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1. INTRODUCTION

1.1 Background

Saanich Inlet is a glacially-formed fjord, 28 kilometres in length, located near the south eastern
tip of Vancouver Island (Figure 1-1). The mid-channel of the inlet represents a jurisdictional
boundary between the Cowichan Valley Regional District (CVRD) on the west and the Capital
Regional District (CRD) on the east. The Saanich Inlet area is rich in ecological, cultural and
recreational values and has approximately 40,000 residents within its watershed. An overview
map of Saanich Inlet showing the watershed area and various features is provided in Figure 1-
2.

The Bamberton lands fall within the CVRD and consist of approximately 650 ha (1560 acres)
located thirty-two kilometres north of Victoria on the western slopes of Saanich Inlet in the
vicinity of Bamber Creek. The historical zoning and use of these lands are industrial as reflected
in the CVRD Official Settlement Plan. In October 1993, upon considering re-zoning of the
Bamberton lands from “Industrial Use” to “Residential Use” to enable development of a town
accommodating up to 12,500 people, the CVRD sought approval for bylaw and zoning
amendments by the Minister of Municipal Affairs. Under the Municipal Act, the Minister has the
option of approving a bylaw with or without conditions, rejecting the bylaw, or asking for more
information. Prior to making a decision on the proposed bylaw changes, the Minister of
Municipal Affairs retained consulting engineer Douglas MacKay to coordinate an independent
evaluation of the bylaw amendment request and to examine issues raised by the proposal for
urban development of the Bamberton lands.

In his final report, MacKay recommended that the bylaws not be amended until the Ministry of
Environment, Lands and Parks carried out a comprehensive examination of the assimilative
capacity of Saanich Inlet sufficient to assess a permit application for the treatment and
discharge of sewage from the proposed development (Section 1.6). It was further
recommended that the bylaw changes not be approved until a growth management strategy
was developed by the CVRD with linkages to the CRD in sufficient detail to provide a regional
context for appropriate development of the Bamberton lands.

Upon receipt and consideration of the MacKay report and recommendations (MacKay, 1994),
the Minister of Municipal Affairs reserved judgment on the bylaw amendment until:

a) The Ministry of Environment, Lands and Parks (MELP) completed a technical
assessment of the capacity of Saanich Inlet to assimilate discharges of treated
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sewage and stormwater from surrounding urban development without environmental
degradation; and

'b) the CVRD has made significant progress towards development of a growth strategy
for the regional district.

in July 1994, the Province of British Columbia announced three separate but coordinated
review processes.

e Saanich Inlet Study
. CVRD Regional Growth Management Study
¢ Provincial Environmental Review Process

The Environmental Review Process is following the procedures set out in the B.C.
Environmental Assessment Act. Under the Act, environmental, economic, social, healith,
cultural, and heritage effects of the proposed development are to be assessed. The results of
the Saanich Inlet Study, in addition to the Regional Growth Management Study, will contribute
to baseline information considered under the Provincial Environmental Review of the
Bamberton Devélopment Proposal. ’

1.2 Approach of the Saanich Inlet Study

The Water Quality Branch, Ministry of Environment', Lands and Parks is responsible for
conducting the Saanich Inlet Study. Major support in planning and implementing the study has
been provided by the Institute of Ocean Sciences (Fisheries and Oceans Canada). To ensure
broad input to the study from the stakeholders (i.e., public, First Nations, the federal
government, regional government and the scientific community), a public Advisory Committee
and a Technical Committee were established to help guide in the study (see acknowledgements
for details).

The Advisory Committee provided input from a broad spectrum of stakeholders who were
invited to comment on the procedures used to meet the study objectives and on draft findings.
The Technical Committee was composed of scientific and technical experts from government
agencies and universities who were invited to provide information, assistance and scientific
advice. A list of all the representatives is provided in the acknowledgements.
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During the initial meetings of these two Committees, the study terms of reference
were discussed and finalized as follows:

“The purpose of the study is to determine the sensitivity of Saanich Inlet
to contaminants and marine habitat disturbances from urban and rural
development, and to determine the capacity of the inlet to assimilate
these contaminants and marine habitat disturbances without
environmental degradation. Contaminants to be considered include
those associated with sewage effluents, urban and rural storm drainage
and agricultural runoff.”

Under the Saanich Inlet Study, a series of complementary projects were conducted, as
described in Appendix A. These included oceanographic studies, water and sediment quality
investigations, intertidal surveys, workshops and open houses. Figure 1-3 depicts the study
process and the sequence of activities leading to this report. The authors want the readers to
recognize that this report and the conclusions and recommendations presented here contain only
some highlights from the Saanich Inlet Study, which is essentially a baseline study. This report
does not fully describe the depth of information in some areas and the lack of detail in other areas.
Readers are urged to review the repbrts described in Appendix A for more detail on specific
topics.

1.3 Concept of Assimilative Capacity

Assimilation refers to processes which include dilution, inactivation, metabolism, and
breakdown. These may be physical, chemical or biological processes. Assimilation is used here
in a very broad sense and is intended to apply to the resilience of natural systems as well.
Assimilative capacity is the threshold beyond which natural processes cannot accept wastes
and disturbances without environmental degradation.

Assessment of assimilative capacity and sensitivity for Saanich Inlet was a three stage process:

1. Measures of environmental quality were selected in context with water values and uses. In
Saanich Inlet, there are numerous and broadly reaching water values and uses (Sections 2
and 3) for which protection is desired. Therefore, a number of measures of environmental
quality were selected in the early stages of the Saanich Inlet Study (i.e., contamination by
chemicals, bacteria, and nutrients and assessment of marine life status).
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2. For each measure of environmental quality, criteria or conditions where environmental
quality is degraded or diminished were defined (i.e., assimilative capacity exceeded for that
component). Where possible, these are linked to degradation of water uses or marine
resources. For each measure of environmental quality (Sections 7 to 10), comparisons of the
present status to the criteria are made. This information is also summarized geographically
(Section 11).

3. Finally, the information compiled for each component is integrated in a discussion of overall
assimilative capacity (Section 12). The Advisory Committee strongly recommended that the
final assessment of assimilative capacity be integrated, as it would be inappropriate to make
a final determination of assimilative capacity based on any one measure alone; therefore, (1)
cumulative effects are discussed in Chapter 12, and (2) the summary version of the Saanich
Inlet Synthesis report focuses on overall assimilative capacity.

In fuffilling the terms of reference for the study, the concept of assimilative capacity is applied
as an aid in describing and, in some cases, quantifying the sensitivity of Saanich Inlet to human
influences. It is not applied for the purpose of promoting the use of the environment for disposal
of wastes. The study has taken a broad ecosystem approach in that water and sediment
contaminants, nutrient enrichment, sensitive biota, critical habifat, public values and First
Nations values throughout the watershed have been considered. The present state of these
resources and values has been assessed and their sensitivity or capacity to sustain further
perturbations determined. It is not within the scope of the study to recommend the degree to
which any remaining assimilative capacity can be exploited.

1.4 Concept of Precautionary Principle

In this assessment of assimilative capacity, the “precautidnary principle" was applied, which is
defined by MELP as: “Where there are threats of serious or irreversible damage, the lack of full
scientific uncertainty shall not be used as a reason for postponing measures to prevent
environmental degradation” (MELP, 1995a).

In preparation of this report, there was much discussion about the use of models (Section 4)
and the need for assumptions and how this relates to the precautionary principle. Models help
build on existing data, organize information and describe processes. Science also uses models
to make predictions, which was necessary because one of the objectives of the Saanich Inlet
Study was to assess assimilative capacity. Given this objective, models were used in
combination with other approaches to predict the consequences of addition of various
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environmental stresses. To examine different scenarios, various model assumptions were
selected. The important point is that the assumptions are grounded in reality or were selected
using the precautionary principle, so that model predictions are "worst case”.

For example, the oceanography model used assumptions that likely over-estimate water
residence times. Therefore, modelled sediment chemistry, which uses the oceanography model
results, is likely to be higher than would actually occur. The level of conservativeness is
proportional to the degree of uncertainty in the nutrient model. For instance, as our
understanding of nutrient systems in Saanich Inlet is relatively good, the assumptions that were
made were more realistic.

Each technical section includes subsections which describe the assumptions made and our
certainty in the work done on each component, as well as any certainty and data gaps. This
information was used to describe the level of confidence in the findings of the Saanich Inlet
Study.

It is recognized that there are limitations in the time-scales that humans are capable of
understanding. Ecological systems are naturally variable and change over time, and not all
change is "bad". From a geological time scale perspective our data go back only months, years,
and in some cases, decades to describe Saanich Inlet. The oral history of First Nations
provides information on a somewhat longer time scale. Clearly Saanich Inlet was not always as
we see it today, and as recently as the last ice age was buried under a glacier, nearly devoid of
plants and animals.

However, world-wide effects such as global warming and ozone depletion are rapidly being
recognized as important factors that add uncertainty to decision-making. Models used by the
Intergovernmental Panel on Climate Change (IPCC) estimate that the observed doubling of CO,
concentrations from pre-industrial levels could increase aVerage global temperatures by 0.8 to
3.5°C by the year 2100 (Anon., 1995). The IPCC suggests that global warming will lead to
major alterations in weather systems. Some climate change models suggest a rise in average
temperature of 7°C in the winter and 4°C in the summer for B.C. over the next 100 years.
Related to this, rising sea level could cause major coastal flooding and erosion, damaging
estuaries, property, and other coastal resources. Should these model predictions hold, the
implications for the ecology of coastal areas such as Saanich Inlet will be profound.

Policymakers are faced with responding to the risks posed by anthropogenic emissions of
greenhouse gases in the face of significant scientific uncertainties (IPCC, 1995). It is
appropriate to consider these uncertainties in the context of information indicating that climate-
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induced environmental changes cannot be reversed quickly, if at all, due to the long time scales
associated with the climate system. Policymakers will have to decide to what degree they want
to take precautionary measures by mitigating greenhouse gas emissions and enhancing the
resilience of vulnerable systems by means of adaptation. Delaying such measures may leave a
nation or the world poorly prepared to deal with adverse changes and may increase the
possibility of irreversible or very costly consequences (IPCC, 1995). Climate change and a rise
in sea level or changes in storms or storm surges could result in the erosion of shores and
associated habitat, increased salinity of estuaries and freshwater aquifers, altered tidal ranges
in rivers and bays, changes in sediment and nutrient transport, a change in the pattern of
chemical and microbiological contamination in coastal areas, and increased coastal flooding
(IPCC, 1995).

The approach used in the Saanich Inlet Study assumes that conditions in Saanich Inlet
do not change dramatically. It was not designed to evaluate the impacts of large-scale
(e.g., global warming, ozone depletion) or catastrophic events (e.g., earthquakes,
turbidity currents, landslides, inversions of the bottom anoxic layer in Saanich Inlet).

1.5 Approach of Synthesis ﬁeport

It is important to recognize that this document is not a prescription for Saanich Inlet’s
health; the correct analogy is closer to a diagnosis of its present state and sensitivities.
This study synthesizes available information and makes judgements to describe the
sensitivity of Saanich Inlet to the best of the Study Team’s ability.

The approach taken to the Saanich Inlet Synthesis Study can be described at two levels:
baseline and interpretation. This report takes the findings of approximately ten baseline
investigations conducted under the Saanich Inlet Study, conducts various analyses of
assimilative capacity in some key areas and then synthesizes the information into an overall
interpretation of the assimilative capacity and sensitivity of Saanich Inlet.

The Ministry of Environment, Lands and Parks strategic vision is: "An environment that is
naturally diverse and healthy, and enriches people's lives” (MELP, 1995a). This view is
fundamental to the approach taken in this study. The study team has sought to identify
sensitive biota and habitats, and has estimated quantities of contaminants and nutrients that
would pose a risk to the ecosystem or to human uses or values of Saanich Inlet. Where
environmental problems were found to exist, remedial actions are recommended.
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Land use and resource management decisions must be guided by knowledge of what kinds of
activities and disturbances the inlet is most sensitive to. This knowledge allows decisions to
made regarding solving the most important existing problems and helps in aiming preventative
actions in the most productive manner.

It is important to recognize that the synthesis report is essentially a series of static snapshots of
what in nature is a dynamic process involving not only marine life, but also terrestrial, atmospheric
and anthropogenic physical and chemical processes. This underlies the importance of
synthesizing all sources of information, including anecdotal and qualitative information, to describe
the changes in Saanich Inlet over recent history. This synthesis is an ambitious undertaking, in
that it is one of the first attempts to bring together in one report such a wide range of information.
in the process we believe we have created a document that is more than the sum of its parts. As
Saanich Inlet is one of the best studied fjords on the B.C. coast, we have the opportunity to use
this information to make wise decisions about its management.

For specific components of the Saanich Inlet Study, the approach selected was chosen to suit
the subject of interest. A number of discussions with the Advisory and Technical Committees
focused the application of qualitative and quantitative methods to determine the assimilative
capacity and sensitivity of Saanich Inlet. It was decided that:

o The method selected for a specific component should suit the subject.

e More than one method could be applied to assess the assimilative capacity or
sensitivity for any one component of the Saanich Inlet Study and that these methods
should be summarized in the report for each component.

e Qualitative and quantitative methods were considered to have equal weight and
provide complementary information. Essentially, the total is believed to be greater
than the sum of its parts.

For example, to synthesize information on chemical contaminants in Saanich Inlet, quantitative
modeling methods were applied. Chemical investigations tend to be data-intensive and
therefore, methods to assess assimilative capacity involve numerical models. However, to
synthesize information on cultural use, qualitative approaches were used to assess sensitivity,
relying largely on oral history of First Nations, the Report on First Nations Consultation
(Simonsen et al., 1995) and the Open House Report (Howie, 1995). Some components used a
combination of quantitative and qualitative methods; for example, descriptions of Saanich Iniet
use for recreational purposes are described qualitatively and quantitatively (e.g., results of
guestionnaires were tabulated). Together, these methods allow a determination of assimilative
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capacity related to recreation. In the end, the various approaches taken to assess each
component of Saanich Inlet were integrated to assess the assimilative capacity and sensitivity
of Saanich Inlet to the various stressors on a geographical site-specific basis.

The process of preparing the Saanich Inlet Study Synthesis Report should be viewed as one of
the deliverables. The interaction and cooperation between scientists and lay people greatly
strengthened the study. Public input and involvement on the committees and open houses
demonstrated there exists a feeling of stewardship for the resource - Saanich Inlet. It is hoped
that those invoived will continue to share the responsibility of ensuring corrective and protective
action follows this study.

1.6 Regulatory Background on Wastewater Discharge to Saanich Inlet

The MacKay report (1994) charged the Saanich Inlet Study with carrying out an examination of
the assimilative capacity of Saanich Iniet sufficient enough to assess a permit application for
treatment and discharge of sewage from the proposed development. By implication, this means
examining the potential impacts of a point source discharge for wastewater (i.e., a sewage outfall).
Therefore, the Province included bacteria (Section 8) and nutrient (Section 9) modelling
components in the Terms of Reference for the Saanich Inlet Synthesis Study, as these are two
key issues related to sewage discharge, among others. It is important to put these examinations in
the regulatory context for wastewater discharge to Saanich Inlet, as outlined below. These present
regulatory policies have been driven by both (1) a lack of appropriate information to assess the
potential effects of effluent discharge into the inlet, and (2) public opposition to wastewater
discharge in Saanich Inlet.

The Province of B.C. has informally discouraged point source discharges into Saanich Inlet,
based on a precautionary approach in the absence of detailed information. This position is
recognized and supported by both the Capital and Cowichan Valley Regional Districts (the
Ministry of Environment, Lands and Parks Vancouver Island Regional Office [Finnie, pers.
comm. 1995}, the CRD [Taylor, pers. comm. 1995], and the CVRD [York; pers. comm. 1995]).

The only authorized point source discharge into Saanich Inlet is a secondary treated sewagé
discharge from Brentwood College School into Mill Bay (Waste Management Permit No.
PE-1640) which was recently upgraded to include the hydroxyl process. A maximum discharge
of 105 m°/day was first authorized on December 11, 1973. Authorized maximum discharge
concentrations of suspended solids and BOD are 60 mg/L and 45 mg/L, respectively.
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Point source discharges to Saanich Inlet were addressed in a 1966 study of sewage disposal in
the greater Victoria area cited by the CRD. The study recommended that untreated sewage not
be discharged to Saanich Inlet. This recommendation was adopted as operational practice and
has evolved into the CRD's present position that the discharge of treated sewage into the inlet
is considered inappropriate. However, this issue has not been considered by the CRD board
and the position is therefore not considered formal CRD policy.

The Cowichan Valley Regional District's official position regarding the discharge of point source
wastes into Saanich Inlet is contained in the current Official Settlement Plan for Mill
Bay/Malahat, Electoral Area "A", which was originally approved in 1986. Policy 4.15 of the
Settlement Plan states that the "emission of effluent from sewer outfalls into marine waters,
within Electoral Area "A", shall be prohibited. Over time, those existing sewer systems with
outfalls into the waters of the Mill Bay/Malahat area should be upgraded or eliminated so that
the discharge of effluent into the marine environment may be discontinued." Tertiary treatment
was not considered at the time the Official Community Plan was prepared, but that does not
preclude future consideration (Johnson, pers. comm. 1995).

The Province's position stems from the Pollution Control Board's refusal (believed to be a
decision of the Board on December 13, 1966) to allow the Corporation of the District of Central
Saanich to discharge sewage into Brentwood Bay (Saanich Inlet). Rationale for this position
was based on a lack of understanding at the time for how a sewage discharge would impact a
confined anoxic fiord. Concerns included the potential impacts of the discharge on the balance
of the inlet ecosystem, and on the anoxic layer itself ( a fresh water effluent discharge at depth
might cause vertical displacement of the anoxic layer, putting fish and other marine organisms
at risk). The Pollution Control Board's refusal to authorize Brentwood Bay's sewage discharge
into Saanich Inlet forced connection of the discharge to the Central Saanich sewerage system
and conveyance to the Central Saanich sewage treatment plant (i.e., the sewage is pumped
across the Saanich Peninsula for discharge into Haro Strait).

1.7 Document Organization

This document is organized into a total of 14 sections. Sections 2 to 3 set the scene from the
human perspective in terms of values and specific uses. Sections 4 to 6 describe the
oceanographic and sedimentation processes required to support analyses of assimilative
capacity present in the following sections. Sections 7 to 9 describe the detailed quantitative
analyses used to estimate assimilative capacity for chemical contaminants, bacterial
contamination and nutrients. Section 10 focuses on marine biota and presents the status of
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marine species and key habitats; the sensitivity of key species and habitats is described and
recommendations for remedial action and protection are given. Section 11 takes key findings
presented in the report and integrates them from a geographical perspective. Section 12
summarizes the major findings, conclusions and recommendations. A glossary to define
language (Section 13) and references cited in the document (Section 14) are provided.
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Figure 1-1  Saanich Inlet general setting. Contours are marked every 100 m
(Source: Drinnan et al., 1995).
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Figure 1-2 Saanich Inlet watershed area.
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Figure 1-3 Saanich Inlet components and process
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2. WATER VALUES - A HUMAN PERSPECTIVE

2.1 Overall Background

For the purposes of this document, "water value" is regarded as the human affinity for water
and its environs. The quantitative and scientific analysis which comprises the majority of the
Saanich Inlet Study cannot be considered outside of the subjective human context of public
values. The intrinsic non-human values are reflected in other sections. In preparing the Saanich
Inlet Study Synthesis report, it became apparent that consideration of human water use alone
(i.e., in the standard way of addressing recreation and fishing in general as outlined in Drinnan
et al. [1995]), was not enough to capture the importance of Saanich Inlet to the people who live
on and value the inlet's environment. Therefore, this section on water values for humans was
added to attempt to characterize this important aspect of Saanich Inlet. Water uses are defined
and discussed in the following section (Section 3).

Human values for Saanich Inlet span a range of perspective and levels of emotion. Comments
from the initial January 1995 Saanich Inlet Study Open Houses mention "feeding the soul”, and
discussions with First Nations representatives leave one with a feeling of their close association
with the water. ' )

Standardized methods to measure the loss of human values as a result of degradation do not
exist. Most often, this question does not get posed until thresholds or boundaries have already
been crossed. To some degree, this has happened in the communities surrounding Saanich
Inlet.

