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Thisdocument was endorsed by the TRCA Authority Board on September 23, 2016.

RES.#A142/16 TRCA WETLAND BALANCE MORING PROTOCOL
dzd K2 NR G & | LILINE @I fer Bal@ncetMoritorilpProtocsditeichnigaR 2 |
guideline developed to suppbAppendix D: Water Balance fBrotection of Natural
Featuresof TRCQ& { G2 NX g (i SNJ Llitefih ddEMedty(dD12)a] Thea 0
LivingCity Policies for Planning abevelopment in the Watersheds of the Torordand
Region ConservatioAuthority.

Moved by: Jennifer Innis
Seconded by: Jack Heath

AN AMENDMENT WAS ADDED TO THE RESOLUTION:

AMENDMENT

RES.#A143/16THAT he following be inserted before the last paragraph of the main motion:
THAT staff report back after two years on the results of the monitoring;

Moved by: Jennifer Innis
Seconded by: Jack Heath

THE AMENDMENT WAS CARRIED MAIN MOTION, AS AMENDEL; WARRIED
THE RESULTANT MOTION READS AS FOLLOWS:

WHEREAS Toronto and Region Conservation Authority (TRCA) staff review and provide advice on
applications for development and site alteration affecting wetlands under the planning, environmental
assessmenand permitting processes;

WHEREAS in 2014 and 2015, in response to requests from the development industry for more technical
guidance, TRCA staff developed the draft Wetland Water Balance Monitoring Protocol to articulate
TRCA objectives and study requments for establishing a water balance monitoring program for the
protection of wetland hydrology through the development process;

AND WHEREAS in 2015, TRCA staff sought input on the draft Protocol from partner municipalities,
provincial agencies, the Bding Industry and Land Development Association (BILD), consulting firms,
and neighbouring conservation authorities, and have now finalized the Protocol based on the input

received;

THEREFORE LET IT BE RESOLVED THAT the Authority endorse the TROWAt¥v&kladce
Monitoring Protocol for use by proponents of development and infrastructure, consultants, and TRCA
staff in the planning and development submission, review and approval process;

THAT staff report back after two years on the results of thaitoeoing;*

AND FURTHER THAT the Ministry of Natural Resources and Forestry, Ministry of

Transportation, Ministry of the Environment and Climate Change, Ministry of Municipal

' FFFEANB YR | 2dzAAy3s NBIA2YI | GaRent®drOOntarioNaddy A OA LI §
neighbouring conservation authorities be so advised.

*Note: by this it 8 meant that TRCA staff will report back to the Authority two years after the
Monitoring Protocol has been in use.
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1. INTRODUCTION

ThisWetland Water Balanc®lonitoring Protocolhas been produced to provide consistent guidance to
proponents of urban development, infrastructure or water extraction applications (e.g. water taking,
pits, quarries, etc.) where they have the potential to impact wetland features. The geisl@lgsist in
developing monitoring programs and associated reporting, once it has been determined through the
planning, environmental assessment, or permitting processes that a wetland water balance analysis is
required. Predevelopment monitoring prograswill include 13 years of monitoring, depending on
planning stage and scope considerations (for further detail, see Figure 1}pl&awsing monitoring,
including both during and after construction, will be determined on alsjtsite basis.

This Moritoring Protocol is intended to be applied where it has been determined throigh
environmental asessment and planning processhat a wetlandwill remain on tle landscape as a
natural feature and includesonstructad natural wetlandsbut excludestormwater management
pondsandwastewater polishing wetlandsA water balancenay be required for &ariety of types of
development applicationgs determined through consultation with TR@Apending on the scope and
scale of anticipated impacts and tkensitivity of natural features. A water balance is unlikelye

required for linear infrastructuresuch as roads andilwayswhere¢ w/ ! Q& NB I dzf | NI LISNI A (0 i

will generallybe sufficient to address potential impacts to natural featuaesl asociated mitigation
options(e.g equalizationor micro-drainageculverts under the road or railway).

