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CHAPTER 1
Background

The Okanagan basin is characterised by a gently sloping plateau with elevations ranging from
about 1,200m to 2,200in and steep valley sides dominated by bedrock at or near the surface
descending to a valley bottom containing a serfes of lakes. The valley floor is covered by
Okanagan Lake which extends from Penticton in the south (where lake Ievel is controlled) to
10 km north of Vemon (Figure 1.1). Okanagan Lake’s surface covers an area of 351 km® and
containg roughly 24.6 billion m® of water (Canada-British Columbia Okanagan Basin Agreement
1974). The physical drainage basin upstream of the Okanagan River at Penticton covers
5,960 km®. Annual precipitation in the Basin varies with elevation, and is relatively low,
averaging about 600 mm per year throughout the Basin. Inter-annual variation in annual run-off is
significant in the Okanagan. Snowmelt between April and June represents the primary source of
this run-off in the Okanagan River system, More specifically, about 95% of the net annual lake
inflow occurs between February 1 and July 31. The average annual inflow {as determined for the
period 1970-1999) is 565 million m® which translates to a 1.66 m elevation gain on the lake.
However, the annual inflow vartes widely, and has ranged from 147 millionm® to
1,340 million m” since 1970. When combined with present and future water demands, this range
has significant practical water management consequences.

Several major tributaries drain into Okanagan Lake including (from north to south) Vemon,
Equesis (Six-Mile), Kelowna, Mission, Powers, Peachland, Trout, and Penticton Crecks. Mission
Creek is the largest tributary, contributing an average of 21% of the total annual inflow to
Okanagan Lake (Canada-British Columbia Okanagan Basin Agreement 1974a,b,c). At Penticton,
Okanagan Lake flows into the Okanagan River, which empties into Skaha lake. Downstream of
Skaha lake, the river flows through Vaseux, and Osoyoos Lakes before entering the Columbia
River at Brewster, Washington.

ESSA Technologies Ltd, 1
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Figure 1.1,

Oka.nagan basin watershed. Sonrce; Summit Environmental Consultants,
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Wéter management issues & history

The water resources of the Okanagan basin face increasing stress duc to both continued
population growth and climate change. A recent study published by Statistics Canada identified
the Okanagan-Similkameen basin as having the lowest amount of water available per person in
Canada. The Canadian Water Resources Association (CWRA) suggested at a conference in 2005
that at present per capita usage rates, the water resources of the basin will be totally allocated in
less than 25 years. Communities that rely on reservoirs or sireams are already starting to
experience shortages in drought years, and minimum flows in streams are ofién well below
acceptable survival thresholds for aquatic species. The Okanagan basin ‘Water Board, the
Okanagan Partnership, CWRA and other organisations have all recognised that these pressures on
water have ecological and socio-economic consequences. Improvements in the way water is
managed and consumed are required to sustain both the integrity of ccologlca] systems and the
standard of living in the valley,

In the case of Okanagan Lake (British Columbia), water levels are managed to provide a balance
between flooding, agriculture, fisheries, urban water supply and other interests, However, natural
variation in seasonal inflows, scientific uncertainty, competing objectives and multi-agency
communication barriers are significant challenges faced by resource managers responsible for
deciding how to allocate limited and variable water supplies in the basin. Value differences often
come into play, with wide variations in weight placed on flood control vs. other considerations
such as water for ecological needs. In the Okanagan, this typically involves explicit consideration
of fish population needs,

Canada-BC Okanagan Basin Agreement

In 1969 the British Columbia and Canadian govemments formally agreed to pursue the
development of a comprehensive framework plan fo manage water resources for the social
betterment and ceconomic growth of the Okanagan valley. The study was called The Canada -
British Columbia Okanagan Basin Agreement (hereafter OBA). At the time, the OBA study
(Canada-BC Okanagan Basin Agreement 1974) was highly innovative. It considered altemative
future population demands and for the first time recognised the need to supply water for fish and
wildlifc, reereation and aesthetic valucs. This led to the signing of an Opcrating Plan by the
British Columbia and federal govemments in 1976, with sole responsibility for operations and
maintenance falling to the Province. The OBA Operating Plan specifies operating ranges for
Okanagan Lake clevation for normal, drought and flood years. Likewisc, it specifies operating
ranges for other lakes in the basin as well as in-stream flow requirements in Okanagan River.

The Operating Plan devised during the OBA was (and generally still is) considered reasonable in
that it attempts to accommodatc a wide range of intcrests and speeifics flows and lake levels for
fish. However, fishery losses have sometimes been substantial, owing not to a systematic failure
of the plan, but to an inabitity to follow it in practice. Water managers have had to try to control
floods, mect rapidly rising demands for domestic and agricultural watcr and also supply veater for
fisherics and rcercation. In rocent years, the task has been madc even more challenging by
extremes of climate and a more rpid than expected gain in human population—one that has
exceeded even the highest population growth trajectory cnvisioned by the OBA.

In addition to mles for flood control and water supply management, the OBA recognised that
water management decisions influence fish survival, Specifically, the OBA recognised that water

ESSA Technologies Ltd.
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management decisions influence fish production because of their effects on: (1) seasonal watsr
level variations at Okanagan Lake beaches where kokanee spawn; (2) discharge, water level and
flows downstream in both natural and channelized sections of the Okanagan River where sockeye
salmon spawn; and (3) water quality of the lake rearing-habitats of both sockeye and kokanee.
Consequently, specific provisions of the OBA focus on the maintenance of seasonal lake and
river discharge levels to protect the productive capacity of various life history stages of sockeye
and kokance salmon throughout the system, However, a review by Bull (1999) suggested that
water management decisions frequently depart from compliance with OBA targets.

Furthermore, recent data from sockeye and kokance ficld investigations and discussions with
expert sockeye and kokanee biologists suggest the OBA targets themselves could be improved to
provide additional protection. The study by Bull (1999), a sockeye egg scour and egg desiccation
mortality investigation by Hyatt et al (2001) and subsequent expert workshops with fisheries
biologists and hydrologists clcarly suggcstcd that significant fisherics survival gains are possible
by taking into account recent scientific understanding and better integrating information sources
when making water release decisions at Okanagan Lake dam.

Okanagan sockeye

Legally spcaking, Canada and the United Statcs share responsibility for conscrvation and
management of Okanagan River sockeye under the terms of the Pacific Salmon Treaty (1985). In
addition, Canadian resourec management agencics arc constitutionally obligated to conserve and
restore First Nations® access to food, social and ccremonial fisherics for salmon. Given their
biological, cconomic and cultural significancc, Okanagan River sockeye salmon are the subjccts
of scveral significant stoek and habitat restoration initiatives.

Fish population restoration in the Okanagan has taken on a higher profile in recent years owing to
cfforts by First Nations and greater awarcncss by rcgulatory agencics about the significant
declines in fish abundance. In spitc of curtailment of both marine and freshwater harvest,
Okanagan sockeye abundance has generally declined (Figure 1.3). This poscs a major concem as
Okanagan River sockeyc salmon arc the only significant remnant stock of salmon rctuming to
Canada through the Columbia River systemn in the U.S.

Of course, local water management practices in the Okanagan basin are not the solc (or primary)
issue causing this trend. The Okanagan sockeye population’s decline follows the development of
the Columbia River hydrosystem (Figure 1.2), which is widely believed to have eliminated all but
three Coluinbia River sockeye populations in the Okanagan, Wenatchec, and Redfish lakes. In
addition to the increascs in mortality imposed by Columbia Rivcr dams, other factors contributing
to the decline include agricultural, urban, recreational and forest land use practises, including a
flood-centric engineering paradigm that governed the design of Okanagan River channel in the
1950s (Figure 1.4). Climatc changes in the North East Pacific Ocean associated with warmer sca
surface temperatures and shifis in other eco-oceanographic conditions, while very poorly
understood, are increasingly suspected of placing additional strain on southerly distributed stocks
of salmon. Cumulatively, these factors and activities have acted to further restrict Okanagan River
sockeye to suboptimal habitats (freshwater and marine).

4 ESSA Technologies Lid,
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Figure 1.2.

There are nine major Columbia River dams separating migrating sockeye salmon
from the North Pacific Ocean and Okanagan River. Juveniles migrating towards
the ocean may be re-directed by screens and hydraulic features into fish by-pass
systems on some dams, travel over spillways (~97-99% survival), or through
power production turbines. Certain species and stocks are also capiured at select
by-pass facilities and barged beyond the dams, The fraction of juveniles that do
encounter turbines are believed to experience anywhere from 2% io 17% morality
(depending on the project). Adults retuming from the QOcean to QOkanagan River
move up-river through a serdes of fish ladders. (The thin blue centre fine shows the
migration path to Okanagan River, which lies to the north of Wells Dam, before
Chief Joseph Dam). '
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(@)

(b)

Figure 1.4, Okanagan River (channel} (a) at Penticton and (b) near Oliver] British Columbia.
Panel b shows anificial straightening and dyking for flood conveyance, The
remnant natural channel meander pattem and associated oxbow cut-offs associated
with a healthy ver system are also visible, Sowrce: Google Earth,
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Okanagan kokanee

As with Okanagan sockeye, numbers of Okanagan Lake shore-spawning kokanee have seriously
declined over the last three decades (Andrusak and Scbastian in Andrusak ct al. 2000) (Figure
1.5). Prior to this decline, kokance in Okanagan Lakc supported a sport fishery (Ashley and
Shepherd 1995) valued at more than a million dollars annually. Reasons for the decline have been
attributed to competitive intcraction with introduced Mysis relicta for the same zooplanktors and
a general decline in lake carrying capacity duc to nutrient imbalance (Andrusak ct al. 2001). A
third explanation for the decline involves regulation of the lake level at time of spawning and egg
incubation that potentially results in stranding of eggs and/or early hatched eggs (Andrusak et al.
2002). It is likely that a combination of thesc factors acts togcther,

Figure 1.5.  Okanagan Lake kokanee spawning abundance indices. Source: Ministry of Water,
Land and Air Protection, 102 Indusirial Place, Penticton BC, V2A 7C8.

Fish/Water Management Tools Program

In an cffort to help reverse the sockeye and kokance population trends, extensive consultation
between the Canadian Okanagan Basin Technical Working Group (COBTWG) and Douglas
County Pnblic Utility District (DCPUD) began in 1999. This led to the Fish/Water
Management Tools (FWMT) program aimed at identifying local water rcleasc practices that
increasc the overall production of Okanagan sockeyc salmon. The initial work dealt with ar
asscssment of the potential benefits, costs and feasibility of several salmon stock restoration
options (Bull 1999) including: (i) a general program of riparian and in-stream habitat
restoration; (if} construction of a sockeye spawning channcl; (iii) an adult trap-and-transport
program; and (iv} juvenile salmon production incrcases through improvements to water
rclcasc practices at Okanagan Lake dam, Penticton.
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Early in 2001, members of the COBTWG reviewed results from these initial studies with
representatives of DCPUD (March 22, 2001) and then with members of both DCPUD and the
Wells Committee (March 27, 2001). At both of these sessions, personnel from DCPUD
emphasised that further support for restoration actions in Canada would only be provided to
pursue restoration options that;

s would provide readily quantifiable benefits;

» have the potential to provide average sockeye production benefit on the order of 100,000
smolts per annum;

* appear economically attractive relative to altemate approaches;

» have the potential to achieve regulatory approval by each of several levels of
government; and

* could be developed and implemented within a 1-3 year interval.

The COBTWG acknowledged these requirements and provided additional eriteria based on their
commitment to the conservation and restoration of Okanagan fisheres resources within an
“ccosystem based management framework”. These criteria included:

e rcstoration activities should provide benefits at the single-specics level directly to
sockeye as well as at the ecosystcn level to other, high-value, indigenous fish species
such as resident kokanee (i.c., provide ecosystem benefits);

s manipulations of fish or habitat should be amenable to formal risk assessment as one

_ component of benefit-cost analysis; and

¢ manipulations of fish or habitat components should follow an adaptive management
process (i.c., build in cxperimental leaming opportunities and long-term monitoring
during and aficr project complection, with periodic reviews of ficld information to reducc
key unccrtainties).

Following further consideration of the criteria above, the COBTWG members agreed that the
flow managemcnt option of the FWMT program was DCPUD’s best option given that:

s analyses by Flyatt et al. (2001) indicated changes to water management practices had the
potential to increase sverage sockeye production by roughly 15%;

e costs to achicve this increase were economically superior to other options (¢.g., spawning
channel development};
e implementation of the water management option could be achieved within the context of

the existing OBA (i.e., no special regulatory approvals would be required to implement
water management actions contemplated under the FWMT program}),

o initial development, testing, refinement and deployment of an FWMT decision-support
system could be completed within 3-4 years;

e provision of a state-of-science decision-support tool to key water resource managers for
improving water release decisions for juvenile sockeye production could also provide
benefits for other high-value fish species (namely kokanee); and

¢ alierations to seasonal water storage and/or release practices could be implemented
through an adaptive management procedure.

ESSA Technologles Ltd. 8
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Guidebook contents

The remainder of this guide introduces readers to the key issues and science of Okanagan Lake
and River water management. These topics will be introduced -in ingremental detail so that
rcaders will have a firm prasp of the key considerations and trade-offs assoctated with in-season
management of Okanagan Lake and river to balance multiple objectives, such as sockeye and
kokanee survival and avoiding flooding of property. The guide gocs on to give some background
to the Okanagan Fish/Water Management Tool (OKFWM) softwarc application, the main product
of the FWMT program. It also provides concrete guidelines and discusses strategies for balancing
these objectives.

The guide then provides step-by-stcp instructions for operating the Okanagan Fish/Water
Management (OKFWM) software. Instructions are given separately for retrospective (training)
and in-scason modcs, as well as details on interpreting the output of the software.

The idcas in this guidebook were developed jointly by members of the COBTWG between 1999
and 2005, including cnthusiastic support from the basin’s scnior dam opcrator who had over
14 ycars expericnce operating Okanagan River mainstem dams at the time of writing,

What is OKFWM?

In several FWMT workshops during 1999-2003, “front-line” fisheries and water managers
discussed the complexity of balancing fisheries, flood control and other water allocation
objectives in Okanagan basin. The complexity and uncertainty are such that “mental adthmetic”
or “rules of thumb” were insufficient to meet the targets for multiple objectives. In addition, it
was clear that a fixed-rule “cook book™ or an experience-only approach lacked scientific
credibility across disciplines.

It quickly became apparent that a common science foundation was missing, Without this, water
and fisheries managers would continue to have problems communicating their rationale for
desired and actual water release decistons, This lack of a common foundation and language
wasted time—a significant barrier for any in-season management regime. Moreover, lack of a
common base and poor cominunication proved frustrating and engendered a lack of trust. Without
common ground, compromise and consensus on important water release decisions would
continue to evade water and fisheries managers in the basin,

Using a series of meetings and workshops, the FWMT program provided the vision, structure and
forum to develop a common foundation and language. Water and fisheries managers were given
equal footing at the table and could for the first time meaningfully discuss the complexities and
uncertainties associated with such things as:

» forccasts of scasonal water supplics;

e risk of significant property damage or imrigation losses associated with maintenance of
“fish friendly” lake elevation and niver discharge levels given either flood or drought

events;

10 ESSA Technologies Lid.
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o the exact timing of sockeye and kokanee [ife history events (especially fry emergence)
that control their vulnerability in a particular ycar to losscs from flood-and-scour or
drought-and-desiccation proccsses; and :

» the potential magnitude of these fish losses owing to specific deviations from
recommended lake level or river flow ranges.

Water and fisheries managers refined the program’s scope, clarified its bounds and performance
measures, and conducted comprehensive data reviews and new ficld surveys to gather relevant
information, This work was then documented in a series of reports. Using the information in these
reports, the FWMT Steering Committee directed the development of a state-of-science tool to
help make water management decisions in Okanagan basin,

The tool—referred to as OKFWM-—is a software program that is accessible on the internet and
can be used by many users simultancously. The data mode} that underlies OKFWM automates
complex biophysical calculations, incorporates real-time data on inflow to Okanagan Lake,
incorporates kokanee-sockcye emergence timing estimates and simplifies the presentation of
results to show how well objectives have been met. The result has been to greatly improve in-
sgason water release decisions oceurring at Okanagan Lake dam.

OKFWM was tested with both in-season and retrospective analyses, The retrospective analyses
used data from past years and compared results from running OKFWM with the actual outcome
during a particular year. Both types of analysis demonstrated the potential of OKFWM, and water
managers and fisheries biologists in the Okanagan basin have adopted OKFWM for routine use in
establishing sensible releases at Okanagan Lake dam.

Greater detail about OKFWM and its underlying models is provided in Chapter 3.

Who is this guide for?

This report has two primary audiences:

1. Previous users of the OKFWM sofiware who need a refresher in its use and in the
objectives for water and fisheries management in Okanagan basin. Previous users may
also be assisting an apprentice user.

2. Apprentice or trainee users who are leaming about water and fisheries management in
Okanagan basin and who are recetving guidance from an experienced user of OKFWM.

To use OKFWM, an apprentice fish/water manager must have:

o general training in environmental scignces at a university or technical institute
(2-5 ycars);

» one to several years of work experience as a water, fisherdes or habitat management
professional;

» better than entry-level knowledge of gencral physical, biological and engineering
concepts shaping fishAvater management issues in regulated watersheds;

¢ basic computer skills, and in particular, familiarity with Microsoft Intemet Explorer™
and Microsoft Excel™.

ESSA Technologies Lid. 11
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An apprentice fish/water manager may have, but does not have {o have;

= experience in dealing with fish/water management issues in Okanagan basin.

For the apprentice user, this guide is meant to serve as an efficient training aid to rapidly onent
the new user to OKFWM. It is not, however, a stand-alone tutorial or a “cook book”. This guide
does not substitute for the valuable training and insight that can only be acquired through
collaborations with experienced managers.

For existing users, this guide will serve as a helpful reference to refresh decision-making skills for
fish and water management issues throughout the year in Okanagan basin. The guide will also
assist a previous user to train a new user by summarising all key information about fish/water

management in Okanagan basin,

How to use this guide

This guide contains the following information:

Chapter 2 — An overview of the Okanagan basin water system and how variations in water
supply affect water allocafion and fisheries objectives. The chapter also includes some basic
guidelines (a “cheat sheet™) about acceptable water levels in Okanagan Lake and water flows in
Okanagan River at various times of year,

Chapter 3 — Some background information about how OKFWM was built. This includes the
biophysical basis of the mode! and how five sub-models contribute to the overall model.

Chapter 4 — The results of extensive testing of the model with previous years® data (retrospective
analyses).

Chapter 5 — Step-by-step instructions for an apprentice to work through a complete water year in
training mode, The instructions walk an apprentice through water year “2047” (could be any
year) and describe how to operate the OKFWM software and how to read the main output report.
The instructions are sufficiently detatled that an apprentice can become familiar with opcrating
the software without outside assistance, The chapter also includes a glossary of terms used during
the step-by-step instructions.

Chapter 6 — Stcp-by-step instructions for using the real-time, in-scason modc of OKFWM. The
instructions assume basic familiarity with the software and are less detailed than in Chapter 5.