We have not attempted to develop a method to measure the sensitivity of human values to
degradation of Saanich Inlet. Rather, we summarize what we have heard and reviewed, to
ensure these views are a part of the overall assessment of Saanich Inlet. Information was
compiled from the following sources:

* Questionnaire results from Open House consultations and Open House report
* Report on First Nations Consultation

¢ Discussions with Saanich Inlet Advisory Committee members over the course of this
study

» Copies of official community plans (OCPs) and other planning documents for
jurisdictions bordering on Saanich Iniet
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* Interviews with representatives of local First Nations

Based largely on the Open House Consultations and discussions with people who live near
Saanich Inlet, water values are discussed from two overlapping perspectives:

o (Cultural and aesthetic values

¢ Environmental values

2.2 Cultural and Aesthetic Values

For the purposes of this document, cultural value is regarded as the affinity humans feel for
Saanich Inlet, as related to their cultural identity. The term "cultural” refers to First Nations
cultures that live on the shores of Saanich Inlet, but the "westcoast" culture developed by more
recent inhabitants is also dependent to some extent on Saanich Inlet. For instance, the lifestyle
of some inhabitants is dependent on aesthetic values such as "solitude" and "wilderness".
These kinds of terms were used at the Open Houses, indicating the importance of Saanich Inlet
to the local residents from all cultural backgrounds. Therefore, water values to both First
Nations and westcoast culture are discussed, recognizing they share some common ideas. As
described by a Saanich Inlet Study participant: “Saanich Inlet has been and continues to be
essentially linked to our sustenance, both physical and spiritual. Its health is central to our
present and future.”

2.2.1 First Nations Culture

First Nations people populated Saanich Inlet from one end to the other and right around all of
the shores and bays (Poth, 1983; Simonsen et al., 1995). There were three main nations that
lived in Saanich Inlet at one time or another during the year: Saanich, Malahat and Cowichan.
~ Saanich people also inhabited many of the Gulf Islands and most of the San Juan Islands.

Since the Saanich people named the places they knew and used, the place names represent
the extent of traditional territory (Poth, 1983). A review of place names described in Poth (1983)
and Simonsen et al. (1995) demonstrates the cultural uses and values of Saanich Inlet by First
Nations. Place names identify historical resource use and areas within the inlet of contemporary
significance to local First Nations. Translation from the Saanich language to English presents
some difficulties because a language is a way of thinking, or viéwing the human experience of
the world, as much as it is a way of communicating (Poth, 1983). In the early stages of the
preparation of this document, discussions with First Nations representatives made it clear that
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the oral history of the First Nations was an important record of the status and history of Saanich
inlet.

With respect to religious worship within the inlet, some physical features appear to be
important. As described in Simonsen et al. (1995), Saanich Inlet as a whole is considered by
many to be a sacred place. Claxton and Elliott (1994; as cited in Simonsen, 1995), state: “...To
have connection to the land, according to ancient beliefs and teachings, is the Saanich identify."

Loss of Privacy and Solitude

Based on discussions with First Nations representatives and Simonsen et al. (1995) there is a
general invasion of privacy at sacred places and other traditional-use areas. These areas are
largely documented in text and maps presented in Simonsen et al. (1995). It should be noted
that archaeological sites are protected by law and unauthorized disturbances to such areas is
an offence.

An issue of concern is the desecration of grave islands within Saanich Inlet. Virtually every
small rocky outcrop and island within the inlet was used as a grave site by either the Saanich or
Malahat Nations. Children were told not to put their canoes up on the small islands within the
inlet out of respect for the island graves (Simonsen et al., 1995). These graves sometimes
consisted of canoes which were placed on the islands (Appendix B from Simonsen et al., 1995).
When the Mill Bay ferry service began, a directional flag was erected on Senanus Island, which
was perceived by some individuals as an insensitive measure. A general consensus among
First Nations representatives consuited by Simonsen et al. (1995) is that the preservation of
important ceremonial areas must be given a high priority by First Nations.

With regard to solitude, this intangible feeling is inversely: proportional to the number of
residents in the vicinity of Saanich Inlet. As population levels rise, particularly since settlement
by Europeans and others, solitude becomes threatened. Cultural solitude for many First Nations
individuals has been degraded or lost.

Loss of Access to Cultural Sites

Many sites of cultural interest to First Nations are located near commercial or residential
development and have been directly impacted by activity. In some cases, entire sites have
been destroyed. Comments in some site records indicate that 10 to 90% of intact deposits have
been destroyed by either natural or human processes (Simonsen et al., 1995).
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Traditional structure of Saanich culture is threatened due to the loss of cultural traditions
associated with natural resource use, spiritual activities and lost opportunities for aboriginal
youths to experience traditional activities.

With respect to the waters of Saanich Inlet (see Section 3.2), water quality concerns (e.g.,
bacterial contamination) of Saanich Inlet restricts swimming by First Nations and others. Before
water quality was considered degraded, youths partaking in initiation ceremonies would swim in
Saanich Inlet early each morning.

Some religious ceremonies of the Saanich and Malahat involve ritual bathing in fresh water
tributaries in order to gain power and strength for cleansing purposes (Simonsen et al., 1995).
However, as a result of urban development there has been a loss of sacred bathing pools in
tributaries to Saanich Inlet. This is due to lack of access and to low or no flow conditions in
some tributaries. Ritual bathing still occurs in some parts of the Saanich Inlet watershed.

There is a role for traditional knowledge in the expression of societal values (Environment
Canada, 1994a). The level of interest shown by First Nations representatives in the Saanich
Inlet Study is indicative of the value they place on Saanich iInlet. As their culture has been and
is so closely tied to the water, it is the observation of the study team that their tolerance for
environmental degradation is low.

2.2.2 Westcoast Culture

It is difficult to describe what westcoast culture and related aesthetic values really mean, but
they are a defining part of living on the coast. The water is a strong attraction for many
inhabitants in B.C., as evidenced by human population distribution, historical and present day.
Many facets of the westcoast culture (e.g., recreational pursuits) are closely linked to the
specific features of the surrounding natural environment. However, the natural environment is
also recognized as an essential source of spiritual well-being, providing a sense of serenity and
natural beauty.

It is also realized that a resource (i.e., Saanich Inlet) can have value for any given individual
even if it is not "used". Although difficult to monetize, a variety of economic instruments have
been developed which strive to quantify such non-consumptive uses. In other words, value can
be assigned to Saanich Inlet for just knowing that it exists. This fact has been demonstrated in
natural resource damage case law in the U.S. Citizens are interviewed to determine how much
they would pay to halt damage or return a habitat to health. An average value is determined,
and this is multiplied by the number of people in the community to determine a total value of the
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resource for just knowing that it is healthy. Value due to lost use (e.g., fishing or recreational
pursuits) or depreciated property values is also additive.

Saanich Inlet Study Open House participants reported having been interested in Saanich Inlet
for an average of 22 years (this period ranged from 1-75 years). Overall, the natural beauty,
scenery, views, and plant and animal life were reported as being more highly valued than
recreational uses (e.g., boating, fishing, hiking, etc.) (Howie, 1995).

To demonstrate the will of each community with respect to issues that have the potential to
impact Saanich Inlet, selected text from Official Community Plans (OCPs) for jurisdictions
bordering Saanich Inlet and comments from other correspondence have been compiled in
Table 2-1. Based on the high level of involvement in the Saanich Inlet Study and in feedback
from the Open Houses, the enjoyment of Saanich Inlet has-become impaired for some
residents in the Saanich Inlet watershed.

2.3 Environmental Value

By environmental value, we mean the value that society places on the Saanich Inlet
environment. Based on Howie (1995) and various OCPs, public opinion seems to be that water
quality and marine life are more sensitive to change and a greater cause for concern than loss
of human uses. Environmental value is embedded in a number of scientific measurements that
we can make to describe the environmental quality of Saanich Inlet. Such measurements are
described in Sections 5 to 10. In meeting some of the environmental quality criteria, human
values and uses may also be implicitly protected. For example, sediment criteria values are
designed to protect aquatic life. MELP policy is that where uncertainty exists, the precautionary
principle should be applied.

Habitat conservation was the primary recommendation of the recent report on Shared Marine
Waters (British Columbia/Washington State Marine Science Panel, 1994). Drinnan et al. (1995)
describe “special habitats" within Saanich Inlet which are relatively rare in B.C. Unusual/unique
species records are also summarized, demonstrating unusual environmental values in Saanich
Inlet. During the Council of Resources and the Environment (CORE) process for Vancouver
Island, the majority of Saanich Inlet was designated as “regionally significant land”. This means
that it is a corridor of land that links protected areas and has special significance because of its
sensitive environmental, recreational and cultural values. There has been a recent shift in
environmental management and the desires of society towards preservation of biodiversity. The
vision of the Ministry of Lands and Parks is: “An environment that is naturally diverse and healthy,
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and enriches people’s lives." (MELP, 1995a). This recognizes that there is an intrinsic value in the
environment. The Canadian Biodiversity Strategy (Biodiversity Working Group, 1994) notes that
governments cannot act alone to ensure the conservation of biodiversity and the sustainable use
of biological resources, and calls for support at the individual level. Strong linkages between
biodiversity issues and atmospheric change were emphasized at the Earth Summit in 1992, when
the Convention on Biological Diversity and the Framework Convention on Climate Change were
signed by most of the United Nations countries. In Canada, the effect of human settlement on
biodiversity is evident in the southern part of the country, where development has been
concentrated, including Southern Vancouver Island. This is also discussed in Section 10 in the
context of marine life.

In many jurisdictions, there has been a shift towards more holistic “"ecosystem” or "watershed"
management approaches. Goals and objectives for ecosystem health are established and
these take into account the will of local communities. To some degree this has been done under
the auspices of the Saanich Inlet Study and through preparation of OCPs, as described
previously.
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3. HUMAN WATER USES

3.1 Background

For the purposes of this document, "water use" is regarded as human requirements of a water
resource. Use of water by non-human organisms is covered elsewhere (Section 10). Human
interaction with marine water has a history as long as our existence on earth. Human use of
water spans from marine resource consumption to recreation to commerce.

In Saanich Inlet, the earliest human use reported was by the aboriginal Coastal Salish people.
Their use of Saanich Inlet continues to the present day. Human use has intensified in the past
century, with a wider range of water uses and higher rates of use.

Public input on values and uses for Saanich Inlet were not restricted to water uses; however, for
the purposes of this document, only water-based uses will be discussed. Section 2 discusses
some of the "bigger picture” values for the Saanich Inlet area and the human water uses here
should be viewed in that context. The reader is referred to Saanich inlet Study component
reports for complete documentation of public and First Nations input on uses and values
(Howie, 1995; Simonsen et al., 1995). ,

Human use of Saanich Inlet spans a range of activities. Based largely on the January 1995
Open House consultations, the various water uses include:

* First Nations marine resource use.
* Recreational use.

* Educational use.

¢ Commercial use.

Standardized methods to determine the sensitivity of all aspects of these uses to degradation
do not exist. There are, however, several repeatable scientific methods to employ in
determining the status of recreational uses. These are utilized elsewhere in this report (Sections
7 to 10). In this chapter a purely qualitative approach is used. Around the world, these kind of
determinations are made on a site-specific basis and reflect the societal goals of the humans
that live around and use the water. Most often, questions about assimilative capacity and
sensitivity do not get posed until human thresholds or boundaries have already. been crossed.
To some degree, this has happened in the communities surrounding Saanich Inlet.

SAANICH INLET STUDY
SYNTHESIS REPORT




To describe the present status and sensitivity for Saanich Inlet with respect to each water use
listed above, key indicators were identified. For each water use, the study team reviewed the
same information considered in Section 2, including:

* Questionnaire results from Open House consultations and resultant report.
* Report on First Nations Consuitation.
* Discussions with Saanich Inlet Advisory Committee members.

» Copies of official community plans and other planning documents for jurisdictions
bordering on Saanich Inlet.

» Discussions with representatives of First Nations (October 1995).

Findings are described for each water use in the following sections. [t is recognized that there
are a wide range of opinions about the status of Saanich Inlet, with respect to environmental
degradation. Coming to a single determination on assimilative capacity and sensitivity of human
water uses may not be possible, as "the answer" depends largely on opinion. Despite this
constraint, it is important to try to describe the status of Saanich Inlet, for in doing so we begin
to think about how to manage and remedial any existing problems that are identified and to
prevent further degradation.

3.2 First Nations Marine Resource Use

Traditionally, First Nations people traveled through their territories to visit other groups, fish and
gather food, particularly in the summer. One of the unique characteristics of any culture is their
food - the First Nations that used Saanich Inlet depended on the inlet for food and materials
(e.g., fish, clams, crabs, mussels, sea urchins, seaweed, ducks, and seabird eggs; see
Simonsen et al., 1995 for full species list).

The people were seagoing, relying on the sea for transport, trade, resource harvesting and
other cultural activities. To some extent that is still true today. First Nations paddiers from
Saanich Inlet are active in paddling races, training on Saanich Inlet on a regular basis. There is
a strong desire to collect food locally from the sea.

Archaeological sites are described in Simonsen et al. (1995) and these provide an historical
record of cultural use of Saanich Inlet. The record documents extensive seasonal and related
resource use of Saanich Inlet.
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Today, the First Nations communities on the shores of Saanich Inlet include: Malahat, Tsartlip,
Pauquachin, Tseycum and Tsawout. In 1846, the Treaty of Washington established a United
States - British border, which caused an artificial boundary for First Nations (Simonsen et al.,
1995). In 1852, Sir James Douglas made an agreement with the Saanich which entailed
purchase of much of the lands surrounding Saanich Inlet. Incorporation of indian Reserves
caused drastic changes in the cultural patterns of the inlet's First Nations. Although it is
stipulated within the Douglas treaties that the Saanich not be withheld from their hunting and
fishing activities, the creation of Indian reserves facilitated change due to the encroachment of
non-natives within traditional resource harvesting locations (Simonsen et al.,, 1995). The
Douglas treaties specify that First Nations are “at liberty to hunt over unoccupied lands”, and “to
carry on fisheries as formerly”. '

Traditional uses such as food coliection and natural resource utilization are limited in three main
ways:

1. Access is limited.
2. Resource quantity is limited.
3. Resource quality is degraded.

Taken in combination, this is clear indication that, for these uses, Saanich Inlet is degraded past
the threshold of assimilative capacity. Access by First Nations is limited by private ownership of
land, land alienation and a perception that foreshore areas are private. Reductions in resource
quantity are well documented (Drinnan et al., 1995) and summarized in Section 10. Degraded
resource quality is evidenced by bacterial contamination (e.g., 12 of 15 traditional shellfish beds
closed for harvesting due to fecal coliform contamination; see also Section 8) and also
observations by First Nations representatives that marine resources are of poorer quality than
they once were (Calder and Mann, 1995).

We have attempted to summarize the status of First Nation resource uses in Table 3-1. Where
a use is lost, assimilative capacity has been exceeded. This provides a useful summary, but
does run the risk of over-simplification.

In conclusion, it was generally observed by all First Nations contacted by Simonsen et al. and
by the study team that they traditionally relied almost exclusively on the natural resources of
Saanich Inlet and surrounding upland areas for their food, economy and well-being. A common
thread in listening to representatives of First Nations is the large amount of change in Saanich
Inlet that has occurred in a relatively short time period. It is clear that resource uses are
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sensitive to further urbanization. The assimilative capacity for aboriginal food resources,
particularly shellfish, has been exceeded.

3.2.1 Recreational Use

3.2.1.1 Background

Howie (1995) identified a number of recreational uses for Saanich Inlet. Looking at the use of
Saanich Inlet over the year prior to the January 1995 Open House and over the lifetime of
questionnaire respondents, it is clear that hiking or walking; wildlife viewing; and beachcombing
or picnicking are very popular activities (Table 3-2). While some wildlife viewing takes place
beneath or on the water, the top three recreational activities in Saanich Inlet take place on the
shoreline or in the surrounding upland area. The results of the questionnaire may indicate a
trend of decreasing activity in swimming and fishing and an increase in power boating (Howie,
1995). Recreational fishing and shellfish harvesting are described in greater detail in Section
10.

When asked what uses or values of Saanich Inlet were most sensitive to change, the majority
of respondents perceive that water quality and marine life were more sensitive than recreation
and tourism. This opinion is supported by environmental criteria which generally demonstrate
aquatic life as the most sensitive indicator of environmental quality. Chemical criteria are used
to assess environmental status and prevent pollution. Biological criteria would be more direct
but aré not yet well developed. Refer to Sections 7 and 8 for application of environmental
criteria as another method of assessing environmental status.

Howie (1995) documents where recreational activities most often take place. Brentwood Bay,
Mill Bay and the Goldstream Estuary are the three most popular areas. Tod Inlet, Pat Bay,
Coles Bay and the Bamberton area were also identified as popular areas.

3.2.1.2 Sensitivity and Assimilative Capacity

By default, assimilative capacity has been exceeded if a water use, such as recreational use, is
impaired. To evaluate impairment, the Open House Report (Howie, 1995) was reviewed. Due to
the general nature of the questionnaires, it is usually not possible to discuss impairment of
recreational uses in a geographically-specific manner. The following questions from the Open
House Report provided information to evaluate impairment:

* What changes have you experienced in Saanich Inlet?
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* How have these changes affected your activities in the inlet?
* What potential changes or trends in Saanich Inlet cause you concern?

* What uses or valued characteristics of Saanich Inlet do you believe are most
sensitive to change?

* What changes would you like to see in Saanich Inlet in the future?

As much as possible, responses were linked to recreational uses. Responses summarized
below were taken from the Open House Report, unless indicated otherwise:

Hiking/walking/beach access
e More apt to be "runoff" beach front by newly arrived home owners than before
e Many waterfront properties have small docks and jetties many of which, apparently, are built

without a permit; these foreshore structures may have minimal direct impact, however one
consequence is that they restrict beach access to First Nations (Simonsen et al., 1995)

Wildlife viewing
* L oss of marine organisms and plant life over intertidal areas
* Not heard sea lion for past two years

* No longer conduct intertidal biology walks due to loss of organisms

Swimming
* No longer swim

e There have never been any swimming beach closures in Saanich Inlet

Power boating

* Increase in power boats, water skiing, skidoo-type boats (could be taken to mean
degradation or enhancement)

* Increase in power boating

* Concerned about increase in boating traffic
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Fishing

* Reduced fishing success

* Stopped coliecting shellfish in about 1975
* Loss of the sports fishery

* Bivalve shellfish growing criterion for coliforms is exceeded in many areas of Saanich Inlet
and as a result most of the shelifish beds are closed for harvesting (Drinnan et al., 1995).

* Many of the shellfish closures were initiated in 1987, with re-evaluation surveys annually
since 1990 (Drinnan et al., 1995)

Kayaking/cahoeing/rowing

e Lessinclined to kayak in some areas

Sailing

e Still use it a great deal for sailing

SCUBA diving

Certain dive sites have become degraded over the years in terms of species numbers or
abundance (Drinnan et al., 1995)

Water Skiing

* Waterskiing occurs in Tod Inlet, one of the few protected waterways near Victoria. This
activity takes place in spite of a posted five knot speed zone (Drinnan et al., 1995)

Most of these uses are water-based (i.e., use the water itself). It is recognized that there are
some uses that are dependent on Saanich Inlet in some way, but are not water-based (e.g.,
hiking/walking, photography, drawing/painting).

The difficult issue to address is how much impairment of recreational uses is “too much" (i.e.,
exceeding assimilative capacity). How many opinions and what degree of degradation is
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considered adequate to determine whether a recreational use is degraded. There are some that
would say one opinion is enough and others that would say a majority. This level of information
is not available nor would it be practical to procure.

Based on the information available from public consultation, the relative level of degradation for
the most common water-based recreational uses is described in Table 3-3. From this
assessment, environmental degradation of Saanich Inlet is evidenced by impairment of fishing
(for more detailed discussion, see Section 10). Also, there is a perception that swimming use is
degraded, although coliform criteria for swimming, using regulatory guidelines, are not
exceeded. To a lesser degree, impairment of wildlife viewing, kayaking/canoeing and SCUBA
diving are also indicative of exceedance of the assimilative capacity of Saanich Inlet.

3.3 Educational Use

Saanich Inlet has been visited by oceanographic cruises since the 1930s. The inlet's proximity
to the University of B.C., the Fisheries Research Station at Departure Bay (Nanaimo) and the
University of Washington gave scientists close access to the fjord (Drinnan et al, 1995). Later
siting of the Institute of Ocean Sciences in Sidney and the opening of the University of Victoria
increased the number of interested scientists and students.

A number of the parks near Saanich inlet have marine foreshore areas. Goldstream Provincial
Park has an interpretive centre that is well used for education purposes related to Saanich Inlet.
The newly created Gowlands Commonwealth Legacy Park is a significant educational resource.

Educational uses are somewhat sensitive to further urbanization of Saanich Inlet. This relates
largely to stresses being placed on the subjects of study. Also, a component of environmental
education is the principle of sustainable environment itself, and as such, Saanich Inlet is a case
study.

3.4 Commercial Use

Industrial uses of Saanich Inlet include the occasional deep sea anchorage of vessels waiting to
dock at Cowichan Bay or Crofton, and the Hatch Point bulk oil storage facility that receives
weekly deliveries by barge of petroleum products for distribution. The Institute of Ocean
Sciences is located in Patricia Bay and has a high degree of ship movement (Drinnan et al.,
1995). There is also a floatplane base in Patricia Bay, with a commercial operator running
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approximately 1000 flights per year. There are a number of small marinas in Saanich Inlet, with
the greatest concentrations in Brentwood Bay (see maps in Section 11).

The cement plant at Bamberton is no longer operating. However, damage to the bottom habitat
adjacent to the plant has been documented through SCUBA and submersible dive logs, and
from sediment chemistry data (Drinnan et al., 1995). Also, there is a cement storage facility
owned by Tilbury Cement south of Bamberton, where dry cement is transhipped.