Hydrology ighe scientific study of th@roperties, distributionand circulation of the water on Earth and
in the atmosphere in all of its formdtisl 1 S& FF OG2NJ GKIFId RSGSNX¥XYAYySa
composition, structure and functioil®©ne of the most significant impacts to wetlands causethbg-use
changess the alteration of wetland hydrology. As natural

cover is replaced by impervious cowrd runoffis efficiently
directedtowardsdrainageconveyance systesthe

componentsofag S U f wgtdR baincemaybecome highly Fora glossary of terms, refer to
'f G SNBRZ OKI yidukalhydirolbgica fegdinfel y R Appendix D of the Stormwater
Similarly, largescale groundwater withdrawals or aggregate Management Criteria (TRCA,
extraction activities have the potential to reduce flows to 2012).

wetlands with strong hydrological connectionsaquifer

systems.

Awater balanceis the accounting athe inflows and outflows of water in asystem, whictare attributed

to the variouscomponens of the hydrologial cycle. The water balance includes, for example, the
amount and timing of surface afat ground water flow that feed a wetland and allatmo function as
habitat for floraand faunaCkK I y3Sa G2 (GKS ¢Sif | yReimpastsdrRR { 2 3 &
ecology of the wetlandIn order toassist immitigatingthese impacts, th&ater Balance for the
Protection of Natural Featuresiteria were developed asutlined in Appendix D of the Stormwater
Management Criteri&uidelineg(TRCA, 2I2). This protocois intended to provide additional clarin
completing Step 2 and StepBAppendix Dandshould be used inonjunction withthem. A summary

of the steps presented in Appendix D of the SWM Criteria Guideline is provided at thetargl of
document as Appendix 1, to illustrate how the Monitoring Protocol fits into the overall water balance
process.
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Thepre-developmentmonitoring dataare to be used to
1) Develop acalibratedwetlandwater balancamodelfor existing conditions
2) llect datathat can be usedo compare preto-post development conditionsand
3) Guide mitigation efforts during and after construction

The data obtained through the monitoring process bdlusedto assesshe water balanceor the
wetland, evalude the effectiveness ofitigation measures applied to redugapacts on wetlandsand
to facilitate adaptive managemefipostconstruction adjustments to infrastructure to achieve desired
results) To gatherusable and effective datdt is necessary tdevelop astudy desigrand monitoring
programthat is capable of achieving the desired objectiassoutlined in theSWM Criteria gidelines.
Theappropriatewater balancecomponentsneed to bequantifiedand resultanust bepresentedclearly
duringreporting.

11 Wetland Water Balance Study

In 2012, TRCA and CVC initiated a lotegm study (i.e. 10+ years) that is intended to examine the
biological and hydrological relationships in wetlands, as well as the hydrological impacts of land use
development @ natural heritage features. The stuinitially focusngon wetlands, with watercourses
and woodlands to be studied in later phases of the project. In large part, the intent of this project is to
gain a better understanding of wetland hydrology and gensitivity of different wetland communities

to hydrological change$Ve are also experimenting with various instrumentation methods, modelling
analyses and mitigation approaches to identify and disseminate best practices. This work will include
the dewelopment of tools, such as this monitoring protocol, that will be used to provide additional
directionon the water balance analysis processthe study progresses, and will ultimately provide
AYF2NXYIEGAZ2Y (2 AYT2NX Fdzi dzN&er dabdgemérriteriaigidelines, | Q &
The insights garnered through the study will assist with future fagd planning, impact assessment,

and mitigation. As a secondary benefit, the study may also enhance our understanding of wetland
ecological goodsral services (e.g. flood attenuation, groundwater recharge, etc.) and provide insights
into wetland restoration initiatives.

TheWetland Water Balanc®onitoring Protocolwill be a living document and will be informed by
findings of the CVC and TRCA stuaissons learned will be used to update and improve the Protocol
over time in order to ensure regulatory and policy mandates are achieved in the protection of these
sensitive natural features.

12 Wetland Water Balance in the Planniagd Developmen®Process

It is critically important that baseline monitoring oce@arly on in the planning processs
comprehensive monitoring requires three years of baseline dhts. also essential that consultation
with the conservation authority and municipalibgcur throughout the process to ensure that
information provided isisefuland complete.Figure 1 below outlines the information inputs required at
each step within the planning process well as outputs that shoulésult from that stage. For
simplicty, and to recognize that planning processes vary from municipality to municipality, we have
categorized the planning process into early, intermediate, and late planning stages.



