Executive Summary

The Nashwaak Watershed Association Inc. (NWAI) restarted sampling water quality to monitor various
parameters in 2017 after a Iyear hiatus. In 208, samples were taken once a month from May to
Octoberat 11 historic sites andne new site within the watershesampling started in 201 8nd were
analyzed by the RPC lab in Frederiaisimgtheir surface water package amor Escherichia colResults

were compared to the Canadian Councils of the Ministers of the Environment (CCME) guidelines and to
historic (198Q; 2005) data to infer trends in parameteis. general, the urban sites closer to the mouth

of the river had inferior water quality comparéd the uninhabited headwaters sites.

Although water quality in 2Bwas generally good throughout the watershed, some measured
parameters different from levels that would be considered optiritée have attributed exceedances in
water quality guidelines tan increase in sedimentation of the streams due to a number of different
activities including soil mining, agriculture, and removal of riparian vegetdfixceedances i. coli

and metalconcentrationsat the end of June were due increased runoff atierery heavy rain storm

(we sampled ~36 hours afteFonversely, several water quality parameters, particularly ammonia and
pH, were optimal and appeared to be improviwgen compared to historic levels

In 2018 we deployed 3 temperature loggersn both tributariesand along main sterto measure water
temperatureeverysixhoursbetween May and OctobekVe retrieved32loggers and analysed the
recorded temperaturesMeteorological conditions cause extremely hot conditions in the summer of
2018, thoughwater levelsremained normal (compared to 2017 when water levels were very. [Dwe

to high air temperaturesnany siteson the main stenmexceeded 28C.Three tributaries: Nixon Brook,
McBean Brook, and McLean Braeknained below 2€C all summer, indicatinthatthey arevery
important thermal refugefor fish.Nixon Brook remained below 10 all summer, indicating that is most
certainly ground water fedOvertime, the increased monitoring of temperature on our ecologically
important tributaries will help us to understand the source of thermal inputs and the locatiorood
thermal refuges within the watershed.

Through our other projects, including our Lando@®nservation Program, we have focused on
educating watershed residents about the importance of native riparian vegetation and promoting
environmentally friendly landises on retird agricultural propertiesn order to keep our streams cool
and cleanWewill continue to develop and expand obtlucation andOutreach programs to increase
awareness and understanding of watershed processes and promote landowner stewardship. We will
also continue to work with the City of Fredericton to improve their floodptaiperties and encourage
the development of green infrastructur&/e have also focused future aquatic connectivity projects on
cold water tributaries as it is incredibly important that these streams and brooks are connected to the
watershed as they provalspawning, rearing, and feeding habitat in additional to thermal refugia.
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Introductionand background

There are large temporal gaps in monitoring the Nashwealershed2 & K S | fefmKmbnitpriagy” 3
can support the use of statistical trend assessmtertielp evaluate the influences of human activities &
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Ecological Restoration of Degraded Habitats handbook recognizes both water quality and high
temperaturesas limiting factors to fish populations. Water quality and temperature were noted as data
deficientareas in our 2012020 Action Plan.

Maintaining the quality of the surface water is extremely important for ensuring a healthy watershed.
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can vary substantially over time & space. Much has changed in the watershed over the last 15 years,
including urbanizatiomputting stress on the river due to ancreased human populatigrvhich has led

to the removal of riparian vegetation and the release of pesticides, fuels, nutrients, and bacteria. Our
2016 geomorphic survey of the lower Nashwaak recognized large areas of erosion, especially downriver
from Taymouth. Bank erosion increases siltation of rivers and leads to increased levels of metals and
suspended sediments. Erosion was particularly noticeable in areas where riparian vegetation had been
removed. Additionally, the Sisson Brook Mine will soon lmegonstruction. Having a knowledge of what

the water quality is before it begins operating will allow us to calculate its effébtxefore, in 2017

NWAI resumed monitoring water quality at 11 historic sampling sites and at two newlIsi318 we
continued to monitor water quality at the 11 historic sites and one of the new sites.

Going forward, lhe regular monitoring of water quajitvill allow us to:

91 Identify problem areas or industries;

9 Assess the condition of the river and how it has changed dwelast decadand a half

91 Define and approach private landowners in problem areas and discuss management options
with them;

1 Determine how the changes in water quality are affecting wildlife and habitat, particularly

Atlantic salmon;

Make decisionsonth¥ | y I 3SYSy i 2F (G(KS NAOSNDa KSFEOGKT

Promote community stewardship of the Nashwaak Rbyemaking the information public

= =

The risk of extreme temperature events in a river increases with riparian zone alteration and water
extraction(Caissie, 2006 he removal of forests requires road networks, which typically lead to an
increase in water temgratures and sediment in rivers. Both factors impact the distribution of-cowl
cold-water fishegCurry & Gautreau, 2010pther factors that increase river temperatures include
higher air temperatures, sedimentation, dmput from water treatment plants. Though most present
day industrial and municipal operations are regulated to protect aquatic ecosystems, the persistent
impacts from historical forestry operations remain unknown.