There is only one effluent permit issued under the B.C. Waste Management Act. Brentwood
College at Mill Bay operates a small sewage treatment plant employing the hydroxyl treatment
system discharging up to 105 m®day via a submarine outfall in Mill Bay. This plant was very
recently amended to this new process. There are no industrial discharges to the inlet or heavy
industrial activities in the watersheds.

Commercial use from a fisheries perspective is discussed in Section 10. A number of
commercial operations have operated in Saanich Inlet over the years, but due to low
abundance, regulation and, in the case of shellfish, degraded environmental quality,
commercial activities are now limited.

3.5 Overall Water Values and Uses

It is a paradox that the values and uses of Saanich Inlet that attract humans can suffer
degradation due to influx of humans and related pressures on the inlet. Water uses can be, of
themselves, deleterious to Saanich Inlet. Decreases in the quality of water uses (e.g., fishing)
may in part be a result of overuse of Saanich Inlet (e.g., overfishing). However, there are water
uses (e.g., shellfish consumption) that are degraded due to an exceedance of the assimilative
capacity of Saanich Inlet. ‘

Consideration of water values (Section 2) and water uses (Section 3) lays the groundwork for
selection of benchmarks for environmental health in Saanich Inlet. The water values and uses
describe the expectations of the communities surrounding Saanich Inlet.
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Table 3-1 Status of First Nations marine resource uses of Saanich Inlet based
on consultations with First Nations.

First Nations Subsistence Uses (Marine) Present Status'
Saimon degraded
Herring lost
Rockfish good/degraded
Lingcod degraded
Bivalves (clams, mussels, oysters) | lost
Crab ‘ good
Ducks degraded
Sea lettuce degraded
'Present status: good = use not significantly degraded

degraded = use significantly degraded
lost = no use possible (degraded past assimilative capacity)
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Table 3-2

Results of short-form questionnaire used at Saanich Inlet Study

Open Houses, showing recreational uses of Saanich Inlet (Source: Howie, 1995).

Rank | Took Part In Past No. of % of Took Part In No.of | % of
Year Responses | Total Lifetime Responses | Total
1 Hiking or Walking 676 82% | Hiking or Walking 763 93%
2 | Wildlife viewing 648 79% | Wildlife viewing 731 89%
3 Beachcombing, 556 68% | Beachcombing, 683 83%
picnicking picnicking
4 Swimming 313 38% [ Swimming 525 64%
5 Power boating 269 33% | Power boating 468 57%
6 | Fishing 252 31% | Fishing 435 53%
7 Kayaking/canoeing/ 250 30% | Kayaking/canoeing/ 432 53%
rowing rowing
8 Sailing 1 §4 20% | Sailing 323 39%
9 | SCUBA diving 45 5% | SCUBA diving 108 13%
10 | Water skiing 36 4% | Water skiing 102 12%
11 | Windsurfing 12 1% | Windsurfing 45 5%
12 | Other Sports 8 1% | Other Sports 9 1%
13 | Photography/Video 5 1% | Photography/Video 7 1%
Production Production
14 | Drawing/Painting 4 0% | Drawing/Painting 4 0%
15 | Research 3 0% || Research 3 0%
16 | Other 3 0% || Other 3 0%
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Table 3-3  Status of water-based recreational uses of Saanich Inlet based on
public consultation.

Water-based Recreational Use Present Status'
Wildlife viewing ‘ good
Swimming degraded
Power-boating good
Fishing degraded
Kayaking/canoeing/rowing degraded
Sailing good
SCUBA diving degraded
Water skiing good
Windsurfing | good

'Present status: good = use not significantly degraded

degraded = use significantly degraded
lost = no use possible (degraded past assimilative capacity)
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4. SAANICH INLET MASS BALANCE MODEL

4.1 Background

Early in the formulation of this phase of the Saanich Inlet Study, it was determined that both a
qualitative and quantitative approach would have to be taken to meet the objectives of this
investigation (Section 1). The present section provides background information on one of the
main models used. The approach to this model is called “mass balance” and is described
further in Section 4.2.

The model described herein was the basis for modelling efforts for:

Physical oceanography (Section 5).

Sediment transport (Section 6).

Chemical fate in environmental media (Section 7).

Chemical fate in food web (Section 7).

The framework that links these modules is described in Section 4.3. It is important to note that
different models were used to support the assessment of assimilative capacity for coliform
bacteria (Section 8) and for nutrients/oxygen (Section 9). Models used to investigate these
issues are described in the relevant sections. '

4.2 Mass Balance Modelling Approach

A mass balance modelling approach was selected to meet the stated objectives of the pro;ect
the rationale for this approach is described in this section.

in the mass balance modelling approach, a key component of each individual module is the
application of the equation of conservation of mass (also known as the continuity equation in
hydrodynamics). In simple terms, the quantities of any material entering the Saanich Iniet
system must equal the quantities leaving the system, minus the quantities retained,
transformed or degraded. This principle applies equally well to all types of materials, including
water, sediment and tissues of biota.
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Thus, the application of a mass balance model becomes, at its simplest, a basic "bookkeeping"
exercise where each model constituent (water, sediment and contaminants) is tracked through the
environmental system of interest (in this case, Saanich Inlet). Once the appropriate mass balance
formulation has been determined for each constituent, the mass balance model, as a whole, can
become a surrogate for the natural system. The mass balance model can be used to simulate the
response of the natural system to changes in contaminant loadings, and to aid in the prioritization
of sites for remediation (U.S. EPA, 1993). In the case of this study, the mass balance mode!
approach was employed to assess the sensitivity and estimate the assimilative capacity to
contaminant inputs.

The development and application of a mass balance modelling system involves several main
components:

» The division of the study area into representative subcompartments or boxes.

» The mathematical representation of the relevant physical, chemical and biological
transport, transformation and decay processes.

¢ The definition and quantification of the inputs (also known as loadings or boundary
conditions) to the ecosystem of interest. In Saanich Inlet, hypothetical loadings which
could exceed environmental criteria were projected for various scenarios.

The definition and quantification of the loadings can be subdivided into fluid (fresh and salt water
components), sediment and contaminant sources.

The mathematical representation of the relevant physical, chemical, and biological processes
leading to the transport and transformation of contaminants is handled separately within each
module (or sub-model) of the mass balance modelling system. The mathematical representation
of these processes is implicitly tied to the way in which the study area is divided into boxes
(discretization); both the mathematical formulations and level of ecosystem discretization are
reflected in the level of complexity of the model system or individual module.

Generally speaking, a range of levels of complexity can be used to represent the relevant
processes within each module. As stated in the ARCS report (U.S. EPA, 1993): "The degree of
complexity required depends on the physics of the system, factors affecting the transport and
transformations specific to the contaminants of concern, and the management questions the mass
balance modelling study will address. The degree of complexity used in particular studies is often
dictated by the time and funding available."
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As a broad-based classification, modelling approaches can be subdivided into those that are
driven by data and in situ measurements, and those that are driven by detailed knowledge of the
processes that are to be included in the model. For some processes, such as many aspects of
fluid flows, the physics driving the flows are relatively well understood. When adequate field
measurements are also available, the modeller has the choice between data-driven methods and
knowledge-driven methods, and can choose the appropriate model formulation based on the
other factors outlined above.

However, for many other processes relevant to the fate of marine contaminants (i.e., deposition
and erosion of cohesive sediments, decay of fecal coliforms, metal speciation) the appropriate
level of knowledge is not available and models must rely on a data-driven approach. The data and
knowledge bases for each of the individual modules of the proposed modelling system are
described in this report.

The time- and length-scales relevant to the particular problems under consideration affect both
the mathematical representation of the dominant processes and the division of the study area into
representative subcompartments:

e Near-Field

If , for example, the primary focus of the proposed modelling efforts was to be on the
localized regions surrounding discharge outfalls, then the time-scale of concern would be
on the order of several minutes to several hours, with the corresponding length-scale on
the order of tens to hundreds of metres.

e Far-Field

If , for example, the intent is to examine long-term responses of the inlet as a whole to
changes in contaminant loading, then the relevant time-scale might be on the order of
months to years, with the associated length-scale on the order of hundreds of metres to
kilometres.

Each of these types of problems requires a different approach to both the mathematical
formulation of the relevant processes and the division of the study area into representative
subregions. In the near-field scenario, the hydrodynamic module would be formulated based on
plume theory, where the advection and dispersion of the contaminants in the vicinity of the outfall
is largely governed by the characteristics of that discharge. The currents in the receiving waters
(resulting from tides, wind-induced flows, etc.) would be represented as steady flows in the plume
model (appropriate for short-time scales). Plume modelling would be performed for a

SAANICH INLET STUDY
SYNTHESIS REPORT




4-4

representative range of receiving water conditions. A typical spatial scale used for this type of
model would be on the order of tens of metres. For some issues addressed in this evaluation
(specifically, coliform bacteria and nutrients), a near-field approach was used, as it was most
appropriate. This is discussed further in those sections.

For the far-field scenario, the long-term fate of contaminants is largely determined by the mean
circulation patterns in the receiving waters, which themselves could be driven by geostrophic and
tidal forcing, storm events and the effects of surface winds, and estuarine flow patterns. A very
different approach is required from that described for the near-field problem. A range of numerical
formulations are available to explicitly model various combinations of these current components;
all of these formulations are based on detailed solutions of the equation for conservation of
momentum coupled with the continuity equation.

In summary, the modelier has the choice between a variety of approaches for the formulation of a
model. The choice of the appropriate level of model complexity, as reflected in the mathematical
formulation of the relevant processes and the discretization of the study area, will depend on a
number of factors such as:

e The management questions the mass balance modelling study is meant to address.
e The amount and types of pre-existing data available for the study area of concern.
e The degree to which the details of the various processes are understood.

¢ The time and funding available to study the area of concern.

4.3 Saanich Inlet Model Framework

The model system used as one of the tools to support this study follows the general concepts of a
mass balance modelling approach using a box model formulation. This approach is widely
accepted and has been used in similar applications in areas such as Halifax Harbour, Nova Scotia
(Halifax Harbour Task Force, 1990), and in the Great Lakes (e.g., Diamond et al., 1994; U.S.
EPA, 1993). The main physiographic regions (or subbasins) of Saanich Inlet were used to divide
the inlet into boxes (Figure 4-1). These boxes were further subdivided into vertically-layered
boxes, as described in Section 5. '

As much as possible, application of the mass balance modelling approach involves quantification

of the sources, transport and fate of contaminants in Saanich Inlet. The components of this
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modelling approach are illustrated in Figure 4-2. The typical steps in such a modelling approach
are: (1) predicting water and sediment transport; (2) using the predicted water and sediment
transport, along with estimates or projections of contaminant loadings, to estimate the chemical
concentrations in water and sediments; and (3) using the predicted or threshold (e.g., criteria)
contaminant concentrations in water and sediments to estimate the transfer of contaminants
through the food web and their accumulation in important biological receptors (e.g., fish and
~ shellfish). To apply the model system to Saanich Inlet, the approach was to characterize the
system, run the model, and then evaluate the model predictions.

The Saanich Inlet model system consists of a linked series of individual modules, each of which
represent a sub-set of the physical, chemical and biological processes that affect contaminant
concentrations in the water column, in suspended sediments and seabed sediments, and in
marine biota. Four individual modules were included in the modelling system:

e Hydrodynamic module

e Sediment transport module

e Environmental fate module

e Food web bioaccumulation module

Each of these modules will be summarized briefly in the following paragraphs and described in
more detail as individual sections of this report.

Hydrodynamic

Contaminants discharged into marine waters are generally associated with significant flows of
fresh (rather than saline) water, particularly for point source discharges. At least in the short-term,
the fate of dissolved contaminants is largely governed by the advection and mixing processes
affecting these fresh water inputs. Even in the long-term, much of the variability of contaminant
concentrations in the water column can often be explained by water transport alone (U.S. EPA,
1993). The hydrodynamic module represents the transport of water masses from compartment to
compartment within Saanich Inlet (Section 5).
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Sediment Transport

Significant quantities of both organic and inorganic solids are added to Saanich Inlet in association
with sources such as rivers and storm drains, runoff and the Fraser River plume. In marine
waters, a large source of organic suspended solids may also be attributed to primary productivity
(Petrie and Yeats, 1990). Since many contaminants preferentially adsorb onto fine, suspended
solids, the transport, deposition and potential resuspension of sediments is an important factor in
~ contaminant fate assessment. The sediment transport module represents the movement and
deposition of sediments entering the Saanich Inlet system (Section 6).

Environmental Fate

Chemical contaminants discharged into the inlet are originally associated with either the
operationally defined dissolved or particulate portions of the discharge. Contaminants can move
from compartment to compartment in the inlet through the associated hydrodynamic and
sediment transport processes, but are also subject to volatilization, sorption from the water
column onto suspended sediments, diffusion between the water column and the seabed and
transformation, degradation, and decay processes. The environmental fate module integrates the
effects of all of these processes (Section 7).

Food Web Bioaccumulation

In addition to the physical and chemical processes affecting the distribution of chemical
contaminants in the marine environment, contaminants can move through the food web through a
variety of processes including ingestion, gill exchange and excretion. The food web
bioaccumulation module can help assess contaminant concentrations in phytoplankton, pelagic
and benthic invertebrates, and fish (Section 7). '
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Figure 4-1 Box boundaries for Saanich Inlet hydro-dynamics model.
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Figure 4-2 Saanich Inlet model showing individual modules.
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5. PHYSICAL OCEANOGRAPHY

As described in Section 4, the fate of materials, such as contaminants, that enter Saanich Inlet,
is strongly affected by the movement of water masses within the inlet. This is true for short-
term, near-field processes such as plume dispersion in the vicinity of an outfall, as well as for
long-term, far-field processes related to the dispersion of dissolved and suspended materials
throughout Saanich Inlet. Thus, the physical oceanography of the inlet must be considered in
the assessment of the fate of materials entering Saanich Inlet, and in the assessment of the
assimilative capacity of the inlet for contaminants.

The overall framework of the modelling system used for the oceanography and sediment
transport components of this work is described in Section 4. The oceanographic module is the
first component of the Saanich Inlet model and has been designed to represent the long-term
movement of water masses throughout the inlet. The results of the oceanographic module are
then used as input parameters for the sediment transport (Section 6) and environmental
chemical fate modules (Section 7). Since the primary focus of the oceanographic module is the
long-term exchanges between the various regions of Saanich Inlet, modelling efforts have
focused on representing mean circulation patterns.

The following sections describe the major features of Saanich Inlet as they relate to
oceanographic processes, the major physical processes leading to transport and mixing of iniet
waters, and the development, application and results of the oceanographic module used in this
work.

5.1 Background

5.1.1 Physiography

Saanich Inlet is located on southern Vancouver lIsland, forming the division between the
Saanich Peninsula and the main body of the Island (Figure 1-1). The inlet is oriented in a north-
south direction, with the mouth of the inlet at the northern end. Saanich Inlet is isolated from the
waters of the Strait of Georgia to the north and Juan de Fuca Strait to the south by the many
intervening Gulf Islands.

The inlet is long and narrow, extending roughly 28 km from the head at the Goldstream River to
the mouth at the junction with Satellite Channel (Figure 1-2). The main body of the inlet
averages about 3 km in width over the northern and central regions, narrowing in a southward
direction through Squally Reach and Finlayson Arm to a typical width on the order of 500 m at
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the southernmost end. Several coastal embayments (Deep Cove, Patricia Bay, Mill Bay, Coles
Bay and Brentwood Bay) adjoin the main body of the inlet over the central and northern
portions.

As for most coastal fjords, the waters of Saanich Inlet are consistently deep throughout the
main body of the inlet. Figure 5-1 and Figure 5-2 show the variation in water depth along an
approximate inlet centreline; the deep central basin is clearly evident, with a maximum water
depth of roughly 225 m. Moving northwards from the deep central basin, water depths decrease
to about 70 m at the entrance to the inlet. These relatively shallow water depths persist through
the Gulf Islands, forming an extended sill separating the deep waters of Saanich Inlet from the
deep ocean waters in Haro Strait (Figure 5-3 and Figure 5-4). The coastal embayments are
significantly shallower than the deep central basin in Saanich Inlet, with maximum water depths
ranging from about 40 m in Mill Bay to 100 m in Brentwood Bay.

The southern reaches of Saanich Inlet are bordered by steep rocky slopes, low peaks and
ridges, while the northern reaches are bounded by lower, gently sloping terrain, particularly on
the eastern side. Much of the surrounding watersheds are forested, with low levels of
development. However, agricultural development on the Saanich Peninsula is significant.

The cross-sectional shape of the inlet is generally steep-sided and flat-bottomed, particularly in
the southern reaches. The coastal embayments are generally quite broad and flat in cross-
section, with the seabed sloping gently towards the main channel.

5.1.2 Oceanographic Processes

The circulation patterns in coastal fjords such as Saanich Inlet are typically influenced by a
variety of oceanographic processes acting over a range of time scales. These include tides,
winds and density-driven processes. The estuarine circulation, although relatively weak in
Saanich Inlet when compared with many coastal estuaries, still plays an important role in
driving the mean circulation patterns in the iniet.

The relative importance of each of these mechanisms in driving the circulation within the inlet
varies from area to area. For example, the relatively strong tidal currents in Satellite Channel
are expected to have more of an influence on the waters near the mouth of Saanich Inlet,
whereas intrusions of dense ocean water from Haro Strait appear to be the major mechanism
leading to flushing of inlet waters below sill depth.
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5.1.2.1 Tides

Tides in Saanich Inlet are mixed semi-diurnal, with generally two large and two small
exchanges per day. Tidal ranges are fairly consistent throughout the inlet, although previous
measurements have suggested some spatial variations, possibly in response to meteorological
forcing (Drinnan et al., 1995). At Patricia Bay on the east side of Saanich Inlet, the tidal ranges
for mean and large tides are 2.4 and 3.9 m, respectively.

Tidal currents in the inlet are generally quite weak, being less than 5 cm/s in the main body of
the inlet. Tidal currents are stronger over the sill, with measurements at mooring A (Figure 5-3)
showing tidal currents of roughly 10 to 15 cm/s (Stucchi and Giovando, 1983). It should be
remembered that tidal currents are oscillatory in nature, often with relatively small net water
movements. The present project is concerned primarily with processes affecting the mean,
long-term circulation.in the inlet, thus it is the residual tidal currents that are of interest.

5.1.2.2 Estuarine Circulation

Estuaries are coastal regions characterized by fresh water loading, where the loading rate is
high enough to result in dilution of seawater through mixing with fresh water. Since fresh water
is lighter than seawater, the fresh water entering an estuary tends to form a surface layer
flowing outwards overtop of the heavier marine water. As the fresh water flows away from its
source, it mixes with the underlying seawater, leading to a brackish surface layer which
increases in depth and salinity with distance away from the point of discharge. Entrainment of
salt amplifies the river flow such that the flux of water leaving the estuary at the surface may be
several times the initial fresh water influx. This process is illustrated in Figure 5-5.

. As underlying saline water is entrained into the outward-flowing surface layer and carried out of
the estuary, it must be replaced by a compensating volume of water flowing into the estuary,
creating a net inflow at depth of saline water and a two-layer circulation system. This estuarine
circulation pattern represents average flow conditions; although instantaneous flows may be in
the opposite direction, on average, there will be a net outflow at the surface coupled with a net
inflow at depth. It is this long-term mean circulation pattern that the oceanographic model is
designed to capture.

The estuarine circulation pattern in Saanich Inlet is complicated by two factors: the total fresh
water inflow to the inlet is low, particularly in the summer months, and the major sources of
fresh water to the inlet are not located at the head of the inlet. The impact of these factors on
circulation patterns in the inlet will be discussed in more detail later in this report.
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5.1.2.3 Deep Water Renewal Events

The estuarine circulation pattern shown in Figure 5-5 primarily affects the waters above the sill
depth, with the sill acting as a wall limiting exchange between the deep bottom waters in the
inlet and the open ocean. The Saanich Inlet sill begins at the northern end of the inlet and
effectively extends eastward through Satellite Channel to Swanson Channel, where water
depths reach a minimum of 65 m over the outer sill region (Figure 5-4). Water depths then
increase rapidly to over 200 m in Haro Strait, which is itself connected to the Pacific Ocean
through Juan de Fuca Strait.

The waters of Haro Strait show a discernible annual cycle, with summer conditions
characterized by annual minimum salinities in the surface waters (0 - 40 m) together with
annual maximum salinities in the deepest waters (200 - 300 m). The minimum surface salinities
occur as a result of the spring freshet in the Fraser River (Figure 5-6), where maximum flow
rates occur from late May through early July. The maximum salinities in the deep waters are
due to the seasonal influx of upwelled water from the west coast flowing into Juan de Fuca
Strait and eventually into Haro Strait (Anderson and Devol, 1973; Stucchi and Giovando, 1983).