Planning Process Wetland Information Inputs Outputs

Subwatershed Study /
Infrastructure Master Plan /
Secondary Plan*

Early Comprehensive Study

Stage (e.g. MESP)
Phase 1 (Existing Conditions)*

Comprehensive Study Phase 2
(Impact Assessment)*

Intermediate Draft Plan
Stage (Functional Servicing Studies)

Late Stormwater Report, Site Plan,
Stage Detailed Design and Permitting

*Note: The scale and level of detail of information provided for the early planning stage will vary by municipal jurisdiction.

Figurel: Wetland Water Balance in the plammy process

Early Stage

The early stage is comprised of subwatershed studies and/or secondary Ipfeastructure Master
PlansandPhass 1 and 2 of Comprehensive Studies, such as Master Environmental Servicing Plans
(MESP)which includeboth existirg conditions and impact assessment for thegmysed development.
During the earlystage, natural heritage inventories will be undertaken to characterizestodogical
features and their functionslt is recommended thaturing the early stageater balance monitoring

be initiated for features where there is a high level of certainty that this type of monitoring will be
required later on (e.g. Provincially Significant Wetlandgo, during the early stage, typicalhet

natural heritage system (NHSkestablished based on the features and functions identified. The limits
of the NHS should consider wetland sensitivities and protection requirements in consultation with the
municipality and the conservation authoritiNatural Heritage Systefimits for sensitive features

should accommodate surfaseater catchmentsandgroundwater recharge areantributing

significant quantities of water to featuresn instances where this is accomplished, the need for a water
balance analysis is typically negated.

Where(l KS LINPGSOGA2Y 2F GKS 6SGflyRQa adaNFIF OS 4 GSNJ
requirement for a water balance analysis willdetermined In consultation with the conservation
authority and municipalitythe level of risk to the wdand from the proposed development will be



determined based on the sensitivity of the wetland and the scope and scale of changes to water inputs
and outputs. The level of risk will help determine whether a water balance analysis is required, and the
levelof effort required for monitoring and modelling analysid/e reiterate that water balance
monitoringandmodeling can be avoided by eliminating or reducing development or water
extraction/dischargectivitieswithin the surface and groundwater catchmemisthe wetland.

Once the level of risk is classified and the monitoring requirements are determined, then the baseline
wetland water balance monitoring program is establishednidimumtotal of three years of
monitoringisrequired in instances whenhe early stage of planning includes wetland water balance
monitoring in the terms of referenceBetweenl and3 years omonitoringare completedduring the

early stagewith any remaining years completed during the intermediate stafjgese data aresed as
inputsfor preliminary modelling conducteds part of thanitial impact assessment.

The outputs of this stage are
1) Characterizatiorof the NHS
2) Establishment oNHSlimits;
3) Determination ofthe levelof riskto the wetland(9;
4) Initiation of baseline monitoringand
5) Gompletion of preliminary modelling.

Intermediate Stage

The intermediate stage includes the functional servicing studies in support of Draft Plan approval. At
this stage, wetland water balance monitoring continuesrderto complete therequiredthree years of
monitoring, if it was not completed during the early stag&reliminarymitigation options should be
identified at this point, and a mitigation plan developed to ensure that mitigation features are pyoperl
accommodated in the functional servicing design. Ideally, flexibility would be built into the design of
mitigation features to allow for any necessamyst-constructionadjustments resulting from
discrepancies between modelled and actual system behavionaft Plan approval would follow
completion ofa minimum of3 years of data collection; data collection will notfermitted to bea
condition of Draft Plan approvallVhile the first yeafs)of data are used to undertake preliminary
modelling in the edy stage, thesecond and/or third years of datre used to refine the modelling
analysis and impact assessmenting the intermediate stage

In the event that no comprehensive study was previously completeid ttoe comprehensive study did
not include wetland water balance as part of the terms of refererand] it is determined thaa water
balanceanalysiss required for the wetlanda minimum of one year afnonitoring is required.

