Recovery, contact Edmund Redfield for more information).

1.3.1 Sub-watersheds of the Petitcodiac

The Petitcodiac River watershed covers a vast@rtad in southern New Brunswick. With
these tributaries draining into the Petitcodiac River, their water quality is critical due to the
additive effects that multiple polluted tributaries have on their receiving river. Following is a
brief description othe streams on which the PWA monitored water quality monitoring sites for
the 20D field season. For simplicity, the tributaries are broken into 3 different monitoring
sections within the Petitcodiac Watershed based on geographic location and thelgehasa
within these areadhe Upper Petitcodiac River Sumtershed, the Lower Petitcodiac River
Subwatershed, and the Memramcook River Watershed

Figure 6: Petitcodiac River above the head of the tide










































































































































































































































































































