Superimposed on the annual cycle in the salinity structure of the waters in Haro Strait is a
fortnightly cycle related to variations in tidal mixing. The lowest surface salinities, coupled with
high deep water salinities and a strong vertical salinity gradient, have been seen to occur
between neap and spring tides at the southern end of Haro Strait. Higher surface salinities,
lower deep water salinities and a relatively weak vertical salinity gradient are seen after spring
tides (Stucchi and Giovando, 1983). A similar cycle in salinity has been observed at Mooring A
near the entrance to Saanich Inlet (Figure 5-3), with higher salinity water present at sill depth
during neap tides.

The deeper waters of Haro Strait are considered to be the source of renewal water for the deep
basin in Saanich Inlet. The waters below sill depth in Saanich are flushed only by density flows,
occurring when the salinity at the mouth of the inlet exceeds that of the deep waters inside the
inlet. For this to occur, deep water from Haro Strait must be mixed upwards and transported
inwards across the outer sill and into Satellite Channel to the mouth of Saanich Inlet. This
process appears to be both driven by and limited by fortnightly variations in tidai mixing.

Measurements of the properties of the deep water in Saanich Inlet over the period from 1966
through early 1973 have shown a distinct annual cycle in salinity, temperature and dissolved
oxygen levels at 100 m (Pickard, 1975), with salinity and temperature values peaking in the
fourth quarter. These measurements indicate that renewal of waters at 100 m in Saanich Inlet
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occurs on a yearly basis. However, the corresponding measurements at 200 m water depth
clearly indicate renewal events during only three of the six years, with renewal during the
remaining three years uncertain.

Anderson and Devol (1973) estimated renewal volumes for 1962 and 1969 based on a deep
water nitrate budget; their results indicate 64% of the water below 150 m was replaced in 1962,
with 33% replaced in 1969. Renewal flows were found to occur primarily during the months of
August and September, when salinities in bottom waters are highest at the mouth of Saanich
Inlet.

Observations from 84 m water depth at Mooring A (Stucchi and Giovando, 1983) show three
distinct renewal events, occurring at the ends of the months of August, September and
October, 1978. Renewal events typically lasted for 8 to 10 days each month, with tidal period
variations in inflow speed, salinity and temperature. The vertical extent of these renewal events
within the waters of the inner basin is unclear; however, monthly dissolved oxygen profiles at
Station S5 do not indicate renewal of the bottom waters during this time period (Stucchi and
Giovando, 1983). The observed events in 1978 may represent mid-depth renewals rather than
full renewals extending to the bottom of the deep basin in Saanich Inlet.

5.1.2.4 Circulation Patterns in Saanich Inlet

Previous studies of the circulation patterns in Saanich Inlet are limited, having primarily
consisted of drogue studies and limited current meter deployments. Drogue deployments have
been summarized by Drinnan et al. (1995); only the more recent studies will be discussed here.

Sets of depth-integrating 'holey-sock' drogues were deployed in Saanich Iniet during June and
September of 1990, for periods ranging from 24 to 52 hours. The drogue tracks are shown in
Figure 5-7 and Figure 5-8 for the June and September deployments, respectively. During June,
drogues were deployed in the central regions of the inlet near Coles Bay and Brentwood Bay.
These drogues showed a consistently southerly movement over several tidal cycles, with
average speeds ranging from 2.4 to 7.3 cm/s.

During September (Figure 5-8), the drogues were deployed primarily in the northern third of the
inlet, between Mill Bay and Pat Bay. Although directions of movement were varied and again
did not appear to be correlated with the tides, several features of the circulation in this region
are evident. The drogue deployed on the west side of the inlet near Mill Bay moved steadily to
the south, while those deployed on the east side showed a strong, although more varied,
movement to the north. Drogues deployed near the centre of the inlet showed a more varied
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pattern, although a net movement from the west to the east side of the inlet is suggested.
Average speeds ranged from 2.4 to 5.2 cm/s.

Two recent drogue studies have been completed in Saanich Inlet, with the intent of monitoring
water movements within the coastal embayments as well as in the main body of the inlet (Cross
and Chandier, 1996). In December of 1994, drogues were deployed at two depths (3.5 m and
12.5 m) over two five-day periods in the main body of the inlet.

The surface drogues deployed during the first five-day period showed a strong movement out of
the inlet, with all drifters leaving the inlet on the eastern side (Figure 5-9). The only observed
drift reversals were on 7 December, when wind conditions were reported as relatively caim
(less than 5 knots). Otherwise, winds were generally from the south and east. The sub-surface
drifters showed much weaker and less coherent movements, with some drifters moving to the
south while others moved northwards.

During the second five-day deployment, surface drogue movements were more complex, with
apparent southerly movements during the first day or two followed by generally northerly drift
patterns. Again, drift reversals, perhaps in response to tides, seem to be limited to days with
calm wind conditions. The’near-surfa’lce drogues also seemed to show a general southerly
movement for a day or two, followed by a northerly drift pattern.

Drogues were also deployed during these time periods in Brentwood Bay, Mill Bay and in the
Bamberton nearshore zone. Surface drogues (1.0 m) in Brentwood Bay showed variable
movement and a tendency to circulate within the bay, particularly during the second deployment
period. However, all drogues leaving the bay did so in a northward direction. All but one sub-
surface (10.0 m) drogue remained within Brentwood Bay.

Drifters in Mill Bay showed a stronger tendency to leave the bay relatively quickly, including
both surface and near-surface drogues. The primary drift direction was to the southeast,
although other directions were also observed along with some recirculation in the shallower
areas. Drift directions were strongly parallel to the shoreline near Bamberton, with both
southward and northward movements observed for surface and near-surface drogues.

A similar drogue study was conducted during July of 1995 (Cross and Chandler, 1996), with
drogues deployed in the main body of Saanich Inlet and in Brentwood Bay, Mill Bay and Pat
Bay. The drogues in the main body of Saanich Inlet were tracked for two five-day periods, with
surface drogues at 1.5 m water depth and sub-surface drogues at 12.5 m.
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During the first week, surface drogues were deployed near the mouth of Pat Bay. Although all
drogues showed a net movement northward out of the inlet on the east side, drift patterns were
highly variable, as were drogue speeds. A sub-surface drogue deployed near Elbow Point in
Squally Reach showed variable movement, but remained trapped in that area for the entire five-
day period. A second sub-surface drifter deployed just north of the entrance to Mill Bay showed
a net slow southward movement, although with several reversals in direction. Sub-surface
drogues deployed near the centre of the inlet showed slow net northerly movements, although
with several flow reversals.

During the second five-day period, surface drifters deployed between Mill Bay and Pat Bay
showed the marked influence of a counter-clockwise circulation pattern in the centre of the inlet
(Figure 5-10). This pattern was also seen in one of the sub-surface drogues. While the drift
patterns seem to reflect a tidal influence, little net movement was seen over the five-day period.
At the same time, a surface drogue deployed in Squally Reach remained in that region for
several days before exiting the inlet quickly on the eastern side, bypassing the central gyre. It
should be noted that tidal ranges were higher during the first five-day period than during the
second five-day period, and that winds were minimal during the entire study.

The Brentwood Bay drifters again showed variable movement and a tendency to circulate within
the bay, with drogues leaving the bay in a northward direction. Drifters left Mill Bay relatively
quickly, although drifters left the bay both to the southeast and to the northeast, perhaps
reflecting the stage of the tide at the time of drogue deployment. Those in Pat Bay showed a
more variable movement pattern and longer residence times, again leaving the bay primarily in
a northerly direction. :

This brief summary indicates that near-surface water movements within Saanich Inlet are highly
variable, probably due to no clear dominance of any single oceanographic process. The short-
term drogue movements appear to show the influence of both tidal fluctuations and wind
forcing. Although the drifter patterns require further detailed study, several main features of
circulation within the inlet can be discerned:

e In general, drifters seem to move southward on the western side of the iniet and
northward on the eastern side, with stronger drift speeds on the eastern side.

e Some net movement from west to east in the centre of the main body of the inlet has
been observed.
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e The coastal embayments have relatively long residence periods, particularly Brentwood
Bay. .

e A convergence zone seems to exist near Squally Reach.

e A central, counter-clockwise surface gyre is apparent in the centre of the inlet, at least
during the summer season, when the estuarine flow system is relatively weak.

The design of the oceanographic module, as described in the following sections, will be based
on some of these features of the observed circulation patterns in Saanich inlet.

5.2 Approach

The oceanographic module developed to represent the mean circulation patterns in Saanich
Inlet is based on a mass balance approach as described in Section 4. The oceanographic
module is data-driven, and relies heavily on in situ measurements of water column properties in
the inlet. This type of model is commonly referred to as a box model, in that the water body of
concern is divided into a relatively small number of sub-areas, or boxes, representing water
masses of similar characteristics. The inlet waters are sub-divided into boxes in both the
horizontal direction, such as the separation between Brentwood Bay and the main body of
Saanich Inlet, and in the vertical direction, such as the division between the waters above and
below sill level in the inlet.

5.2.1 Oceanographic Module Formulation

The volume fluxes between the different regions or boxes of the inlet are determined through
the simultaneous solution of the equations for conservation of volume and conservation of mass
for a chosen tracer. For model box j, these equations can be expressed as:

Conservation of volume: >0~ ).0,=0 (5-1)
i=1 k=1

Conservation of mass (tracer): Z CQ;— Z C,Q;=0 (5-2)
i=1 k=1

where Q, represents the advective and diffusive fluxes of water from box i to box j and C, is the
tracer concentration in box i. The above equations assume steady-state conditions. Applying
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these equations to the total number of modelling boxes results in a simple system of linear
equations which can then be solved for the unknown set of Q values.

For Saanich Inlet, salt has been chosen as an appropriate tracer based on the conservative
nature of salinity, the available data, and the strong relationships between estuarine circulation
patterns, deep water renewal events and the salt content of the water column. Although other
tracers such as temperature could be used to balance the conservation equations, the
boundary conditions for temperature (solar radiation flux along the iniet) are not well known.

In order to develop a box model for Saanich Inlet, the waters of the inlet must be sub-divided
into boxes representing water masses of similar characteristics. This division is based on a
number of factors:

e Logical physical boundaries

e Changes in the processes generating ocean currents
e Amount and spacing of available data

e Observed changes in water column properties

The physical boundaries affecting division of the inlet into boxes are apparent from an
examination of the shape of the inlet (Figure 4-1). The coastal embayments adjoining the main
body of the inlet (Deep Cove, Patricia Bay, Mill Bay, Coles Bay and Brentwood Bay) appear as
distinct water bodies from a physiographic perspective, as do the southern portions of the inlet
as represented by Squally Reach and Finlayson Arm.

The oceanographic processes and circulation patterns in Saanich Inlet have been discussed in
the previous material. Available observations indicate that, although the circulation in the inlet is
weak and variable, several distinct regions do exist. Drinnan et al. (1995) suggest that the inlet
should be sub-divided into at least three regions:

e The northern end, where circulation patterns are strongly affected by tidal currents in
Satellite Channel, with inflow on the west side and outfiow on the east side

¢ The central portion, where surface currents are more variable and may show longer-
period movements in either direction

e A southern portion, with reduced circulation and flushing
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In addition, vertical divisions are required in order to separate the more active surface waters
from the deep basin, where renewal events appear to occur on a seasonal basis as discussed
previously.

The division of Saanich Inlet into boxes should also be based on spatial variations in the
properties of the water column. In order to use the box modelling approach, it will be assumed
that the salinity in each box is homogeneous, (i.e., that one salinity value can be used to
represent the waters of each box). This implies that the time required to mix each box is short
compared to the time scale for substantive exchanges between boxes. This assumption may
not be valid for the deep waters of Saanich Inlet, where box volumes are large and vertical
mixing is limited. In order to form boxes that represent relatively homogeneous regions, spatial
variations in salinity measurements must be examined as part of the inlet sub-division process.

Salinity values in Saanich Inlet are influenced by the fresh water inflows, which in turn carry a
strong seasonal signal. The fresh water inflows and their seasonal variations are discussed
next, followed by a summary of the salinity data used in this project.

5.2.2 Fresh Water Loadings To Saanich Inlet

Saanich Inlet is atypical of most British Columbia fijords in that the majority of fresh water input
does not come from a single source at the head of the inlet. For Saanich Inlet, one of the
largest sources of fresh water to the inlet is the combined outflow from the Cowichan and
Koksilah Rivers. The outflow from these rivers enters the inlet at the mouth, after mixing with
the marine waters of Satellite Channel. Other major sources of fresh water to Saanich Inlet
include Shawnigan Creek, discharging into the inlet at Mill Bay, and the Goldstream River at the
head of the inlet. Smaller and non-point sources of fresh water entering the inlet include minor
creeks, with both gauged and ungauged streams, and direct precipitation on the surface waters
of the inlet. The location of the various sources of fresh water to Saanich Inlet are shown in
Figure 1-1, with the characteristics of the various sources described in the following sections.

5.2.2.1 Cowichan and Koksilah Rivers

The Cowichan River has a drainage basin of over 800 km®, and discharges into Cowichan Bay
on the eastern shore of Vancouver Island, roughly 10 km to the northwest of the entrance to
Saanich Inlet. The drainage basin includes the mountainous regions in the centre of Vancouver
Island; discharge from the Cowichan River is modulated by both the natural effects of Cowichan
Lake and man-made flow control structures.
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The Koksilah River has a drainage area of roughly 300 km?, and discharges into the Cowichan
River before it enters Cowichan Bay. The discharge from the Koksilah reflects natural flow
conditions as there are no control structures on the river.

Mean monthiy discharge data for the Cowichan and Koksilah Rivers have been obtained from
Environment Canada for the period covering 1970 through 1993. Cowichan River flow rates
were measured near Duncan, with Koksilah flows measured at Cowichan Station, upstream
from the confluence with the Cowichan. The Cowichan River discharges a mean annual flow of
roughly 50 m®s, with the Koksilah River discharge significantly lower at 9 m¥s.

The combined discharge for the Cowichan and Koksilah Rivers is shown in Figure 5-11, with
mean, maximum and minimum monthly flow rates for the period covering 1970 through 1993.
This figure shows the strong seasonal cycle in the discharge pattern, with flow rates reaching
and exceeding 100 m%s during the period from November through February. Flow rates
decrease gradually in the spring and summer months, reaching roughly 20 m*/s by June and a
minimum of 6.7 m*/s in August. The fall increase in discharge is relatively sudden, with average
monthly flow rates of 11, 24 and 94 m/s in September, October and November, respectively.

. The seasonal variation in discharge rates reflects the strong influence of rainfall events on river
flows. Since there are no major snow packs in the drainage basins of either the Cowichan or
Koksilah Rivers, a strong spring freshet is absent from the record. This pattern should be
compared with rivers such as the Fraser, where the flow rate in the months of May and June
exceeds that in the winter months by as much as an order of magnitude (Figure 5-6).

Although the combined discharge from the Cowichan and Koksilah Rivers provides the largest
single source of fresh water to the region, not all of this discharge enters Saanich Inlet.
Estimates of the proportion of the discharge from this source entering the inlet are discussed in
Section 5.2.5. |

5.2.2.2 Shawnigan Creek

The largest point source of fresh water directly entering Saanich Inlet is provided by Shawnigan
Creek. Shawnigan Creek drains a watershed of roughly 92 km? and discharges into the west
side of Saanich Inlet at Mill Bay, approximately 6 km south of the mouth of the inlet. The
discharge from the creek is regulated by the upstream influence of Shawnigan Lake.

Discharge data for Shawnigan Creek were obtained from Environment Canada for the period
from 1974 through 1993 and are plotted in Figure 5-12. The mean annual monthly discharge
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rate for Shawnigan Creek is 1.9 m¥s, with discharge varying from a high of 5.3 m¥s in
December to a low of 0.03 m¥s in September. Shawnigan Creek is essentially dry for the
months of August and September, and has very low flow from May through July. This seasonal
cycle is similar to that described above for the Cowichan and Koksilah Rivers.

5.2.2.3 Goldstream River

The third largest source of fresh water to Saanich Inlet is the Goldstream River, entering the
inlet at the southernmost end of Finlayson Arm. Discharge from a significant portion of the
Goldstream watershed is used by the Greater Victoria Water District as part of the water supply
for the City of Victoria, however a minimum flow is always maintained in order to maintain
spawning habitat in the river (Hull, pers. comm. 1995).

Discharge information for the Goldstream River for the period from 1973 through 1986 were
measured by the Water Management Branch of the B.C. Ministry of Environment, Lands and
Parks. Mean monthly flow rates for this period are plotted in Figure 5-13, showing a high of 2.0
m’/s during December and a low of roughly 0.3 m%¥s in the months of May and June. The
annual average monthly discharge rate for the Goldstream River is 0.9 m¥s.

5.2.2.4 Minor Creeks and Streams

Much of the fresh water directly entering Saanich Inlet comes from the many small streams and
creeks distributed along both sides of the inlet. With the exception of Tod Creek (Figure 5-13),
discharge data from these sources were not available for use in this project.

Tod Creek flows into Tod Inlet, an arm of Brentwood Bay on the west side of Saanich Inlet. The
drainage basin for Tod Creek is surprisingly large, with a surface area of 23 km®. The watershed
contains three lakes: Prospect Lake, Durrance Lake and Quarry Lake.

Although discharge from the creek was metered from 1982 through 1992, measurements were
obtained only from April through September and data represent discharge from only one portion
of the watershed (roughly 38%). Estimates of the mean monthly discharge from the entire Tod
Creek watershed for a full year have been developed by the Water Survey Branch of the MELP
and supplied to the study team (Blecic, pers. comm. 1995). These estimates range from a
maximum of 0.8 m*/s during the month of December to a minimum of roughly 0.01 m%¥s during
the summer months, and indicate an average annual monthly discharge of 0.3 m*/s. These data
are plotted in Figure 5-13, together with the discharge data for the Goldstream River.

SAANICH INLET STUDY
SYNTHESIS REPORT




5-13

The remainder of the small streams and creeks discharging into Saanich Inlet can be grouped
by watershed area, as shown in Figure 5-14. Of the six areas shown, runoff data are
unavailable for four watersheds (Boatswain Bank, West Side, Southeast Side, and Saanich
Peninsula). For the purposes of this project, estimates of the discharge from these regions have
been developed from precipitation and watershed characteristics for each region.

Total monthly precipitation data covering the time period from 1970 through 1992 were obtained
from Environment Canada for the stations marked on Figure 5-14. A simple mode! was used to
convert precipitation and watershed areas to estimates for the runoff from non-point sources in
the boxes. Fresh water fluxes were taken as a product of the relevant watershed area,
precipitation rates from the closest available precipitation stations, and runoff coefficients
developed by McRae Engineering Ltd. for the CRD (Humphrey, pers. comm. 1995). Mean
monthly fresh water inputs by region as calculated in this manner are plotted in Figure 5-15,
and summarized in Table 5-1.

Runoff coefficients differ for summer (April through September) and winter (October through
March) seasons and for various land use classifications. Boatswain Bank, West Side and
Southeast Side watersheds represent combined forest and residential land types, while Saanich
Inlet is mainly agricultural land.

5.2.2.5 Direct Precipitation

The mean annual precipitation at the various recording stations around Saanich Inlet is shown
in Figure 5-15. These stations together average 1058 mm of rainfall per year. Considering that
the surface area of Saanich Inlet is 70 km? (Drinnan et al., 1995), the contribution of fresh water
to the inlet through direct rainfall is roughly equivalent to an average annual input of 2.3 m¥s.
When compared to the other fresh water sources in Saanich Inlet, it can be seen that the input
through direct precipitation contributes approximately the same amount of fresh water to
Saanich Inlet as does the discharge from Shawnigan Creek.

When estimating the contribution of precipitation over land to the fresh water flows into Saanich
Inlet (Section 5.2.2.4), it is clear that data from the nearest monitoring station should be used to
estimate the rainfall over a given land area. However, it is not clear how precipitation data
measured over land should be used to estimate rainfall over water, particularly when
topographical effects on the rate of precipitation may be significant. In order to estimate the
mean monthly input through direct precipitation on the water surface of Saanich Inlet, the
monthly precipitation data from the recording station at Victoria International Airport were used.
This monitoring station is close to the main body of Saanich Inlet and is located in a relatively
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flat area. The annual mean precipitation measured at the airport station is also the lowest of all
the monitoring stations surrounding the inlet, thus providing a conservative estimate of the
direct rainfall over the water surface of the inlet. Mean monthly inputs from direct precipitation,
averaged over the period from 1970 through 1993, are plotted in Figure 5-14.

5.2.2.6 Summary of Fresh Water Inputs to Saanich Inlet

The contributions of fresh water to Saanich Inlet through the various sources described above
(excluding the Cowichan and Koksilah Rivers) are summarized in Table 5-2. This table clearly
illustrates several interesting characteristics of Saanich Inlet. Firstly, the direct fresh water input
to the inlet is low, reflecting the small drainage basins surrounding the inlet. Secondly, the major
sources of fresh water are distributed around the inlet rather than concentrated at the head,
with more of the fresh water entering the western side than the eastern side. These two factors
contribute to the complex circulation patterns observed in the inlet, as described in Section
5.1.2.4.