The outputs of this stage are
1) Completion of monitoring
2) Refinement of themodelling analysijsand
3) Development of a preliminary mitigation plan.

Late Stage
The late stage includetormwater managementeports and detailed design in supporttbe site plan
and permit approvals. At this stage, the resuf the water balance analysis completed at the

intermediate stage feed into the developmenttbe detailed design in support of final approvals. |
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water balance analyses were not previously completlen determine scoped work in consultation
with the conservation authority and municipalits stated previously, we recommend including
flexibility where possible in the design of the mitigation features to allow for some degree of post
construction adjustment to flow conveyance systemsecessary.

The outputs of this stage are
1) Development of a mitigation planf not completed earlierand
2) Completion of detailed design.

2. WETLANDWATERBALANCEQUATION

The wetland watebalanceS lj dzl G A2y A& dzaSR (2 dzy RS Nhidslap | 4
jdzt yGAGEFGA @St @ RSaONR 6 SThde argsdugricdmpdReniito awgtladdiiiader | y
balancethat play varying roles in the model depending on a wetfaidgidrological regimeGiven that

some small components maill makeimportant contributions to wagr quantity and water chemistry

at critical times of the year, all of the water balance components must be considered in order to
understand the inputs and outputs of the system. The contribution of water balance components may
differ between the preto-post development scenarios. Thquation can be describeds the change in
storage being equal to the inputs minus the outpws,follows:

Change irStorage = Inputg Outputs

kS=P+S+ G-ET-S - &

S = Storage

P = Precipitation

Si = Surface water inflows

G = Groundwater inflows

E
[0}

T = Evapotranspiration
S, = Surface water outflows
G, = Groundwater outflows

Thehydroperiodof a wetland $ the seasonal pattern of water level fluctuation, tlee change irthe
storagecomponent of the water balancdt is determined by the cumulative influence of all the water
balance componentsThrough its influencermthe extent of aquatic habitaandthe range of water and
soil moisture conditions experienced throughout the yele hydroperiod determines to a large extent
the species thatan exist within a wetlanddny given species will haveange of conditions itan
tolerate, andmay also havéhreshold conditionghat preclude itssurvival. For instancepmefrogs
require standing water during the spring breeding period but not later in the yearnaayle preyed

on by fish inperennially flooded environmentsSimilarly, many treed swampsquire dry periods during
a portion of the year, even if only for short durations giosureroot respiration can occur to allow trees
to survive Seethe text box below andFigure 2 for aescription andvisual representation of a
hydroperiod analysis.



Hydroperiod Analysis

There are five components of the wetland hydroperiod that airaportant to understanding the ece
hydrological processes and monitoring needs of the wetland:

Frequency how often a water level above a given magnitude recurs over some specific time interval
Durationg the period of time associated with a specific watével condition (e.g. standing water)

Timingg the time of year at which a specific water level condition occurs, which may be of ecological
significance

Magnitude¢ the maximum and minimum water levels or flow conditions over a given time period

Rate of clangeg how quickly water levels or flows change from one magnitude to another (i.e. flashiness).

06 4 Water level - flooded
P e Water level - dry
E, —=—=—Average ground surface in wetland
§ 0.4 -
€
=
2]
B o02-
=
e
o
S 00tmmmm— e Y W
2 T
S H $
=]
o
© -0.2-
E Il Period of significant flooding
K] sl Period of significant drying
o 04 QO Annual high water level
g O Annual low water level
08 e b 3
Mar Jul Nov Mar Jul Nov Mar Jul Nov

Date (2013 - 2015)

Figure 2: An example of a visual analysis of a hydroperiod over 3 years of baseline monitoring;
highlighted on the hydroperiod are the annual minimum and meum water levels (hagnitude),
the timing of these events, and theluration and frequencyof conditions where the water level is
consistently either above or below the average ground surface for extended periods.