Chapter 7 — An explanation of OKFWM output reports and a table of hazard definitions to use
while reading the reports.

If you are an apprentice user of OKFWM:
o Read Chapter 2 thoroughly,
e Skip to Chapter 5 and follow the instructions through a practicc ycar.

12 ESSA Technologies Lid.
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Refer to the guidelines in Chapter 2 and the glossary at the end of Chapter 5 as you work
through the practicc year. The table of hazard definitions in Chapter 7 may also be
useful—you will be reminded of this when you are in Chapter 5.

You should have at the ready at least one experienced user of OKFWM. Seck assistanee
from them at any time,

When you have performed the practice year, go back to Chapter 3 and Chapter 4 and read
these. They will make more sense when you have some idea of how the Okanagan system

works.

Continue practising in training mode and complete several different types of water year
(dry, wet, average).

Refer to Chapter 7 whenever you need to remind yourself of report output details,

When you are ready, read Chapter 6 and begin using the real-time mode of OKFWM.

If you are training an apprentice user:

Have your apprentice follow the steps above,

Don’t expect your apprentice to understand or appreciate all the details of OKFWM,
especially of Chapter 3 and Chapter 4, until he or she has performed several training
water years.

Be prepared to assist your apprentice with decisions and 1o explain why you would take
particnlar actions. The guide is not a substitute for the knowledge yon have and can pass

on to your apprentice.,

If you are a previous user of OKFWM;:

Re-read Chapter 2 through Chapter 4 as necessary.
Skip to Chapter 6 to remind yourself about how to use OKFWM in real-time mode,

Refer to Chapter 7 to remind yourself about the various ouiputs from OKFWM and how
to intcrpret them.

Refer to the water management guidelines in Chapter 2, the glossary in Chapter 5, and
the table of hazard definitions in Chapter 7 if needed.

ESSA Technologies Lid. 13
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CHAPTER 2

Overview of Okanagan Lake

Management & Impacts of Water
Supply Variations

Key objectives & trade-offs

‘There are four key objectives for the water manager to consider when regulating Okanagan Lake
and River;
1. minimising flooding damage around Okanagan Lake and atong the Okanagan River
downstream of Okanagan Lake;
2. satisfying domestic and irrigation water supply demands;
3. protecting fisheries values, especially Okanagan Lake shore-spawning kokanee eggs and
Okanagan River sockeye eggs, alevin and fry; and

4, supporting rcoreation, navigation and tourism (maintaining acceptablc watcr Ievels for
boat docks and ramps and for river float tourist busincsses),

It is difficult for the water manager to makc decisions about how much water to refease and when
to release it from Okanagan Lake dam because the amount and timing of inflow to the system
vary significantly cach ycar. The watcr manager must draw down or lower lake clevation (water
level) during winter months (November to Fcbruary) because Okanagan Lake dam docsn’t have
the capacity to handle high inflows during pcak snow-melt from March to June. This requires the
water manager to understand predictions of inflow to Okanagan Lake based on early winter
snowpack and Jong-tenn weather forceasts.

The water manager must also understand and keep in mind the consequences of trading off each
of the following objectives:

Flood control around Okanagan Lake

Okanagan Lake is like a big bath tub with a small drain (Okanagan Lake dam), It takes a long
time to empty the lake, even when the dam is fully opened, The slow decline in lake elevation as
water flows out Okanagan Lake dam is of critical significance in day-to-day management. Failure
1o lower the lake sufficiently before spring (March) resulis in flooding of lakeshore properties,
This is because Okanagan Lake dam can release only 60 m’sec” and cannot keep pace with

ESSA Technologies Ltd. 15
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spring inflows. (During floods when Okanagan Lake is at flood stages, the dam can release
upwards of 77.9 m®.sec”’, but this is generally not advisable).

To put this into perspective, the average net May inflow for all years of data, referred to as the
all-year average, is close to 88 m’.sec’, which is about 28 m’.sec’ more than Okanagan Lake
dam can release. If the extra 28 m’.sec” continued for a full month, it would raise Okanagan
Lake’s elevation by 21 cm. Furthermore, the average inflow ignores the large interannual
variation—short-term inflow rates greater than 250 m*.sec™ are not unheard of.

If we assume an average winter inflow of around 10.8 million m* per month (or ~ 4.15 m® sec),
the water manager must release an average of 10.7 m’sec” during a given month of the late
fall/winter to lower the lake elevation by 5 centimetres (just 6.166 cm per day).

Additional guidclines on lake clovation responscs to different relcascs from Okanagan Lake dam
are provided in the section titled “Relationship of net inflow to releases at Okanagan Lake dam”

(pg. 30).

Survival of incubating sockeye eggs

If the watcr manager fails to lower Okanagan Lake’s elevation over the winter, two things arc
likely to happen. First, as mentioned above, lakeshore properties will be flooded. Second, the
watcr manager will likely have to resort to “panic” releases during onc or more of April, May and
June. These months overlap with the time when sockeye eggs are incubating in Okanagan River.
April and May panic flows at Okanagan Lake dam are doubly bad for sockeyc cggs because they
combine with oftcn sizcable unregulated downstream tributary inflows (which always cnter the
River and cannot bc controlled), Together, panic flows and tributary inflows result in
unacccptably high rates of mortality to sockeyc cggs through gravel scour (movement of
spawning gravel particles, grinding and crushing eggs, and promaturc flushing of cggs
downsircam), Ficld studics suggest that if flows cxceed 50 m’.sec”' during the incubation period,
over 60% of cggs dic (Summit 2002a as cited in Alexander and Hyatt 2005).

Flood control along Okanagan River

In the scenario above (panic releases from Okanagan Lake dam, large uncontrolled tributary
inflows), significant river flooding would also be cxpected. River flooding ofien must be traded-
off relative to the cxpected magnitude of lakeshore flooding. This highlights the importance of
lessening flood risks in the late fall and winter montbs by drawing down Okanagan Lake,
particularly in December and January when snowpack information becomes available.

Survival of shore-spawned kokanee eggs

If the water manager draws down Okanagan Lake too far during fall and winter, several adverse
impacts can occur. On the fisheries side, significant numbers of shore-spawned kokanee eggs
will be desiccated and will die if the lake elcvation drops more than 20 cm below its October 15
level. October 15 is the approximate median date that kokanec spawn their eggs along Okanagan
Lake’s shore. These eggs do not normally emerge and swim up from gravels until April,
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Safe navigation and recreation

If Okanagan Lake is drawn down too far, it may not reach full pool (~ 342.53 m) in June, Low
lake clevations can cause problems for summcer navigation by boats and can render boat docks
unusable. Fixed boat docks may also become unusable should the lake clevation exceed certain

thresholds,

River recreation busincsscs also bencfit from summer flows within a certain range during July
and August (>10 m* sec™).

Water intake operation

A low lake clevation typically has imporiant downstrcam implications for Okanagan River. With
low lake clevation, the water manager would likely reduce flows to minimum obligations during
the suminer months. (There are minimum volumes of water that the water manager is obliged to
rcleasc for certain downstream uses). Low downstream flows can cause insufficient water for
agricultural and domestic water intakes along Okanagan River. Low lakc clevation also affects
water intakes around the fakc.

Thesc same water intakes, especially those around Okanagan Lake can be rendered inoperable
should water clevation become too high, flooding pump houses,

Survival of rearing sockeye fry

High water temperatures and low oxygen levels, which can establish in Osoyoos Lake in
particularly wam summoers, arc detdimental to rearing sockeye fry and limit their potential to
survive, Pulse releases of water in the range of 30-36 m’sec’ in July and August are
hypothesised to alleviate these rearing limitations. To be effective, a summer pnlse release
should continue for as Jong as is required to inject approximately 128 million m® of water into
Osoyoos Lake. An alternative hypothesis is that total inflow to Osoyoos lake from July 1 to
September 30 of approximately 145 to 167 million m* may also be sufficient to alleviate rearing
limitations (i.e., average water releases to Osoyoos Lake of 18-22 m’sec” July through
September). The exact time weighted distribution of the inflow required within this summer/early
fall period is the subject of ongoing adaptive management investigations.

Tactically, these releases are only possible in certain classes of inflow years {not possible in very
dry years), and are only plausible in average, below-average water years when the water manager
has considered the potential need for these pulse releascs early enough in the spring, and hedged
enough water in reserve. In other words, during the spring fill period the water manager would
nced to err on the Aigher side of full pool to realize enough water in storage to permit release of
this volume during the summer months without excessively drawing down Okanagan Lake, In
practice therefore, a change in risk attitudes refated to the balance of flood protection vs. fish

population survival needs may be required.

Figure 2.1 provides the geographic context for the objectives and trade-offs introduced above.
Further details on inflow hydrology and the biophysical consequences of water supply vadations
arc discussed later in this chapter and in Chapter 3.
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CKanagan Lake

Okanagan Lake

+ Flood control {< 342.756my}

+ Shore spawning kokanee incubation
{lake draw-down from Oct-15 to Apr
less than 0.2 m)

+ Domestic & agricultural water intakes
+ Recreational navigation

Qkanagan Lake
Dam

Okanagan River at Penticton ~ s Flood control {< 60 m sec”)

« River recreation (> 10 m’.sec”,
Jul-Aug}
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Okanagan River at OK Falls \_ " Flood control (< 78 msec™)
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Okanagan River at Oliver
Flood control {< 96 m®sec™)

Sockeye Jncubatton {Nlows less than
30 m®.sec” Nov - ApriMay)

Domestic & agracultura! water
intakes (> 6 m”.sec”)

Recreationat navigation

N dN

{

Osoyoos Lake Osoyoos l.ake

+ Sockeye juveniles, temperature-
oxygen squeeze mitigation
feumulative Jul 1 - Sep 30 inflows
~ 145 to 167 million m+)

Figure 2,1, The five sections of Okanagan basin that arc included in OKFWM. The bullet
points summarise the key fishAwater management objectwcs that must be
con51dered within each section.
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OBA operating guidelines (pre-FWMT)

In addition to the gencral objectives outlined above, the water manager has specific operating
guidelines for Okanagan Lake water level and Okanagan River discharge at Penticton, Okanagan
Falls, MclIntyre Dam, and Oliver. The Canada-British Columbia Okanagan Basin Implementation
Agreement (OBIA 1982) recommended managing Okanagan Lake and Okanagan River using the
following guidclines:

Okanagan Lake

s 'The normal operating range of Okanagan Lake is 341.3 m to 342.5 m in all but
anticipated extreme flood years and successive drought years.

¢ Ifhigh inflows arc anticipatcd, the lake may be drawn down to 341.0 m,

¢ During prolonged drought, the lake may be drawn down to 340.4 m.

s Target watcr level on February 1is 341.8 m,

e To protect the kokanee, the target water level for end-July is 342.3 m and on October 13
the target level is 341,9 m.

* To protect spawning kokanee, the drawdown between October 1 (beginning of week 40,
week 1 begins on January 1) and February 28 should be less than 0.15 m if possible (in
years in which anticipated spring inflow is low or nonnal, it should be possible to meet

this constraint).

Okanagan River

To protect spawning and juvenilc sockcye salmon, the OBIA identified the following-—looscly
biologically relevant—discharge guidelines (as measured at Oliver):

¢ During sockeye migration the flow at Oliver should be maintained between 10.5 m’sec”!
and 28.3 m’.sec”’ for August 1 to 31 (i.e., beginning of week 31 to within week 35), and
between 9.1 n*.sec” and 28.3 m’.sec”’ for September 1 to 15 (Brian Symonds, pers.
comm, 2002).

¢ During sockeye spawning (September 16 to October 31) the flow at Oliver should be
maintained between 9.9 m”.sec”’ and 15.6 m®.sec”.

* During sockeye incubation and emergence (November 1 to April 30) the flow at Oliver
should be maintained between 5.0 m*.sec” and 28.3 m®sec” (but not less than 50% of the
September 16 to October 31 inflow to avoid de-watering).

o No fisheries guidelines are in effect between May 1 and July 31 (e.g., water quality
limitations in Osoyoos Lake are ignored),

These OBIA operating guidelines pre-date the Fish/Water Management Tools (FWMT) program.
By using the OKFWM system, the water manager can better balance flooding, fisheries,
navigation and water supply objectives. In many types of water years, this cannot be
achieved by stringent application of the operating guidelines above.
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Annual management cycle

A water year begins on October 1 when sockeye and kokanee begin to spawn and continues
through to the end of November when sockeye fry complete a critical portion of their first year of
rearing in Osoyoos Lake. Qver this time-frame, the intensity and significance of fish/water
decisions are not even. It is helpful 1o think of a water year as having three major phases:

1. A winter drawdown phase lasting from Oclober 1 (o January 31;
2. A spring inflow phase from February I to June 30; and
3. A summer vecovery phase from July I through September 30,

Winter drawdown phase

The water manager should adjust winter drawdown of Okanagan Lake according to (i} real-time
inflow information; and (ii) the manager’s subjective judgement of observed information (c.g.,
carly snow pack, antecedent (or background) ground moisture, previous year’s lake elevation).

More drawdown will provide the water manager with greater flexibility during the spring inflow
phase (but will come at the expense of shore-spawned kokanee eggs and could also result in
missing full pool or downstreaun water shortages in the summer). In contrast, less drawdown
means the water manager might have to release a lot of spring inflow in a short window of time.
This generally exposes the water manager to a higher risk of lake and/or down-river flooding,
often causing unacceptable levels of sockcye mortality from scour. Ultimately, the magnitude of
winter drawdown is a matter of expericnce.

One important guideline is to pay particularly close attention to the trajectory of lake clevation
between the first week of March and the third week of April.

There is moderate to extreme flood hazard when all three of the following occur simultaneousty
from approx. March 1 to April 21;

1. Okanagan Lake’s clevation remains constant (or increases);
2. Okanagan Lake dam outflows are in the range of 18-30 m*.sec”’; and
3. Okanagan Lake’s elevation is greater than 341.6 m.,

In most years, the water manager should aim for a declining slope in lake elevation from
November to April 21 to “make room” for freshet inflows, The rate of this decline varics
depending on inflows and the emphasis placed on flooding vs. fisheries objectives (See Key
objectives & trade-offs),

Spring inflow phase

The importance of each of the three phases varies depending on the type of water year (dry,
average or wet; see subheading below). In general however, the spring inflow phase (Febmary
through June) requires the most frequent adjustments to Okanagan Lake dam outflows and the
greatest number of decisions to balance the water system, Climatic conditions and inflow can

20 ESSA Technoiogies Lid.
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Guideiines for Apprentice Water Managers

change rapidly during this phase. Hence, water releases from Okanagan Lake dam require
adjustment as ofien as every 2-3 days during specific intervals of the spring inflow phase.

The spring inflow phase corresponds with the start of BC Ministry of Environment River Forecast
Centre (RFC) seasonal inflow estimates. The RFC conducts snow surveys at the beginning of
cach month from January through June with additional small surveys on May 15 and June 15.
Within about 4-6 days of these surveys, the RFC predicts the net amount of mn-off on
February 1, March 1, April 1 and May 1. For the Okanagan basin, these forecasts represent net
inflows from the date of the forecast through to July 31.

Summer recovery phase

When the summer recovery phase begins sometime in July; the water manager’s decisions about
water releases are generally the least complicated of the three phases, The primary goal is to
again drawdown Okanagan Lake to its October target levels (or risk flooding the next year).

In hot dry years, however, the summer recovery phase can involve important decisions. In this
case, the water manager must ensure adequate flows for water withdrawals along Okanagan
. River, be prepared to provide a significant pulse release to Osoyoos Lake to improve sockeye
survival, and meet trans-border flow obligations to the United States (Table 2.1). The water
manager must also consider flows for spawning sockeye salmon by ensuring that the discharge
ncar Oliver at the end of Scptember is less than twice the cxpected average flow between October
and April. (Otherwise, an unacceptable proportion of deposited sockeye cggs may be de-
watered.)

Table 2.1.  Recommended minimum trans-border flows and minimum flows at Qliver to meet
trans-border flows. These targets originate from the non-binding cooperation plan
between the Provinee of British Columbia and the State of Washington.

Source; Province of British Celumbla and State of Weshington (1980)
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Guldelines for Apprentice Water Managers

Wet, dry and average years

When the first RFC inflow estimates are made shortly after Febrary 1, fish/water managers get
the first indication of the type of water ycar that may lie ahead: dry, average or wet. The toughest
years in which to manage muItipIc objcctives are wet years (nct February 1 to July 31 inflow
approaching 800 million m®). In these years, therc must be a fight emphasis on flood
management, and there arc very limited opportunitics to consider other flow management

‘objcctives.

Dry years are also challenging for making water release decisions. Failure to hold sufficient
watcr during the winter drawdown phase in a hot dry year will leave the water manager impotent
to dircct pulsc relcascs in July and August. Without the ability to provide these pulse rclcases, the
water manager cannot mitigate for sockeye montality from the temperature-oxygen squeeze in
Osoyoos Lake. However, cven if the water manager tries to hold water over the winter, summer
pulsc rclcascs arc not feasible when net February 1 to July 31 inflows are below roughly
310 million m®. So, the brackct for having grcatcst flexibility to balance multiple objectives is in
the range of 310 mllhou m® to 800 million nt’ (Hyatt and Alexander 2005). Summer pulse
releases are discussed in greater detail in Chapter 4.

Average years pose their own challenges, cspecially when the water manager is trying to reach
an optimal balance of trade-offs among all the objectives. Relatively speaking, however, the
importance of knowing inflow in these years is not as significant as for wet and dry years.

To avoid lakefront flooding, lake elevation must be drawn down more in wetter years and less in
average and dry ycars, The key challenge, however, is that the water manager does not know and
cannot reliably determine the exact naturc of the water year (magnitude and timing of inflow)
during the winter drawdown phasc. Thus, the default is to follow average winter lake clevation
targets rccommended either by the Canada - British Columbia Qkanagan Basin Apreement
{OBA) or fcamed and handed down from previous water managers (Tabic 2.2).

Table 2.2 shows that the all-year average drawdown of Okanagan Lake between October 15 and
May 31 is approximately 0.28m (0.19m from Qctober 15 to January 31). Between May 31 and
June 30, Okanagan Lake increascs in clevation by approximately 0.25mn. This bxghhghts the
significance of spring runoff, One way to think about the variation in these numbers, is to
recognise that 1 standard deviation in Iake elevation at the end of June is +/- 0.24 m. (This
reflects cumulative uncertainty in all dates prior to June 30, not just variation at the end of June).
This valuc is significant considering the knife-edge flood damage that begins to accumulate
shortly after Okanagan Lake exceeds the full pool elevation (342.53 m) typical of this time of
year. In other words, in practice, there really isn’t such thing as an “average” year.

Detailed strategies for coping with wet, dry and average water years are discusscd in Chapter 4.

22 ) ESSA Technologies Lid,
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Guidelines for Apprentice Water Managers

Table 2.2.  Okanagan Lake water elevation targets by time of year, including all-year average
values. Bold values represent targets for the winter drawdown phase, a time when
there is little reliable information for inflow forecasts. The italicised values
represent “the critical window”, a time-period during which water managers should -
try to lower Okanagan Lake elevation.

On the following page, Figure 2.2 provides a generalised timeline summarising the key events

and considerations during a water year.