5.2.2.7 Seasonal Regimes

Seasonal variations in the oceanographic processes in Saanich Inlet must be considered in
order to develop representative modelling scenarios for the contaminant fate modelling system
and to divide the inlet into boxes representing homogeneous water masses. The fresh water
flow into Saanich Inlet drives the long-term estuarine circulation patterns within the inlet, while
the fresh water content in the adjoining channels has a strong effect on the occurrence of deep-
water renewal events. Hence, the division of the yearly cycles into characteristic "seasons" has
been based mainly on variations in the fresh water discharge rates.

Figure 5-11, Figure 5-12, Figure 5-13 and Figure 5-15 show the annual cycle in mean monthly
discharge rates for the combined Cowichan and Koksilah Rivers, Shawnigan Creek,
Goldstream River, minor creeks and streams, and precipitation falling directly on the surface
waters of the inlet. Each of these figures show a strong seasonal cycle, with maximum flows
during the winter months from November through February, and minimum flows during the
summer months from May through September.

For the purposes of this project, the annual cycle has been divided into five periods, or
"seasons”:

e Winter, represented by the high flow months of November through February
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e Spring, a transition period between the wet and dry seasons, represented by the months
of March and April

e Summer, the low flow season of May, June and July

e Summer Renewal, with low fresh water inputs plus deep-water renewal events,
assumed to occur primarily in August and September

¢ Fall, characterized by moderate fresh water inflows during the month of October

5.2.2.8 Long-term Variability In Regional Fresh Water Discharge (1960-1993)

Previous work has suggested that long-term cycles in precipitation may be an important factor
affecting stream discharges in southern Vancouver Island (Hull, pers. comm. 1995). Long-term
studies of the infilling of the water supply reservoir for the City of Victoria have indicated the
presence of an approximate 10-year cycle in stream flows leading into the reservoir.

To examine the long-term variability of runoff in the Saanich Inlet region, the combined
discharge of the Cowichan and Koksilah Rivers from 1960 to 1993 was filtered using a 3-year
running mean. With this filter, cycles of greater than 3 years in length are more easily visible
than when looking at raw monthly data. The filtered river discharge is shown in Figure 5-16.

The variability seen in Figure 5-16 indicates an 8- to 10-year cycle in the discharge of the
Cowichan-Koksilah River system. Two particular time periods are of interest: the years from
1976 to 1978, representing the period covered by much of the oceanographic data used in this
study; and present-day conditions.

Figure 5-16 shows that the 1976 to 1978 time period coincides with one of the notable dry
periods over the 33 year record, making this time period extremely useful for examining low
flow conditions (i.e., low flushing conditions). It is unclear from recent precipitation and stream
flow data if present-day conditions reflect those of the 1976 to 1978 time period. Figure 5-16
indicates a peak river discharge around 1990, with declining discharge levels through 1993.
Monthly river flow data were not available for 1994 and 1995. However, precipitation data
recorded at Victoria International Airport indicate that 1994 was close to an average year, with
total precipitation roughly 5% higher than the long-term average value. It is not known if the 8-
to 10-year cycle in discharge observed in the record from 1960 to 1993 will persist into the
future. Thus, predictions of future flow conditions cannot be made.

SAANICH INLET STUDY
SYNTHESIS REPORT




5-16

5.2.3 Salinity Data

Spatial variations in water column properties, particularly salinity, are an important factor in the
division of Saanich Inlet into representative boxes. The maximum number of model boxes is
limited by several factars, including the amount of data available. Each physical box must
contain salinity data representing each season of interest; ideally, enough data would also be
available for each box such that the averaging process would remove any variations induced by
the tidal cycle.

Water column measurements for Saanich Inlet are available from a variety of sources, including
early measurements described by Herlinveaux (1962), Institute of Ocean Sciences (10S) data
collected from 1976 to 1978 and in 1983, data collected by the University of British Columbia
covering the period from 1977 through 1989, and recent measurements collected by
Aquametrix Research Ltd. (Cross and Chandler, 1996).

A general summary of the water column structure in Saanich Inlet is presented by Drinnan et al.
(1995). Wide variations in temperature and salinity are apparent in the surface waters, with
lowest temperatures and salinities in winter, and the highest values in the summer season. This
cycle reflects the relatively high input of fresh water to the inlet during the winter months.
Measurements deeper in the water column show the same seasonal signal, although the
fluctuations in temperature and salinity decrease with increasing water depth. Properties of the
deep basin waters (ca. 200 m) are very constant, with the exception of dissolved oxygen
concentrations.

Recent data described by Cross and Chandler (1996) show some interesting spatial variations
in water properties. The data collected in December of 1994 show a cold, brackish layer on top
of warmer saline water everywhere in the area except in the middie of Satellite Channel. The
brackish layer appears to deepen with distance down Saanich Inlet from the head, at the same
time becoming colder and less saline on the surface (Drinnan et al., 1995), following the
classical estuarine circulation pattern shown in Figure 5-5. A cross-inlet transect from Mill Bay
to Patricia Bay indicates colder, near-surface water on the east side of the inlet, with warmer,
deeper (> 10 m) water on the same side.

For the purposes of the box model, a data set with good spatial and seasonal coverage of the
inlet is required. These requirements are best met by the data collected by the 10S (Coastal
Zone Oceanography Section, 1980), covering the time period from April 1976 through
November 1978. CTD and dissolved oxygen profiles were collected at 6 stations within the inlet
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and 3 stations outside of the inlet, at approximately monthly intervals. Station locations for this
data set are shown in Figure 5-3.

Although the |OS data set provides a good picture of the longitudinal variations of water column
properties in Saanich Inlet, information about cross-channel variations is limited. Two joint
surveys by Aquametrix Research Ltd. and 10S were conducted to address this concern (Cross
and Chandler, 1996); the first survey measured winter conditions in December of 1994 while
the second survey measured summer conditions during July 1995. Data from these surveys
were used to determine cross-channel salinity variations and embayment box salinities. Station
locations for the December and July surveys are shown in Figure 5-17 and Figure 5-18,
respectively. '

5.2.4 Box Model Structure for Saanich Inlet

As discussed in Section 5.2.1, the sub-division of the waters of Saanich Inlet into boxes is
based on a combination of logical physical boundaries, the physical oceanography of each
region, the amount and spacing of available data and observed changes in water column
properties. The structure of the box model developed for Saanich Inlet is shown in plan view in
Figure 5-19.

Saanich Inlet has been divided into 9 regions in the horizontal direction:

Entrance (East and West): This region lies over the sill at the mouth of Saanich Inlet, thus
having significantly shallower waters than in the adjoining Central Basin regions. The Entrance
region has been further sub-divided into west and east boxes in order to reflect the previous
observations that fresh water from the Cowichan River system enters Saanich Inlet on the
western side, with strong surface ou’tﬂowsl observed on the eastern side of the inlet. Deep
Cove, on the eastern side of the Entrance region, has been considered as part of the eastern
box rather than as a separate region.

Central Basin (East and West): The Central Basin is the largest region of Saanich Inlet,
extending from Willis Point in the south to Whiskey Point in the north. The east and west sides
of the Central Basin have been separated into distinct water masses based on previous
observations of cross-channel variations in the surface water properties. All three embayment
regions used in this project open into the Central Basin.

Squally Reach: Squally Reach is the upper part of the lower arm of Saanich Iniet, and is
significantly narrower than the Entrance and Central Basin regions. The reach runs from Elbow
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Point in the south to Willis Point in the north, where it meets the waters of the Centrai Basin.
Squally Reach has no major point source of fresh water.

Finlayson Arm: Finlayson Arm lies south of Elbow Point, and represents the southernmost
end of Saanich Inlet (head of the inlet). The major source of fresh water to Finlayson Arm is the
Goldstream River. From an oceanographic perspective, Squally Reach and Finlayson Arm are
very similar, but there appears to be a consistent estuarine signature in their respective
salinities, suggesting that the entire region south of Willis Point constitutes an estuary, partially-
decoupled from the rest of the basin region. ‘

Mill Bay: Mill Bay is the smallest of the three embayments identified for this modelling project,
and is the only embayment on the western side of Saanich Inlet. The largest point source of
fresh water directly entering Saanich Inlet is Shawnigan Creek, discharging into Mill Bay.

Brentwood Bay: Brentwood Bay joins the eastern box of the Central Basin near the southern
end of the Central Basin. For the purposes of this project, Brentwood Bay includes Tod Inlet.
The bay has two point sources of fresh water: Tod Creek and Hagan Creek. Brentwood Bay
represents the most densely populated area adjoining Saanich Inlet.

Patricia Bay: Patricia Bay (commonly known as Pat Bay) lies to the north of Brentwood Bay,
on the eastern side of the Central Basin. The Institute of Ocean Sciences is located on the
shores of Pat Bay, which also borders on the Victoria International Airport.

In the vertical direction, the main body of Saanich Inlet has been sub-divided into three layers.
The surface layer has been chosen to represent the outwardly flowing brackish layer that is an
integral part of the estuarine flow pattern shown in Figure 5-5. As the brackish layer moves
outward from the sources of fresh water (primarily Finlayson Arm and the coastal
embayments), the surface layer thickens slightly. It should be noted that, even though the
volume flux of the fresh water entering the box is amplified several times as it leaves the box,
the layer thickness does not increase proportionally: most of the increase in volume flux is
accounted for by an increase in the surface layer velocities.

Surface layer box depths are 5 m in Finlayson Arm, 8 m in the three embayments of Mill Bay,
Brentwood Bay and Pat Bay, and 10 m in the main body of Saanich Inlet and in Squally Reach.
These depths have been determined from a review of the salinity profiles in each region.

In an estuarine flow system, the thin, outwardly-flowing, brackish surface layer is coupled with a
thicker, slower, deeper layer providing the compensating inflow of saltier water (Tinis, 1995;
Baker, 1992). This lower layer has been defined to extend from the bottom of the surface layer
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to sill depth (assumed at 80 m) for the main Saanich Inlet boxes; and from the bottom of the
surface layer to the seabed for the coastal embayment boxes.

The deep basin waters in the main channel of Saanich Inlet are represented by an additional
four boxes extending from 80 m to the seabed. These boxes are located in Finlayson Arm,
Squally Reach and the east and west sides of the Central Basin. The box bottom has been set
at 225 m for these boxes, with the exception of Finlayson Arm, where an average maximum
depth of 180 m has been assumed.

As a consequence of the three-dimensional nature of this box arrangement, it is difficult to
present a flat paper view representing the model structure. A schematized version of the box
model is shown in Figure 5-19, with plan views of each of the three layers of boxes together
with vertical cross-sections of various regions of the inlet. In this figure, each square or
rectangle represents one model box (box dimensions are not to scale).

The fresh water inflows to Saanich Inlet are represented as circles, with the total fresh water
inflow to each model box in the surface layer given in subsequent figures showing model
results. The fresh water inflows represent the sum of all fresh water inputs entering that model
box from the sources described previously in Section 5.2.2. Inflows of marine water to Saanich
Inlet are shown as ellipses and include an inflow of surface water on the western side of the
inlet and the renewal water assumed to flow directly into the bottom box on the eastern side of
the Central Basin. The circles and ellipses represent the flow boundary conditions that must be
specified in order to run the oceanographic model.

Figure 5-19 also shows the assumed directions of flow between the various model boxes as
used in the current project. The model system as presented contains 22 model boxes; applying
equations 5-1 and 5-2 to each model box leads to a system of 44 linear equations. The model
system can then be solved for a maximum of 44 unkhown fluxes. Ideally, the exchanges
between each of the boxes should be two-way in both vertical and horizontal directions;
however, this creates an unsolveable model system with a total of 86 unknown values.

To restrict the number of unknown fluxes to 44 (the total number of linear equations) and thus
create a solvable system of equations, many of the horizontal fluxes have been restricted such
that flow is permitted in only one direction (i.e., some of the horizontal fluxes have been
assumed to be zero). For a classical two-layer estuarine system, this procedure is quite simple,
in that flow is consistently down-inlet in the surface layer from the head of the inlet to the mouth,
and consistently up-inlet in the bottom layer.

SAANICH INLET STUDY
SYNTHESIS REPORT




5-20

However, the longitudinal splitting of the Central Basin and Entrance boxes in the Saanich inlet
model presents two challenges: firstly, the direction of the horizontal fluxes in the surface layer
was not immediately obvious and had to be established using other than the classical estuarine
flow pattern assumptions. Secondly, some of the unknown fluxes still had to be specified in
order to create a solvable system of equations.

The directions for the horizontal fluxes in the surface layer have been based on the previous
observations of flow patterns in the inlet. For the lower reaches of the inlet and the coastal
embayments, the flow direction was taken to be consistent with that of a positive estuary, with
surface flow in the outwards direction. The previous studies described in Section 5.1.2.4
suggest that the flow in the surface layer of the main channel is generally cyclonic in nature,
moving southwards on the western side of the inlet and northwards on the eastern side. A net
movement from west to east in the Central Basin has also been observed.

The flow directions shown in Figure 5-19 have been set to match these observations of surface
layer flows. With the surface layer flow directions established, the lower layer fluxes were set by
necessity (conservation of volume) to be opposite in direction to those at the surface. However,
the oceanographic model formulation still requires additional fluxes to be specified in order to
create a solvable model system.

Several of these fluxes have been set to zero: the horizontal fluxes connecting Central Basin
West and Squally Reach in the upper and lower layers, and the horizontal fluxes connecting the
Entrance East and West boxes. The closing of the connection between the Central Basin West
box and the Squally Reach box has been based on anecdotal evidence suggesting a zone of
little net water movement; available data also indicated that the lower reaches were somewhat
isolated in an oceanographic sense from the main channel.

The remaining fluxes required to run the oceanographic model were prescribed at the surface
boundary between Satellite Channel and the Entrance West box, and between the Entrance
West and Central Basin West boxes. The rate of inflow to the deep basin boxes during the
summer renewal season must also be determined in order to run the model for the months of
August and September. The calculation of these flux values will be described in the following
section.

5.2.5 Model Parameters

The approach taken in the application of the box model to Saanich Inlet has differed from many
previous box modelling studies (e.g., EVS et al., 1995; Petrie and Yeats, 1990; ASA Consulting
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Ltd., 1986), in that averaging of salinity data on a seasonal basis prior to performing model runs
was not feasible for Saanich Inlet. The variability of the salinity'data at a single station in
Saanich Inlet was found to be quite large, even when data sets were first sorted by season.
Because the salinity gradients in Saanich Inlet are normally quite small, the averaging of the
data sets prior to model implementation often had the net effect of erasing the spatial gradients
that were present in individual data sets.

To avoid this difficulty, the seasonal averaging approach was modified such that model runs
were performed for each individual data set (i.e., for each cruise). The model results were then
grouped a posteriori into seasonal bins. Since the model is linear, the salinities and resulting
fluxes from individual model runs could then be averaged together, with the resuits
representative of mean conditions.

Box salinities for each model box have been determined by vertically integrating the appropriate
salinity profile and dividing by the height of the box. It should be noted that the salinity data
used for this project were obtained from stations located along a rough centreline of the inlet as
shown in Figure 5-3. Thus, two related issues remain: how to specify the salinities on both
sides of the Central Basin and Entrance Boxes, and how to specify the salinities in the coastal
embayment boxes (Mill Bay, Brentwood Bay and Pat Bay).

Data from the joint |IOS and Aquametrix surveys (Cross and Chandler, 1996) were used to
examine cross-channel salinity gradients and embayment box salinities. The station locations
shown in Figure 5-17 and Figure 5-18 show three cross-channel transects: the S4 stations, with
one end in Coles Bay, the S5 stations between Mill Bay and Pat Bay; and the S6 stations
across the mouth of Saanich Inlet. These transects were used to determine typical cross-
channel salinity gradients for both winter and summer conditions. Salinities in the Mill Bay and
Patricia Bay boxes were determined from the salinity profiles measured at each end of the S5
* transect, using the layer depth determined from the data within each respective embayment.
Brentwood Bay salinities were assumed to be equal to those of Pat Bay. Cross-channel salinity
gradients were less in the summer than in the winter months, reflecting the lower fresh water
input to the inlet during summer.

The above analyses determined that the typical surface cross-channel salinity gradient between
the east and west Central Basin boxes was approximately 0.2 parts per thousand (ppt) for
summer conditions and 0.3 ppt for the winter season, with stronger gradients between the
Entrance boxes (Figure 5-20 through Figure 5-25). These cross-channel gradients were then
applied to the averaged salinities from the CTD stations located along the inlet centreline.
Salinity transects across the inlet were not available for spring, summer renewal and fall
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conditions. For the purposes of this project, the winter season gradient was applied to ali winter,
spring and fall model runs, with the summer season gradient used for the summer and summer
renewal seasons. However, the cross-channel gradients used in the summer and summer
renewal seasons were also scaled up or down on a cruise-by-cruise basis to reflect the large
variations in longitudinal salinity gradients in the inlet during these seasons. An example of the
resulting box salinities, drawn as a profile line from the head of Finlayson Arm to the mouth of
the inlet, is shown in Figure 5-20 for average conditions during the winter season (November
through February).

The model also requires fresh water inputs to each surface box to be specified as input
parameters. As discussed in Section 5.2.2, fresh water inputs to Saanich Inlet have been
estimated from a combination of available discharge measurements (Shawnigan Creek and
Goldstream River) and precipitation-based estimates. Since model runs were performed for
each individual monthly survey rather than by using salinity data averaged on a long-term,
seasonal basis, the fresh water inflows have also been separately estimated for each individual
cruise used in the oceanographic model.

As described previously, two additional fluxes must be prescribed for all model runs. These
fluxes have been chosen as the surface boundary flux between Satellite Channel and the
Entrance West box, and the surface flux between the Entrance West and Central Basin West
boxes. The surface boundary flux between Satellite Channel and the Entrance West box has
been based on the combined outflow from the Cowichan and Koksilah Rivers, using the
following approach. '

It has been assumed that the discharge from the Cowichan/Koksilah system follows the typical
positive estuarine flow pattern, with outward flow in the surface layer and inward flow in the
deeper layer. The surface layer is fresher than the deeper layer, with salinities increasing in the
seaward direction. A simple two-box, two-layer system representing this flow pattern is shown
in Figure 5-21. Applying equations 5-1 and 5-2 to such a flow system yields the following result
for Q,,,, the seaward flux in the surface layer.

Sy =S
Qour = [_,—M)QFRESH (5-3)

Sl - SUPPER

The fresh water amplification factor, representing the increase in volume filux of the river
discharge as it flows seaward in the estuary, is given by the term in brackets in equation 5-3.
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The amplification factor, as it applies to the combined discharge from the Cowichan and
Koksilah Rivers, has been caiculated at the mouth of Saanich Inlet. The salinity at Station 6A
(Figure 5-17) has been used to represent the salinity in the upper layer (S..;), the salinity in
the lower Entrance West box has been used to represent the salinity of the inward flow in the
deep layer (S,), and the salinity of the Cowichan/Koksilah discharge (S,..,) has been assumed
to be zero. When multiplied by the discharge from the Cowichan and Koksilah Rivers (Q,.,).
an estimate of the seaward flux of brackish water exiting from Cowichan Bay is obtained.

It has been assumed that very littie of the water exiting from Cowichan Bay moves northward
through Sansum Narrows and that the Cowichan River water is well-distributed (but not
uniformly mixed) across Satellite Channel. Based on consideration of the geometry and relative
orientations of Satellite Channel and Saanich Iniet, lower and upper bounds of 25% and 50%,
respectively, have been estimated for the portion of the total brackish outflow that enters
Saanich Inlet from Cowichan Bay. Model sensitivity to this value is discussed in Section 5.3.2.

In a similar manner, the amplification factor between the Entrance West and Central Basin
West boxes have been determined using the above boundary influx values and the respective
box salinities. This fiux was found to be consistently 10% higher than the boundary inflow to the
surface Entrance West box.

The last remaining boundary value that must be specified in order to run the oceanographic
model is the rate of inflow to the deep basin boxes during the summer renewal season. The
average renewal flux can be calculated from estimates of renewal volumes and flushing periods
provided by Anderson and Devol (1973). Assuming that flushing starts at the beginning of
August, calculated fluxes range from 59 to 162 m%s.

Stucchi and Giovando (1983) observed renewal fluxes occurring in periodic pulses lasting from
8 to 10 days, separated by periods of no renewal flow. While inflow speeds were on the order of
0.1 m/s, inflows were slowed, or even arrested, on the ebb tide. Inflows were seen to extend
from the seabed upwards about 10 to 14 m into the water column, with the top of the inflowing
layer at roughly 72 m. Assuming an average inflow velocity of 0.05 m/s, an average inflowing
layer depth of 8 m and a layer width of 1000 m (reflecting roughly that portion of the cross-
section at Station A where water depths exceed 72 m), leads to a renewal pulse flux of 400
m%s. As this flux typically lasts for a 9-day period out of each renewal month, average monthly
fluxes can then be estimated to be about 120 m¥s.