The steps outlineih Section Delow will help determine whictvater balancecomponents are
importantto the wetland in questionNote that the version of the water balance equation presented
here does not include a residual or error term, buatlit is nonetheless important to estimate the
degree of uncertainty associated with each water balance componiémalsoimportant to note that

the S and S termsincludeinterflow for the purposes of the modihg exercise as surface water models
tend to be better equipped to accommodate interflow. This is in contrast to the definition provided in
Appendix D of the SWM Criteria Guideline (TRCA, 22 suggests that interflow is considered to
be a component of the groundwater system. Interfl®aan important componenb consider since it
affects conditionsn the shallow subsurfacerhere the roots of vegetation occur.



3. DeSIGNNG AWETLANIWATERBALANCEVIONITORINGPROGRAM

A multi-disciplinary team of ecologists, hydrologists, and hydrogeoldgisiust be involved in the
process of developing a wetland water balance monitoring program.

Step 1¢ Framing the giestionsto guide monitoring program design

At the initial stages of designing a Waetd water balancenonitoring programthere are a numbeof
guestions that need to be contemplateBome of these questions may be answered easily with
existing/secondarylata (EEologicalLand dassification topographic mapping, etc.see Step 2 beloyw
while othersmustbe testedthrough the monitoring programBelow is a list of general questions
however, here maybe other questions that aristhrough consultations with theansenation authority
and/or the municipality:

1 Whattypes ofwetland units will be affected by the proposahd how many of them arnere?

1 What is the shape and size of the wetland and its catchment?

1 Are the wetland units mainly groundwatéed or surfacevater-fed? Does this change
throughout the year?

1 What is the size and locatiaf the upgradient area thamaybe contributingsignificant
groundwater inputs?

1 What are the surficial soils andhat is thephysiography of the area?

1 What are the existing landses and drainage patterns within the catchméag. tile drains,
crop/vegetative covertopography etc.)?

1 Are the wetland uns connected hydrologicallW¥hat are the hydrological flow paths
associated with the wetland units?

1 Is the wetland type isated (internally draining), pastrine (intermittent/no inflow and
intermittent/permanent outflow), riparian or lacustrine?

1 Whatis the hydroperiod of the wetland units?

1 What are the ecological functions that may be sensitive to changes in hydroperiod?

While studyguestionsare framedat the beginning of the study design process process igerative
andadditional questionsnay arise once thevetland characterization and data collection steps are
underway It is important to document the questions. In the steps that follow, we examine how to
answer the questions through data collection.

Step 2¢ Characterizinghe wetland ecology and hydrology

Thenextstep in designing an effective wetland water balanoenitoring programis developingan
understandingf the dynamics and sensitivitie$ the system through initial information collection.
Various sources of information céwe used to characterize the wetland ecology and hydrology including
existingkecondary informatiorand site surveydf existing information is use@ recanaissance survey

of the site igrequiredto confirmpreviousfindings and validatassumptions madepon reviewing this
information (e.g. confirming an outflow exists at a palustrine wetlaAtla minimum, he following
information needs to be gathereahd reviewed

1 Detailed topographic mapping afad wetland bathymetry(as precise as possible, e.§.@n
capture highs and lows withiihe wetlandfor hummocky wetland$, Surveying during late
autumn or spring can reduceonstraintscaused byeaf cover.

1 Surficial soils mapping and/or physiography



EXAMPLECharacterizing the
wetland

Thismap of a study wetland
illustratesdata obtained at the initial
information collection stage. This
information provides a good initial
dzy RSNB Gl YRAY3 27F
dynamics and sensitivities.

The wetland is palustrine as there is
a concentratedlow path at the
outflow. There are two
hydrologically connected wetland
units in this single wetland. It
contains sensitive flora and fauna

(e.g. spring peepers).
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Surface water catchment area

Position within reginal hydrogeologic context

Significant groundwater recharge arégroundwater catchmenfif applicable

Flow measurements atgg concentrated inflow or outfloMocations

Groundwater indicatorge.g. mottles, gleys)

Description of the wetlangegetation ommunities (EologicalLand Qassificationor Ontario
Wetland EvaluationSystem)

Species of conservation conceincluding kranks

1 Presencef any Significant Wildlife Habitat
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Step 3¢ Developing the conceptual model