ESSA Technologies Lid.
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Guldeiines for Apprentice Water Managers

Net inflow to Okanagan Lake

The timing and magnitude of spring inflows to Okanagan Lake are the two biggest uncertainties
in fish/water management in the Qkanagan basin. The River Forecast Centre (RFC) estimates
from snowpack measurements are hclpful, but because they use limited data to foreeast inflows
over several months, they arc not cxact. This is demonstrated by comparing the forecast flows to
the actual flows that occurred from 1974 to 2002 (Figurc 2.3). The RFC cstimates are least
reliable in February (lowest R? value) and most reliable in April and May (highest R? values).

Data back to 1921 show the large intcrannual variability in net inflow to Okanagan Lake (Figurc
2.4), and within each of these years, there is also considerable seasonat variability (Figure 2.5).
The combination of interannual and seasonal variability in net inflows is the primary reason for
the wide envelope observed in historical lake elevations (Figure 2.6) and in Okanagan Lake dam
release patterns (Figure 2.7).

The OKFWM system helps to address the uncertainties by projecting the consequences to
Okanagan basin objectives according to both a low (mean - 1SE) and a high (mean + 1SE) RFC
forecast. It is critical for the water manager to know whether the low or the high forecast is
the best one to follow, This involves leveraging real-time inflow information to update these
prior expectations, a task that is possible using the OKFWM system. In practice, this involves
comparing matched time period forecasts of net inflows with actual net inflows and making
assumptions about whether the trend observed to date is expected to continue and whether the
average, low orhigh inflow forceast is most representative.

There are no hard and fast rules, but in general, if the water year is noticeably drier than forecast,
then the low RFC forecast should receive more weight. If the water year is wetter than forecast,
then the high RFC forecast should receive more weight.

Once the water year advances to April and May, it is possible to update the mean RFC inflow
estimates with real-time inflow data. This is an advanced technique involving OKFWM’s weekly
net inflow report, and should only be performed by a senior hydrologist or other competent
individuals. The point is, ignoring real-time inflow data (i.c., strict anchoring to RFC inflow
forecasts) once the snowpack is no longer accumulating {generally April and May) will
result in poorer water management performance,

25 ESSA Technologies Lid.
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Guidelines for Apprentice Water Managers

Relationship of net inflow to releases at
Okanagan Lake dam

Individuals new to Okanagan Lake water management commonly ask: “What change should 1
expect in Okanagan Lake water elevation for a given outflow from Okanagan Lake dam?”

The answer depends on the actual net inflows that occur during the period when a particular lake
elevation or river discharge target is being sought, Recognising this and the variability in inflows
just presented, the following rules of thumb along witly Table 2.3 are helpful:

Lowering Okanagan Lake’s elevation

¢ If net inflows were exactly 0, Okanagan Lake could be lowered by approximately 1 cm
by refeasing 1.3 m’.sec”’ over 30 days.

¢ Stated more practically, Okanagan Lake could be lowered by approximately 1 em by
releasing net inflow plus 1.3 m’,sec™ for 30 days,

Similarly, Okanagan Lake could be lowered by approximately:
e 2 em by releasing net inflow plus 2,63 m®.sec”! for 30 days.
e 3cm by releasing net inflow plus 3.94 m’.sec” for 30 days.
* 4 cm by releasing net inflow plus 5.26 m’.sec for 30 days.
* 5cm by releasing net inflow plus 6,57 m*.sec™ for 30 days.
¢ 5 em by releasing net inflow plus 13.2 m®sec™ for 15 days,
* 5cm by rcleasing net inflow plus 39.4 m®.sec™ for 5 days.

e Under average October to January net inflows (approximately 3.5 m’sec”), the lake
elevation could be lowered by alnost 43 em by tunning Okanagan Lake dam at its
maximum design capacity of 60 m’ sec” for 30 days,

e Under average February to Junc inflows (approximatcly 38 m’.scc™), the lake clevation
would be lowered by just 16 em by rumiing Okanagan Lake dam at maxinmun release
capacity of 60 m*.sec” for 30 days (*subject to the assumed inflow of 38 m*sec’).

Raising or maintaining Okanagan Lake’s elevation

* Following typical releases from October through March (6-22 m’.sec™') and typical net
inflows, Okanagan Lake should be expected (o rise by approximately 0.77 m
between April and June with releases from 22-26 m’.sec” and average net inflows for

Apri! through June of 449 million in®,

o Hypothetically, if Okanagan Lake dam relcases were sct to 0 m’.scc™ for the entire water
vear and all-year average net inflows continued, Okanagan Lake’s elevation would
increase by approximately 1.62 m. (Conversely, lowering lake elevation by 1.62 m would
rcquirc a onc-month release of 213 m® sec” )

e If all-ycar average nct inflows oceurred each month and releases were approximately
177 m*.sec” per month, there would be no net increase in Okanagan Lake’s elevation by
years ¢nd (though the lcvel of winter drawdown would be excessive and summer full
pool elevation would not be reached).

30 ESSA Technologies Lid.
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Guidelines for Apprentice VWater Managers

Table2.3.  All-year average net inflow by month to Okanagan Lake. In practice, these values
arc highly variable, especially between March and July, Note: the maximum design
release capacity of Okanagan Lake dam at Penticton is 60 m*.see™’. (At flood lake
clevations, Okanagan Lake dam is capable of relcasing 77-78 m’ sec), '

ESSA Technologies Lid. 3
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Guidelines for Apprentice Water Managers

Water management guidelines:“Cheat Sheet”

The following matcrial offers a quick referenee for the major guidelines deseribed earlicr. These
do not replace or substitute for the detailed knowledge and context specifie discussions required
to balance objectives. If followed in isolation of year-specific information on inflows, water
temperatures, and kokanee and sockeye brood strength, these guidelines may produce
avoidable flooding or fisheries losses.

Guideline 1:

Do pot fill Okanagan Lake above 342.75 metres.

Guideline 2:

Avold drawing down Okanagan Lake below 341.5 metres.

Guideline 3:

Minimise the drawdown of Okanagan Lake between the time of peak kokanee
shore spawning and the date of 100% fry emergence (~March/April). i.e., minimise
de-watering of kokanee eggs and fry subject fo guidelines 1 (above), end 8 and 9
{described below).

Guideline 4:

Do not exceed 65 nm°.sec™ releases at Okanagan River, Penticton, to minimise the
number of buildings flooded at and downstream of Penlicton.

(Note Ckanagan Lake dam at Penticton is capable of water releases upwards of
78 m®.sec” under flood elevations. The 60 m’.sec™ design level has been
exceeded several times in the past).

Guideline &:

Provide summerﬂows for river recreation if possibie (i.e., maintain flows of
20-30 m*.sec” in July through August), subject to satlsfylng ALL other guidelines.

Guideline 6;

Adult sockeye migration—maintain flows at Ofiver between 8,5-12.7 m’.sec”
during Aug 1-Sept 15 to allow "easy” passage, subject to guidelines 1 and 2.

Guideline 7:

Adult sockeye spawning—maintain flows between 9.9-15.8 m.sec’ during
September 18-October 31 to maximise "good” spawning habitat, subject to

quidelines 1 and 2.

Guideline 8:

Sockeye egg and alevin incubation—keep flows between 5.0-28.3 m*.sec”
between November 1 and the anticipated date of 100% emergence {(~ April/May).
i.e., incubation flows must be greater than or equal to 50 % of spawning flows &
must not exceed 28 m>.sec™ to avoid redd desiccation & scouring (respectively),

subledct to quidelines 1 and 2.

Guideline 9:

Sockeye rry emergence and migration—maintain flows between
5.0-28.3 misec dunng February 16-April 30, subiect to guidelines 1 and 2.

Guideline 10:Maintain adequate sockeye rearing habitat in Osoyoos Lake—under drought and

early onset of temperature/oxygen "squeeze” (i.e., >83 conseculive days of
Osoyoos Lake inflow water temperatures >17 Celsms) Erowde July-September
cumulative flow above 145 to 167 million m> (~ 18-22 m*.sec™) to avoid high

mortality of rearing fry, subject to guideline 2.

32
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Guidelines for Apprentice Water Managers

Table 2.4 summarises some appropriate overall strategies based on net February 1 to July 31
inflows. Hyatt and Alexander (2005) provide evidence in support of these strategies. The primary
challenge is knowing the true net inflow early enough for it to matter. We offer no hard and fast
rules for this trick!

Table 2.4, Appropriate release strategics in accordance with actual nct Febrary 1 to July 31
inflow category. These strategies are discussed in chapter 4 as well as in Hyatt and

Alexander (2005).

ESSA Technologies Lid. 33
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CHAPTER 3

Scope & Biophysical Basis of
OKFWM Submodels

This chapter does not attempt a detailed explanation of the scope, objectives, data sources,
functional relationships, algorithms and performance measures for OKFWW's five coupled
biophysical submodels. This material is covered In depth in the Record of Design for OKFAWIM
(see Alexander and Hyatt 2005). However, a thumbnail skelch of some of the cause and effect
relationships is provided below for illustration. Readers wishing to go further are directed to the
Record of Design.

The OKFWM tool is an intemet-accessible, multi-user model for supporting decisions about
water management in the Okanagan basin (Figure 3.1). Specifically designed for day-to-day use
by water and fisheries managers, OKFWM provides a framework for choosing weekly water
releases at Okanagan Lake dam. Using monthly inflow forecasts provided to Okanagan basin
water managers by the Provincial Government’s River Forecast Centre (RFC), these release
decisions are then passed to the tool’s five coupled biophysical models (Figure 3.2) to generate
critical performance measures at a variety of lake and down-tiver sites.

In addition to holding parameters and lookup information for the tool’s biophysical submodels,
the databasc for the system is automatically updated each day with the actual recorded data for
Okanagan Lake elevation, water temperatures and Okanagan River discharge at several sites, This
real-time information feeds into the hydrology and water temperature components of the model to
“self-correct” inflow forecasts and adjust forecasts for accumulated thermal units (ATUs) which
determtine the windows of vulnerability for developing sockeye and kokance cggs.

The process of developing OKFWM has produced significant technical and cognitive advances in
fish/water management in the basin. These advances would not have becn possible without the
unparalleled collaboration sustained by the Canadian Okanagan Basin Technical Working Group
(COBTWG) and their pariners over a 6-year period.
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infernet

User Interface: ASP.NET Web Forme

Modek: Visual Basic NET

Figure 3.1. OKFWM system architecture. The system is built on the Microsoft NET
‘Framework, using ASP.NET for the web browser user interface (1, 3), VB.NET for
application (submodel) logic (4) and Microsoft Excel for downloadable output
reports (2). All data is housed in a single SQL Server 2000 relational database (5).
A NET Web service developed and managed by Environment Canada supplies the
real time data to the OKFWM database (7). This data is further processed into daily
average, minimumn and maxinum values by OKFWM.
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Figure 3.2.  The OKFWM model is a coupled set of five biophysical submodels of key
rclationships (among climate/hydrology, water, fish and property) uscd to predict
the conscquences of water management decisions for fish and other water uscrs,
OKFWM may be used to explore water management decision impacts in-scason, or
in a rctrospective or training mode looking back where the true daily historic
inflows are known.

OKFWM submodels

All five submodels within the OKFWM system have been designed to make best use of empirical
observations derived from locations (Okanagan Lake, Okanagan River), subjects (climate,
hydrology, sockeye, kokanec), events (floods, drought) and processes (snowmelt, sockeye
survival and growth, etc.) specific to the Okanagan basin, For example, predictions of sockeye
egg losses associated with flood-and-scour or drought-and-desiccation events are based on
functional relationships among discharge, bedload movement, desiccation and juvenile sockeye
production outcomes observed for spawning beds in the Okanagan River. These empirical
datasets used to mforin functional relationships in OKFWM have been accumulated over several
years to decades. Furthermore, OKFWM imports real-time/actual observations for several critical
physical variables (lake elevations, river discharpe and water temperature) on a daily frequency.
These “true” observations are used in efforts to “self-adjust” projections of water temperatures
and inflows, As a data rich model, expert opinion assumptions have been minimised, though
certainly not eliminated.

ESSA Technologies Lid. 37

WsvbovanipQi\Cohen-Comm\Personal Drives\Elmer Fas
NEmall_001\E!mer 2002\5ent llemsiSent ltems 2006\




Guidelines for Apprentice Water Managers

Model predictions are not infallible and require ongoing efforts to verify achievement and
maintenance of a satisfactory (i.e., useful) match between various OKFWM submodel predictions
and corresponding empirical observations. Thus, OKFWM’s predictions (c.g., ycar-specific
sockeye and kokance egg hatch and fry emergence times) require ongoing ficld verification for
reliability given large annual variations in environmental conditions.

A bref overview of each of OKFWM’s submodels and some of their critical functional
relationships are provided below.

Temporal horizon and resolution

A fundamcental concept in OKFWM is that of a “decision date”. By design, the tool uses the best
information availabie for any specified decision date. A decision date is the specific calendar date
forward of which a uscr wishcs to sec a forecast of water rcleasc decision impacts. Events prior to
this date have alrcady happencd, so a watcr manager is no longer able to influence them,
Therefore, OKFWM ignores any water rclease decisions that may be specified prior to the
decision date, and instcad it shows the rcal-time lake clevations, river flows and water
temperatures that actually occurred. These water valucs arc obtained from ficld loggers operated
by Environment Canada (Water Survey of Canada) and its partners (sec Chapters 3 and 4 in
Alexander and Hyatt 2005).

The temporal horizon for threc of OKFWM’s submodels is October 1 of year n to September 30
of year n+/ (12 months). Only the temperature and sockeye snbmodels extend to November 30
of ycar n+/ (14 months). As an in-scason management tool, OKFWM is not structured to
perform multi-year simulations.

The temporal resolution of OKFWM involves mixed weekly and daily time-steps. Prior to a
given decision date, all snbmodcls operate on a daily time-stop. When forecasting, the
fundamental temporal resolution of OKFWM's submodcls is weckly, except for the temperature
submodel which provides forecasts on a daily resolution. An important feature of the water
supply/hydrology submodel is the use of standardised (fixed) weeks. The water supply/hydrology
snbmodel’s forecasts of river flows in somc cascs provide minimum, average and maximum
weekly valucs. Likewisc, all watcr values are provided on a daily minimum and maximum basis
within the real-time period. These daily minima and maxima are obtained on 15 minnte to hourly
intervals (the interval of measure by WSC loggers).

Water supply / hydrology

The role of the water supply / hydrology submodel within the overall OKFWM system is to
identify the relative impact of water management decisions on: 1) Okanagan Lake elevations; and
2) Okanagan River discharge at several points of interest. Accordingly, the water supply/
hydrology submodel uses forecasts of inflows, updated with real-time hydrologic data to
determine lake elevation and river discharge consequences associated with altemative Okanagan
Lake dam water releases.

The spatial extent of the water supply / hydrology submodel imcludes the entire watershed of
Okanagan Lake and Okanagan River upstream of Osoyoos Lake and including the north basin of
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Osoyoos Lake. However, submodel calculations are performed only at specific locations within
the watershed:

» the shoreline and inmediate surroundings of Okanagan Lake;
s QOkanagan River at Penticton;

¢  QOkanagan River at Okanagan Falls; and

+ Qkanagan River at Oliver.

OKFWM’s water supply / hydrology submodet is the only one that implements user management
actions: changes to the weekly water releases at Okanagan Lake dam. Other water control
structures were considered (Skaha, Vaseux) but ignored, as Okanagan Lake dam dominates. Also,
tributary inflows below Okanagan Lake dam are incorporated, but they are beyond management
control, The special ability of the OKFWM tool to incorporate real-time hydromotric and water
temperature data to self-adjust forecasts aids in modifying the schedule of releasos as a water yoar
progresses, These water release policies vary from year fo year depending largely on the total
volume and distribution of Okanagan Lake inflow,

Approximately 95% of the total annuat inflow to Okanagan Lake occurs in the 6-month period
between February I and July 31. The key annual indicator of the magnitude of this inflow is
provided by the RFC at four intervals, These exicrnally-derived forecasts of the total lake inflow
from the RFC arc made February 1, March 1, April 1, and May 1 and cover the period from the
forccast date to July 31. These forccasts arc provided to members of the OKFWM Opcrations
Group in the form of an cxpected valuc, a high cstimate and a low estimate (the high and low
¢stimates represent the mean 11 standard crror, respectively). These values are entercd on the
model’s “Inflow™ tab (see Chapter 6).

The authors of the submodel (Guy et al. 2005 as cited in Alexander and Hyatt 2005) devcloped
the following procedures or algorithms:

¢ a means of disaggregating total seasonal Okanagan Lake inflow forecasts provided by the
River Forecast Centre (RFC) (for the periods February 1 to July 31, March 1 to July 31,
April ! to July 31, and May I to July 31) into weekly estimates;

e an estimate of the weekly distribution of lake inflows for the remainder of the year
(August 1 through January 31);

¢ a2 means of predicting future weekly changes in the clevation of Okanagan Lake, based on
the forecasts of weckly lake inflow and a series of weekly outflows at Okanagan Lake
dam at Penticton speeificd by the user;

o a means of predicting future weekly inflow from tributaries to the Okanagan River
downstream of Penticton and upstream of Okanagan Falls, as well as the resufting weekly
average and total discharge of the river at Okanagan Falls; and

e a means of predicting future weekly inflow from tributaries to the river downstream of
Okanagan Falls and upstrcam of Oliver, as well as the resulting weckly average and total
discharge of the river at Oliver.

Thesce hydrological models form the backbone of forccast water supply assumptions in the
OKFWM system and are used to calcutate weckly values of inflow to Okanagan Lake, Okanagan
Lake level, and discharge of Okanagan River at Penticton, Okanagan Falls and Oliver.
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Water temperature

The role of the temperature submodel is to forecast water temperatures at several points of
interest and replace and correct thesc forccasts as real-time water temperature information is
made available during a water year, Thesc water temperatures are used principally in the kokanec
and sockeye submodels to determine peak spawn dates, fry hatch and emergence dates, and in the
casc of the sockcye submodel, fry rearing conditions in Osoyoos Lake. The water temperature
submodel supplies a crucial biophysical linkage for determining “windows of vulnerability”
to water management decisions for kokanee and sockeye, as well as the need for Qsoyoos
Lake flow mitigation to improve in-lake rearing conditions.

Spccifically, threc aquatic habitat locations were of intcrest; 1) Okanagan Lakeshore where
kokanee spawn; 2) Okanagan River downstream of Mclntyre Dam where adult sockeye spawn,
and 3) Okanagan or Osoyoos Lake habitats wherc juveniles of both specics rcar. The northwest
quadrant of Okanagan Lakc was chosen by Ministry of Environment biologists as the most
suitable for gauging temperaturcs that drive maturation of incubating shore-spawned kokanee
cggs. For incubating Okanagan River sockcye salimon, temnpcraturcs taken near Okanagan Falls

arc used.