Warmer water contains less oxygen themider water so as river temperatures rise and dissolved
oxygen decreases, fish begin to experience stress, particularly salmonids (salmon, charr, and trout



species). To escape warm waters in the 4sudhmer, many fish species will move to smaller, cooler

tributaries or pools near cold seeps to survive. High temperatures can delay migration; exhaust energy
reserves, which can result in reproductive failure; reduce egg survival; slow growth of fry and smolts;

and decrease resistance to disegbcCollough, 1999)
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portion of rain or snowmelt and where water tables are large and steeply sloped. Sgdmgeeks have

more unifom and stable flows and temperatures. They can be extremely productive habitat fer cold

water fish and can provide a refuge for fish from high summer water temperatures. Major upwelling or
groundwater discharge areas are also critical locations for spavamdggg incubation. Areas of coarse

gravel or sand with upwelling groundwater are the most sensitive and rare environments in a salmonid
stream.Springfed streams are ecologically important as, being fed by groundwater, they are less
susceptible to varigons in air temperature & can buffer changes in climate. They support animals that
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Adult Atlantic salmon are less tolerant to high temperatures than juveniles. A DFO (2012) report
determined that incipient lethal temperature (or the temperature that a fish can tolerate for at least
seven days) was 27@ for juveniles, while for adults it was around®@5The report noted that juvenile
and adult salmon begin aggregating near cool waterc@siand stopped feeding when minimum night
time temperatures remained above 20 for two consecutive nights. Therefore€0s considered the
threshold minimum temperature for assessing physiological stress in Atlantic séR@) 2012)

Determining the location of, & protecting, celdater tributaries were noted as High Priority action
items in our management plaMonitoring the temperature of our ecologically important tributaries
will help usto:

9 Better understand the sources of theriiaputs and where the coldiater refuges(streams
that remain undex20°Cover the summey, which are so important to species such as the
Endangered Atlantic salmon and other salmonids, are located within the watershed (as
NBEO2YYSYRSR 0@ ResOfatdriof DegradedHabitalslddcument);
Communicate the importance of coldater refuges to the public; and

Protect, manage, and restore those areas in the future.
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Historicalwater qualitydata

In 1996, and from 1999 to 2002, NWAI conducted monthliewquality monitoring at 18 sites.
Additional data (1980, 1988, 2005) for some of those sites were obtained from the Department of
Environment and Local Government (DELG). Only one site in the watershedBNASBte Marysville
Bridge) was monitored betaen 2005 and 2016. These data are availabtaur 2017 State of the
Nashwaak ReporfTheNWAI resumed water quality and temperature monitoring in 2aftér a 15year
hiatusand continued in 2018A site maf sampled locationsan be found in Figure 1.

Point Source Inputs
Point source pollution can be traced back to a specific source, such as a discharge pipe. Point source
inputs in the Nashwaak watershéatlude



1 Storm water outfalls in Marysville, Barkers Point, and Stanley
o Carry materials such as peteum hydrocarbons, metals, road salt, pathogens, and silt
o0 May alter dischargélow) regimes.
1 Municipal waste water treatment plants in Barkers Point and Stanley
o Can introduce suspended solids, bacteria, chlorine, ammonia, biochemical oxygen
demand (BOD), phosphorus, and nitrate
0 Waste water can alter the temperature and oxygen levels of the receiving waters
o All waste water outfalls in the watershed are required to be licensed by the NB DELG
and when facilities are operating in accordancefte permit limits, the discharge
should not result in a violation of the water quality criteria.
1 Lumber mill in Devon, sawmill at Miggon Bridge (closed?), and veneer mill in Napadogan
(closed in 2008)
o Potential contamination by hydrocarbons, suspendelids, metals, and BOD.
1 Former army encampment at McGivney
0 Used as an ammunitions depot between the late 1930s and18&Ds, and
o Potentialcontinuedcontamination from ammonium, nitrate, hydrocarbons, and
explosives.

Non-Point Source Inputs

Non-point souce pollution comes from many diffuse sources and cannot be pinpointed to a specific
location.NoaLJ2 A y i &2 dzNOS LRt fdziAz2y Ll2asSa || aAIYyATFAOFyG
snowmelt, rain water, and ground water, nqoint source pollution cetributes sediments, nutrients,

toxins, and pathogens to watercours@daine Rivers, 2005Nonpoint source pollution in the

Nashwaak watershed includes:

9 Urbanization in Marysville and Fredericton
o0 Can alteistreams and riverby culverts and ditching
o Constructiorncan leado sediment runoff
0 Hard surfacing of landan leado run off and altered discharge patterns that cause
erosion downstream
0 Increased flashiness of streanasd
o0 Increased human populations lead to increaselgases of contaminants to the
environment (metals, fuels, oils, pesticides, etc.).
1 Active and closed domestic and industrial dump sites at Ryan Brook, Cross Creek Station,
Durham Bridge, and Tay River
0 A wide array of potential contaminants not easily gtified due to the lack of
1y26ft SR3IS I 02dzll 6KIFGQa 06dz2NASR UKSNB® t 234A¢
metals, and BOD.
9 Cattle access to the river below Durham Bridge and on the Tay River due to inadequate fencing
0 Introduction of bacteria andutrients, erosion of banks leading to suspended solids
loading.
91 Agriculture