The inflow of renewal water is assumed to occur primarily over the eastern side of the sill,
where the deepest water depths can be found. In the oceanographic model, renewal water
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flows into the Central Basin East box. Again, certain of the fluxes between the four bottom
boxes must be prescribed to maintain a solvable set of equations for the summer renewal
season. It has been assumed that the directions of the fluxes between the bottom boxes are as
shown in Figure 5-19, with the total renewal influx divided between the four deep basin boxes
on a volumetric basis. Hence, the horizontal fluxes between the deep basin boxes are simply
pre-determined percentages of the total renewal flux.

The salinities in the bottom boxes were also found to be equal, with the exception of a small
decrease of 0.1 ppt in the bottom waters of Finlayson Arm. The salinity of the renewal water
has been set at 31.2 ppt, based on observations at Mooring A (Stucchi and Giovando, 1983).
The oceanographic model then solves for the vertical fluxes between each bottom box and the
overlying box in the lower layer.

5.3 Findings

Of the total of 30 cruises for which CTD data were available, model runs were completed for 17
cruises. Of the remaining 13 cruises, 3 were rejected due to bad or incomplete data sets. Data
from six of the cruises showed no significant salinity gradient in the inlet, with the remaining four
indicating a negative salinity gradient in the surface waters of Saanich Inlet (Table 5-3). Results
for the 17 cruises where modelling was possible are described next, foliowed by some
discussion of the conditions for which the oceanographic box model as developed during this
project was not appropriate.

5.3.1 Model Results

As discussed in Section 5.2.2.7, the annual cycle in Saanich Inlet has been sub-divided into five
periods, or "seasons", based primarily on variations in average monthly fresh water inflow to the
inlet:

e Winter: November, December, January, February
e Spring: March and April

e Summer: May, June and July

¢ Summer Renewal: August and September

e Fall: October
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Model runs have been performed separately for each individual month of data to preserve the
relatively small salinity gradients normally present in Saanich Inlet. Fresh water inflows have
been estimated for each individual month, using historical stream flow and precipitation records.
Thus, the fresh water flows corresponding to each individual modelling month do not
necessarily correspond to the average seasonal conditions. This factor was considered in the
grouping of model results into seasonal bins (e.g., a particularly wet March might have been
grouped with the winter runs rather than the spring runs).

Figure 5-22 shows the model results for winter conditions, where the rate of direct fresh water
input to Saanich Inlet has been estimated at 14.4 m%s. Fresh water infiows, salinities and fiuxes
'between model boxes are shown. All flow rates are in m*s and all units for salinities in ppt. In a
similar manner, model results for the spring, summer and summer renewal seasons are shown
in Figure 5-23 through Figure 5-25. Total direct fresh water inputs to the inlet for these seasons
are 5.6 m¥s for spring, 1.7 m%s for summer and 2.9 m¥s for the summer renewal season.

No mode!l runs were possibie for the month of October, representing the fall season, since
salinity data were not available for that month. However, the fresh water inflows to Saanich Inlet
during the fall season are very similar to those during the spring season, so the spring
modelling results have also been used to represent fall conditions in the inlet.

A comparison of Figure 5-22 through Figure 5-25 shows that the circulation within Saanich Inlet
is strongest in the winter season and weakest in the summer and summer renewal seasons,
reflecting the strong influence of fresh water inflow rate on the estuarine flow pattern in the inlet.
Both horizontal and vertical fluxes are generaliy stronger on the eastern side of the inlet than on
the western side, probably as a consequence of the assumed connection between the Squally
Reach box and the Central Basin East model box.

The results of the model runs for the summer renewal season are shown in Figure 5-25. These
runs were performed using an average renewal flux of 50 m*s, the maximum value that could
be used without causing failure of the box model. Surprisingly, the renewal flux acted to
decrease both the horizontal and vertical exchange rates from those predicted for the slightly
drier summer months of May through July. The circulation in the inlet slows as a result of the
salt added to the system through the renewal water; fresh water must then be retained in the
lower and upper layers of the model system in order to compensate for the saltier influx in the
bottom waters while maintaining the observed salinity gradients.

This slowing of the circulation in the system during the éummer renewal season may be an
artifact of the box model assumption of fixed box depths. If the renewal influx to the bottom box
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was assumed instead to raise the depth of the boundary between the bottom and lower boxes,
no fluid exchanges would occur between the two layers. This situation would be analogous to
the summer conditions with no renewal influx, and the box model would predict larger horizontal
and vertical fluxes. In reality, a combination of the two processes probably occurs.

Based on the results of the oceanographic model, the residence times for the various model
boxes have been computed. Residence time is an indication of the average time that water is
resident within each box; it is defined as the volume of the box divided by the sum of all
outflowing fluxes. Annual average residence times are defined as the volume of each box
divided by the average annual flux out of that box.

Table 5-4 shows a wide range of residence times for the various regions of Saanich Inlet. The
residence times in the entrance boxes are surprisingly low, indicating rapid flushing. Residence
times increase with distance up the inlet away from the mouth, particularly in the lower layer.
Residence times are longest in the deep bottom waters, reflecting the limited flushing occurring
only during the summer renewal season.

5.3.2 Sensitivity Analyses

For a complex box model such as tﬁat described here for Saanich Inlet, many of the fluxes
must be predetermined in order to reduce the number of variables such that the model system
can be solved. Many exchanges have been set to zero through limiting flows between model
boxes to only one possible direction, with the flow direction chosen to be consistent with a
typical estuarine circulation pattern and the observed salinity gradients in the inlet.

Three additional fluxes were prescribed in order to run the box model: the brackish water inflow
of surface waters at the mouth of the Entrance West box, the surface exchange between the
Entrance West and the Central Basin West boxes, and the deep water renewal flux for the
summer renewal season. The total brackish water outflow from the Cowichan River in Satellite
Channel has been estimated using the amplification factor approach as described in Section
5.2.5; model runs used the assumption that 50% of the brackish water outflow in Satellite
Channel entered the mouth of Saanich Inlet.

To test the model sensitivity to this flux, model runs were repeated assuming that only 25% of
the brackish outflow enters the mouth of Saanich Inlet. In all cases, the circulation in the
embayments and south of Squally Reach was unaffected, since these regions are essentially
decoupled from the circulation in the main body of Saanich Inlet. The circulation in the Central
Basin and Entrance boxes was strongly affected, with the resulting fluxes reduced by 40 to
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50%. Hence, an independent assessment of the mean surface inflow to Saanich Inlet wouid
assist in model calibration. It should be noted that the Fraser River may also be responsible for
a large amount of brackish water in Satellite Channel during spring and summer months.

The model results were found to be extremely sensitive to estimates of the renewal flux. Four
data sets were available for the summer renewal months of August and September (Table 5-3);
all four cruises gave reasonable model results when run without the renewal flux. When the
renewal flux was added to the system, the model failed for two of the data sets at renewal flux
values less than 50 m%s. The remaining two data sets provided reasonable model results using
flux values up to a maximum of 50 m*/s.

Several factors may be involved in the model sensitivity to renewal fluxes. Firstly, estimates of
the renewal flux are uncertain, and should be considered as order of magnitude estimates only.
Secondly, the available data sets may not correspond to periods where renewal processes
were active, hence the model should not be expected to yield reasonable results with a renewal
flux added. Finally, the box model structure, with the boundary between the intermediate and
deep layers set at 80 m, is such that some of the renewal flux may actually be flowing into the
lower layer of boxes rather than into the bottom layer.

In its present formulation, the box model is entirely driven by salinity gradients induced by fresh
or brackish waters flowing into the inlet. The estimation of these inflows is detailed in Section
5.2.2. Accurate measurements of discharge from many of the small streams and creeks
entering the inlet were not available; flow estimates were based on precipitation data and
watershed characteristics. Inflows from small creeks and streams are particularly important to
the circulation between the coastal embayments and the main body of Saanich Iniet.

The model results were also tested for sensitivity to changes in the rate of fresh water inflow to
the inlet. The coastal embayments are very sensitive to changes in fresh water inputs, with an
increase or decrease of 50% in the fresh water inflow to an embayment reflected in a
corresponding 50% increase or decrease in the fluxes between the embayment and the main
body of the inlet. This direct relationship reflects the fact that circulation in the embayments (as
represented by the box model) is essentially decoupled from the flows in the main body of the
inlet. Finlayson Arm and Squally reach showed a similar response to changes in fresh water
inputs.

The fluxes in the central channel were much less sensitive to changes in the fresh water
loading rate, showing changes ranging from 1 to 10% for a 50% increase in fresh water inflows
during average summer conditions, and changes ranging from 7 to 16% for a similar 50%
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increase in fresh water inflows during average winter conditions. Thus, the circulation in the
main body of Saanich Inlet is much more sensitive to the brackish influx at the mouth of the
inlet than to changes in the direct local fresh water inputs.

The model runs within each season (i.e., winter, spring, summer and summer renewal; Figure
5-21 through Figure 5-25) have been compared in order to assess the variability in model
fluxes. This comparison has shown that for the winter runs (4 cruises) model fluxes varied by as
much as 110% from the average, with typical variability on the order of 50%. Spring (6 cruises)
and summer (3 cruises) model runs showed similar variability. Summer renewal (4 cruises)
model runs indicated slightly lower variability in the model results. V

5.3.3 Model Limitations

The oceanographic model presented in this report reflects, within the limitations of the box
modelling approach, a compilation and integration of currently available information on the
circulation and flushing of Saanich Inlet. Many of the uncertainties in the box model reflect
uncertainties in the current state of knowledge regarding oceanographic processes in the inlet.

In particular, there are few actual measurements of mean currents within the inlet, except for
the drifter studies described earlier in this report. However, drifter movements are indirect
measures of mean circulation patterns and speeds, in that they are strongly affected by short-
term processes such as tides and winds, and deployment periods are often not frequent
enough or of sufficient duration to resolve mean circulation patterns. This is particularly evident
for summer conditions, when mean circulation patterns in the inlet appear to be highly variable.

Several limitations to the box model approach as applied here have also become apparent
during the course of this project. These include:

e The lack of measurements of fresh water inflows to the various regions of the inlet,
particularly the coastal embayments.

e Limited data sets that could be used to typify average conditions for each identified
season, particularly the summer, summer renewal and fall seasons.

e Weak and variable tracer (fresh water) inputs during the summer months (May through
September).
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e The complex, three-dimensional structure of the box model requires that many
exchanges between boxes be restricted in direction and that additional fluxes be
prescribed.

Of these limitations, the first three would likely apply to any modelling exercise where the
density structure of the water column were to be included. However, the limitation of weak and
variable tracer inputs during certain seasons has particular impact on the box modelling
approach, since it relies on gradients in tracer concentrations to drive the model. This limitation
is particularly evident for six of the data sets that could not be used in this modelling exercise.

Six of the 30 CTD data sets available for use in this project showed no significant salinity
gradients within Saanich Inlet (Table 5-3). Of these six, four represented conditions during the
summer or summer renewal seasons (September of 1977 and 1978, May and July, 1978). It
should be noted that these years represent the driest portion of the long-term cycle apparent in
fresh water discharge (Figure 5-16). The remaining two data sets lacking significant salinity
gradients (November 1976 and October 1978) show the definite effects of wind mixing in the
salinity profiles at each station.

The final model limitation listed above, the restriction of possible flow directions between the
various model boxes, was necessitated in order to reduce the number of variables in the model
system such that a unique solution to the model equations (Equations 5-1 and 5-2) became
possible. While the flow directions built into the model system have been based on available
knowledge of circulation patterns within the inlet, these assumptions were not appropriate for
four of the data sets examined during this project.

The salinity profiles measured during the December 1976, July 1977 (two cruises) and
November 1977 cruises show a negative salinity gradient in the surface waters of Saanich Inlet,
with the lowest salinities at the mouth of the inlet. The negative gradients observed during the
two winter cruises may reflect the impact of high discharges from the Cowichan and Koksilah
Rivers during these time periods, when large amounts of relatively fresh water in Satellite
Channel may act to block the outflow of saltier surface waters from within Saanich Inlet. The
negative gradients observed during July may reflect the effects of the Fraser River freshet on
the waters of Satellite Channel.

SAANICH INLET STUDY
SYNTHESIS REPORT




5-30

5.3.4 Considerations for Model Improvement

The assumptions, results and limitations inherent in this modelling exercise have been fully
discussed in the preceding material in this report. In order to refine the predictions of the
oceanographic model, the following would be required:

e Fresh water inputs to the inlet should be more accurately quantified, particularly for the
coastal embayments of Mill Bay, Brentwood Bay and Patricia Bay. The rate of flushing
of these embayments is directly proportional to the rate of fresh water inflow (Equation
5-3 and Table 5-4).

e Independent estimates of the mean currents within Saanich Inlet should be obtained.
The recent current meter deployments should provide some information that could be
used to calibrate or verify the model predictions. The magnitude of tidal residuals is of
particular interest. Additional current meter deployments elsewhere in the inlet would
also provide useful information for any modelling exercise. The recent drifter
observations (Cross and Chandler, 1996) would also benefit from more detailed
analyses, particularly in terms of correlations with winds and tides and a thorough
comparison of winter and summer conditions.

o Better estimates of the renewal fluxes, duration, frequency and extent of impact on the
bottom waters of Saanich Inlet would aid in the modelling of flows during the summer
renewal season. The particular mechanisms by which renewal water flows into the
bottom boxes should also be investigated (i.e., mixing versus upward displacement).

e The formulation of the oceanographic model could be refined through the consideration
of a second tracer, such as temperature. Although beyond the scope of this project,
addition of a second tracer to the modelling database would perhaps allow the
restrictions on flow directions to be reduced or even eliminated. In particular, inclusion of
a two-way flow between the Central Basin boxes may more accurately represent the
gyre observed during the July 1995 field program.

e Finally, more synoptic data sets with good spatial and seasonal coverage of the inlet
would allow model predictions to be refined in the future.

The efforts required to modify or improve the predictions of the oceanographic model must be
considered in terms of the overall goals of this project, to determine the assimilative capacity of
Saanich Inlet for various contaminants. Thus, before further efforts are put into refining the
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oceanographic model, the magnitude and relative importance of uncertainties in the other
components of the contaminant fate modelling system should also be considered.

5.4 Model Certainty

In general, the processes leading to flushing of the waters in Saanich Inlet appear to be fairly
weak, particularly for the waters of the deep central basin. Due to the generally weak and
variable forcings, the relative magnitudes of the various oceanographic processes remains
somewhat unclear. Nevertheless, the oceanographic model developed for this project has
focused on development of a model system that reflected, as far as possible, the state of
knowledge with respect to mean circulation patterns within the inlet at the time of model
development.

The model has several limitations, which are discussed fully in the previous material and
summarized here. A primary limitation of the model is the inability to represent processes other
than estuarine circulation, and to deal with conditions where salinity gradients in the inlet either
do not exist or are contrary to the assumed direction of flow. Insignificant or negative salinity
gradients were found to exist either in summer months, when brackish water from the Fraser
River freshet is present at the mouth of the inlet, or during early winter, when discharge from
the Cowichan and Koksilah Rivers is high. During these times, flushing of the inlet may be
minimal, or flow directions may be reversed from those assumed in the oceanographic model.

The oceanographic model described in this section was developed in the early stages of this
project (Summer 1995), as it provides the foundation from which the sediment transport and
contaminants models are built. Since that time, ongoing work at the Institute of Ocean Sciences
has provided additional insights (Winter 1996) into the oceanographic processes active in
Saanich Inlet. Current measurements on the east and west sides of the inlet (Stucchi, pers.
comm. 1996a) between the S5 and S6 transects have confirmed the net inflow on the west side
of the inlet, and net outflow on the east side. Further analyses of water properties throughout
the inlet have indicated that flushing of the inlet in the summer months is largely driven by
fortnightly variations in the tidal cycle, a process that is not reproduced by the oceanographic
model.

The quesﬁon remains as to the accuracy and reliability of the model results for predicting water
circulation in the inlet. The model results from the spring and winter seasons are considered to
be the most reliable, since the estuarine flow pattern is most firmly established during these
periods. The main factor affecting the variability in the model predictions for the main body of
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the inlet is the quantity of brackish inflow at the mouth, while the coastal embayments and
Finlayson Arm are most sensitive to the rate of local fresh water input.

Model results for summer and summer renewal seasons are considered significantly less
reliable, particularly with respect to flushing of the embayments. Recent evidence suggests that
flushing of the embayments during the summer months is not primarily driven by estuarine
circulation; other processes such as wind-driven and tidal mixing may dominate. The residence
times given in Table 5-4 for the summer and summer renewal seasons are probably too long,
perhaps by an order of magnitude in embayments (i.e., Mill Bay, Patricia Bay and Brentwood
Bay, Squally Reach). Reasonable values are now thought to be on the order of a few weeks
(Stucchi, pers. comm. 1996b) for the surface waters of the embayments.
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Table 5-1 Average annual flow rates for four ungauged watersheds draining
into Saanich Inlet.
Watershed Watershed | Precipitation Runoft Runoff Average annual
Area (km®) | Station Coefficient, | Coefficient, | flow rate (m%s)
Summer Winter
Boatswain 22 Cherry Point 0.40 0.75 0.46
Bank
West Side 62 Shawnigan 0.475 0.775 1.7
Lake
Southeast 14 Victoria 0.475 0.775 0.36
Side Highland
Saanich 43 Victoria 0.10 0.75 0.71
Peninsula International
Airport
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Table 5-2 Sources of fresh water to Saanich Inlet.

Source Average Annual Flow Rate (m®/s)

Shawnigan Creek 1.9
Goldstream River 0.92
Minor creeks and streams:

Tod Creek 0.30

Boatswain Bank Watershed 0.46

West Side Watershed 1.7

Southeast Side Watershed 0.36

Saanich Peninsula 0.71
Direct Precipitation 2.3
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Table 5-3 Summary of Saanich Inlet CTD cruises, 1976-1978.
Cruise Number Month Status
7624 April 1976 Used for modelling
7625 May 1976 Used for modelling
7626 July 1976 Poor data
7627 Aug 1976 Used for modeliing
7628 Sept 1976 Used for modelling
7629 Nov 1976 Well-mixed to 15 m, no surface gradient
7630 Dec 1976 Negative gradient
7721 Mar 1977 Used for modelling
7722 Apr 1977 . Used for modelling
7723 May 1977 Used for modelling
7724 May 1977 Used for modelling
7725 July 1977 Weak, negative gradient
7?26 July 1977 Weak, negative gradient
7727 Aug 1977 Used for modelling
7728 Sept 1977 No significant gradient
7729 Nov 1977 Negative gradient
7730 Dec 1977 Used for modelling
7820 Jan 1978 Used for modelling
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Table 5-3 (continued)

Cruise Number Month Status
7821 Feb 1978 Used for modelling
7822 Mar 1978 Used for modelling
7823 Apr 1978 Used for modelling

| 7824 May 1978 No significant gradient
7825 June 1978 Used for modelling
7826 July 1978 No significant gradient
7827 Aug 1978 Incomplete data
7828 Sept 1978 No significant gradient
7829 Oct 1978 Incomplete data
7830 Sept 1978 Used for modelling
7831 Oct 1978 Well-mixed to 10 m, no surface gradient
7832 Nov 1978

Used for modeilling
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Table 5-4 Residence times in Saanich Inlet (days).
Season
Box Winter Spring | Summer | Summer Fali Annual
Renewal Average
Entrance West 0.5 0.7 0.8 1.4 0.7 07
Surface
Entrance West - Lower 1.9 2.5 4.7 18 2.5 2.9
Entrance East - 0.3 0.5 0.9 1.4 0.5 0.5
Surface ’
Entrance East - Lower 1.5 2.4 5.2 18 2.4 2.6
Central Basin West - 1.3 2.3 2.7 4.8 2.3 2.1
Surface
Central Basin West - 4.8 7.4 13 43 7.4 8.0
Lower
Central Basin West - - - - 510 - 3040
Bottom
Central Basin East - 1.4 2.5 3.5 5.6 2.5 2.3
Surface
Central Basin East - 5.6 8.9 17 50 8.9 9.5
Lower
Central Basin East - - - - 170 - 1010
Bottom
Squally Reach - 9.2 18 38 27 18 16
Surface
Squally Reach - Lower 55 109 222 189 109 97
Squally Reach - - - - 310 - 1840
Bottom
Finlayson Arm - 5.2 11 17 11 1 8.5
Surface
Finalyson Arm - Lower 68 146 225 133 146 112
Finlayson Arm - - - - 250 - 1520
Bottom
Mill Bay - 2.0 5.0 24 74 5.0 4.4
Surface ]
Mill Bay - 5.8 14 68 209 14 13
Lower
Brentwood Bay - 27 49 259 147 49 51
Surface
Brentwood Bay - 112 203 1028 624 203 210
Lower
Patricia Bay - Surface 30 75 170 88 75 56
Patricia Bay - 87 221 471 252 221 160
Lower

T5-5
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Figure 5-1 Saanich Inlet bathymetry: plan view.