The submodel uses long-term air temperature records as its foundation to rcconstruet historic
scasonal watcr temperature regimes prior to 2002 for the aguatic locations relevant to Okanagan
kokance and sockeyc salmon. After 2002, rcal-time water temperature values are obtained

dircetly from ficld sites,

The authors of the teinperature submodcl (Hyatt ¢t al. 2005 as cited in Alexander and Hyatt 2005)
developed season-specific sets of lincar and non-lincar air-watcr temperature regression models
for reconstructing past water temperature vatucs (Table 3.1). Details arc available in Alexander

and Hyatt (2005),

Table 3.1, General method used for air-to-water temperature reconstructions at Okanagan
Lake, Okanagan River near Oliver, and Osoyoos Lake.

Kokanee

The rolc of the kokanec submodel is to identify the potential for shorc-spawned cgg mortality
associated with fluctuations in Okanagan Lake levels during the incubation period, Kokance
popuiations below Okanagan Lake are not explicitly incorporated by the submodel, but they are
assumed to benefit from downstrcam water management decisions in the same way as sockeye
salmon. Further, the fate of kokance fry post swim-up {cmergence) in the in-lake phasc is beyond
the scopc of the submodel,
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Key limiting factors for the adult population abundance of shore-spawning kokanee are lake
drawdown and lake carmrying capacity. The OKFWM kokanee submodel simply considers the
impacts of water storage and release decisions on egg survival, not in-lake kokanee survival
which is dependent on many other factors unrelated to water management decisions at Okanagan
Lake dam.

There have been some field investigations of the actual depth that shore-spawned kokanee cpgs
are deposited. Matthews and Bull (1981} found that the majority of egps were located 10-30cm
down in the substrate. Harris (1984) found alevins at 30cm below substrate. The most
comprehensive investigation of ¢gg deposition depth was made by Dill (in Ashley ct al. 1998)
who found egps were usually at an average depth of 15cm below substrate. Alevins were found at
two sites ranging in depth from 7.5-24cm depending on the depth of a fine silt layer below the
rock substrate. The depth of egg deposition below substrate (e.g., 15¢m) provides a “cushion”
against some drawdown.

a0

e
<o

Lake elevation change Oct. 15-March 1

A B ¢ D

Figure 3.3.  Generalised model showing acceptability of declining lake levels from October 15
to March 1. “A™ indicates preferred lake drawdown, *B™ represents a less
acceptable drawdown, “C” is marginally acceptable, and “D” is not preferred.

Figurc 3.3 provides the recommended lake drawdown guidelines to proteet incubating kokance
eggs by illustrating the acceptability of various degrees of drawdown. The figure takes into
account that the depth of spawning can occur in water less than 10cm but the majority at
25-75cm. Thus, a decline of only 15cm, which tock place from October 15-March 1 in 2001-2002
would result in little, if any, impact. A 20cm change causes some minor egg loss while changes
> 30cm cause unacceptably high losses.

Bascd on historical drawdown analyses, the preferred lake elevation at the onset of spawning
(~ October 15 to 21) is 341.82m with the lake then being held as olose to this level as is safe from
a flood management perspective until emergence (~ mid-March 1o April, depending on water
temperatures during incubation),
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Egg emergence timing varies from year to year, but it is unlikely that the variation would be
greater than two weeks from that illustrated in Figure 3.4 and Figure 3.5.
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Figure 34.  Mocan daily surface water temperatere (°C) recorded at Bertram Park, Okanagan
Lake, October 2001 to April 2002, Note: kokanee shore spawning illusirated from
- October 16 to November 2, 2001 and range of developmental stages approximated,
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Figure 3.5.  Accumulated thermal units (ATUs} cxperienced by 2001 Okanagan Lake shore

spawning brood, Emergence and swim-up datcs indicated are ranges based on
2001-2002 results and Smith (1978), Matthews and Bull (1981), Dill (1996, 1997,
1998) and G. Gale (pers, conim, 2002) using actual 2001-2002 temperatures from
Bertram Park site,
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Considering the analyses above, especially more recent data for 2003-2005 (not shown), the
Provincial Ministry of Environment recommends using water temperatures from the NW
quadrant of Okanagan Lake when calculating accumulated thermal wnits (ATU). Also, in
considcration of Figurce 3.5, a 950°C ATU threshold is recommended for determining the date of
100% emergence,

Sockeye

The role of the sockeye submodel within the overall OKFWM system is to identify the relative
impact of water release decisions on: 1) annual production variations of Okanagan River/Osoyoos
Lake sockcye salmon; and 2) to cxplore the potential smolt production benefits that might be
obtained by modifying these decistons. Accordingly, the sockcys submodel provides a framework
for capturing information about variations in water supply years, altemative water management
scenarios and the consequences for sockeye production (expressed in terms of annual fry
recruitment and in sinolt production per female from a given brood year of adults). The submodel
does not consider subscquent mortality factors operating scaward of Osoyoos Lake after the
juvenile overwintering period. ‘

The existing OBA anticipatcs impacts of flow on sockeyc life history events (migration,
spawning, egg incubation, fry emergence) by assuming that events occur within a fixed calendar-
interval every yoar, Given the availability of year-specific spawning, flow and temperature data,
today’s water managers have much better infonnation at their fingertips to refine weekly water
release decisions. :

"The sockeye submodel uses flows in the Okanagan River (between Okanagan Lake and Osoyoos
Lake) duting spawning (September-October) to determine the capacity of spawning habitat for
Osoyoos Lake sockeye spawners. Flows and water temperatures during incubation
(November-May) are used to determine egg-to-fry losses associated with either desiccation or fry
stranding events (e.g., Figure 3.6) or redd scour (Figure 3.7).
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Figure 3.6  Discharge variations and predicted losses of alevins to stranding in the Okanagan
River and the function used in OKFWM’s sockeye submodel to represent the
empircal field observations. Summit (2002b) refers to the foundation field study
report that characierised the level of dewatering and stranding mortality. OKFWM
Eqn 6.8 refers to an equation in OKFWM’s Record of Design (see Alexander and
Hyatt 2005).
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Figure 3.7.  Relationship between % bed scour and flow. Source: Summit (2002c).

Estimates of the assumed start and end dates for sockeye life history stages that are vulnerable fo
scour or desiceation mortality in any given year arc determined as follows:

I. Accnmulate daily thermal units for each weekly epg cohort starting on the last day of the
week in which the eggs were spawned. Daily water temperatures vsed for this purpose
are provided by the temperature submodel. For historical water years, use actual (if
available) or reconstructed mean daily water temperature at Okanagan Falls to
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characterise the thermal regime experienced by developing eggs and alevins, However,
the model uses a mixture of past and future water températures to estimate hatch and
emergence dates for any current year in which incubation and emergence remains
incomplete,

2. Accumulaic ATUs for cach cohort until thcy cxcced the threshold for 100% hatch
(525 ATUs, Beacham and Murray 1990}, The week in which this happens becomes the
hatching weck for that cohort,

3. Continue to accumulate ATUs for each cohort until it exceeds the threshold for 100%
emergence (875 ATUs, Andrusak and Matthews, as cited in Alexander and Hyatt
(2005)). The week in which this happens becomes the emergence week for that cohort,

Egg desiccation and scour are evaluated for each week between the egg deposition week and egg
hatching week; alevin desiccation and scour are evaluated for each week between hatch week and

emergence week.

The acceptability of different levels of sockeye egg or alevin mortality owing to flow
management-induced desiccation or scour are provided in Table 3.2, These thresholds are based
on experf judgement and were approved by the Canadian Okanagan Basin Technical Working
Group (COBTWG) Steering Committee in 2004,

Table 3.2.  Thresholds used to define hazard ratings for sockeye submodel.

During the summer, Osoyoos Lake develops high temperatures in the epilimnion (> 17°C) and
hypoxia in the hypolimnion (< 4 ppb O,). This occurs subsequent to 100% fry emergence, but it
has a major influence on the quantity and quality of habitat that is suitable for rearing by juvenile
sockeye (Figure 3.8). Field observations have demonstrated that both the south and central basins
of Osoyoos Lake become wholly unsuitable for occupation by juvenile sockeye during most of
the late spring through to the fall growing season. Thus, the north basin of Osoyoos Lake appears
to support virtwally all of the fry-to-smolt production originating from Osoyoos Lake cach year,
but even this portion of the lake is subject to a Iate-season, temperature and oxygen “squecze”
{(Figure 3.8).
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OS0YQOS LAKE

South Basin

Useable Volume

Depth (m)

Figure 3.8.  Stylised represenfation of the temperaturc-oxygen “squeeze” that commonly
develops in Osoyoos Lake between September and November. Souree: Hyatt ¢t al in

prep.

The uscable volume (in millions m®) of lake rearing habitat available in the north basin of
Osoyoos Lake on a particular day is assumed to be a function of the cumulative number of days
that Osoyocos Lake surface water terperatures equal or exceed 17°C during the rearing period. To
makc this calculation, the temperaturc-oxygen squecze period is assumed to end November 30,

After approximately 118 days of surface tempcratures greater than 17°C, the uscable rearing
volume in the north basin of Osoyoos Lake is zero. This implies that there is nowhiere in the lake
that has suitable temperature and oxygen conditions for sockeye fry, and thus very high rates of
density independent mortality. The sockeye submodel assumes that onset of temperaturc-oxygen
squecze mortality will be triggered before this cxtreme. This is based on obscrvations (Hyatt and
Rankin in prep} of actual losses of juvenile sockeye in the central basin of Osoyoos Lake in 1998.
These data showed that accelerated mortality occurred before the limnetic zone reached zero
rcaring volume (resuits not shown), Thus, bascd on cxpert judgement, a uscable rearing volume
of 40 million m® is recommended as the trigger point of switching from density-dependent to
density-independent mortality (Figure 3.9). At 40 million m®, all sockcye fry will be confined to a
roughly 5m vertical depth interval in the hypolimnion. This occurs after 93 days of surface watcr
temperatures equal to or preater than 17°C, On days when this is the case, a constant density-
independent survival rate is applied for that day, cqual to 0.9894. This rate of survival is
approximately 10 times less than the rate of density-dependent survival.
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Figure 3.9,  Observed values for cumulative inflows in relation to useable (habitable) rearing
volumes in the north basin of Osoyoos Lake, showing the transition between
density-dependent and density-independent (induced by the temperaturc-oxygen
squecze) mortality.

It is hypothesised that cumulative flows to Osoyoos Lake during July and August can be used
to mitigate a potential temperature-oxygen squeeze event. The threshold cumulative inflow
for this mitigation is 128 million m® (Figure 3.9). An alternative hypothesis is that the
cumulative inflow to Qsoyoos Lake of 145 to 167 million m® between July 1 and September
30 would also prevent severe density independent “squeeze” mortality. The mitigation
threshold is based on cxpert judgement and was approved by the Canadian Okanagan Basin
Technical Working Group (COBTWG) Steering Committee in 2004, with the alternative
hypothesis supplied in the summer of 2006,

Socio-economic water management rules

The role of the socio-economic water management rules submodel is to identify the relative
impact of Okanagan Lake water elevations and Okanagan River discharge on: 1) flood related
property damage; 2) water supply availability for agricultural irrigation and community/domestic
uscs; 3) navigation problems at docks and marinas; and 4) local rcercation opportunities in the
Penticton channcl. Accordingly, the submodel uscs outputs from the water supply/hydrology
submodcl along with information obtained from engincering specifications, maps, cconomic
asscssments and intcrvicws with property managers, realtors and other busincss people to specify
acceptable and unacceptable “rules” for lake clevations and flows at select points of intcrest
(details in Alexander and Hyatt 2005).

For cach of the socio-cconomic relations, “prefercnee zones” were then speeified in terms of the
independent variable used in the relation (usually Okanagan Lake elevation or Okanagan River
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discharge). As with other submodels in the OKFWM system, the three “preference zones”
identified for each socio-economic impact were defined as follows:

Some of these relations arc rclevant only at certain times of the year, whereas others arc relevant
at any time during the year, The relations were determined through:

¢ a subjective asscssment of the relative impacts of lake levels and flows, and an
assessment of the boundary conditions (ie., flows and lake levels corresponding to
maximum and minimum impacts), contributed by the Provincial Ministry of Environment
staff in Penticion; and

s follow-up work based on this and the 1974 OBA, gathering up-to-date information to
estimate impacts in absolute terms.

The following socio-geonomic relations were developed for this submodel:

s the impact of high and low water levels on OQkanagan Lake on: a) irrigation infrastructure
{Table 3.4); and b) water supply infrastructure for domestic conswnption and other

purposes (Table 3.5);
» the flooding impact of high levels in Qkanagan Lake on lakeshore properiics (Table 3.6);

¢ the impact of Okanagan Lake levels above and below the nonnal fake level range on
recreation, navigation and tourism (Table 3.7; Table 3.8), '

s the impact of low flows in Okanagan River on: a) watcr intakes uscd for agricultural
irrigation purposes (Table 3.9); and b) water intakes used for domestic consuinption and
other purposcs (Tablc 3.12);

¢ the flooding impact of high flows in Okanapan River on properties along the river (Table
3.11; Table 3.12; Table 3.13); and

» the impact of low Okanagan River flows on riverrelated recreation businesses (Table
3.14).

These various relations and threshold guidelines place a considerable number of constraints
on how the distribution of releases from Okanagan Lake dam should be managed.

It is important to point out that not all of these considerations have equal significance for water
managers. The ranking in Table 3.3 is consistent with the overall tone of discussions surrounding
these issues by Fish/Water Management Tools (FWMT) stakeholders between 2001 and 2005.
However, the ranking is highly dependent on individual valuesfinterests and so Table 3.3 isnot a
consensus statement. In practice, there are many “if then” rules associated with balancing these
objectives alongside fisheres values. This guide makes no attempt to list the multiple
possibilities. Balancing and ranking of objectives are topics that must be handled in-season, with
frequent and routine communication between senior water and fisheries managers. Further, these
rules and rankings should not be expected to remain static over time ~ highlighting the need for a
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season-specific treatment of issues by senior managers. Any attempt to specify “the” specific
rankings and rules in this guide would suggest that a “cook book” approach is possible.

Table 3.3.  Relative priorities amongst socio-economic considerations -and some general
comments. Note: these statements in no way represent a consensus position of the
FWMT Steering Commiticc or FWMT stakeholders. They are merely “tonc
approximate” observations taken from FWMT meeting and workshop disenssions
between 2001-2005.

Table 3.4,  Risk zones, expressed in terms of Okanagan Lake elevation, for inoperable
licensed irrigation water due to exposure or flooding.
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Table 3.5.

Table 3.6.

Table 3.7.

Table 3.8,

Table 3.9.

Risk zones, expressed in terms of Okanagan Lake elevation, for inoperable
community and domestic water supplies due to exposure or flooding.

Risk zones, expressed in terms of Okanagan Lake elcvation, for lakeshore flood
damage.

Risk zones, exprcsscd in terms of Okanagan Lake elevatlon for sailboat navigation
problems at marinas around Okanagan Lake,

Risk zones, expressed in terms of Okanagan Lake elevation, for unusable docks
around Okanagan Lake.

Risk zones, expressed in terms of Okanagan River discharge, for inoperable
irrigation water supplies due to exposure or flooding,
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Table 3.10. Risk zones, expressed in terms of Okanagan River discharge, for inoperable
community and domestic water supplies due to exposure or flooding.

Table 3.11. Risk zones, expressed in terms of Okanagan River discharge at Penticton, for
flooding along Okanagan River between Okanagan and Skaha lakes.

Table 3.12.  Risk zones, expressed in terms of Okanagan River discharge at Okanagan Falls, for
flooding along Okanagan River between Skaha and Vaseux lakes,

Table 3.13.  Risk zones, expressed in terms of Okanagan River discharge at Oliver, for flooding
along Okanagan River between Vaseux and Osoyoos Lakes.

Table 3,14,  Risk zones, expressed in terms of Okanagan River discharge, for revenue loss to a
river tubing business at Penticton,
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CHAPTER 4
Water Management Strategies

In the winter of 2003/2004, the Canadian Okanagan Basin Technical Working Group
(COBTWG} led a rgorous trial of OKFWM by training three individuals unfamiliar with
Okanagan Lakc and River water management (Hyatt and Alexander 2005), This exercise showed
that these “apprentice” fish/water managers were able to competently balance objectives (or make
things no worse than they had been) once they had used the tool to simulate the management of 2
to 3 complete water years (January 1 to September 30 in the training mode of OKFWM). This
amounted to a highly effective training investment of just 10 to 14 hours that otherwise would
have required three or four years.

OKFWM Works: Results of a 25-year
retrospective analysis

To quantify the potential benefits of routine application of OKFWM for in-season management, a
formal retrospective analysis was completed between December 2003 and February 2004, The
retrospective analysis was used to identify potential fish production benefits while concurrently
balancing flood control and water supply objectives (Hyatt and Alexander 2005).

The research question addressed by this analysis was: “If you had used OKFWM befween 1974
and 2003 fo balance objeciives, what water release decisions would have been made and how
might this have changed the abundance of sockeye smolts leaving Osoyoos Lake?”” To answer
this question, several steps were completed:

1. ‘Training threc “apprentice™ fish/watcr nanagers to use the OKFWM system. Those
apprentice managers were given grounding in the temporal and location specific trade-
offs at the heart of water management in the basin. They then performed retrospective
water ycar management alongside two more expericnocd water managers (all focusing on
different watcr years). Hence, the analysis incorporated results over a range of experience
by water managers. Some group discussion was allowed to simulate the collaborations
that take placc in-scason betwoeen cngineers, hydrologists and fishcrics biologists,

2. Using the OKFWM model to re-create the history of weekly to daily water management
decisions made since 1974, Care was taken to randomly assign water years to apprentice
managers and to make these 25 years unidentifiable. In addition to “blinding” the water
years, simulations used only the information that was available at the time (i.e., the past
inflow forecasts and not the actual inflows}. New simulated lake levels and river
discharges were calculated knowing the actual daily net inflows to Okanagan Lake and
actual daily tributary inflows that occurred in eaeh of these years. These were applied
once users “locked in” a particular water release policy, usually in increments of several
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days to two weeks at a time. Once “locked in,” apprentice water managers could not go
backwvards and change their decisions.

3. Running the actual scasonal water storage and release decisions for each of the 25 years
through OKFWM to identify sockeyc production outcomes cxpected based on the
biophysical model guidelines. This ensured intemnal consistency in comparisons between
actual and recreated resuits.

4. Calculating the sockeye smolt production with and without use of the OKFWM model.

The analysis suggests that routine use of OKFWM by fish-and-water managers may yield an
average annual increase in Okanagan sockeye smolt abundance by as much as 55% (median
improvement 12.3%) without significantly increasing socio-economic losses associated with
other water use interests (Figure 4.1). This encouraging result owes to improved understanding of
fondamental ecological processes controlling juvenile production, the application of real-time
data to inform physical and biological parameters, and a heightened awareness of trade-offs—all
features seamlessly captured within the OKFWM tool.