o Removal of riparian vegetation and introduction of bacteria, nitrate, phosphorus, and
suspended solids through surface raff and erosionand
0 Spreading of manure can introducatpogens and decrease oxygen content of water.
1 Topsoil mining below Durham Bridge and aggregate (gravel) mining operations
0 Increases suspended solids in +oifias well as nutrient and bacteriological loading
when manure is spread of +&eedingand
0 Leaddo eroded banks and widening of the river.
9 Industrial/commercial activities in Marysville and Barkers Point
o A wide array of potential contaminant issues including hydrocarbon, metals, etc.
9 Public and logging road construction and maintenance
0 Exposes soilgading to suspended solids loading and altered discharge pattern changes
0 Culverts can impact fish passage if not properly instaied
0 Increases salt, chemical, and nutrient runoff.
1 Forestry
0 Exposes soils over a large land mass, leading to suspentigsllsading, metal
leaching, reduction of shading, herbicide spraying that can contaminate waters, and
road construction that can impact fish passage and change drainage pateihs
o0 Clear cutting can alter the timing of snow melt and reduce biodiversity
1 Camp development in the headwaters and septic leaks
o0 Introduction of nutrients and bacteria.
1 Bank erosion, especially near Taymouth
o Introduction of metals, suspended solids loading, etc.
9 Future nine development at Sisson Brook
o Potential for contaminatio by metals and hydrocarbons
0 Increased road construction will alter drainage patterasd
o Diversion of water for the mine

The underlyindedrockof the Nashwaak watershed consisfsmetamorphic and igneous rocks near
the headwaters andf sandstonen the central and lower watershed. These sedimemstribute to

high concentrations of metals such as aluminum and ifdr bedrock is covered by moraine blankets
deposited by glacierbetween 85,000 and 11,000 years agost soils are weltirained to moderately
well-drained but are highly erodibl@Parish Aquatic Services, 2016)

Alluvial (riverassociated) deposits along the riverbanks consist of geawikandy gravel. Recent
alluvial deposits cover the Tay and Nashwaak River vdlldyR, 2007)These deposits tend to be
capped with a 0.5 to 1 m thick band of more fertile figiained silts and sands.

Ultimately, the claracteristics of the bedrock and soils play major roles in the movement of water over
and through the watershed. Where and how the water moves provide opportunities for some plants
and animals and constraints for others.



Historical Temperature Data

Limited historical temperature data exist for the Nashwaak watershed. Temperatures loggers were

placed by the NWAI in at least seven locations in 2002 and several locations in 1999; however, the
whereabouts of the raw data is unknown. Information was pulle¢¢fror b2 ! L Qa 2 GSNJ / f I &
report (NWAI, 2004)For the logger data from reports, measurements ranged from 0.3 %G & the

main stem of the river. Temperatures peaked from the last week of June to first week oftAugl
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overall results for the watershed were within acceptable range for salmonids and two tributaries
60aSaaSNna unhaBhéltributagy B the Jay River near its mouth) displayed temperatures of 8

11°C throughout the year, which are exceptional temperature regimes. Mean summer temperatures

from the 2002 logger data ranged from a low of 14388°C for Cathle Brook tofsgh of 17.0%3.81°C
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if erroneous data (the loggers being in a vehicle, for example) were included in the calculations.

Temperature was also measuréa some water quality grab samples taken between 1999 and 2015.
Measurements grab samples ranged from a low of 808 February 2011 to a high of 28 August
2015 (both extremes were measured at station NASHarysville Bridge). Temperature of water
guality grab samples exceeded 20°C 23 time2017, the NWAI deployed 30 temperature loggers
between May and October in and around 10 major tributaries. It was a hot, dry summer with very low
water levels. Peak temperatures ranged from 2@.2nh MacPheson Brook to 31.%C upstream of
,2dzy3Qa . NR21® ¢KS &adzYYSNJ I @SNIF IS oNBIFRAy3Ia Gl 1Sy
loggers was 19°C+3.0°C, while the tributaries remained a few degrees cooler with an overall average
for those 10 loggers df7.Ct2.7°C. The coolest site was MacPherson Brook, which averaged
14.6°Ct1.7°C over the summer. The warmest site was in the Nashwaak upstream of Penniac Stream,
which averaged 20°@€+3.0°C.

ho2aSOUA@BSaYy

The overarching objective of tmaonitoringLINRE 2 S O0lG ¢t a (2 AyONBF&AS (GKS b2
of our watershed to grow our capacity to make restoration and management decisions based on sound
science. Evaluation of trends will allow the NWAI tttdredevelop and evaluate watershed and habitat
management initiatives, assess the effects of particular industries on water quality and temperature,

predict future river conditions, communicate the health of the watershed to public, and assess the

effectsof our habitat restoration activities.

Methods:

Water quality monitoring

Monthly sampling fowater qualitywas carried out all historicsampling sitesind at Campbell Creek
throughout the watershedbetween May andctober(Fig. 1) We chosehese sites (out of 18 historic
siteg based on oubudget, ease of acce¢is appeared as if some historic locations were no longer
accessible without an AT\gnd locatior(i.e., evenly spread throughout the watershedj additional



site, NASHBin Marysville was sampled regularly by DELG s@ities were chosen to capture the water
quality from the headwaters to the mouth.