Once the wetland ecology and bakigdrology have been characterized, the next step is to develop the
conceptual model. The components of the wetland water balance equation that affect the wetland need
to be determined on a sitepecific basid-or example, some wetlands withve an ouflow into a

defined surface water feature with a measurablgsgeSection 2. Other wetlandgmay be internally
draining($=0), and areonly linkedto the downstream surface water system througlgroundwater
connection

Each of the various componentstbe water balance equation, including evapotranspiration, will need
to be measured or estimated independently. It may be valid to assumgshierm is zero where water
levels remain very stable, but it should be estimated where water levels changeheveutation of the
monitoring period. Because the calculation of a component may contain errors, the equation may not
alwaysbalance. An estimation of the measurement error within each component should be attempted
to determine which terms may containghargest proportion of error in the water balance.

Step4 ¢ Data ollection andinstrumentation

The collection of baseline data is important as it setspammetersto be measured for the duration of
the monitoring period. Without proper baseline @a it is impossible to compare future data to the pre
development scenario.

The wetland sensitivitiegstablished in Step 1 andwll help determine the targets and scope for
wetland monitoring. Thelevel of risk that the project poses to the wetlandl informwhether a
comprehensiver scoped monitoring program is require@ngoing nonitoring of ELCflora and fauna
may bepart of amonitoring program not specific to wetlangater balancemonitoring, such aspecies
at risk monitoring However, monitoring of flora and fauna beyond the inventories completed during
the NHS characterization phase of the Early Planning Stage (see Figunetld requiremenof
wetlandwater balancemonitoring. The main goal of wetland water balance monitoring istsure
thattheg S (0 t IhydmalGyical conditions will persist following developmehgreby enabling thesuite
of flora and fauna species reliant on those condititmalso persist.However, ther stressors may
influence their absence from the wetlaradter development. Neverthelssecological data could still
be useful in helping tassess the efficacy of mitigation measures.

In the event that ecological data are collectied another purposethe monitoring protocols used to
collectthesedata nmust adhere to standard data collection protoc@s amphibians, birds and
vegetationcommunitiesp {SS ¢w/ ! Qad 9y JANRY Y(BRCA,R2007TpLAMthdr OG { ( dzR
detail, but note thattheseguidelines onlyetail pointin-time methods TRCA 201 (a, b, and c) outlines

9



methodologies that have been developed for lelegm monitoring purposes, albeit at the regional
scale. Thespecificmetrics used to track changes over time should be established during this step.

Targets and triggers for remediaction where necessaryyill be defined prior to the start of
construction in consultation with TR@Ad the municipality These will be defined in terms of the
relative difference between thaydroperiod in thgpostdevelopment scenario and baselim@nitoring
data. Any requiredriggers and interim mitigation measures should be included on approved
development plans.

Monitoring and ReportingTips

1  Provide a map showing the wetland boundary and its catchment. Include mapping of any
relevant factors that could influence baseline conditions (e.g. tile drains, culverts, grading
changes, etc.)

1 All variables to be measured should be identified at the baseline data collection stage and
should remain consistent throughout the data collection process to facilitate proper
comparison over time.

9 During design of the monitoring program, establish the monitoring metrics to be tracked over
time in consultation with conservation authority and municipal staff.

1 Data should be presented consistently throughout the years using the same scales. Each
reporting year should include summary tables and charts which show year-over-year
comparisons.

There are many types of instrumentation that can be used to collect dadaterminea wetland a
water balanceThe amount of insumentation at a particular site will bdictatedby site conditions
such as vegetation communities and wetland bathymditgt all equipment will be requiredt all sites
however,at minimum,nested piezometergone deep and one shallownd onestaff gaugewill likely be
requiredat each defined inflow and outflow poitd characterize each wetlandRefer to Figure 2 and
Figure 3 for examples of driymint piezometers and monitoring wells, respectivelyis important to
use a higkprecision digithGPS or other surveying system to obtain accurate elevation measurements of
all water level instrumentation. This allows comparison of water levels at different locations and
screened depths throughout a sit@recipitation data can be obtained throutfie conservation

| dz{i K 2raldgaien@twork. Evapotranspiratioreasurements or estimatesan be compared to
data collected by TRCA/ariousother types ofinstrumentationare outlined in Table 1 below.