Although 25 years of retrospective analysis observations have provided encouraging evidence for
the potential valuc of OKFWM, retrospective results are nevertheless theoretical (model based).
A true test of the OKFWM tool’s value must be based on credible assessments of OKFWM's
contributicn to shaping fish-and-watcr management decisions to achieve increases in sockeye
smolt production in both current and future years. Moreover, a multi-year monitoring and
evaluation program will be required to corroborate the magnitude of annual sockeye production
benefits associated with the use of OKFWM.
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Figure 4.1, Change in sockeye smolt production owing to routine use of OKFWM between
1974 and 2003 as a function of water supply vear (net inflow in millions of cubic
meters between February 1 and July 31). Beyond certain thresholds of inflow,
some ycars are too dry or too wet to permit enough flexibility for smolt production
gains (without seriously affecting other important objectives). Lwr = lower; Upr =

upper,

Key lessons from retrospective analysis:
new strategies

Every water year is unique in tenns of the combination of starting lake elevation, net inflow,
distribution of this inflow (diffusc or compresscd) and winter/spring water temperatures. The
level of chalienge and fine tuning required is generally greater in above average to high inflow
yeats. However, dry years, if not too severe, can force a delicate balancing act early in the year to
hold cnough water should a pulse rclease for Osoyoos Lake sockeye be considered, Furthermore,
the priotitisation among objectives will also strongly influcnce the water releasc strategy that is
pursued. In short, there is no single “best™ rclease strategy.

While the rcleasc strategy and Okanagan Lake responsc will vary cach year, Figure 4.2 shows the
all-year average water relcases from Okanagan Lake dam and the approximate Okanagan Lake
elevation response. Though a misnomer, let’s call it the “standard operational plan” (SOP). The
SOP entails a slow increase of flows to drawdown Okanagan Lake in advance of the bulk of
spring freshet inflow, then further modest inercases to ensure the lake peaks at around 342.53m in
late June, and finally drawdown to around 341.9 m by October (Figure 4.2).
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{a) Discharge from (m’.sec™) Okanagan Lake Dam @ Penticton
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“Effective” standard operating plan (SOP) for Okanagan Lake dam at Penticton, if
the magnitude and distribution of the all-year average net inflow occurred and the
Okanagan Basin Implementation Agreement was followed,

Figure 4.2,

‘The Fish/Water Management Tools (FWMT) program has revealed various strategics that can be
applied to maximise fish survival in average to wet years and in dry years. The work by the

COBTWG has also shown that when February ! to July 31 net inflows approach §25 million m*
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or fall below 310 million m’, flow management considerations may no longer be tipped in favour
of meaningfully improving juvenile fish survival (Hyatt and Alexander 2005). Historically, net
inflows are rarcly in this range, but knowledge of these extremes is of paramount practical
significance for water release decision-making at Okanagan Lake dam.

Average to wet years

There are two operational strategies that are more “fish-friendly” in above average to high (but
not extremely high) net mflow years: 1) a ‘winter puise, hold, then flush’ approach; or 2} a “hold-
and-flush® approach (Figure 4.3).

In above average and high inflow years, the windter pulse, hold, then flush approach provides a
better opportunity to protect incubating sockeye eggs while avoiding late spring/earty summer
flooding. However, “knowing™ whether a year will be wet enough to warrant this kind of releasc
aetion in January or February is a highly uncertain science. So adopting this strategy requires
judgement based on experience with snowpacks and fooking at early trends in real-time data.
Also, a sk with this approach is that it can gencrate in-fake de-watering mortality of shore-
spawned kokanee eggs if the February to March drawdown exceeds 20 fo 25 emt (Andrusak and
Matthews, as cited in Alexander and Hyatt 2005). Note: the proportionate magnitude of losses
and threat to the kokanee population as a whole from these “red hazard” losses is less than the
loss that would be experienced by Okanagan River sockeye under the equivalent “red hazard”
condition during their incubation (Hyatt and Alexander 2005). This statement is provided for
context and is not mecant as a consensus statement on fisheries values.

If net inflows are expected to be mot too great, the best option from a sockeye and kokanee
perspective is to hold onto the water until late in the emergence period and then to “let it rip” (i.c.,
> 50 m*.s"! at Okanagan Lake dam, Penticton). The advisability of a pure #iold-and-flush approach
depends on how wet the late spring is likely to be. If the magnitude of net inflow in May through
July happens to be less than expected or its distribution is more diffuse (and downstream tributary
inflows are below average) the water manager will avert sockeye scour, kokanee de-watering and
lake/down-river flooding. Given this strategy and thesc assumptions (and there are several), a
fish/water manager would achieve the penultimatc “win-win™,

Results from Hyatt and Alexander (2005} sugpest the sold-and-flush strategy is a good one if the
net February I to July 31 inflows are in the 550-775 million m’ range (because at this magnitude
of inflow, “!ctting it rip” will not approach or exceed Okanagan Lake dam’s design outtlow
capacity of 60 m’.s) nor produce in-river flooding. However, a hold-and-flush approach was
clearly shown to be foolhardy if net inflows exceeded the 825-850 million m® level (Hyatt and
Alexander 2005). Essentially, if faced with ~ 825+ million m® of water, the outlet works at
Okanagan Lake dam at Penticton cannot cope with the magnitude of releases that would be
needed to move this volume of water out of Okanagan Lake to meet elevation targets post-
sockeye incubation, sometime in mid-April or early May.

Though more fish-friendly, as nei inflow increases, the winter pulse, hold, then flush and hold--
and-flush strategies inevitably entail soine corresponding increase in flood risk’ leading to
certain massive flooding when February 1o July 31 net inflows are in excess of 825 million m*
{Hyatt and Alexander 2005).

! However, as long as not heavily concentrated in time, this additional risk appears to be insignificant for net Feb 1 to
July 31 inflows in the range of 500 million in® to 675 milljon m. Beyond ~ 675 million m®, the incremental increase
in flood risk—while potentially acceptable—becomes a more significant consideration.
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Extreme wel pears

When approaching/cxcecding 825 million m® in net inflow (between February 1 to July 31), the
flexibility to hold off large rcleases during the egg incubation peried is no longer feasible. In this
case, large releases of water (often upwards of 45-70 m".s™) should be considered starting as carly
as March 1 {or cven mid February) regardless of cggfalevin scour mortality impaets (Hyatt and
Alexander 2005). Okanagan Lake dam has a limited release capacity, which equates to very
different rates of freshet inflows and Iake outflows (e.g., »250 m*s™ entering lake, ~ 60-70 m’.s”
Icaving lake). Therefore, in these extremely high inflow years, the slow response of lake elevation
to outflow means that water managers who wait until mid-April or May to start ramping up
releases for Okanagan Lake drawdown will run out of tine and experience massive lakeshore and

river flooding.

Dry years

The COBTWG’s retrospective analysis suggested a third “fish-friendly” option in the case of dry
years, In dry years, in-river egg desiccation mortality and especially density-independent
temperature/oxygen squeeze mortality in Osoyoos Lake are likely to dramatically limit smolt
production. In extreme dry years, supplying the water necessary to mitigate these effects would
draw Okanagan Lake down well below tolerable levels. However, for water years in the
~310-420 million m® range, ‘summer pulse’ flows, totalling about 145 to 167 million m* or more,
during July through September may be able io alleviate temperature/oxygen squeeze mortality
(Kim Hyatt, Fisheries and Oceans Canada, persoral communication),
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Figure 4.3.

Stylised, altemnative release strategies for Okanagan Lake dam at Penticton
(pane!l @). The exact numeric values that should be used will vary depending on the

magnitude and pattem of net inflows, In particular, the numeric values shown for
Okanagan Lake elevation (panel &) are only approximate, and they should not be
expected in practice as resulis will vary depending on starting lake elevation,
inflow magnitude and distribution. The Okanagan Lake elevation profiles in panel

b are provided to show a plausible response pattern.
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CHAPTER 5

Using OKFWM in Training Mode

This chapter is designed for an apprentice to begin using the OKFWM software program in the

retrospective or training mode. It is called ‘retrospective’ because the software uses real data on
Okanagan Lakc clevation, river flow and watcr temperature, but the data arc from a year that has
already passed. While ‘retrospective’ refers to events that have occurred in the past, OKFWM
randornly adds y years to this historical calendar date, so that a user is not able 10 go back in time
and fignre out details of that past year, So, February 14, 2073 in training mode may actually have
been February 14, 1977. This disguising of dates ensures the apprentice cannot refer back to
historical climate information for the year and know ahead of time what to expect. This makes it
inpossible to “cheat”.

The goal of this chapter is to lead the apprenfice, step by step, through a single year (the blinded
year 2047) to demonstrate how to use the software, how decisions affect consequences, and how
10 read the output. This is just an example created by a first time user to orient the apprentice to
the software and does not illustrate best balance inflows and outflows to manage the Okanagan
water system. The apprentice will need to complete several practice years in the training mode
and experience the effects of his or her decisions on dry, wet and average years to gain a solid
grounding in OKFWM. The beauty of OKFWM’s training mode is that the apprentice can gain
the experience of making water release decisions for several years in the timeframe of a couple of
days without bearing the burden of real world responsibility that goes with these decisions,

For step-by-step instructions about using the real-time, in-season mode of OKFWM, skip ahead
to Chapter 6.

Before you begin

* Be familiar with the information in Chapter 2 and kecp handy a copy of the Water
Management Guidelines (“Cheat Sheet™ on page 32).

¢ Be sure to have several uninterrupted hours available. Especially when you are new to
OKFWM, you will find that you’re making a Iot of changes to the variables and re-
running the program frequently,

* You nced a computer with Intemet Explorer™. Note: OKFWM has not been tesied with
other web browsers such as Netscape, Moziila Firefox or Safari. The software is not
guaranteed to work correctly with these browsers.

© Refer to the short glossary of terms on pg. 85 for defmitions of terms you encounter as
you work through this chapter.
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Step 1: Log into system and create a working
scenario

1.1 Open Internet Explorer™,
1.2 Enter the following url (Tnternct address) into the address bar.”

1.3 Type your uscr name and password:

el Obanagan Pish/Water Management Tool

pvied

)

Welcoma to OXFWHM - Pleasa sign In

User Nama: ffirstnama.lastname

Password: i"“““‘i

Nead an sccount?

Fisharion ond Ocesns  Pdchaes ot Ocpans @

Cunada CGarada TISH
; COLLMBIA
Rt/ Rk
Dougfas County BC Mindsiry of
Publiz Unliey Qhanagan Department of Water 1.and and
Distrivt Hatlos Alanze Fisheries 2nd Qeeana Canada Alr Protection

Note: If you do not have access to the system, choose the “Need an account?” {ink. Submit a
password and the OKFWM administrator will contact you with a user name. (Alfow 2-5
business days). '

2 Note: this url is planmed to chunge sometime in 2006 or early 2007. The planned domain and address at that time will
be “wwiw.ok fiymt, net/training” though not yet confirmed.
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1.4 Once logged in, you will see a screen that resembles this:

g Frie ] ggn o

[urian.symonds]

I"_show all Owners &

R B o b S L L A B QAR AR Liied

AR

This is OKFWM’s main window, which consists of a navigation bar (upper right corner),
a “Water Year” drop-down box, and a set of abs,

The tabs on the main screen are:
o Scenarfo Manager — view, copy and delete scenarios

Definition: A “Scenario” Is the set of assumptions on events that take place during a water
year (October 1-Seplember 30) in the Okanagan basin. The scenario incfudes information on
net inflows to Okanagan Lake, water releases through Okanagan Lake dam and fisheries
variables. You begin each water year with very little known information, and as you advance
through the year, more and more information becomes available.

»  Current Scenario — cdit and run scenarios

«  Model Predictions — view run results

+  Narratives — post decision rationale comments and share files with other nsers
»  Diagnostics - disabled in retrospective mode®

The “Water Year” drop-down box contains a Iong list of water years, starting with
1973-74 and running through to 2098-2099, and is used to filter scenarios and narratives.
It is disabled on all other tabs.

The navigation bar contains a number of links that perform a variety of navigation and
administrative functions. These are:
«  Home - switches to the Scenario Manager tab
+ Inflows — displays inflow estimate data from the BC River Forecast Centre (see
Step 7 below, pg. 78)
+  Account —change password / providcs technical assistance contact information
» Help - access to on-ling documentation about OKFWM / provides technical
assistance contact information

»  Sign Off - ends the OKFWM sesston

* The purpose of the Diaguastics tab in in-season mode (where it is enabled) is to provide users with sccess to real-
time data and information relevant toe OKFWM runs (see pg. 104). Because training mode scenarios are set in the
future, reat-time information daes not exist, so the tabis disabled.
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1.5 Choose an existing scenario in the Scenaric Manager tab (circled in red above). When
you first log on, the existing scenario will likely be named “default” or given the name of
the future water year.

a) To choosc an existing scenario, start by filtering the available scenarios by
sclecting a “Water Year” from the drop-down hox at the top of the serecn. Only
those scenarios defined for the selected water year will be listed. The screen
image above shows one scenario for the water ycar 2038-2039, Click the blue
hyperlink under “Scenario Name”,

b) To create a new scenario {e.g., a copy of Default so you don’t alter the template),
click the “Copy™ button at the right of the sercen (see image below).

Note: In some cases, a default scenario may not be available {i.e., no scenarios listed under
Scenario Name). When this happens, click the “Show All Owners” option at {op right (see
image below). This allows you 1o view scenarios created and shared by other users. Copy
one of these,

PEIFTTIIVEN B STPRITTUTES QI TSISOIUL I S UL PR U=y TR

S, Glanagnn Fish/Watst Mindgement Toal

‘[brian.symonidsi

B shaw Afl Gnner:

Note:! You may only Delete (and modify) scenarios that you own. Above, the userid is
“brian.symonds”, and he owns only one of the scenarios. However, you are free to Copy any
of the other shared scenarios. You may want to do this to see how other people are
managing water flows, for example.

1.6 Open the scenario you have just copicd by clicking on the bluc hyperlink. In the cxample
below, we are opening “Copy of defanit™,

64 ESSA Technologies Ltd.

VsvbevanfpOT\Cohen-Comm\Personal_Drives\Elmer Fas
HEmall_001\EImer 2002\5ent (temsiSent Jtems 20064




Guidelines for Apprentice Water Managers

1.7 Opening a scenario takes you to the Current Scenario tab, as below. In Step 2, you will
use the “Edit” button to change the content of your scenario.

fangn | 4

Glanagan Fish/Watar Management Tool

Dastription: [default values for model parametars

_Detision Date: 03-Jan-2033

‘Run Mode: Retrospective - farecast nflaws

Hid
Minimum Oirtflow {(m3/5): 555
Outflow _Cbnsira,l‘nts_:, [No future cn,nstralnts}

Paait spawn d.é'tez

Cum. Wtsrmal Ohits foF 100% fry emergenice (oG days)i
Laka dfawdaivn considdred to'be *prafarred” (gm):
Laky dravwdown considerad to bs “not prefarred” {cm):

Paak spawn data)
Humbar of spawnars on spawping grounds;
Pfopoition fsmalest

Proportidiv of spaveners - age 1,11

- age 1.21
- ago 1,3;
z‘i‘é'l‘! Cum. therma? units far 1Eil:l"J'-L-L-fryhaf:dﬂrio_?f%-days)i
Ay Gum. t..hsrméi units for 100% fry;emarganca-;(ﬂc‘-days)':’

“Total Phospheorus éoncentration duFing:sping {ug/L):
Mysis dendity In"spring (#/m2 of Jake surféce):

HEW . Dsoyous Lake habitsble voluma causing squeeze {millions m3);

MELY Cum. inflow-alleviting Qsbyons squebza (millidns m3):

Use temperature threshold ruls (le'.tl_)”
#2500
052

0,2
0.75
0.08

525
ars
12

"FEshow Historical Outflows

(LSRR

{brian,symonds]

Sharp with Other.Ussrs; Ne

Ase Qotflow Copstraints: Yes
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Step 2: Re-name your scenario and
select a year

2.1 Click the “Edit” button, and you will see the following screen:

S.EBI'IHI’I-I‘) N'arn

Descripons {default valugs for model parameters

Decision Dates i+

‘Run Mades Refrospectivie - forecast infows

YAl
Minimum Dutflaw (rnaj;):- ]‘5.55 .

[brian.symends]

I Bhare with Dther Users

Dutflow Constraints: [Ho futura-constraints] ¥ Use Dutflow Constraints

o ‘Show Historical Dutflows

2.2 Re-name your scenario in the “Scenario Name” field. On the screen above, we've typed
“New apprentice - training year 17,

2.3 Sclcet the water ycar that you want to try. On the sereen above, we've selected “2039” as
the Dccision Date year. By design, you cannot change the month and day here (in
retrospective mode, this is donc by using the “Advance Date” button). By default, the
month and day are sct to January 1.

Definition: The Decision Date is the day forward from which you must make decisions about
weekly water releases al Okanagan Lake dam. OKFWM will show you what has already
happened up until this date and will forecast what is Iikely to happen afterwards based on the
releases you choose and a variety of other data.

Note: The data and information with which you work in this training run are real, but the year
has been disguised or blinded. Hence, the future years.
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2.4 To apply the changes you have made to Scenario Name and Decision Date, click
“Update™. {

Tip: Whenever you rmake changes in the "Edit” function, you must click “Update” for the
changes to take effeci.

2.5 You now have a screen that resembles this:

w i bndh

Oieasgun FishfWater Mansgemant Top!

[brian.s'y‘mcnd;']

Description: jdefault valies fof madal paramaters S&fiars, with Other Users! No

.Dacision Date: 01-Jan-2039
‘RUn Modé: Retrospective - forecast Inflows
e
' _Hinimum Ouflaw {m3/5): .55
‘Outflow Constraints: fNu future cuné&étnté} lise OutAow Constraints: Yes

{78 how Historicsl Cutflows /

Step 3: Add outflow constraints

3.1 Click “Edit™ again,

3.2 Under the “Hydrology™ section of the screen, click the “Initialize” button, as shown
below, To the right, the box labelled “Use OQutflow Constraints™ will automatically be
ticked—lcave it ticked.
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[bn'an.symonds}

Scenarta Name: [Hew epprontica - training year 1 ["shara with thar Users.

Description: Fdafai® vaiiaes for made! parameters

Decision Date: 15

"Hun Mode: Retrospechive - foracist inflows

*Minlmum Gutflow fm‘gffs): :
w Use Outflow Eonstreaints ¥

Dp;ﬂpw.l_:qnstralnts:- {No future censtraints]

IZ-Show Historical Dutflows

3.3 A grid with four columns has now appcarcd, as below, For each week, an outflow volume
is alrcady fitled in (this is the flow at Okanagan Lake dam). These flows are the average
for that week from a data sct that includes 1974-present (referred to in this chapter as the
“all-year average™). The numbers represent an “in the ballpark™ starting point for how
you should manage outflows during the year. For now, leave these numbers as they are;

later, you will nced to change them.
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i

SR

“Watar anri?ﬂaa-zu.&?