Grab samples were taken according to DELGuastms insterilizedbottles provided by RPC
Fredericton A field sheet, provided by DELG, was completed that included information such as
weather, rainfall, bank stability, presence of garbagyed presence of people swimming or fishing
Physical paranters (pH,conductivity,temperature, and TDS) were measured with a handheld probe
(Oakton ETSTestr ®) and recorded on the field sheefhe probe was calibrated fanonthly forusing
the solutions provided by OaktoAll field sheets were scanned and eiied to DEL@Ilank DELG and
RPC field sheets can be found in Apperdix

Samples were stored in a cooler containing ice packs until they could be delivered to the lab (RPC
Fredericton). If the samples could not be delivered to the lab on the same daththatvere taken,
samples were stored in the refrigerator overnight and delivered to the lab the next morning.

Samples were analyzed fat Coland the surface water package by RBP&ta were entered into a

central database and graphicattlgmpared to historic (198Q005) dataParametersvere compared to
standards developed by the Canadian Council of Ministers of the Environments (CCME). These standards
depend on the uses for which that water is intended. We considered the standards fprdteztion of

aquatic life and those for recreational waters that were relevant to our analytical package. Results

the CCME limits were highlightédour database

Study Area and Landse

The Nashwaak watershed is locatedémtral New Brunswick and has a drainage area of ~1,760 km

The watershed is sparsely populated (~15,000 people) except for the lower 5 km and remains relatively
undeveloped, with 92% of the land covered by forest. Ecologically, the Nashwaak waterstrédulites
significantly to the biodiversity of the province, containing rare and unique species and habitat,

including at least 31 species of rare or endangered animals and 13 species of rare or endangered plants.

A variety of activities take place througit the watershed ranging from commercial forestry, soil
YAYAY3IS FIANRKROdz G dzZNBX ' yR NBAARSY (i Ausé creRt&@St 2 LIYSy i
different impact on the rivers and streams. Although there has been a marked improvement from the
pastdecades, the Nashwaak River is still affected by several point ardaiohsource types of

pollution including: chemical, toxic, and deoxygenating wastes from industry, forest spraying,

agricultural and urban runoff, etc.

Station Descriptions



Water Quality Monitoring Sites

Active

0O 5 10 20 30 40

Kilometers

Figurel Map of the water quality sampling sites. Active sites (those sampled B) 264 denoted in green while inactive sites
are denoted in red.

Stations sampled in 2@lare described below:

NASHA: Barkef@ Point (DELGtation 10535)
This station is on the mainstem of the Nashwaak near the mouth of the river, with approximately 1,627

km? of drainage area above. Additive drainage from Fisher and Kaines Brooks?jlig &amprised of

46% forested land, 10% agriculturahdf 40% urban development, and 4% roadways. Pollution sources
of note at this station include a major lumber mill in Devon, urban storm water inputs, industrial and
commercial activities, and dense human occupation. This area is used extensively forfisikiing,
canoeing, and cycling.

NASHB: Marysville (DELG Station 10536)
This station is located just above the bridge in Marysville. Campbell Creek and McConaghy and Second

Gore Brooks. Additive drainage is comprised of 87.4% forested land, 6% urbdopdeset, and minor
wetland, agricultural land, road ways, and gravel pits. There is significant development along both sides
of the river near this station. Pollution sources of note include urban development, storm water inputs,
and dense human occupatioifihis area is used extensively for fishing and recreation.

This site is sampled by DELG.



NASHD: Penniac Stream (DELG Station 10539)
This station is located on the Penniac Stream just above the new bridge on rte. 628. Several tributaries

drain to this stéion: the North Branch of the Penniac Stream, as well as Gilmore, Whitlock, Allen, Jakes,
Moore, Baxter, Moosehole, and Estey Brooks. Additive drainage is comprised of 92.6% forested land, 4%
agriculture, 2% wetland and minor human occupation, gravel gitd,roadways. Pollution sources of

note include forestry practices, top soil mining, and significant cattle grazing. This area is used for
hunting, fishing, and recreation.

NASHF Dunbar Stream (Station ID 10541)
This station is on Dunbar Stream aboutBQpstream from the confluence with the Nashwaak and

downstream from Dunbar Falls. The station also receives water from Thomas Lake (2 Ha), Stickles Lake
(1.5 Ha), North and South Dunbar Brooks, Tinkettle Brook, and Seymour Brook. Pollution sources of note
include forestry and agriculture. A major waterfall (Dunbar Falls) prevents fish from ascending the

stream but provides recreational opportunities for residents.

NASHG Tay River (Station ID 10542)
This station is on the Tay River approximately 50 mrapst from its confluence with the Nashwaak

River. This station also receives water from the North Tay River, the South Tay River, Robinson, Pidgeon,
Limekiln, Big, Barker, and Little Tay Brooks. Additive drainage is 93% forested and 5% agricultural land.
Pollution sources of note include camp lot development, forestry, and major bank erosion in the lower 3

¢ 5 km of this river. The Tay River is popular for swimming and angling.

NASHI Yound3 Broqk/ Ngshwaak Bridge, (I?ELG Station,105{4) S
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community of Nashwaak Bridge while NASH A& € 20F SR G GKS Y2dzikK 2F
close the data were analyzed together and called NASHthtion NASH2 wassampled in 2017. The

station also receives water from Schoolhouse, Cathle, and Falls Brooks. Additive drainage is small (25

km?) and 98% forested land with minor agriculture and human occupation. Important pollution sources

include a former sawmill at CdthBrook, camp development, and minor agriculture near Ward

Settlement. This area is popular for swimming and angling.