Numbers refer
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Figure 5-2

SAANICH INLET STUDY

SYNTHESIS REPORT




F5-2

Figure 5-2 Saanich Inlet bathymetry: section (after Drinnan et al., 1995).
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Figure 5-3

F5-3

CTD station locations and site of mooring A (Source: Stucchi and

Giovando, 1983).
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Figure 5-4 Bathymetry from Saanich Inlet to Haro Strait (Source: Stucchi and
Giovando, 1983).
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Figure 5-5 Estuarine circulation in a typical British Columbia inlet (Source:
Thomson, 1981).
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Figure 5-6 Mean, maximum and minimum monthly discharge rates for the
Fraser River at Hope.
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Figure 5-7 Loran-C Drogue tracks: June, 1990 (Source: Drinnan et al., 1995).
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Figure 5-8 Loran-C Drogue tracks: September, 1990 (Source: Drinnan et al.,
1995).

SAANICH INLET STUDY
SYNTHESIS REPORT




F5-9

Figure 5-9 Surface drogue movements, December 1994; only selected drogue
movements are presented, others are found in Cross and Chandler (1996).
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Figure 5-10 Surface drogue movements, July 1995; only selected drogue
movements are presented, others are found in Cross and Chandier (1996).
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Figure 5-11 Mean, maximum and minimum monthly discharge rates for the
Cowichan and Koksilah Rivers.
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Figure 5-12 Mean, maximum and minimum monthly discharge rates for
Shawnigan Creek.
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Figure 5-13 Mean, maximum and minimum monthly discharge rates for the
Goldstream River (1973-1986) and Tod Creek (estimate).
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Figure 5-14 Watershed boundaries and precipitation stations with annual mean
precipitation (Source: Drinnan et al., 1995).
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Figure 5-15 Estimates of mean monthly discharges from unmetered streams and
creeks and direct precipitation on the water surface of Saanich Inlet.
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Figure 5-16 Long-term cycles in discharges from the Cowichan and Koksilah
River System, plotted using a 3-year running mean.
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Figure 5-17 Station locations for CTD profiles, December 1994 survey (Source:

Cross and Chandler, 1996).
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F5-18

Figure 5-18 Station locations for CTD profiles, July 1995 (Source: Cross and
Chandler, 1996).
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F5-19

Figure 5-19 Schematic view of box model structure for Saanich Inlet: (a) surface
layer, (b) lower layer, (c) deep basin boxes, (d) vertical sections (see text for
detailed explanation). '
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Figure 5-19 (continued)
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Figure 5-20 Salinity gradients in the main channel of Saanich Inlet for average
winter flow conditions.
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Figure 5-21 Schematization of a positive estuarine flow system in a two-layer

model.
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Figure 5-22 Oceanographic model results for winter conditions. Salinities are
shown in lower left corner of each model box (ppt) with flow rates near the end of
each corresponding arrow (m’/s). Fresh water inflows are shown within each
circle (m‘/s), marine water inflows within each ellipse (m?/s).
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Figure 5-22 (continued)
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Figure 5-23 Oceanographic model results for spring conditions. Salinities are
shown in lower left corner of each model box (ppt) with flow rates near the end of
each corresponding arrow (m’/s). Fresh water inflows are shown within each
circle (m/s), marine water inflows within each ellipse (m’/s).
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Figure 5-23 (continued)
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Figure 5-24 Oceanographic model results for summer conditions. Salinities are
shown in lower left corner of each model box (ppt) with flow rates near the end of
each corresponding arrow (m‘/s). Fresh water inflows are shown within each
_circle (m°/s), marine water inflows within each ellipse (m‘/s).
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Figure 5-24 (continued)
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Figure 5-25 Oceanographic model results for summer renewal conditions.
Salinities are shown in lower left corner of each model box (ppt) with flow rates
near the end of each corresponding arrow (m’/s). Fresh water inflows are shown

within each circle (m*/s), marine water inflows within each ellipse (m‘/s).
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Figure 5-25 (continued)
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6. SEDIMENT TRANSPORT

Sedimentary processes in Saanich Inlet relate to two aspects of this study. Firstly, the sediment
transport model is an integral part of the Saanich Inlet mass balance model described in
Section 4 of this report. Sediments, both as suspended material in the water column and as
part of the seabed, play an important role in determining the fate of contaminants in the marine
environment. Many contaminants preferentially adsorb onto fine suspended solids, eventually
incorporating into seabed deposits. The transport, deposition and potential resuspension of
sediments are important factors in the assessment of the fate of contaminants entering the
Saanich Inlet system.

Secondly, increases in the suspended sediment concentrations in the waters of the inlet or
increases in the seabed sedimentation rate may have adverse affects on the marine habitat and
on some biota. Anecdotal evidence suggests that episodic events of increased turbidity in the
inlet may be related to land development activities. Issues related to sedimentary processes in
the inlet as they affect habitat and biota are discussed in Section 10 of this report.

6.1 Background

Saanich Inlet extends into two physiographic regions: the Victoria Highland region, typified by
low mountains, and the Nanaimo Lowlands region, characterized by gently rolling hills and flat
plains (Drinnan et al., 1995). Much of the southern end of the inlet is surrounded by exposed
bedrock, while bedrock is overlain by Quaternary sedimentary deposits in the watersheds to the
north and east of the inlet. These Quaternary deposits were formed during the last ice age,
when a glacier moved southwards from the Cowichan Valley into Saanich Inlet and across the
Saanich Peninsula.

Many previous studies have focused on the sediments underlying the deep basin in Saanich
Inlet. Cores collected during the 1960s by the University of Washington were found to consist of
alternating dark and light laminae (Gross et al., 1963; Buddemeier, 1969), each with distinct
characteristics. The light laminae consist mainly of diatoms deposited during spring and
summer plankton blooms in the surface waters (Gross et al., 1963; Sancetta and Calvert, 1988;
Whitney and Wong, 1984), while the dark laminae are dominated by fine, terrigenous sediments
deposited mainly during fall and winter. The organic carbon content of bottom sediments
increases in an up-inlet direction, ranging from less than 2% over the sill region to more than
4% in Finlayson Arm at the head of the inlet (Francois, 1988).
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The varved sequences in the bottom sediments of Saanich Inlet are found interbedded with
massive units ranging from several centimetres to several tens of centimetres in thickness. The
massive units are thought to have been formed by sediment gravity flows, triggered by
earthquake events and occurring on average, about once every 100 years (Bobrowsky and
Clague, 1990; Blais, 1992).

Gucluer and Gross (1964) identified five sources of suspended solids to the waters of Saanich
Inlet: marine plankton, suspended sediments entering at the mouth of the inlet, solids
associated with the direct fresh water discharges to the inlet, shoreline erosion and the
discharge from the Bamberton cement plant. The effects of the discharge from Bamberton were
found to be largely limited to the local vicinity of the plant site; this source is assumed to be
insignificant at present since the cement plant is no longer in operation. Shoreline erosion,
although it provides a source of coarse material to the nearshore zones, is not thought to be a
major source of suspended materials to the inlet as a whole. The remaining three sources will
be discussed in more detail in the next section of this report.

Since contaminants are strongly associated with the fine sediment fractions, the sediment
transport model has been developed to focus on the dynamics of suspended solids within the
inlet. Seabed processes such as sediment resuspension and bedload transport play a relatively
minor role within Saanich Iniet, and are limited to shallower shoreline areas with mobile seabed
deposits. The following section describes the mathematical formulation of the sediment
transport model, including a discussion of the suspended solids loadings to Saanich Inlet.

6.2 Approach

The sediment transport module has been based on the mass balance approach described in
Section 4.2 of this report, and uses the conservation of mass equation for each model box:

2.C0,-> CO+R~E (6-1)
j=1 k=1

where C, and C, represents the concentration of suspended sediments in box i and box j,
respectively, Q, represents the transports of water from box i to box j and includes external
source terms, P, represents the sum of all internal transformations affecting sediment
concentrations within each box, and E, represents the transports across the boundaries of box i
that are not accompanied by fluid transport.  The above equation assumes steady-state
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conditions; applying this equation to each model box leads to a simple system of linear
equations which can then be solved for the unknown C, values. )

In order to run the sediment transport module, appropriate formulations for the internal
transformation (P) and boundary transport (E) terms must be developed for each model box.
The main internal transformation of interest to this project is the in situ production of organic
matter in the surface waters of the inlet through photosynthesis (primary production). Estimates
of primary productivity are discussed in Section 6.2.1.3.

The E, term in equation 6-1 represents the transports of suspended solids across the
boundaries of box i that are not directly associated with fluid movement. This terms is used to
represent the effects of gravity on sediment movement. As suspended materials are
transported away from their source by the circulation of water masses in the inlet, they also fall
through the water column, eventually depositing onto the seabed. The downward flux of
sediments across the bottom of each model box has been parameterized as:

E. =C, Vﬁ A (6-2)

where V, represents the fall velocity for the suspended solids in box i and A, represents the plan
area of box i through which downward sediment fluxes are assumed to occur.

As described in Section 5 of this report, the waters of Saanich Inlet have been sub-divided into
boxes representing water masses of similar characteristics. This subdivision has been based on
logical physical boundaries, changes in the processes that generate ocean currents and spatial
gradients in water column properties. The sediment transport module uses the same box
structure as that developed for the oceanographic module, reflecting the assumption that
sedimentary processes are largely governed by water movements.

The sediment transport model also requires the volume exchanges between model boxes Q)
and the external sediment inputs to each box, or sediment loadings, to be specified as input
data. The volume exchanges between model boxes have been determined through the
oceanographic modelling described in detail in Section 5; the sediment loadings to Saanich Inlet
are described in the following sections.

6.2.1 Sediment Inputs to Saanich Inlet

As described previously, the three major sources of suspended materials to Saanich Inlet are
suspended solids entering at the mouth of the inlet, direct inputs associated with the fresh water
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discharges to Saanich Inlet and in situ productivity. Seasonal variations in the relative
magnitudes of these sources are apparent. Additional sources of suspended materials to the
inlet include the inflow to the lower layer at the mouth of the inlet, and the deep water renewal
events. The following material summarizes the magnitudes and characteristics of each of these
sources.

6.2.1.1 Local Streams and Rivers

The direct sources of fresh water to Saanich Inlet have been summarized in Section 5.2.2.
These sources include Shawnigan Creek, Goldstream River, Tod Creek and the many small
creeks and streams entering the inlet. Of these, Shawnigan Creek represents the largest single
source, with an annual average flow rate of 1.9 m%s (Table 5.2).

Concentrations of suspended solids are not routinely monitored for any of the direct sources of
fresh water entering Saanich Inlet. In order to provide an estimate of suspended sediment
concentrations in these streams and creeks, data from other watersheds on the eastern side of
Vancouver Island have been obtained through MELP (Nijman, pers. comm. 1995) and reviewed
for application to this project.

Suspended sediment concentration data were supplied for the Cowichan and Koksilah Rivers,
two sites on the Nanaimo River and the Oyster River near the city of Campbell River. Of these
sites, only the Cowichan, Koksilah and Oyster River stations had data for each month of the
year. Data were extremely limited, with a maximum of 24 readings for any one month over the
period of record. As a result, data variability is relatively high, particularly in the winter months
when rainfall events are likely to have a strong impact on concentrations of suspended solids.

A comparison between the Cowichan, Koksilah and Oyster River stations showed that
concentrations in the Cowichan and Koksilah Rivers were very similar for much of the year, with
significantly higher sediment concentrations in the Cowichan River during the months of
November through February. Oyster River data were somewhat similar to the Cowichan data,
although with higher solids concentrations in the months of October and February.

The data from the Cowichan River were chosen for use in this project, primarily due to the
proximity to Saanich Inlet and the general similarity between data sets. A formal comparison
between suspended sediments loads from the Cowichan watershed and those watersheds
surrounding Saanich Inlet would require a far more detailed assessment than that completed
here, and would involve comparison of land uses, watershed areas, precipitation
characteristics, river and land slopes, etc. Although information is limited, the available data can
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be used to qualitatively estimate the order of magnitude of the suspended solids loadings to
Saanich Inlet.

The suspended solids concentration data from the Cowichan River have been averaged over
the seasons as previously defined for this project (winter, spring, summer, summer renewal and
fall). The results indicate concentration levels of 20, 4, 2, 2, and 2 mg/L for winter, spring,
summer, summer renewal and fall seasons, respectively. These concentration values have
been used to calculate the suspended solids loadings for all creeks and streams flowing directly
into Saanich Inlet (including ungauged streams), with the exception of the Goldstream River.
Approximately 40% of the Goldstream River watershed is used to supply drinking water to the
City of Victoria (Hull, pers. comm. 1995); hence, a significant portion of the suspended load is
likely to be retained within the reservoir system. Anecdotal evidence also suggests that the
waters of the Goldstream River are extremely clear, even during heavy rainfall events. Thus,
suspended sediment concentration values for the Goldstream River have been taken as one-
half the values given above.

The many lakes in the watersheds surrounding Saanich Inlet (e.g., Shawnigan Lake) may also
act as sediment traps, reducing the sediment load to marine waters. This process may also be
significant in the Cowichan watershed, from which the data used to estimate sediment loads to
Saanich Inlet were obtained.

6.2.1.2 Cowichan River and Satellite Channel

Many previous studies of Saanich Inlet have identified the discharge from the Cowichan River
as the major source of sediments to Saanich Inlet. Measurements of deposition rates in the
inlet (see Drinnan et al., 1995 for a summary) have shown that accumulation rates are roughly
6 times higher at the mouth of the inlet than at the head, suggesting that the main source of
sediments to the inlet is through the waters of Satellite Channel. The greater dominance of
terrigenous sediments towards the mouth of the inlet indicate that the Cowichan River may
indeed be a major source of sediments to Saanich Inlet. However, discharge from the Fraser
River and sediments resuspended from the bed of Satellite Channel may also contribute to the
sediment load entering the inlet at the mouth.

Unfortunately, measurements of suspended sediment concentrations at the mouth of Saanich
Inlet are limited. Previous studies have focused on longer-term deployments of sediment traps
at various depths and locations in Saanich Inlet. Although providing valuable information on the
characteristics of suspended solids within the inlet, these data cannot be used as direct
measurements of suspended solid concentrations in the water column.
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Direct measuremeénts of suspended solid concentrations within the water column in Saanich
Inlet are limited to four depth profiles taken at the centre of the inlet near Pat Bay, in March,
May, August and November of 1984 (Whitney, pers. comm. 1995a). These profiles show
extremely low concentrations of suspended solids, ranging from 0.1 to 0.9 mg/L with a mean
value of 0.3 mg/L (Drinnan et al., 1995).

Turbidity measurements at the entrance to Saanich Inlet show peaks occurring at about sill
depth and at the surface during certain times of the year (Whitney, pers. comm. 1995b). The
peak in turbidity at sill depth occurs on the neap tide during the summer months, when the
currents into the inlet are at their strongest as a result of renewal events. Surface peaks in
turbidity occur during the winter months, reflecting the discharge from the Cowichan River, and
perhaps during the summer months when the Fraser River water is present in the region.
Again, the surface peaks in turbidity tend to be associated with the neap tide, when vertical
mixing in Satellite Channel is reduced and vertical stratification of the water column is
preserved. The levels of suspended solids in the water column associated with these turbidity
peaks are not known.

The sediment transport model requires suspended solid concentration values to be specified as
boundary conditions for the three inflows at the mouth of Saanich Inlet: the surface inflow on
the western side of the inlet (surface Entrance West box), the mid-depth inflow on the eastern
side of the inlet (lower Entrance East box) and the deep inflow of renewal water on the eastern
side during the summer renewal season (deep Central Basin East box). The suspended solid
concentrations assumed for each of these inflows are shown in Table 6-1 for each of the five
modelling seasons.

The concentration values shown in Table 6-1 show the same seasonal pattern as indicated by
the Cowichan River data, with highest concentration values in the winter months, intermediate
values in the spring, and consistently low values throughout the summer, summer renewal and
fall seasons. The higher values assumed for the lower layer inflow during the summer, summer
renewal and fall seasons reflect the observations of higher turbidity levels in the lower water
column, while the winter values reflect the influence of the relatively high Cowichan River
sediment discharge on both surface and deeper waters.

6.2.1.3 Primary Productivity

Suspended solids are produced within the waters of Saanich Inlet through photosynthesis in the
upper euphotic zone. Monthly measurements of primary production have been supplied by
Frank Whitney of the Institute of Ocean Sciences; these measurements are from the centre of
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Saanich Inlet in the vicinity of Patricia Bay. Averaging the productivity measurements over the
modelling seasons gives values of roughly 2 mg C/(m°® x day) for the winter season, 6 mg C/(m°
x day) for spring and 8 mg C/(m® x day) for the summer, summer renewal and fall seasons.
Production has been assumed to be limited to the upper 4 m of the water column during the
winter months, 8 m during spring and to extend downwards to a depth of 16 m during the
summer, summer renewal and fall seasons. For modelling purposes, the suspended solid load
created through primary productivity has been added to the surface layer boxes only.

Production values have been muitiplied by a factor of 2.0 to convert from total carbon
productivity to suspended solids, and by the surface area of each box to determine loading
rates. Although there is some evidence that productivity is higher at the mouth of the inlet than
towards the head, a spatially uniform rate has been used for this first-order model for simplicity.

6.2.1.4 Summary of Suspended Solids Loadings to Saanich Inlet

The annual loadings of suspended sediments to Saanich Inlet from the three sources described
above are summarized in Table 6-2. The inflows of marine water at the mouth of Saanich Inlet
can be seen to dominate over all other sources, supplying roughly 95% of the total annual load
of suspended solids to Saanich Inlet. This load has been estimated from assumed rather than
measured concentration values, and uses the fluid fluxes as determined from the results of the
oceanographic model (Section 5). Both the concentration values and the oceanographic fluxes
represent unverified data which include large uncertainties; thus, the magnitude of this
sediment load is also uncertain. However, reducing this load by an order of magnitude would
still result in the inflows at the mouth providing roughly 70% of the total load of suspended
solids to the waters of Saanich Inlet.

The suspended solids in the marine inflows include both terrigenous and biogenic materials,
with the balance between the two varying on a seasonal basis. It is likely that a significant
portion of this material is biogenic, particularly during the summer months when a frontal zone
of high productivity is present at the mouth of Saanich Inlet (Parsons et al., 1983).

The contribution of local streams and rivers and in situ productivity to the overall sediment
budget in Saanich Inlet are roughly equal, with the exception of Mill Bay where the discharge
from Shawnigan Creek dominates over primary productivity. However, these sources combined
contribute only 5% of the total estimated suspended solids loadings to Saanich Inlet.
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6.2.2 Model Parameters

The sediment transport model as formulated above (Equations 6-1 and 6-2) has one adjustable
parameter: the fall velocity, V,. The fall velocity (i.e., the rate at which suspended material falls
through the water column) is determined by the particle size of the suspended sediments,
particle shape, specific gravity and the composition of the suspended materials. Due to the
complex inter-relationships between these parameters, and considering the importance of floc
formation in the marine environment, the fall velocity is a difficult parameter to specify
accurately based on simple sediment characteristics alone. Instead, the fall velocity is often
used as an adjustable parameter to be set to a value that minimizes the differences between -
model predictions and in situ observations (e.g. Petrie and Yeats, 1990; EVS Consultants et al.,
1995). In situ observations typically include either concentrations of suspended solids or net
seabed siltation rates.

For Saanich Inlet, a fall velocity of 2.0 m/day has been specified for all model runs, for all model
boxes. This value is comparable to the 2.2 m/day used by Petrie and Yeats (1990) in their
modelling of Halifax Harbour, although it is somewhat higher than the value of 0.9 used for
Burrard Iniet (EVS Consultants et al., 1995). The value of 2.0 m/day has been chosen such that
the results of the sediment transport model match the observed pattern of deposition rates in
the inlet.

6.2.3 Model Assumptions and Limitations

The sediment transport model described in this report reflects a compilation and integration of
the available information on sedimentary processes in the inlet at the time of model
development. Since that time, additional data have become available that are pertinent to this
effort. These data will be discussed in more detail in Model Certainty (Section 6.3.3).

The sediment transport model represents a simple mass balance formuiation for Saanich Inlet,
and relies heavily on available measurements of the relevant parameters. The major limitations
of this model are:

e Transport of fine sediments is largely governed by the water movements and circulation
patterns in the inlet. Thus, uncertainties in the fluxes predicted by the oceanographic model
will be propagated through to the sediment transport model.
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e The loadings of suspended solids to the inlet are not well understood. No measurements
are available for suspended solids loadings from rivers and streams flowing directly into
Saanich Inlet, or from exchanges with the waters of Saanich Inlet.

¢ Measurements of concentrations of suspended solids in the waters of the inlet are limited;
the available data (Drinnan et al., 1995) appear to be extremely low.

The model formulation uses a constant fall velocity for all solids suspended in the water column,
and for all areas of the inlet.