‘Scenarto Names ;”9“‘ spprantica - training yeard . ,'{:éhare with Other Users

gy

~Mintmum-dutflow {m? /s)i

- Gutflow Constraints: : .W Use l.:,lvurfipw'l:,qnst_ralnt_s,

1" show Historical Dutfiows

3.4 The water year runs from October 1 (week ending October 7) to September 30. All
training years begin on Janvary 1, which means you can only make changes to the
Okanagan Lake dam outflow from January 1 forward. The average weekly releases that
have already occurred during the current water year, i.c., prior to the week of January 1,
can be displayed by checking the “Show Historical Outflows™ box to the right of the grid
(as below). Historical flows will appear in grey, indicating they cannot be edited,
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‘Minlmum Outflow (m®/s): (5.55
¥ usa Dutflow Constraints

S O |
@huw Historical Dutflows ,>

s

Outflow Canstraints:

3.5 Your grid now contains the average outflow volume for wecks I to 39, plus historical
flows if you chose to display them. Click “Updatc” at either the top or the bottom of the
sereen.,

Note: You will notice that it's also possible to change variables under the “Kokanee™ and )
*Sockeye” submode! headings. Leave these variables at the default values during the training
mode, When you hegin using the real-lime mode, you will need to change these values
according to information supplied to you by Okanagan fisheries biologists.
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Step 4: Run the model
Before you can begin changing the Outflow Constraints, you need to have a general idea of what
the Okanagan basin water system looks like and how OKFWM presents the results. To do this,
you will need to runr the model with the all-year average (default) outflows.

4.1 Tn the Current Scenario tab, click the “Run” button, as below.

Wi
l bt

Okanmgan Fish/ Walds Managenent Tool

‘[brian.symonds]

Wbt Tiig

sKare with-Other Users: No

‘Decision Dater 01-Jan-2039

R T PEVURYPERPURVEPETRTYOTPRVTIRY PRV :

‘RupMode: Retrospoctive - forecast.inflows

4.2 You will see a screen saying “OKFWM model is now running”,
4.3 After 2-5 minutes, the screen will change and say “OKFWM model mun comple'te...

genenating run results.”
4.4 After a few more minutes, you will see the following screen, which is in the Model

Predictions tab:

ESSA Technologies Lid. 71

W\svbevanfp01\Cohen-CommiPersonal _Drives\Elmer Fas
BEmail_001\Elmer 2002\Sent ltems\Sent llems 20061




Guidelines for Apprentice Water Managers

110:0ct-06 11158106
A00ct06' 11159416

Run Startad:
Rur Complated:
Run Results: ﬂu}ﬁ-quem‘ve hazard disbssment [stite of thi-sclence tnsideratning]
Netinflows (iveskly} - includes cumulstive ipfiéw plot + statistical comparison with past years
Net inRows (n‘iunthly) ~ean bt Lompared with RFC inflow calcutation nidU‘luds
'Sodcayn egg ahund’anca over time" (dasscahnn %ind smurlmpad‘s)
“Sockeya mamqa abunidanca (cuhurt tahfs}
~knkanaa arnsrganm timing (sfwmng Okanaqan Lake ATUs) incuiting 1k elavatian data
. ‘.Sncku 78 amergennr Yriting (shnwing ékanagan Rivar HTYE)Y
Okunagan fiver {daily" raal-tima and forscast flaw data by §tatmri)
Okansagan Leka {dally roal-tire and foracast lake alevaton data) H
Qompﬁénm <kanagan Basin Agreemant [1970s compliance fecused considerations] ‘} ;.
3

R T e

AR

Tua (."z:t Prore:

4.5 For now, you will concentrate on the first data output named “Multi-objective hazard
assessment [state-of-the-science considerations]”. Click the hyperlink to open the hazard

report,

Step 5: Review the hazard report

The hazard assessment data report opens in an Excel window. If you are prompted
about the use of macros, click “Enable Macros”, You can either view the report in the

browser that it opened in, or you can save the report and view it in Excel,

5.1

Tip: If internet Explorer stops responding when you click *Open®, try clicking on the hazard
report link with your right mouse button and selecting “Save larget as.” You can then save the
report {0 your computer and open it in Excel.

In the “Graphs(Avc)” Exccl tab, the first graph you scc is titled “Okanagan Lake -
Average”, as below.

52
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OK Lake [m)

Okanagen Laks - Avarage

“"'*V'N#owm.u."’, S

E & 0 QQB'&E.&ES
EERERER RS RN Y

5.3 Look at the line that is black and then becomes blue, This is the elevation (water level)
of Okanagan Lake. For the week ending October 7, lake elevation was 341.90 metres.
The black line shows all the known information in the 2038-39 water year—in other
words, the lake elevation that has already been observed from October 1 to December
31. The blue ling is a forecast of lake elevation for the remainder of the water year,
OKFWM determines the forecast line based on the weekly Outflow Constraints you
supplied that are in the Hydrology grid (in Current Scenario tab).

54 The green diamond symbols indicate the Okanagan Basin Agreement targets for lake
elevation throughout the water year (sec pg. 119). The yellow triangles indicate
altemative lake elevation targets based on kokanee considerations (October triangle)
and for extreme wet year flood protection (April-May triangle).

5.5 The horizontal coloured bars indicatc that lake clevation is acceptable (green), marginal
(yellow) or not aceeptable {red) for whichever objective is indicated. There are five
objectives to consider: flood control, domestic and agricultural wator intakes,
navigation and kokance survival, From lcft to right, the bars indicate the length of time
when the objective must be considered. On this graph, the bars pertain only to
conditions in Okanagan Lake.

Note: Use the "Zoom In” bulton to get a closer look at the graph and the “Zoom Out" button
to return to the original view.

Tip: One of the tabs in the Excel file Is labelled “Hazard Definitlons.” This contains a table
wilh information about what the green, yellow and red bars mean for each objective. The

table is also on pg. 125 of this report.

5.6  Scroll down from the Qkanagan Lake graph and you sce a graph for “Okanagan River
at Penticton — Average™

ESSA Technologies Lid.
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0K River im* zec™

K Rver (m".scc™

Dkanagan River at Penticton - Average
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5.7 The black and blue lines show the aetual and planned discharge in Okanagan River
below Okanagan Lake dam at Penticton, respectively. This is the water flow you can
change in the Outflow Constraints data grid on the Current Seenario screen. There are
two objectives to consider at this location: flood control and recrcation.
5.8  Scroll down to the graph for “Okanagan River at Okanagan Falls — Average™
Okanagan River at Okanagan Falls - Average
.27 1 T 2 PR e et e e e
%60 _ _
BAD e e et e e e e e e e e e e
750 4
5 X S r s e e e e e e e
0 1 T LR AR
450 |
B0 e e e e e ;l.rfm.nn-,,&‘;"};"; .........................
ZH0 e T ‘_;.,',I?C-:”*:é'b' e P
504 .:‘.,a,.,uf.“.“f."."f.._.lf""" IO
504 -
.5_ng.ﬁ.A-1.Aé..

v 3 5 § E

59 The black and blue lines show the actual and forecast discharge in Okanagan River at

Okanagan Falls, respectively, The orange Hne indicates the net inflow to Okanagan
River from tributaries between Penticton and Okanagan Falls. As with mainstem river
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0K Rweer (m*sec™')

125.0 1 :Ag:intakes:
5.0 44

105.0 4 Sockeye Alavins
BA0 -
75,0

5.1

flows, the portion of the line undemeath the black line gives actual net inflow, while
the portion undemeath the blue line gives the forecast net inflow. These tributaries are
unregulated and are important sources of variation at sites Downstream from Penticton.
There is only one objective to consider at this location: flood control.

5.10 Scroll down to the graph for “Okanagan River at Oliver — Average™

Dkanagan River at (Hiver - Average

The black and blue Iines show the actual and forccast discharge in Okanagan River at
Oliver. The orange line indicates the net inflow to Okanagan River from tributaries
between Penticton and (liver. These tributarics are unregulated. The yellow triangles
indicate the Okanagan Basin Agreement targets to minimise scour of sockeyc cggs and
alevins (water flow above the target will cause scour). The small purple squares show
the flow below which sockeyc cggs and alevins arc likely to be de-watcred. The small
yellow diamonds indicatc minimum flow targets set by the BC-Washington
Cooperative Plan, There arc five objectives to consider at this focation: flood control,
domestic and agricultural water intakes, and sockeye eggs and alevius.

5.12  Seroll down to the graph for “Osoyoos Lake — Average™
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Habitable rearing vulume (mil. m™)

Osoyoos Lake - Avarags
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5.13 The solid brown fine indicates the volunic of habitable or uscable water available to
rearing sockeye fry in Osoyoos Lake (water of <17°C and >4ppb oxygen). The red
dashed line indicates the volume of water at which a temperature-oxygen “squecze” is
hypothesised to occur—this is reflected in the green-yellow-red hazard bar. There is
one objective to consider at this location: rcaring habitat for sockeye fry.

5.14 You will also see a histogram with blue bars (not shown here) below the Osoyoos Lake
graph. This shows the cumulative inflow to Osoyoos Lake between July and
September. Once it passes approximately 157 million m”, issues related to squeeze
mortality are hypothesised to be fully mitigated (i.e., a red bar after habitable volume
falls below threshold point will tum back to green).

Note: The hazard report has additional tabs, with one containing the data used to create the
graphs you've just looked at. You don't necessarily need to look at these numbers in training
mode, but they may be usefuf when you are more comfortable with the information,
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Step 6: Advance decision date

6.1 Return to Current Scenario by clicking the Current Scenario tab.
6.2 Click “Advance Date™:

S o

Wbl ¥einy

‘Destription: jdefevit vatuss for modal paramsters - Share with Other Ussrs:. No

Dagision Date: D1-lan-2039

Rin Modet Retrospoctive - Forecast Inflows

6.3 The Decision Date boxes will be highlighted in pink and you will have the option to
change the month and day.

6.4 Choose anew Decision Datc—gencrally, you want to advance by only | or 3 wecks at
most, as after you have done so, you cannot go back, Because we don’t yet have any
inflow forecasts from the year 2038-39 (inflow forecasts begin on February | with data
from the River Forecast Centre), we’ve advanced by 2 weeks:

Praceed to daté: §§

_Description; jdafault values for mode! parameters Share with Other Users: No

Dacision Date: DI-2an-2039

‘A0A Mode: Retrospective - farecist inflows
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6.5 Click OK and you will receive a pink highlighted message stating: “Please confirm that
you want to advance the date more than 1 week.” Click OK again.

6.6 You now receive a second pink mcssage stating that advancing the Decision Date is
irreversible. Once you advance, you cannot go back. Click OK, and you will now have
an updated Decision Date {(as below):

o awiows | Aveesud| dafp b

[brian.symonds]

Deseription: fdafault values for medsl patamaters Share with Other'Users: No

c: Detision Dater 15<Jan-2039 >

Fun-Moda: Retrospactive - forecast inflows

This means that OKFWM took your Okanagan Lake dam releases between the old and
new Decision Daies, and applied them to the actual daily net inflows over that period to
create a new history of actual Okanagan Lake elevations and downriver flows!

6.7 Click “Run” to generatc a new set of rosults with the Janvary 15 decision date,

6:8 Open the hazard report, and you will sec that the black line has advanced 2 weeks to
the right. The January 1-14 data are now known.

Step 7: Run the model with River Forecast
Centre (RFC) inflow estimates

The River Forecast Centre (BC Ministry of Environment) produces nct inflow cstimates on
February 1, March I, April I and May 1. The estimates arc for the net volume of watcr that will
cnter Okanagan Lake between the forecast date and July 31.

In the navigation bar at the top right of the sercen, there is a link labelled “Inflows” (see image
below). Clicking on this link will display the data from the RFC, With your Decision Datc st in
January, the Inflow Estimates grid is empty. By advancing the Decision Date to February 1,
OKFWM will reveal the first of RFC’s inflow estimates as it runs the model, This generally
produces a significant change in the water supply outlook.

7.1 Retumn to the Current Scenario tab and advance the Decision Date, as you did in Step 6,
1o February 1.

7.2 Click on the Inflows link and look at the RFC data for February 1:
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Abrian.symonds]

B wter Yearl
<<.Return Lo Gurrapt Scenario

Year

Inflow Estirhates

#esReburn do-Currant Seenario:

7.3 The grid has three rows of data, each for the period of February 1-July 31. The data rows
are the mecan water inflow to Okanagan Lake, thc mcan minus onc standard deviation,

and the mean plus one standard deviation,

Note: The +1 SD information is used by OKFWM io generaie additional hazard reporls so
that you can view a range of possibilities. This is useful because the inflow estimates,
particutarly early in the season, are made using preliminary snowpack information. You will
want fo consider what wiil happen in the Okanagan water system if the mean estimate is too
high or too low.

7.4 You can also begin to characterise the waler year based on the Inflow Estimates. In the
data grid above, the mean inflow to Okanagan Lake from February 1-July 31 is estimated
at 746.3 million m®, This is a large volune of water (refer to Table 2.4 for the range of
inflow volumes that can occur).

7.5 Retum to Current Scenario tab and Run the model again. The model will use the average
weekly outflow constraints in the Hydrology grd along with the RFC estimates (you do
not nced to specify that the RFC estimates be used—the medel will automatically use
RFC estimates when they become available).

7.6 Open the hazard report. You now have three tabs with graphs: one each for the mean
(*Ave™), mean +1SD (“High”™), and mean -1SD (“Low™) data. Look at the “Graphs

(Ave)” tab,

7.7 As before, the black line on each graph has advanced to the new Decision Date revealing
the consequences of using that period’s Okanagan L.ake dam releases. The blue line is an
updated forecast of expected Okanagan Lake elevations and River flows based on the
R¥C inflow estimate, tributary inflow estimates in accordance with your Okanagan Lake
dam outflow constraints forward of the updated Decision Date.

7.8 You see immediately that under this hypothetical flow scenario, there is catastrophic
flooding of property around Qkanagan f.ake from June through September (see below),
Several of the other objectives have extensive yellow or red bars as well, Scroll down and
Iook at the results in each graph,
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Step 8: Change the outflow constraints to
balance objectives

To

reduce the projected lakeshore flooding and other negative outcomes, retum to OKFWM and

begin changing the outflow constraints, This is when you truly begin “gaming” in OKFWM.

Remember: Refer jo the Water Management Guidélines (*Cheat Sheet”) as you change
outflow constraints,

8.1 Retumn to Current Scenario and click “Edit™. Scroll to the end of the Hydrology grid of
Outflow Constraints.

8.2 Click the “Add” button, which will bring up three boxes highlighted pink. Choose a date
range to adjust outflows and type the desired volume in the bottom box. In the screen
below, we’ve decided to increase outflow between February 01 and March 11 to
27 m’ sec”’. (In practice, one would want to specify a date range from the week prior to
the current Decision Date, through to September 30.)

g
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8.3 Click OK and then scroll to the top of the grid where you'll see that the outflow entrics
for the six wecks specificd are now 27 nr® see™’. (Another, and often more practieal way
to change outflows is to type dircetly into the box for cach weck you want to ehange.)

8.4 “Update™ the changes and click “Run”. The model will use the RFC estimates, as in the
previous run, and the new weekly outflow constraints in the Hydrology grid.

8.5 Open the hazard report and fook at the “Graphs {Ave)” tab,

8.6 The black line remains at February 1 because you did not advance the Decision Date. On
» each of the river flow graphs, you see the effect of increasing outflow at Penticton to 27
m’® sec”’ — the blue line increases to a plateau for six weeks:

Okanagan River at Penticton - Average

1
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8.7 The effect of the change has shortened the length of time that the Okanagan Lake
flooding bar is red, but there is still massive lakeshore flooding oceurring. Water intakes,
navigation and kokanee also continue to be affected. The new changes have also raised
flow at Oliver high enough to scour sockeye eggs and alevins in February (see below).
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Okanagan River at Oliver - Average
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8.8 Examine each graph and then retum to Current Scenario to make more changes.

8.9 Try this: Change the February 01 to March 11 weeks to 20 m® sec” and change the
May 01 to June 24 weeks to 50 m® sec’’. Run the model again. Now, the flooding around
Okanagan Lake is less severe and you are not scouring the sockeye in Febmary.
However, there is flooding occurring around Oliver (largely owing to an expectation of
high tributary inflow), and there are problems for sockeye later in the spring.

Okanagan Lake - Average
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Dkanagan Biver at Oliver - Average

ke,
Domesticintekes -
1 Ag-irtakes

0K Ruor |m’sec™®

8.10 Continue to tweak the outflows, re-run the model, and examine the output graphs until
you are satisfied that you've balanced the objectives as well as you can. Clearly-this
was not achieved in the first-pass examples shown abovell

8.11 When you are satisfied, advancc the Decision Date by one to two weeks (but more than
two weeks is not advisable) and run the model again. Continue the back and forth
process,

Remember: Once you advance the Decision Date you cannot go back!

Step 9: Narratives

At any timc throughout the training session, you can share your findings, time period specific

decision rational and save copies of OKFWM output reports (i.e., expeeted outcomes) by posting
messages and files on the Narratives tab. The Narratives tab serves as a decision rationale and
message contre for OKFWM uscrs. Narratives are displayed by water year. Select the water year
for which you wish to view narratives from the “Water Year” drop-down box at the fop left

comner of the OKFWM main window.

For morc information about narratives, how to create and manage them, and some suggested best
practices, sec Step 11 of Chapter 6 (pg. 111).
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Final notes

The changes you made to outflow constraints in the last several steps are not necessarily
the best ones to have made, They were used simply to demonstrate how to make the
changes and how changes can affcet the objectives.

As you continue through the water year, you will also want to examine the High and Low
output graphs (based on the mean RFC estimate 1 SD).

If you want information about the other output seports gencrated by OKFWM, go to
Steps 6 and 9 in Chapter 6.

Different years in training mode present different challenges: wet years, dry years,
average years. You should work your way through several of them to experience 2 range
of conditions and begin to build a strong foundation of knowledge about how the
Okanagan basin water system responds throughout the year,

Don'’t hesitate to seck advice and guidance from somebody who is experienced at using
OKFWM to help balance fish and water management objectives in the Okanagan basin.
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Glossary

All-year average — The flows for a particular week of the year that are the average of all data
colleeted from 1974 to present.

Current scenario — The tab in OKFWM that houses the data you can manipulate.

Decision date — The calendar date you must make a decision about the future paltem of discharge
to release from Okanagan Lake dam — think of it as being “today”, OKFWM will show you what
has already happened up until “today” and will forecast what is likely to happen after “today”
based on a variety of data.

Hazard repart — The main report produced by OKFWM. It prescnts a serics of graphs showing
how wcll you meot the various objectives with “traffic light” indicators.

Inflow estimates — The estimated volume of water that will enter Okanagan Lake between the
forecast date and July 31. The River Forecast Centre (BC Ministry of Environment) produces
inflow estimates on February 1, March 1, April ! and May 1, The estimates are shown by
OKFWM under the tab labelled “Inflow Estimates™. '

Lake elevation — The geodetic water level on Okanagan Lake.

Model predictions — The tab in OKFWM that lists various Excel and other output reports
available aficr the model has run.

Objectives — The variables that you arc trying to balance in Okanagan basin, These variables
include flood control, kokance cgg and alcvin survival, sockeyc cgg, alevin and fry survival,
water intakes, navigation, and recreation.

Outflow constraints — The weekly discharge out of Okanagan Lake through the dam at Penticton
(Okanagan Lake datn). The outflow is constrained by the design capacity of the dam
(60 m* sec™), lake elevation (at flood stage can exceed 60 m’.sec’, approaching 78 m’.sec™) and
the discretion of the water manager,

Retrospective — The term used to describe OKFWM’s use of historical data on lake levels,
snowpack volumes, water inflows and outflows, and fish survival, The data are from a year that
has already passed, and the year is blinded or disguised so that it cannot be identified. The
retrospective mode of OKFWM s also referred to as the training mode.