NASHJ and J2 Cross Creek Stream (DELG Station 16938)
Station NASH is located on Cross Creek stream approximately 400 m upstreambeowatking bridge

near the mouth of the stream. Station NASR, sampled in 2017, is located approximately 50 m above
the walking bridge. As they are so close the data were analyzed together and called NEBstation
receives water from Arnold, McGiry, Six Mile, Five Mile, Four Mile, and Two Mile Brooks as well as
from the North and West Branches of Cross Creek Stream and from Arnold Brook Lake (<0.5 Ha).
Additive drainage is 81.3% forested land, 7% agriculture, and minor human occupation andigetlan
Pollution sources of note include agriculture near Williamsburg, Centreville, and Greenhill, a small
sawmill, a former army encampment at Five Mile Brook, and a closed landfill.

Cross Creek has traditionally been the second most productive salmongangdributary to the
Nashwaak River. There is a heavily used walking trail along the stream and it is a popular place to swim.
Just upstream from the mouth there is a double waterfall.

NASHL: Currieburg (DELG Station 10547)



This station isocated on the Nashwaak River downstream of Currieburg. It receives water from Grand
John Lake (12 Ha), Rocky Brook Lake (4 Ha), Fleetwood Lakes (2 Ha), and Mountain, Rocky, Grand John,
Wadham, McLean, Middle, Meadow, and Ryan Brooks. The 23@&rkinageto this site is comprised of

93% forested land and 6% wetland. There is little human occupation in this area aside from hunting
camps. Pollution sources of note include a closed landfill on Ryan Brook, gravel pits at the headwaters of
McLean and Rocky Brks a cluster of camps near Grand John Brook, and forestry. There are a series of
waterfalls at Rocky Brook known as the Rocky Brook Stairs.

NASHT: Napadogan Stream (DELG 15449)
This station is located on the Napadogan Stream about 8 km above the cwdlugth the Nashwaak

River at the intersection with the Saint Anne Nackawic Haul Road. This station also receives water from
Mud Lake (7 Ha), Napadogan Lake (20 Ha), Martha Lake (1.5 Ha), East, Bird, and Sisson Brooks. The 71
km? drainage to this locatiois comprised of 98% forested land and 2% wetland. The major source of
pollution minor camp development, forestry, and road construction. The Sisson Brook Mine could cause
future pollution issues.

NASHN: Narrows Mountain (DELG Station 10549)
This statioris located on the Nashwaak River at Valley Road Bridge near Narrows Mountain. Elevations

in this region are around 185 m. The station receives water from Hayden Brook and several unnamed
tributaries. The 218 kfAdrainage area is 100% forested land with aritogging road development.
Sources of pollution are minor camp development and forestry practices.

NASHP and NASHP2 South Sisters Brook (DELG Station 10551)
NASHP was located on the Nashwaak River at the bridge below South Sisters Brook. AS\las sibt

accessible in 2017, samples were taken at NR3H-100 m downstream of South Sisters Brook. This

station receives water from Doughboy Lake (3 Ha), Little Doughboy Lakes, Silver Lake (3 Ha), Cedar Lake
(3 Ha), East, Doughboy, Little Doughboy,tN&isters, and South Sisters Brooks, as well as several
unnamed tributaries. Land use draining to this site (147)ken~100% forested. Sources of pollution

include minor camp development, forestry, and road construction.

NASHQ: Gorby Gulch (DELG Stati®0552)
This station is located on the mainstem of the Nashwaak approximately 20 m upstream from the Gorby

Gulch Road Bridge. This is the uppermost monitored location on the mainstem and is at an elevation of

275 m. This station receives water fromUpper a Kg | {1 [ 1S o6do | 03X D2@SNYy?2
Brooks, and the East and West Branches of the Nashwaak River. Thé@&7a&md drainage above the

station is 100% forested. Pollution source include minor camp development, forestry, and road

constructon.

Campbell Creek

This station is located just below the bridge over Campbell Creek on River Street. This station also
receives water from First and Second Gore Brooks, and some unnamed tributaries. Thid&&km
drainage is almost 100% forested. Thexy@100-yearold damabove the station that is impeding water
flow and preventing fish passagehe dam drained in 2016 but it was blocked again by landowner in the
fall of 2017. In the summer of 2018, the headpond was Tiilkre is also a largactivebeaver dam at



the culvert above the dam. Pollution sources include the beagtagnation from the headpondopad
salt, and forestry practices.

Temperature monitoring

NWAI consulted with PhD candidate &imh Q{ dzf t A@Fy 4 /Iy RAFY wA@BSNEH
placement and casings for the loggers. Funding allowed us to purcha$®@B0 64K Pendant Loggers

from Onset. Key tributaries were selected for monitoring based on locations (spread througkout th
watershed), size (a mixture of larger and smaller tributaries), and ease of access.

HOBOware software was used to set up and launch the loggers. A delayed start was chosen so that the
loggers did not record the temperature of the office or vehicle befiwey were deployedlhe loggers

were set to recorded water temperature every two hou@asings were made to protect the loggers

from UV radiation, current, and debris. The casings were made from grey P\@ijpipé5 cmlengths

drilled with 5 mm diamter holes. The PVC was attached to a 60 cm piece of coated rebar with a hose
clamp and two zip ties. After launching, the logger was inserted into the PVC pipe and secured with a
length of high tensil@icturewire and a zip tieAn additional zip tisvassecured through the top of the

pipe to prevent the logger from floating to the surfa@&g. 2) The desigmvas similar to that used by
students at the Canadian Rivers Institute (CRI) and by NWAI staff at previous jobs.