6.3 Findings

6.3.1 Model Results

The results of the sediment transport model simulations for winter, spring, summer, the summer
renewal season and fall are shown in Figure 6-1 through Figure 6-5. These figures follow a
similar format to that used in Section 5 to present the results of the oceanographic model,
where each square represents one model box. External inputs to the inlet are represented as
circles or ellipses, with circles corresponding to sediment inputs associated with fresh water
sources, and ellipses corresponding to marine water sources. '

Figure 6-1 through Figure 6-5 show the predicted suspended solids concentrations in the water
column for each model box for each of the five seasons. These values are shown in the lower
left hand corner of each model box and have units of mg/L. The horizontal fluxes of suspended
solids between model boxes and crossing the boundaries of Saanich Inlet are shown beside
each arrow indicating flow direction. All sediment fluxes are shown in units of grams per second
(g/s). The rate of creation of suspended solids through primary productivity is shown within the
small circle inside each model box, again in units of g/s.

A comparison of Figure 6-1, representing winter conditions, and Figure 6-3, showing summer
conditions, gives a clear picture of the seasonal variation in the composition of suspended
solids loadings to Saanich Inlet. Although the relative amounts of biogenic versus terrigenous
materials in the boundary influx at the mouth of Saanich Inlet are unknown, the remaining
sources show that terrigenous inputs dominate during the winter months. Conversely, primary
productivity (shown in the small circles within each model box) is one to two orders of
magnitude greater than the inputs from terrigenous sources during the summer months.
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6.3.2 Model Verification

The model results show that concentrations of suspended solids in the water column are
highest during the winter months, and lowest during the summer and summer renewal seasons.
During the winter, suspended solids concentrations in the surface layer vary from a minimum of
0.06 mg/L in Finlayson Arm to a maximum of 2.7 mg/L in the Entrance West box.
Concentrations in the surface layer were found to increase from the head of the inlet to the
mouth, probably as a result of the dominant loading at the mouth of the inlet. Concentrations
were also higher on the western side of the inlet than on the east, reflecting the stronger loading
on the western side (boundary inflow and Shawnigan Creek). Surface layer concentrations in
Brentwood Bay and Pat Bay were relatively low, at 0.3 and 0.2 mg/L, respectively. In the lower
layer, concentrations ranged from 0.9 mg/L to 3.1 mg/L, again increasing towards the mouth of
the inlet. Suspended solids concentrations in the deep basin boxes varied between 2.3 to 6.6
mg/L.

In the summer months, suspended solids concentration values were lower for all model boxes,
ranging from 0.02 to 0.9 mg/L in the surface waters, 0.2 to 1.7 mg/L in the lower layer, and 0.5
to 3.0 mg/L in the deep basin boxes. Model results showed the same spatial patterns as for
winter, with higher concentrations towards the mouth of the inlet, on the western side in the
surface layer, and on the eastern side in the lower layer and in the deep basin boxes. The
model also predicts that suspended solids concentrations should increase with depth in all
areas of the iniet.

The suspended solid concentration values predicted by the sediment transport model are
somewhat higher than previous observations, where measurements in the central basin area
ranged from 0.1 to 0.9 mg/L throughout the year. However, these observations represent a very
limited number of measurements, and indicate unusually low suspended solids concentrations
in the water column. Recent measurements by Frank Whitney of the Institute of Ocean
Sciences (Whitney, pers. comm. 1995c) have become available since the completion of this
modelling exercise; these data indicate sediment concentrations ranging from 0.5 to 5 mg/L.

As described previously in Section 6.2.2, the fall velocity used by the model has been adjusted
such that the model results match the observed pattern of sediment deposition in the inlet.
Previous estimates of sedimentation rates in the inlet are summarized in Drinnan et al. (1995);
these range from 0.8 to 1.7 cm/yr, or, as dry weight accumulations, from 420 to 2700 g/miyr.
Siltation rates are lowest at the head of the inlet in Finlayson Arm, and increase towards the
mouth. Previous estimates of siltation rates in Saanich Inlet are given in Table 6-3 and plotted
in Figure 6-6.
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Siltation rates as predicted by the sediment transport model are given in Table 6-4, on a season
by season basis and as annual averages. The model predictions show that sedimentation rates
in the main channel of Saanich Inlet increase from the head of the inlet at Finlayson Arm,
through Squally Reach to the Central Basin boxes, before decreasing in the Entrance boxes
over the sill region. This pattern largely refiects the spatial variations observed in the above
measurements. Predicted annual average siltation rates for the main channel boxes range from
830 g/m?/yr in Finlayson Arm to 3024 g/m?/yr in the Central Basin East box. Bearing in mind the
spatial variability and errors associated with the measurement of siltation rates, these values
represent a good match to the observed values. The associated siltation rates range from 0.4 to
1.4 cm/yr, based on a sediment density of 2.2 g/cm® and a seabed porosity of 0.9.

The sediment transport model predicts an annual average siltation rate of 0.5 cm/yr in Mill Bay
and 0.2 cm/yr in both Brentwood and Patricia Bay. Although it has been suggested that the
coastal embayments are erosional rather than depositionary environments, the lack of large or
long period waves within Saanich Inlet suggests that erosional effects are confined to a
relatively thin margin around the edge of each bay. Shoreline erosion is likely to occur in
response to occasional storm events, rather than on a relatively continuous basis such as is
associated with sediment deposition. Since the model considers average effects over the total
area of each box, it is quite possible that, while the edges of the embayment boxes are
erosional, the average condition over the entire box is one of net deposition. The contaminant
fate model (Section 7) does, however, incorporate the effects of sediment resuspension along
the shoreline of Saanich Inlet.

6.3.3 Model Certainty

Section 6.2.3 discussed the assumptions and limitations of the Saanich Inlet sediment transport
model. Since the development of this model and the writing of the draft Saanich Inlet Synthesis
Study report, additional information has become available that sheds some insights into the
reliability of the mass balance model components.

As discussed throughout this section, there are four main areas of uncertainty associated with
the Saanich Inlet sediment transport model: the rates of exchange between the various water
masses in the inlet, the loadings of suspended solids, the concentrations of suspended
materials in the water column and the model formulation. Further analyses of the water column
data collected in the summer and fall of 1995 have indicated that the residence times predicted
by the oceanographic model for the coastal embayments seem to be low, particularly for the
summer and summer renewal seasons.
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Predicting the impacts of an increased flushing rate on the results of the sediment transport
model is difficult due to the nonlinearities in the model formulation. In order to assess this
factor, a model run was repeated for the average summer conditions with the horizontal fluxes
between the coastal embayments and the central basin boxes increased by one order of
magnitude. Suspended solids loadings and sediment fall velocity were maintained at the values
specified earlier in this report. Resuits of this model run showed a slight increase in suspended
sediment concentrations in the surface waters of the coastal embayment boxes, with a greater
increase in the lower layers. The siltation rates in the coastal embayments increased by factors
of 1.7 in Brentwood Bay, 2.3 in Pat Bay and 4.7 in Mill Bay. Suspended solids concentrations
and siltation rates remained essentially unchanged in the rest of Saanich Inlet.

Revised data obtained since the completion of the work described here indicate that the
estimates of suspended solids loadings from primary productivity used in this study are
probably low, perhaps by as much as an order of magnitude. Increasing the magnitude of the
productivity source by one order of magnitude would increase the total estimated loading of
suspended solids to the inlet by roughly 20%; this increase is considered to be well within the
uncertainty associated with the overall loadings estimates used for this study. Any further
studies should re-evaluate suspended solids loadings from primary productivity.

Recent measurements of suspended solid concentrations in the waters of Saanich Inlet indicate
levels of about 0.5 to 5.0 mg/L for the surface waters during summer conditions. Model
predictions for the summer season range from 0.02 to 0.9 mg/L, with the lowest values in
Finlayson Arm, Squally Reach and the coastal embayments (Mill Bay, Brentwood Bay and
Patricia Bay). The values predicted by the model appear to be low, by up to one order of
magnitude, particularly for the coastal embayments and the waters at the head of the inlet. As
shown above, increasing the rate of flushing of these areas of the inlet leads to only small
changes in the suspended solids concentrations in the surface waters.

The sedimentary processes in Saanich Inlet include two separate sub-systems: those affecting
sediments of biogenic origin and those affecting terrigenous sediments. Recent work has
shown that roughly 26% of the suspended particulate organic carbon in the water column is
grazed daily during July and excreted as fecal pellets (Whitney, pers. comm. 1995b); these
fecal pellets have a fall velocity on the order of 100 m/day. The fall velocity of 2.0 m/day used in
this model represents an integrated value with contributions from both the biogenic and
terrigenous sedimentary sub-systems. Based on the new evidence with respect to the relative
importance of each sedimentary sub-system, a higher fall velocity may be justified.
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In summary, the sediment transport model for Saanich Inlet contains many areas of uncertainty:
the rate of flushing of the coastal embayments, the total loads of suspended solids entering the
inlet, particularly at the mouth, the seasonal and spatial variations in suspended solids
concentrations in the water column; and the appropriate fall velocity for the suspended
materials. If one were to consider all these effects cumulatively, then the certainty of the model
would be very low. It should be remembered, however, that model results were calibrated using
available estimates of siltation rates in the main body of the inlet. Thus, the confidence level in
this parameter is moderate to high, depending on location within the inlet. However, the
estimates of suspended solids concentrations in the surface waters of the inlet appear to be
low, perhaps by as much as one order of magnitude.

6.4 Considerations for Model Improvement

The sediment transport model as presented here represents a simple mass balance formulation
for Saanich Inlet. Although the model results agree well with the available seabed siltation
rates, there are several areas of uncertainty associated with the model predictions. These
include: the water movements in the inlet, the sediment loadings, the concentrations of
suspended solids in the water column and the model formulation.

The fate of fine sediments entering Saanich Inlet is largely determined by the circulation
patterns within the inlet. The modelling and prediction of the mean circulation patterns in
Saanich Inlet are described in Section 5 of this report. Although the oceanographic model
reproduces many of the known features of the circulation system, the model incorporates many
assumptions which are, at present, unverified. Validation of the assumptions contained in the
oceanographic model formulation would require further data collection and analyses (Section
5.3.4).

As described in Section 6.2.1, the loadings of suspended solids to Saanich Inlet are largely
unknown. Of the three main sources of suspended materials (local rivers and streams, primary
productivity and boundary inflows), the boundary inflows provide the vast majority of the
sediment load to Saanich Inlet. However, the concentration and composition of suspended
solids in the water column at the entrance to the inlet are largely unknown. It is strongly
recommended that suspended solids concentrations in the waters at the mouth of the inlet be
measured, and the composition (biogenic vs. terrigenous) composition of the suspended
materials be determined.
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Similarly, few measurements of the concentrations of suspended solids in the water column
throughout the inlet are available. Measurements covering seasonal variations as well as spatial
variations in the inlet would provide additional information that could be used to validate the
sediment transport model. Measurements of siltation rates in the coastal embayments would be
useful for validation of the model predictions in these regions of the inlet. The frequency,
duration and extent of resuspension events along the shorelines should also be assessed.

The present formulation of the sediment transport model is relatively simple, in that one fall
velocity is used to represent all the sediments in the inlet. In reality, suspended materials are
composed of a variety of sizes and types of materials, each falling through the water column at
different rates. Previous studies (Whitney, pers. comm. 1995c) have indicated that the
sedimentary processes in Saanich Inlet can be subdivided into two separate systems,
representing solids of biogenic and terrigenous origin. The terrigenous sediments are generally
composed of fine silts and clays, and have a relatively slow fall velocity. Conversely, a large
percentage of the biogenic solids in the upper water column are processed through grazing and
excreted as fecal pellets, falling relatively rapidly through the water column. A more complex
sediment transport model could be developed to separately model these two systems, however,
the relative loadings from each source must be determined before this could be effectively
implemented. ,
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Table 6-1 Assumed concentrations of suspended solids in marine water
inflows at the mouth of Saanich Inlet (mg/L).
Inflow Winter Spring Summer Summer Fall
Renewal
Surface Entrance 3.0 2.0 1.0 1.0 1.0
West
Lower Entrance 3.0 2.0 2.0 2.0 2.0
East
Deep Summer - - - 1.0 -
Renewal
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Table 6-2 Annual loadings of suspended solids to Saanich Inlet (tonnes per

year).
" Model Box Local Boundary Renewal Primary TOTAL
Streams Influx Events Productivity

Entrance East 157 107,723 - 263 108,177
Entrance 246 33,805 - 208 34,225
West

Central Basin 334 - 264 1076 1,674
East

Central Basin 468 - - 779 1,247
West

Squally Reach 311 - - 395 706
Finlayson Arm 225 - - 219 444
Mill Bay 940 - - 96 1,036
Brentwood 199 - - 261 460
Bay

Patricia Bay 87 - - 151 238
TOTAL 2967 141,528 264 3,448 148,207
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Table 6-3  Siltation rates in Saanich Iniet (after Drinnan et al., 1995).

Station Distance from head (km) Sedimentation rate (g/m’/yr)
CP4 5.7 : 420
SN 0.8 6.5 950
SI-3 8.7 930
1 10.9 900
G 15.7 1440
SI—? 18.3 2700
SI-9 205 2570
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Table 6-4 Sedimentation rates in Saanich Inlet, model predictions.
Model Box Winter Spring | Summer | Summer Fall Annual Annual
(g/miryr) (g/m°Hyr) (gm’yr) | Renewal | (g/m’ryr) Average | Average
(g/m®/yr) (g/m’fyr) (cmiyr)
Finlayson Arm 1676 364 386 444 554 830 0.4
Squally Reach 2185 801 510 503 874 1139 0.5
Central Basin 4735 2695 1821 1093 2477 2859 1.3
West '
Central Basin 4808 2841 2185 1093 2768 3024 1.4
East
Entrance West 1894 1020 728 510 874 1136 0.5
Entrance East 2040 1311 1238 1020 1311 1484 0.7
Mill Bay 2258 947 328 189 852 1087 0.5
Brentwood Bay 634 226 189 189 306 351 0.2
Patricia Bay 583 175 204 211 270 330 0.2
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Figure 6-1 Sediment transport model results for the winter season (see text for

explanation of figure).
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Figure 6-2 Sediment transport model results for the spring season (see text for
explanation of figure).
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Figure 6-3 Sediment transport model resuilts for the summer season (see text
for explanation of figure).
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F6-4

Figure 6-4 Sediment transport model results for the summer renewal season
(see text for explanation of figure).
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Figure 6-5 Sediment transport model results for the fall season (see text for
explanation of figure).
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Figure 6-6 Station locations for siltation estimates given in Table 6-3.
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7. CHEMICAL CONTAMINANTS

7.1 Background

Chemical contaminants are defined as concentrations of chemical substances found in
environmental matrices (i.e., water, sediment, biological tissue) which exceed typical
background concentrations. The source of such substances is activities related to urban, rural
and agricultural releases - both point and non-point source. Water quality and waste loadings in
Saanich Inlet are reviewed in Drinnan et al. (1995) and reference should be made to this
document for background information on chemical contaminants.

For chemical contaminants in aquatic systems, two matrices usually act as the "canary in the
coal mine" - sediments and biological tissues. This is because many chemicals that are typically
of concern tend to accumulate in these matrices. For most chemical contaminants, information
about the concentrations in the water of Saanich Inlet are unavailable because routine
monitoring is not conducted as there are no significant point sources in the area. Generally,
chemical contaminant concentrations in the water column are near analytical detection limits.
For that reason, much of the available information on water quality in Saanich Inlet is based on
contaminant concentration in sediments.

There is some information on sediment contamination (largely collected under the Saanich Inlet
Study; Drinnan et al., 1995), with a focus on areas that have the highest likelihood of receiving
contaminants resulting from human activities in Saanich Inlet. There are few data sets
describing chemical contamination in biological tissues. As discussed in this section, data on
contaminant loading rates to Saanich Inlet do not exist. Therefore, we have also conducted
calculations of what the contaminant loadings are expected to be.

This section focuses on the inlet itself (i.e., marine data), as opposed to the tributaries. Drinnan et
al. (1995) reviews the environmental quality of the Saanich Inlet by a screening level investigation.
Sample coliection sites are shown in Figure 7-1. In summary, Airport Creek and Hagan Creek has
intermittent exceedances of water quality criteria for some metals. Tod Creek sediments were
noted to exceed MELP sediment quality criteria. Information for other creeks indicated water
quality values below MELP criteria; it should be noted that there are a number of tributaries for
which limited data exist. The pattern of findings outlined in Drinnan et al. (1995) for tributaries to
Saanich Inlet suggests that they are loading sources to the inlet. In this study, we evaluated
existing information on chemical contaminant concentrations in Saanich Inlet and we conducted
calculations of the contaminant inputs that are expected to meet various water quality criteria,
including sediment and fish tissue criteria. Finally, we compared estimated chemical input levels in
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areas of Saanich Inlet to water quality criteria to evaluate whether the assimilative capacity of
Saanich Inlet has been exceeded for chemical contaminant inputs.

7.2 Chemical Contamination Of Saanich Inlet

The extent of knowledge of chemical contamination in marine waters of Saanich Inlet is
summarized in Table 7-1. It illustrates that there are a number of contaminants that are present
at elevated levels in Saanich Inlet. The contaminants for which data exist can be classified in
two groups. The first group are referred to as “metals” and include substances such as
mercury, copper and lead. The other group of chemical contaminants is referred to as polycyclic
aromatic hydrocarbons (PAHs), which include substances such as benzo(a)pyrene (a potent
carcinogen), anthracene, pyrene and others. Although the actual sources of these contaminants
in the Saanich Inlet are unknown, it is expected that these pollutants originate from a variety of
sources such as storm water runoff, agricultural runoff, seepage from landfills and septic fields,
marinas, and spills of fuels and oils. There may also be natural sources since some metals are
natural constituents of soils and sediments. There are also natural sources for the PAHs, such
as forest fires, but the elevated levels found in Saanich Inlet are indicative of local human
activities. There is a shortage of maripe data regarding other groups of chemical contaminants
which are generally associated with human activity, such as pesticides, PCBs and dioxins.
Pesticide measurements in six tributary (i.e., fresh water) sediments showed concentrations
below detection limits in five of the creeks, but pp-DDE and pp-DDT concentrations in Tod
Creek exceeded MELP criteria. PCB and dioxin data for fresh water and marine sites in
Saanich Inlet were not available.

To evaluate whether marine sediment concentrations are particularly “high or low”, the
observed concentrations are compared to sediment quality criteria. Sediment quality criteria are
recommendations regarding “safe” levels of contaminants for the protection of a given water
use (MELP, 1995b). When possible, the working and approved sediment quality criteria derived
by the MELP were used. For those substances for which the MELP has not derived sediment
quality criteria, sediment quality criteria derived by Environment Canada (1994b) were used.

The observed concentrations of individual chemicals were divided by the corresponding
sediment quality criteria to derive a ratio that represents the extent to which observed
concentrations exceed sediment quality criteria (Table 7-1). Ratios less than one represent no
exceedance of the criteria (i.e., observed concentrations are less than the sediment quality
criteria). Ratios greater than one reflect chemical concentrations in the sediments that are
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greater than the sediment quality criteria. The extent of exceedance of the sediment quality
criteria is illustrated in Figure 7-2.

Table 7-1 and Figure 7-2 illustrate that contaminant concentrations in sediments from the Gold
Stream Estuary did not exceed the sediment quality criteria for the chemicals that were
investigated. Sediment quality criteria were exceeded in Tod Inlet for mercury,
dibenzo(a,h)anthracene, benzo(a)pyrene, acenaphtylene, chrysene, pyrene, naphthaiene and
phenanthrene. In Brentwood Bay, sediment quality criteria were exceeded for copper, lead,
mercury, zinc, PAHs, benz(a)anthracene, dibenzo(a,h)anthracene, chrysene, pyrene,
benzo(a)pyrene, acenaphthylene, anthracene, fluoranthene, fluorene, naphthalene and
phenanthrene. Figure 7-2 illustrates that exceedance of the sediment quality criteria is greater
in Brentwood Bay than in the Goldstream Estuary and Tod Inlet. The maximum level of
exceedance of sediment quality criteria was 147 fold for phenanthrene, a polycyclic aromatic
hydrocarbon.

These results indicate that Tod Inlet and Brentwood Bay have received and may still be
receiving inputs of some chemical substances that exceed the approved and working sediment
quality criteria. Mercury and PAHs appear to be of greatest concern since concentrations
exceeded sediment quality criteria most often. The conclusion from this review of chemical
concentration measurements in Saanich Inlet sediments is that there are some locations in
Saanich Inlet that contain sediment concentrations of some chemical substances that do not
meet the existing approved and working sediment quality criteria.

7.3 Assimilative Capacity of Saanich Inlet for Chemical Contaminants

There is a toxicological principle that states that the “dose makes the poison”, which is true for a
number of chemicals where the risk increases with exposure. The essence of this principle is
that most chemical substances, whether they are kitchen salt, chiorine, zinc or copper, have the
potential to exert adverse effects, but that it is the “dose” or simply the amount of the substance
that is absorbed by the organism which determines whether adverse effects occur. This
principle, dating back to the 17th century, can also apply to ecotoxicological effects of
chemicals in the natural environment. When applied to chemicals in natural ecosystems like
Saanich Inlet, the “dose” refers to the input or the emission of the substance into the
ecosystem. The “poison” refers to any adverse effects that may occur such as reduction in
reproductive success, tumor incidence in fish or human health risks from t