Scenario —~ An set of assumptions on the cvents that take placc during a water year (October 1-
Scptember 30) in the Okanagan basin, The scenario includes information on water relcases
through Okanagan Lake dam, RFC inflow estimates and values for various fisheries variables
such as pcak spawning dates and the threshold total of accumulated thermal units for fry
emergence.

Scenario manager — The tab in OKFWM where you can select, copy, and deletc scenarios made
availablc by other users,

Water year — The I2-month period during which water flow decisions are made. In the
Okanagan basin, the water year runs from October 1 to September 30, Notc that in training mode,
OKFWM begins on January 1, which is three months into a water year.
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CHAPTER 6
Using OKFWM for
in-season management

OKFWM can operate in two modes: (1) training or retrospective mode, and (2) in-season
management mode. This chapter gives steps for using the in-season management mode; for the
retrospective mode, see Chapter 5.

Note; A number of screen images in this chapter have been recently updated to refiect
changes in the OKFWM interface. Consequently, the Last Modified date may not seem o be
consistent with the information in the scenario being shown.

Step 1: Log into system and create a working
scenario

On a computer with an internet connection, open Intemet Explorei™., Note: OKFWM has not
been tested with other web browsers such as Netscape or Mozilla Firefox. Thus, system
behaviour cannot be guaranteed on these platforms.

Enter the following url into the address bar.*

Type your user name and password.

Note: if you do not have access to the system, choose the "Need an account?” link. Submit a
password and the OKFWM administrator will contact you with a user name. Aliow 2-5
business days.

* Note: this url is planned to change sometitme in 2006 or early 2007. The planned domuin and address at that tinte will
be “wwi.ok Fvmt.net” though this is subject 1o change.
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Ongce logged in, you will see the Scenario Manager tab, where you can open or copy an existing
Scenario. ‘

savrs | d

Okanagan Fish/Water Managemsnt Too!

Check the “Show All Owners” box to see both your own scenarios and the scenarios others have
.marked for sharing with other users.

Step 2: Orient in time — set correct “decision
date”

Once you have logged in, choose a working scenario. To do this, start by filtering the available
scenarios by selecting a “Water Year” from the drop-down box at the top of the screen. Only
those scenarios defined for the selected water year will be listed. The screen image below shows
two scenarios (with hypothetical dates) for the water year 2006-2007.

Jgvenp b aflees § desnnng § b

Hanagan Fishy Water Maasgamant Tool

[brian.symonds)

5
&

‘Show All Cwners

Lefi-click on your chosen scenario. This action will open the scenario in the Current Scenario
tab. From this tab, you can edit and run your scenarios.

Note that the information in the Current Scenarie tab for in-season mode will be different than it
was in retrospective mode (which reflects an entirely different suite of scenarios), including up-
to-date reaf-time information. In partieular, the in-season mode Current Scenario tab will have
neither an “Advance Date” button nor “Decision Dates” that resemble future years like 2639,
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With your scenario open in the Current Scenario tab, set the “Decision Date” fo the date for
which the most recent real-time data exist. To do this, click the “Edit” button and then click
“Current” as shown in the image below:*

Wator Tdar: | [hriamisymonds].

Sconario Names QU230 - 095 trefillstrateg) " Tt B gliapn with Other Users

Description; {Release poliey for current, low lake loyel yaar,

;Fllsallutﬂowf:un:traints

£ shaw Histerichl Outflows

The result will depend on the actual calendar date. In this example, the user, ‘brian.symonds’,
clicked the “Current” button on July 12, 2004, Because real-time data are available on a 24-hour
1ag, this action yields the previous day’s daic.

The resulting table of values will show each week in the water year from the first week ending
after the decision date, in this case July 15, to the end of the water year.

You can display all weeks in the water year by clicking in the “Show Historical Outflows”
checkbox. The flow values listed for weeks prior to the decision date represent actual flows from
the beginning of the water year, and cannot be edited or deleted. Actual flow data show you what
trajectory you are on and provide useful context for outflows to use in the near term.,

3 Most of the following screen images show older, existing, scenarios as these provide more realistic examples and
provide clearer illustrations of procedures.
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Step 3: Verify presence of or add River
Forecast Centre (RFC) inflow estimates

Before adjusting “Outflow Constraints” or other parameter values or running the model from the
Current Scenario tab, it Is critical to ensure that valid Inflow Estimates exist for the time
period of interest and that these inflow estimates maich those supplied by British
Columbia’s River Forecast Centre. If the inflow estimates do not match the BC River Forecast
Centre values, it is important to document the decision rationale for changing them, using the
Narratives tab,

Check inflow estimates by clicking on the “Inflows” link on the navigation bar at the top right of
yOour screen:

B e e .[bitaigs fimands]

This action switches the view to show inflow estimates for the selected water year, The result
should look something like this:

W pted Tears E‘ i “[brian.symends]

year; |

Inflow Estimatess

24 Ratitfi vo Tuibraht Erbnisl

ESSA Technologies Ltd. 89

Wsvbovanfp01\Cohen-CommiPersonal_Drives\Etmer Fas
PEmail_001\Elmer 2002\Sent fems\Sent ltems 2006\




Guidelines for Apprentice Water Managers

As described earlier in this guide, net inflow estimates to Okanagan Lake are provided on or
shortly after February 1, March 1, April 1 and May 1 of each year by the River Forecast Centrc

(www_env. pov be.ca/rc/river_forecast/bulletin htm). In the example above, the Decision Date

was July 11, 2004, Therefore, all four sets of these estimates should already be present,

If the RFC inflow estimates do not appear or you are uncertain about how to obtain them, consult
a member of the Canadian Okanagan Basin Technical Working Group (COBTWG) Fish/Water

Management quls (FWMT) Operations Group.

These valucs are automatically provided to the scnior provincial government water managers who
operate Okanagan Lake dam, Tt is recominended that the provincial govemment representative
with the most hydrology and flood management expertise enter these inflow estimates into
OKFWM. Once entered, they should not be changed without posting the decision rationale
for the change to the Narratives tab, and notifying FWMT Operations Group members via
email, :

If, for instance, you chosc a future decision date like February 1, 2007, you might find that the
Inflow Estimates look as follows:

EESOE I+ A J beednd Sid G

Chanagarn FéﬁﬁfWatm“ Management Tool

* [brian.syronds]

-Inflaw Estimates:

< RpUM 1 Current Soanet)

You would need to obtain the February 1 to July 31 low (mean - 1 Standard Deviation), mean,
and high (mean + | Standard Deviation) inflow estimates from the River Forecast Centre and
enter them, before pou can use OKFWM with a decision date between February 1 and
February 28, Once the current decision date reaches Mareh 1, you would need an additional 3
inflow estimates fiom the River Forecast Cenire before running OKFWM for decision dates
between March 1 and March 31. Failing to do so will generate an error during a model run.

If you need to enter or change RFC estimates, click the “Edit” button {image below).

% Should this government branch decide to re-name or re-intvent itself, the URT, will likely change/be invalidated.
Updated links to these important cxternal web resources are maintained under OKFWM's Dingnostics tab,
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o]

Okaragan Fi#h}%ﬁat@rﬁanagémeﬁt Tagi

Woalpd Voars {4 [bil‘iqn.sy,rnonﬂ'sf

Yaar: 1'20_0?

M=

Next, click the “Edit” button associated with the time-of-year inflow estimate row in the grid that
you wish to cdit.

simeran | SaFisees |3

‘Inflov Estimates:

Enter an inflow value. Click the “OK” button to save inflow estimate entries, or “Cancel” to
abandon your changes.

Step 4: Set year-specific parameter values

The Current Scenario tab includes a number of parameters that you can manipulate under the

Kokanee and Sockeye submodel headings’. These are in addition to the “Outflow Constraints”,
which you will work with in a later step (and described in Chapter 5).

? QKFWM’s database has numerous other parametess for these submodels, but they ars not available for user gaming.
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Igagna £

vowe Okansgan Fisly/Water Management Too!

Description: jRelebse policy for current, Tow lake level year: Share with Other:Users: ‘Yex

‘Cutflow Constraints: Usa Dutflow Constraliits: yes

T show Historical Outflows-

Doy ALRLRLLSELLRS

ﬂ' 7:

Peak-spavwni-date: 20-0ct B

Curn. therma! units for-100% fry emergenes (DC-_Qays): 950 ‘:'
Lake dr:awélown l:ons'iéara'd to I:Ja‘v"]:uraférra\‘]'_:{cmi: i5 ;
Lake drawdawn considared in be "net préferraﬂ"._(cm): 25 §

“Ppak spawn data: 39-0ck

Nuinber of spawnars o spaiming grounds: 31536 ;

Proportion famalgns:'u.sav é

Prapartion uf:s-p;a;‘ma.rs ‘—"agr.s 1.4; 0.007 3

<.age 1.2 0.972

-age 1,31:0,024 :

WEW Cum, tharmal unfis for 100% fry hatching {°C-days)r 595 %
HEW cum. thermat units for 100% fry smergence (9¢-days): 815 “
"Tatdl:Phosphoris concentration during spring {pg/L): 12 <

Bysis density in spring {#/m? of lake surface}: 10 %

e Dsoyons Lake habitabls volyma calrsing $quizaza {ittons m?); 40 i
: HEVY -Cum. Inflow alléviating Osoyoos squeeze {millions m3): 157 /
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Suitable default values are usually given, but these should be reviewed by kokanee and sockeye
biologists at the beginning of, and during in-scason management. Users should also look for
“start-up™ postings on the Narraiives tab, where FWMT Operations Group biologists may have
already posted the recommended parametcr values. Values can be changed by clicking the “Edit”
button, making the desired changes, and then clicking “Update™ (images below).

S5t

e tn | Knsdand

{Brian.symonds}

Poak'spawn, dater {2

.Cam. thermal udlts for 10609y fry emergence (Pl:l-days‘): [;?EIW H

ai,

rake draw'-t.lnwn con!l&erefj to?ba f'qr:fe'rrnd""-'-(cm'):: {1
25

e A A

SARTARTIANEAN N A

Lake drowtdown considered to be "not preferred™ {rm):

ToTee

Peoak spawn dater Usa tamperaturs thrashold ruls (~12°C)

IXTTTE AT

# spedfy
it

Mumber of spawners on spawning gprounds: [31536 :

- age 1.2 {0,972

T T T e e Y EE Y TET DR

- age 1.3: [1021 }

W Cum. thormal units for 100% Frr-ﬁatcfﬂng f.°E—days)': 1525_.,,,
Y ‘cum: thermal unts for 100% fey emergence (oC-days): [675,. ¢

‘Tatal Phosphorus cencentration duying spring {ug/L}: fi?.

NI,

HEW  0soyous Lako habitabla volume cavsing sgueszo (millians m):

HEY. ‘Curh, inflaw dlléviating Dsbyaps squeezé fintlllons m3): 157

Once established, these values should penerally not be changed without cause. See Alexander
and Hyatt (2005) for details on these assumptions. However, certain variables may change during
a season, such as the “Peak spawn date”, “Nutmber of spawters on spawning grounds™ and “Cui.
thermal units” for hatching and emergence. Again, such changes will by best practices be posted
on the Narratives tab,

ESSA Technologies Lid. 93

WevbevanfpOtiCohen-Comm\Personal_Drives\Elmer Fas
TEmail_001\Elmer 2002iSent [temsiSent [tems 2006\




Guidelines for Apprentice Waler Managers

Note: Changing these values within a scenario does nof change the values associated with
other user's scenarios. To harmonise assumptions, i is importani that you notify all
Operations Group members who use OKFWM of any global changes that should be made to
fisheries parameters. Best practices for such changes are to put a message under the
Narratives tab, if the information is deemed urgent, and requires immediate '
acknowledgement, then it should afso (not instead of) be emailed, referencing the appropriaie

Narrative entry.

sigens b aifines boan

: a::*iéma;;ggmx Figh/ Watar Managament Tool

[brian.s ymonds]

Sconario Name: (Ul 11/04 - BIS (refill strateqy) i ¥ 8hare with.other Users-

Dezcription; {Reledse policy for current, low fake level year,

H
i
Detision Date: {1153 I:J" :

f idritony
Mintmum Dutflow (mafs).ig‘é?m o
i butfiow Constraints [No future-constraints] ¥ use outflow Tonstraints
£ show Historical Outflows
.,

Step 5: Get in the ballpark

5a. Initialize the Outflow Constraints

It is important that you identify a reasonable first approximation of weckly water releases af
Okanagan Lake dam, Penticton to “get in the balipark™ A highly experienced water manager
familiar with the system will “know” what reasonable release values are for any particular week
of the year, but newer users will not. {The guidelines on pg. 32 will prove valuable.) Outflow
constraints can be applied to any week between the decision date and the end of the water year.

Therefore, an “Initialize™ button is supplied in the Hydrology section of the Current Scenario tab.
You may choose to use this button at any time, whether starting from a pristine state (i.e., no
“Outflow Constraints” yet established) or whether “Qutflow Constraints™ already exist, If you
click the “Initializc” button, it overwrites any existing constraints and replaces them with the
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all-year average weekly release values at Penticton for all 52 weeks of the simulation year. The
aim of this feature is to reduce the number of iterations (and thus simulation time) required to
hone in on a release policy that begins to balance objectives.

Hydisioe

“Hisiimurd Qutflow (in?79); 1555

: Dutlbw Constratnts W use.autflow constraints

T shiow Histarieal Outflows,

PTYRTPITVINS

o

AN

A

SN,

e

EUERLLLERPRERE

Minimum Dufflow {m3/5): |

i
¥
Outflow Constralnts: g ¥ sa Dutflow Constraints

TTshow Historical Ijut‘fiuws
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Note the values in the “Flow” column are now different than in the previons image which shows
the values prior fo clicking on “Initialize”,

Note: These constraints will not afford an optimal balance across objectives. They are merely
a starting point — a way to avoid a ridiculous pattern of water releases.

5b. Work with the Qutflow Constraints grid: Okanagan
Lake dam releases

Py dfiiagy e e B R

Minimum Outflow {m®/s):

Dutfiow Constraints:

The Hydrology “Outflow Constraints” grid is the OKFWM component that you will update most
frequently, The grid consists of: week number, week ending dates {ordered from October to
September), weekly average Okanagan Lake dam outflows at Penticton (m’.sec™) and a check
box column for specifying weeks to delete (i.e., weeks for which the user does not wish to specify
an outflow that differs from the natural net inflow—the default for weeks that have not been
assigned an Outflow Constraint). For example, you may wish to delete weeks for which you want
outflow at the dam to equal inflow (resulting in stable lake levels), or future weeks that are
beyond the timeframe for your scenario. You can also manually “Add” wecks to the grid, but
more typically the “Initialize” button will be used for this purpose.

The Hydrology gnd can show not only the weeks for which outflow constraints are to be applied
(as in the screen image above), but it can also show historical (actual) cutflows for the water year,
Historical outflows help show you what trajectory you are on and provide context for flows in the
near term. Historical flow values cannot be edited.
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To_add weeks and flows: Click the “Add” button at the bottom of the outflow constraints grid
(image above) and you will see a display that resembles the following:

Hydialsgy

Minimum Outflow {m?®/s); {55

Outflow Constraints:

This feature allows you to choose one or more weeks and an outflow volume to add to the grid or
to change outflow values for weeks already in the grid.

To edit flows for weeks within the text boxes: Highlight the flow to be changed and type the new
value.

Outfiow Caonstraints: 3

To delete specific wecks from the grid: Check the box to the right of the weeks you want to delete
and click either “Delete Selected” or “Update”™
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Dutflow Constraints:

If appropriate, you can select all weeks for deletion by clicking in the checkbox at the top of the
grid (see red circled box in the screen image above), In practice however, deleting weeks is not

necessary, nor is it a recommended practice,

Apply all of your changes by clicking the “Update™ button:

Important: OKFWM uses the best information available for a given decision date. For
example, if the current decision date is July 22, and the outflow constraints grid specified
release constraints for the weeks ending July 8 and July 15, these consiraints would not be
used. Instead, real-time information would be used to show what aciually occurred during

those weeks.

5¢. Diagnostics

Another important resource for guiding decisions about outflow constraints is a set of diagnostics
in the form of links to data and information about Okanagan watcr manageinent that arc external
to the OKFWM systcrn (Diagrostics tab), Diagnosties provide context for weighting dccisions
about things likc flood risk vs. other considerations. They can be viewed without running the
model. Five broad categories of information are available on OKFWM’s Diggriostics tab:

(A)
(B)
()
(D)

(E)

Snow pillow status and water supply forecast;
Local precipitation, weather forecasts and other real-time sources;
Okanagan Lake, River and Tributares;

Weckly inflows, sockeyc-kokanee cmergenee timing, cpg scour-desiceation,
0soyoos temp-0; squeeze; and

Other.

Diagnostic categories are presented on the tab in the order that users would typically review
informatton when managing in-season.

v
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Step 6: Perform model run to identify major
trade-offs and begin to classify water year

At this point you have a working scenario, have updated the “Decision Date,” have verified that
the appropriate “Inflow Estimates” exist, and have chosen an initial set of “QOutflow Constraints.”
OKFWM is now ready to run. Click the Current Scenario tab’s “Run” bulton:

Bl b S haes | Rpuneni 8

Okanagan Fishy Water Mapagemsnt Tool

[brian.symonds]

Dascription: iRE!ﬂ'é§é‘P0|iGY-fﬂr'CU af, low |ake.level yaar,- Share with Gther:Users: Yes

|

LT S REFRLY SRR PISRRRRYY

-é
z

-Daeision Data: 11-Jul-2004:

Alternatively, when working in the current water year, you can update and run the model in one
step. To do this, click on the “Run from dd-mmm-yyyy” bulton (imape below).

Hmpar

['brjan.syrnnpd:sl

Déscription: Share with Other Usersi Ng

R NN S
AL AL AT D A A

Decision Datet 03.-0cl.2006

This action will run the model using the most current real-time data, based on a decision date
determined from real-time downloads. Note that the “Run from dd-mmm-yy” button is only
visible when you are viewing a scenario based on the current water year (retrospectively, this
button does not make sense / have the necessary context).
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important: The date on the Run from dd-mmim-yy button should be no more than one fo two
days behind the actuai calendar date. A dale that is more than two or three days behind the
aclual calendar date usually indicates that there is a problem with the source data available
for the model, e.g., trouble with field data loggers, fechnical problems with either Water
Survey of Canada or the OKFWM server, eic. If this occurs, a Narrative entry should be
posted noting the problem, and the OKFWWM system administrator notified (see Help page for
contact information).

Another useful check, is to go lo the “Actual Okanagan Lake Dam releases {(hourly)" link on
the Diagnostics tab, and ensure that the external Water Survey of Canada site is actually up
to date for releases at Penticton. If not, then the probiem resolution must be flagged up fo the
Water Survey of Canada’s hydrometric web service administrator. This contact information is
provided in the OKFWM Technical Administration docurnent, and will be known by the
OKFWM system administrator,

Run requests are sent to the OKFWM server computer, which performs the simulation and
gathers real-time data, While this processing takes place, a screen resembling the following
appears:

Nate: medel runs typically take 2-5 minutas to completa - please do not use your browser's Refresh or Back bultens,

Note the cornmeni; “please do not use your browser’s Refresh ar Back buttons”.