Figure2. A logger in its casing prior to deployment. Zip ties were added for extra security.

Theloggerswere deployedhroughout the watershedetweenl and 7June(one logger was mis
programmed and started recording on 18 JuEy. 3)We placed 25 loggers in tributaries and 9 in the
main stemWe chose locations where water was at least knee deep and there was appropriate
substrate. Sand, gravel, and cobble drdtes were the easiest; silty substrate and bedrock provided
challenges. The rebar was hammered into the substrate at least 1 foot so that the bottom of the PVC
casing sat flush with the substrate. The pendant logger was pushed down inside the casisgrto e

that it was in the deepest water possible. Rocks were piled in a cairn around the logger to prevent it
from moving t@ much and to help us in locating it. A waypoint was taken at each logger location.
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Figure3. A map of the location of thet3oggers installed in 2@l Pink denotes the loggers placed in the main stem of the river
and yellow denotes the loggers placed in the tributaries.

Wetried to check on the loggers at least montliyt some of the more remotely placed loggers were
only checked on once after placing them (at the end of July when water levels were lowektjjgers

One logger was collected drSeptembeias the rebar had bent due to a tree being pushed up against it

and it could not be hammered back in. The remaining loggers were collected on either 9, 15, or 16
October.Two loggersould not be foundOne loggefat the outlet of Nashwaak Lakeas checked on

in August but could not be found when we went to retrigtzan October (despite spending 30 mins

looking for it)and the other(A y° |, 2 dzy )AvBsaot sedhxgaih after it was placed. It was in a
ONROdzO I NB LJ2LJzf F NJ g AGK Fy3f SNAZ &2 ALdgQeiswar& 2 dz3 K {
read out imnediately upon returning to the officé possible, though some continued recording for a

day or two before they were shut offemperatures that were recorded while the loggers were sitting in

the truck or office were not included in the dataset.

l.:.l



Results

Water Quality Monitoring

Complete water quality data tables are availaivi¢he attached databaseselected parameters are
presented in the tables and figures below. Data were grouped per decade (1980s, 1990s, etc.) and
analysed graphically persito look at changes over time or between sites. Not all sites data for a
specific parameter or date, whichakescomparisons, in some cases, very difficult. Limits for certain
contaminants have been developed by the Canadian Council of Environnmesie(CCME, 1999)

Overall water quality improves moving upstream in the watershed. Patterns of water quality parameters
were as expected based on land use patters. Areas of concern are from the Penniac Stream downstream
to the mouth of the river.

Field Observations

The NWAI recorded field observations at the time of samplihg. field sheet was provided by DELG.
Observations included bank conditions, weather, presence of swimmers, etc. A blank field sheet can be
found inAppendixA.

Temperature, total dissolved solidxynductivity,and pH were measured witmaakton PCTS Testr 50
probe at the same site where grab samples were taRéw probe was calibrated before each sampling
run.

Total Dissolved Solids

Total dissolvedolids (TDS¥ a measure of the combined organic and inorganic substances suspended in
water. It is measured in mg/.DSomprise inorganic salts (mainly calcium, magnesjpmtgssium,

sodium, bicarbonates, chlorides, and sulfatasyl a small amount of organic matter dissolved in water.

There is no CCME limit for TDS but 1,000 mg/L is considered brackish. With enough data, a normal range
can be determined and fluctuations outside of this range can serve as an indication ofenprobl
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Figure4 Mean total dissolved solid contents (mg/L) per site per decade for the Nashwaak watershed. Error bars represent
standard deviation.



Field measurements GfDS contents were available for selected sites from the 18862000sand for
all sampled sites in 201ahd 201§ Fig.4). TDS contents were, in general, lowest in the 2000s and
highest in the 19809Most results were within the 25 to 50 mg/L ran@e®w considered the normal
range for the Nashwaak Watershadslith the headwater sites havirglightlylower values 15-30 mg/L).

Potential sources of TDS include agricultural and residentiabfiiiistormwater run-off, and road salts.
TDS may also arise from weathering of rocks and erosion of soils, which could theklavated levels

at the mouth of the Tapnd near Durham Bridge and Penniac Stream where soils mining is more
common Currieburg, at the mouth of Ryan Brook, may have had high levels in 2018 due to work being
done to replace a culvert upstream.

Suspendd &dimentsand Trbidity

Turbidity is a measure of the extent to which light penetration in water is reduced due to the amount of
sediment suspended in the water column. Suspended sediments are fine particles, primarily clays, silts,
and fine sands thatequire low water velocities to remain in suspension. It naturally varies depending

on soil type, shoreline erosion, and surrounding land use. Generally, values below 10 NTU are
acceptable. Values greater than 10 NTU mean that light will be blocked fiexching aquatic plants and
feeding of zooplankton will be disrupte80 NTWis the CCME limit for recreational usekile the

CCME guideline for the protection of aquatic life is an increase of 8 NTUs from background values for
short-term exposure or 2 NTdfor longer exposurélurbidity normally spikes during and immediately

after periods of high rainfall or snowmelt.
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Figureb Turbidity (NTUper site per decade in the watershed. Error bars represent standard deviation.