10



Tablel: Summaryof monitoring equipmenttechniquesand their descriptions.

Instrument
/Technique
Piezometer

Variable

Gand G

Description

Piezometers are vertical pipes installed withimd/or aroundthe wetlandthat
contain a short screenTheyare used to monitor grundwaterelevationsin a
particular geological formatigrand are typicallynstalledby hand. Nested or
paired,piezometers, one shallow and odeep,are required to determine
vertical hydraulic gradients (recharge versus dischargeninimum vertial
distance of 1 m between screens is recommended for this purpose.
Groundwater levels should be recorded with a data logger using an hourly
time-step. Rezometers shoulddieally be installed to capture the full range o
water level variation above and lmv ground Barometric pressure loggers
are requiredto correct for atmospheric pressure changes.

Monitoring
well

Gand G

A monitoling well is an instrumerthat is installed outside the wetland to
measure lateral groundwater movements around tetland. These wells
are typically deeper than piezometers, contain a longer screen, and are ug
drilled in upland areasising machineryAt least three triangulatednonitoring
wellsare required to determine the direction of groundwater flow within the
wSiflyRQa OF OKYSYy o

Rain Gauge

A rain gauge is typically used to record rainfall andiBute or finer resolution
intervals, or on an event basis. A variety of techniques exist for estimating
water contributions from snowpack. Both of these data mayalailable from
nearbyexisting rain/snow gauges, depending on site locatisk the
conservation authority for available data.

Staff Gauge

kS

Staff gauges measure the change in surface water storage within the wetl:
andhelp todefine the hydroperiod of the featureThese can be installed by
handwithin depression areasWater levels should be recorded with a data
logger using an hourlyrhe-step.

Flow Meter

Sand $

A flow meter measures concentrated inflow or outflow discharges, but can
be left in place with a data logger. They ether be used in an engineered
structure (e.g. culvertor in conjunction with a series of stage meegements
to develop a rating curve. However, this equipment needs to be paired wi
level logger in order tgenerate continuous stage data

Flume or Weir

Sand $

A flume or weir measures surface inflow or outflow water levels at a point
concentated flow. These water levels are then matched to-gabrated
rating curves in order to estimate discharge. Water levels shoutedmded
at hourly or finer resolution Check with the CA to ensure that the fluore
weir does not alter the hydrologor limit fish passage.

Hydraulic
Conductivity
Tests

Various methods including slug tests, bail tests, and steonh pumping at
piezometers may be used to assess the hydraulic conductivity of the
subsurface soilsProper characterition of wetland soils is particularly
important when infiltration within the wetland is a dominant component of
the water budget (i.e. internaligrained wetlands).

Boreholes

Boreholes are useful for determining the composition ofsswiithin the
catchment or the wetland in order to umdstand the stratigraphy (e.qg. teelp
determine the location of well screenslBoreholes are drilled using
machinery or handaugured soil cores may be taken within the wetland itse
to avoid unnecesarydisturbance.
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Examples of Equipment

Photo Credit: Steve Usher

Figure2: Typical construction of miapiezometers (left) and minpiezometer tips (right).

MONITORING WELL

/ PROTECTIVE CASING

CEMENT SURFACE SEAL

UNSATURATED
CLEANSAND  oyERBURDEN
BENTONITE SEAL
FILTER PACK
WELL SCREEN
AQUIFER

BEDROCHK

Photo credit: Geologic Resources
Figure3: Monitoring well schematic

Somereferences for standard monitoring well and piezometer installations are provided at the end of
this document.
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EXAMPLE Data collection and
instrumentation

This map illustrates the various
types of instrumentation that can
be installed at the study site and
the locations that were selected fol
their installation.

A flume or flow meter/level logger
can be used to measure the
outflow discharge. One nested
piezometer, one surface water
well, and a photo monitoring
station are shown in each wetland
unit. Monitoring wells are
distributed around the wetland to
establish the direction of
groundwater flow. A barometric
pressure gauge is located betweer
the wetland units.
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