Values were, in general, very low for all sites (median valuesdab@®.3) (Fig.5). Values were highest in
2005, 2017 and 2018 2018, Bght increase$n background levevere observed neaklarysville

I NJ S NXTdy RivekddyPénniaStream.These increases mostly coincided with a rainfall event on
28June¢ KS KAIKSad @I fdzS NBEO2NRSR AYy HAMYy 61 & MHOn
Theremaind NJ 2F Hnmy @FfdzSa Fd . FNJSNRa t2Ayd adles
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mining, sedimentation due to forestry practicesnd road construction were determined ke major

sourcesh Y b2 ! L Qa Twurhidityat GEB\hIIINIedk may be affected by the headpond above the
dam.

Suspended sediments consist of clay, silt, fine particles of organic and inorganic matter, plankton and
other microscopic organisms. The CENUideline for the protection of aquatic life is an increase of no
more than 25 mg/L for short term exposure (<24 hours) and 5 mg/L for longer term exposure.
Suspended sediment loads have, in general, increased at most sites from the 1980s to theu?000s

were notmeasuredin2@ & A G 6l a y20d LI NI 2 Ancredsdd Sedimendodds | O S
can aggrade channels, which in turn leads to bank erosion and the destruction of habitat. It appears,
however, that detection limits increased from ti8€80s to the 2000s, making comparisons difficult.

pH

pH is a measure of the acid/basic nature of the water. It is the logarithmic measurement of free
hydrogen ions in a solution. It is measured on a scale frd# @ith O being acidic, 14 being basic, &d
being neutral. The buffering capacity of a stream is its ability to resist changes in the pH.

pH varies naturally but can be affected by human interference, surficial geology, wastewatdf, rine
presence of wetlands, and by acid rain. Low pH lexelate stress for fish while high pH can lead to

death or damage to eyes and gills. CCME limits for pH are between 6.5 and 9.0. pH must be measured in
the field because the value will change and approach 7 as carbon dioxide from the air dissolves in the
water. Data comparisons have been challenging because pH was not regularly monitored in the field
between 1980 and 2002.ab measurements were not compared here.
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Figure6. pH (values measured in the figdr site per decade in the watershed (for those sites where data were available)
Errors bars represent standard deviation. Historic field measurements were not available for most sites.

For the data availablg@H levels for the watershed were within ti@CME limit¢Fig.6). There is no
discernable pattern in pH from headwaters to moulbata show that pH has increased (become less
acidic) at every site from the 199@900sto the 2010s but, as mentioned above, little historic dedee
available for fied measurementsValuesneasured in 208 are considered protective of aquatic life.
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Campbell Creek has the lowest pH, with several measurements just above the CCME limit of 6.5. pH
measurements were also much lower on average in 2018 than in 2017. Thiserbagause the

headpond was full in 2018 and decomposing vegetation may be lowering the pH. However, field
measurements were lower at most sites in 2018 compared to 2017. For example;IN&&sion

average 1.0 lower in 2018 than in 2017. We were usindferent field probe, which may have
contributed to the difference in readings.

Dissolved Oxygen

Dissolved oxygen (DO) is a widely used and important indicator of aquatic health. Organisms require
oxygen dissolved in the water to survive. Levels belowrA. can cause stress, especially for cold

water fish, and levels below 9.5 mg/L can cause stress to early life forms. Dissolved oxygen decreases as
water temperature increases (i.e., warm water can hold less oxygen than the same volume of cold

water). Sewvage or algal blooms resulting from elevated nutrients can lower the DO content by

consuming oxygen.

Rivers, in general, can accept and assimilate a certain amount of crggeanding wastes. However, if

too much organic material is discharged, oxygen aaone severely depleted leaving insufficient

oxygen for aquatic organisms. Fish under stress from low oxygen levels become more susceptible to the
effects of other substances discharged into the river.

DO was not measured in 2018, except by DELG at &SIt was not part of the RPC surface water
package. At NASB, DO varied from 8.8 mg/L in July to 10.2 mg/L in February.
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Figure7 Mean dissolved oxygen content (mg/L) per site per decade. Error bars represent standard d®astied lines
indicate CCME limits for early life forms (9.5 mg/L) and all other life stages (6.5 mg/L).

In general, DO conteahaveincreased from the 1980s, when several sites in the middle of the

g GSNAKSR 05dzNKIY . NA R 3 Sdk, aviMdraggonBidge) e betolvthg | 2 dzy 3
CCME limit for early life stagesig.70 ® ! 6 2dz0 KIF £ F 2F G(GKS NBadz da d .
of the results from Marysville in both the 2000s and the 2010s were below the limit as well. One or two
samples from the headwaters sites in the 2000s were also below the limit. All the exceedances

happened in the summer, when temperatures were the highest. Average DO contents (across all data)



ranged from a low of 9.65 at NASHo a high of 11.67 at NASHwith averages at most sites in the
range of 10.5 to 11.thg/L

Metals
Aluminum

CCME has set a limit of 0.1 mg/L aluminum at pH of >6.5 for fresh water aquatic life. The limit for
drinking water and for aesthetics and recreation is 0.2 mg/L. Aluminumasuaally occurring element

in many rocks and soils. Therefore, concentrations are expected to rise with increased dvizsson.

Atlantic Canadian rivers have elevated levels of aluminum due to the underlying bedrock geology rather
than human activitfCanadian Rivers Institue, 201However, increased amounts of bank erosion lead

to increased concentrations of metals in streams. The aluminum is often complexed with organic
compounds meaning that it is not harmful to aquatic ([{fSCRWB, 2010)
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Figure8 Aluminum content (mg/L) per site per decade. Error bars represent standard deviation. The dashed line represents the
CCME limit of 0.1 mg/L.

Aluminum levels were the highest in the 1980s, especially in Peantharound Durham Bridgehere

soil mining is more commaf(frig.8). Levels were slightly above the limit in the upper reaches of the

watershed Curriburgto Gorby Gulch) in the 1990s and 2000s as well. Aluminum levels at most sites did

not change signifigaly at any sitebetween1980 and 20&. The exceedances are likely due to the

underlying geology as well as sedimentation of streams due to removal of riparian vegetation and
subsequent erosiorifter a heavy rainfall on 28 June 2018, spikes in Al coratioris (up to 0.45 mg/L)

GSNBE 20aSNIBBSR Fd . FNJSNRa t2Ayax /FYLWBStt / NBS| =
Brook. Levels were also high during the f@idtober sampling run, perhaps again due to precipitation

leading to soil runoff.



lron

Ironis another metal that occurs naturally in rocks and sedimeBask erosion leads to increased levels
of metals in streams due to ruoff of those ironrich sedimentsHowever, it mayalso bederived from
industrial waste or corroding metal pipes.
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Figure 9 Mean iron content (mg/L) per site per decade in the watershed. Error bars represent standard deviation. The dotted line
represents the CCME limit of 0.3 mgl/L.

Iron contents have not changed significantly at any site sinc& #©s.Mean ron contents for the

Nashwaak watershed were well below the CCME limit of 0.3 mg/L at all sites exceptrfor . I NJ S NI &
Point, which exceeded the limit in the 1990s, Penniac Stream, which has consistently exceeded the limit
throughout samphg history,and Campbell Creek, which was way above the CCMBwithnia mean

valueof 0.68 mg/L at Campbell Cre€kig.9). A heavy rainfall of 28 June 2018 resulted in high iron

values for the sites (A to | and Campbell Creek) measured the day after due to increased soil runoff.
Occasional exceedances at other sites in the historical data may have been due to precipilatieh

runoff as well.

Soil erosion is likely the cause of elevated iron contents. Penniac Stream displayed high levels of both Al
and Fe, particularly in the 1980s, indicating that soil erosion was likely an issue at thikadime.
concentrations argossbly very high at Campbell Creek due to the amount of sediment still draining

from the headpond, though aluminum levels are below CCME guidelines.

Other metals (i.e nickel,copper, cadmium, lead) can be associated with industrial inputs.
Concentrations bthese elements were mostly below detection levels and were relatively consistent
throughout the watershedSmall exceedances for copper (Cu, limit 2 ppb) and lead (Pb, limit 1 ppb)
occurbut arerare: NASHA, NASKD had exceedances in Pb values once(h8 There were no
exceedances in Cu, Cd, or Niin 2018.



Escherichiaoli

E. coliare bacteria that live in the digestive tract of warm blooded animals and are used to indicate the
potential presence of harmful organisms. Potential sources of contamimai@ude poorly maintained
septic systems or sewage treatment plarftems,domestic animals, aquatic wildlife, and livestock.

E. Coli (MPN/100 mL)

FigurelOMean E. coli contents (MPN/100 mL) per site per decade in the watershed. Error bars represent standard deviation.
The CCME limis400 MPN/ 100 mL for single grab sample

E. colicontents were generally higher in the downstream sampling sites, particularly downstream from
Penniac, where there is increased human habitation, and especially in the (F9§09€). However,

both NASH) and NASH had high concentrations & colin the 2000sHistorically, grab samples at

two sites have exceeded the CCME limit 400 MPN/100 mL for recreational watersOQNds2001

(n=1), and 2002 (n=1)), NABHin 1998 (n=1), 1999 (n=1), 2005 (n=1), and 2010 (n=1)). There is no
CCME limit for the ptection of aquatic lifeE. colis lowest in the central watershed (Durham Bridge to
South Sisters Brook), where there de&ver humans and more undeveloped, forested laid.colimay

be contaminating the water from faulty septic systems or sewagdtrmeat plants or it may be coming
from animal waste.

In 2018, a heavy rainfall on 28 June resulted in exceedan&olconcentrations (40@ 2,400

MPN/100 mL) at the sites that were monitored the following day (NASH, F, G, | and Campbell
Creek)Values at NASB also exceeded CCME values on 4 September 2018. Heavy rain causes runoff of
soil as well as animal feces. Very heavy rains can also cause sewer backups.

Fluoride

Fluoride is naturally present in bedrock, particulanyalkalic and silicigneous and sedimentary rocks

(e.g., shales), from which inorganic fluoridentaining minerals are leached by groundwater into

surface water. Environmental concentrations in freshwater vary depending on the hydrogeological
characteristics and medtuoride concentration in freshwater across Canada is 0.05 mg/L.

Anthropogenic sources include pesticides and fertilizers. The CCME limit for the protection of aquatic life
is 0.12 mg/LChangingletection limis madecomparisons tricky. Fluoride toxicity resulh shifts in

migration patterns in salmonids and impaired reproduction in aquatic invertebrates.

























