Once model processing is complete and output has been written to the OKFWM database,
OKFWM generates a serics of downloadable output reports in Microsoft Excel™., While the
server computer is generating these output files, a screen resembling the following appears:

i

OXFWM model run compiete... generating run results

Note: run results typically takes 30-60 seconds to be penerated - plaase do not use your browser's Back button.

When the run is complete and the results are ready for viewing, OKFWM automatically redirects
you to the AMdodel Predictions tab.
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Gulidelines for Apprentice Water Managers

The entire process usually takes between 2 and 7 minutes depending on the decision date (time
required to run the model increases as decision dates approach September), amount of concurrent
activity or runs by other OKFWM users and background performance variation over the Intemet.

Tip: Other computer tasks may be carried out while these runs are being performed.
However, if you want to use the Internet, open a second instance of internet Explorar.
Otherwise, you may receive OKFWM run time errors.
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Guidelines for Apprentice Water Managers

Again, in addition to the three main classes of OKFWM output, some very helpful contextual
information sources in the form of extemal links are provided on the Diagrostics tab, These links
give you quick access to a lot of the data used by OKFWM (but without the need to run the model
to see the data). The links for “BC River Forecast Centre™ and “Kelowna area precipitation”
provide other potentially helpful information on forecast inflows and basin precipitation. The link
for “Mission Creek inflows to Okanagan Lake™ is quite useful, as this is the major tributary
supplying surface run-off to Okanagan Lake. This can be used as an index of real-time tributary
inflow to help scale releases at Okanagan Lake dam.

As you pain cxperience with fish/water management in the Okanagan, the relevance of these
different sources of information will become clear,

f
2

‘[iran.symonds]

A) snnggillpﬂ status and water supply farggast;

O Currgpt snow congﬁtipns,{'wwq‘nwfctnn?_q.gm_r.}

E & BC River Fordcast Céntre snuvrpilows vis map or station gt {iﬂww;anv.gov.‘bc.pafﬁﬁ}

0BG River Farscast Céntre-bulletin (corimentary) bhd. outicsk (iF-availabls) {wwwieny goy:be.calrfc} -
D) Locat precipitation, weather foracasts and okher ré-alitjli'h;;i'é_dht;q:!g:“

. Kelong afea pracipitation {dimate.weatheroffic.ecigcica climate statian 1123965}
Kelowna B-duy westhey forecast {www.theweatharnstwork.com} . ' i
' WeatharPrs dats - Mission Créek (air temp, curn. raif, SWE) {wiwkenv,gov,be.ca}
' WeatherPro dats ~ Branda Ming {air termp, cum. rain, SWE) {wwiw:gnv.gov.bé.ca} o
RWIS siation data (sniow depths, fréeZing point, pracip, air tefnps ‘#té.) {saw-rwis th.gov.bc.ca - requires login 1D}
_NOAA Northeast Pacific infrared satellite loop:{www.ssd.noaa.gov} :
-NOAA monthly. air teimpsrature departures ' A

[o}a]

COGa

C) Dkanagan.Lake, River and Tributaries:

© “Actual Okanagan Lake Dafs felzases {hourly) fscitech pyr.éc.go.cd. ¢ statién GBNMOSO}
©.0Okanagan Lake' at Kelownd elevation (hourly) ‘{scitech.pyt.ec.ge.ca - station DMMEAZ])

0" Dkanagan River flow near Oliver THourly) [scitochpyried.oc.6a +station DENMDSS ) A
©-Mission Creek inflows to Oksnagan Lake: (hourly) {scitech.pyr,ec.yc,ca - station D8NMLLE}

o InKarieep Craeek inflows to UK Rivér'{gage height anly) {scitech.pyrec.gc.ca - station 018NM200}
O Vigealx: Craak infldws to OK Rivar {gage helght ahly) {scitech.pyr.et.gc.da - station DBNM246}

R

D} Wﬂékl'y‘inflows‘! sotkeye-kokanee emergence timing; égg scouk-dessication; O50yoostemp-0, squeaze:
-0 See: Madel-Predidions

E) Other:

O . Northwest Powsr & Conservation Councill Okanagan subbasin-plan{www.nwcountil.org}
O Calumbia Basin,Ressarchs fish statis & trends {www .cbr.washington,edd} ’

104 ESSA Technologies Lid.

Wsvbovanfp0i\Cohen-Comm\Personal_Drives\Elmer Fas
f\Email_001\Efmer 2002\Sen! ltems\Sent items 20064




Guidelines for Apprentice Water Managers

Step 7: Review main hazard report output

From the Model Predictions tab, click the “Multi-objective hazard asscssment” report;

‘\.f LRt 3'§'fr€i~‘c'l Ltz fe ¥4

Wakaos: Y

Run g_s:tgrite‘::'l"
N .. Run
Compiéte

' Run Resales:

TR R TR YRP R Lreray,

Depending-on the version of Intemnet Explorer you use and its settings, this may result in the
display of a dialogue resembling:
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Guidelines for Apprentice Water Managers

You may want to choose Open and preview the file to seo if the outflow constraints you used
provided a rcasonable balance amongst objectives. Then, you can decide if it is worthwhile
saving to your computcr.

OKFWM uscs Excel Visual Basic code to antomate fonnattihg of data supplied from the system’s
databasc. So, you will probably also rceeive a sccond dialogue resembling;

Choose “Enable Macros.”
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Guidelines for Apprentice Water Managers

The multi-objective hazard report output will open in your web browser:
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The information in this report is described in more detail starting on pg 118,
“Understanding OKFWM Hazard Assessment Reports™,
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Step 8: Adjust release constraints td better
balance objectives and re-run simulation

In most cases, two or three additional runs will be necessary to begin to obtain a more reasonable
balance amongst objectives (i.e., more “grecn™). Refer to the guidelines and strategies in Chapters
2, 3 and 4, and to the information available on the Diggnostics tab, as you adjust the Outflow

Constraints,

To make adjustments:

1.

2
3.
4.
5

Close the Excel output file or choose Model Predictions from your Windows taskbar;
Select the Current Scenario tab;

Cliek the “Edit” button;

Modify “Outflow Constraints;” and

Re-run OKFWM.

108
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Guidslines for Apprentice Water Managers

Step 9: Review output reports to better
classify water year

A fundamental indicator for determining whether a water year will likely emphasise low, average
or high inflow management issues is the cumulative weekly net inflows. This information is

available from the Mode! Predicrions tab, by choosing:

Net inflows (weekly) - indudes cumulative infiow plat + statistical comparison with past years

which gives:

HAverage

0 Currert

From real-time data, the trends in this plot can be used to deterinine whether to increase or lower
weekly water releases at Okanagan Lake dam.
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For sockeye egg/alevin survival issues, the following report is infonmative:

I_Snckeye egg abundance over time {desication and scour impacts)]

This report contains information on cumulative egg losses associated with minimum and
maximum weekly flows (see image below). ‘This report can be used to determine the extent and

acceptability of sockeye egg/alevin mortality owing to future flows (i.e., flows after the decision.

date).

(A B Deciston Dete

Expected Spring FWZ,UOO :
{Cumulative Egg

Loss) 1,560
1,000
500
- + o B cHEEERERR g 'ET“T"‘I"!'1“!“"!’"1"1"r‘1"!_r'l_1_l_7_l_l_l
9888883383338 2353
6N O NN N AN RN NS N S
FIELERTIRTAER A
[} 5 8 B
23888858828 33¢8
Week Ending
8) 9
B0
70
€0 -

Qkanagan River flow 50 4
at Ofver m’.sec”

40 4
' 30
20 + —O— Minimum Weeldy Flowy
{Desication diiver)
107 - Maximum Weekdy Flow
(Scour driver)
e s i lSAiadidis Ziatrec i i ot
[ S ot B o B ] 4
HEODHHUEEABEERERE
IO IEC-4FTATAHY
EERE R R EREEEEERE
Week Entlng
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Step 10: Fine tune release policy and make
trade-offs when there is no “win-win”
situation

Continue adjusting the Outflow Constraints and examining OKFWM’s primary hazard report to
ohtain a workable balance of scasonal relcases. Your aim is to have every objective’s hazard bar
show % Since this is frequently nat feasible, you should follow the water management
guidelines and strategies provided in Chapters 2, 3, and 4.

Step 11: Document rationale for decisions
and share results with others

The COBTWG FWMT Operations Group members are responsible for documenting these
decisions, Throughout the scason, all members should document the rationale for specific release
decisions / changes. In particular, document the rationale associated with any major adjustments
to releases as well as the thinking behind how certain risks are being mitigated. This provides an
audit trail, and important information for mid-season and post-season reviews.

Starting in water year 2006/2007, the recommended best practice process for documenting
decision rationale, or any other relevant findings, observations, comments etc. is to post messages
and supplementary files ou the Narradives tab, Namatives are tecorded and displayed by water
year. Select the water year for which you wish to view narratives from the “Water Year” drop-
down box at the top left comer of the OKFWMT main window.

The following screcn image shows a chain of narratives, based on the water year 2005-2006",
involving a varicty of threads by several different uscrs.

8 The narratives in this example were composed explicitly for the purpose of illustrating narrative best practices in this
user guide, Therefore, the dates in the “Created” and *“Last Modified” columns are not realistic. In an authentic
narrative chain, these dntes would reflect the actual date each message was composed and subsequently modified (if

applicable),
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Okavtagion Fish/ Walsr Madegepieof Tool

Sl
b

"fbrian .syrnonés:[v

W Shar all-Adithors £

Narratives are listed in descending order of crcation, with the most recent post at the top of the
table. The “Owner” colunm indicates the author of each message, and the column labelled “# in
Thread™ indicates the number of messages in a particular conversation, Messages can also be
delcted from the chain of narratives using the “Delete” button at the end of cach cntry in the table.
Notc, however, that messages can only be deleted by their owners. For all other messages in the
table, the “Delete” button is disabled.

New messages can be created either as part of an existing thread, or as the first message in a new
thread. To begin a new thread, click on the “New Thread™ button.
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[brian.symonds]

BH

it

Buliject: § .} H 8hara with Other Dsers

Dotalls:

A

[Mo attachments].

i

i

Enter a descriptive subject line and type your message into the “Details” text box. You can also
attach a file to your message if you wish. (For example, if you prefer to type a Word document,
you could simply attach this file, and indicate to users in the “Details” box: “See attachment”), To
attach a fiie, click on the “Browse” button to locate the file on your computer (or local network)
you wish to attach. Click “Open” and then “Upload”. Click “Save” to send your message into the
narrative chain, Note: you should allow a few moments for the upload process to complete,
before navigating away from the page or attempting to add another attachment.

At any time after initial creation, you can edit any of your own messages. To do this, left-click on
the message to open it. Click “Edit” (see image below). This action will open your message in
edit mode. Make your changes and then “Save” to send the modified message back into the
narrative chain, The “Last Modified” date in the narrative table will update fo indicate that you
have edited the message,
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#ig | dann B

[brian.symonds}

Details: {Everyons:

Foltawing-up. on.my smalf_on the waa'kand, wa ara making firthier incraases
in releases dovin this system this'moming. This will include bumping releases
frém OKanagan to j0st under 60 md/s and pushlng Ofiver flows upto afound
o mats. ¢

This s not axpad:ed ta |mpact sither socksyo or kokanua, butit rnluht lrnpac*:
the ONA fish brap in'the river.in Pentictsh. -

areas we will ba watching closaly_are:

{1, Tha iu_va_[ﬁ_of yasbugegLa‘%o; In;ur&ur ta move veater through Vassux Laka
wo will be freabcarding the gakes on the dam. [Despita freobcarding tha

gates Vaseud Like will continge 19 nse as We let moce dut of Skoha leke,

No é"ltachment:_]'_

Share with Other.Users; Yes

View any message in the narrative chain by lefi-clicking on it.
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Details: [Aachad., Piease.raas ond post sny charrges: Share. with Gthar Usars: Yer 3

Click on the “Reply” bution if you wish to contribute to the message thread. Follow the procedure
for creating a message described above.

The message illustrated in the screen image above is part of a message thread. You can access all
messages in the thread by clicking on the “View Thread™ link in the upper right corner of the tab.

ESSA Technelogies Lid. _ 115

\\svbcvanfpm \Cohen-Comm\Personal_Drives\Etmer Fas
NEmall_001\EImer 2002\Sent [lems\Sent tems 20064




Guidelines for Apprentice Water Managers

L 3 o#abe | Fep

[bn’an,srmundszfl

#: show Al Authors

In this example, there are 5 messages in the thread from 4 different authors. This feature provides
users with easy access to all messages in any conversation thread, regardless of whether they
were involved in the conversation or not, As such, narrative threads can serve as a training tool
for new users.

Retumn to the full list of all messages by clicking on the “View All” link in the upper right comer
of the tab.

Ibﬁén.;fﬁrﬂond@j

Use of the Narratives tab provides OKFWM users with a communal platform for sharing any
type of pertinent information, and for communicating ideas and comments about flow scenarios
and run results, Narrative threads are easy to access and can be made available for review by all
USers.

Also note that when a water year ends (roll to Oct-1), all posts made during the previous water
year become uneditable. This is by design. In this way, narratives become a permanent record
(“audit trail”) of the key decision points in each water year, making them an invaluable tool for
training new water managers, vis-a-vis a cumulated “knowledge base™.
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Best practices for posting narratives include:
¢ having the lead fisheries biologist on the team post critical start-up information by
November/December, ¢.g., peak spawning dates, proportion of females, etc., so that
everyone can access it and vse it to update their scenarios;

¢ attaching run results to posts so other users can see them without the need to re-run the
mode! (e.g., esp. useful during group teleconference calls);

e posting all key information for an upcoming teleconference meeting so it is readily
accessible to everyone on the call; participants can all look at the same source material
without the need to search through numerous emails or attempt to run-up the model “last
minute”;

e use the Narrative tab jnstead of email for routine communication about FWMT
management; but #se emails when you need an immediate response from someone
(the Narrative fcature does not ‘alert’ anyone -- uscrs must log-in of their own accord to
read posts).

¢ r1espond to the appropriate thread, not always posting things as a new thread; create a new
thread only for new topics; and

s attach supporting files, like mecting mimutes, run results, instcad of re-typing things in the
description box or describing information in abstract icrms,

An example sct of narratives, based on actual correspondence during the 2005-2006 water year,
has been posted on the Narratives tab for reference. Sclect the 2005-2006 water year from the
drop-down box on the tab and check the “Show all Authors” box to sec all of the posts. These
posts reflect the “best practices” for using narmratives that are listed above.
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CHAPTER 7

Understanding OKFWM Hazard
Assessment Reports

When OKFWM performs a model run, it generates scveral different reports. The “multi-objoctive
hazard asscssment™ is the primary output. The system also automatically provides several critical
diagnostic output reports on actual vs, historical weckly nct inflows, emergence timing reports for
kokance and sockeyc salmon, and real-time lake clevations, river flows and water temperatures,
These reports are uscful to refer to during in-scason water management. This chapter discusscs
only the hazard assessment reports in detail. Some information on the other reports is included in
Step 9 of Chapter 6.

OKFWM hazard assessment report

OKFWM uses “traffic-dight” perfonmance indicators to hel s interpret the output Teports.
{754 means the objective is in the good or desired range, | - means the objective is in an
sired range and there are potential losses, and the objective is in a highly
undesired range and there are significant losses. This traffic-light systern means uscrs do not have
to associate and balance numeric outcomes using different units and scales with prudent water
release decisions. This output presentation allows apprentice users to participate in collective
decisions, and it has also proven valuable to senior fishery and water management engineers

when “cutting to the chase”.

In addition to the performance indicators, OKFWM also stores numeric outcomes, These numeric
outcomes are not required for making decisions on a daily basis during in-season management,
but they are available in the Excel output files for the main hazard report if users want to ook at
them (click on the tabs labelied Avg Data, Min Data or Max Data),

The goal in managing Okanagan Lake, as with all locations in the Okanagan basin, is to maximise
“green” for the vanous objectives. In certain water and temperature years, however, this is not
possible and trade-offs must be made based on priorties and/or values. Table 3.3 provides sonre
guidelines for socio-economic objectives, but these must be weighed relative to fisheries
objectives, Other factors must also be considered when trying to obtain a balance. Such factors
include new laws (e.g., Species at Risk Aet), the strength of a particular run of kokanee or
sockeve (e.g., very small run vs. large mn), and details on what is being flooded (pasture land on
two small land holdings vs. large tracts of lakefront Kelowna property). An acceptable balance
cant only be achieved in-season if water and fishenies managers wotk together to put these issues
into their proper context by holding regular discussions,
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When considering OKFWM’s hazard reports, it is also important to note the period of time when
each objective is relevant. Flooding is relevant at all times of year, irrigation water supply is
relevant only during the growing season, and lake recreation is relevant during the spring and
summer, For illustration, flooding can occur at a particular time in a year, and then, in theory, it
can happen again. In contrast, once a kokanee or sockeye egg is killed, it cannot be “killed
again”. Thus, the importance of avoiding a red or yellow hazard for fisheries “the second time™ is
not the same as for flooding. Once a yellow or red de-watering or scour mortality event is
incurred for fish eggs, further yellow/red bars are of little consequence—unless the lake elevation
or river flow is even lower {or higher) than the ¢levation that caused the first event.

Understanding the graphs

OKFWM’s hazard assessment (traffic light) report is introduced below with the objectives and an
image of the graph shown for ¢ach of Okanagan Lake, Okanagan River and Osoyoos Lake.

Each graph summarises the management objectives using an example water elevation time series
between October 1 and September 30 (a full water year). The hazard thresholds (ie., green,
yellow, red bars) are anchored to specific quantitative performance indicators generated by
OKFWM’s biophysical models (sce Alexander and Hyatt 2005 for details). At any time, these
hazards are graphed to a mixture of real-time (actual) and forecast lake ¢levation values. The
horizontal length of each bar reflects the time-frame over which the particular objective applies.

Below the series of coloured bars, cach graph presents a ling that is initially black and then
becomes light blue. The black line shows actual (real-time) lake eleyation or river flow and the
blue line is the forecast elevation or flow beyond the decision date,

The orange line on river flow graphs indicates the inflow from unregulated trbutares. It is
critical to anticipate rates of net tributary inflow between March and June when setting
releases at Okanagan Lake dam. This is a variable well informed by real-time data (i.c.,
comparing same-day flows between Okanagan Falls and Penticton and between Oliver and
Penticton). Changes in rates of tributary inflow in spring are worth careful consideration as run-
off from snow-melt can change rapidly.

The meaning of symbols on some graphs is noted on each one where they occur,

Note: Only the primary objectives considered by the Fish/Water Management Tools (FWMT)
Steering Committee are considered and ploited for each location. VWhile there may be other
felevant issues lo be taken into account, they are beyond the scope of this document.

Okanagan Lake Objectives

Six management objectives are of concern for Okanagan Lake (Figure 7.1):
1, lakeshore flooding;
2. non-agricultaral watcr intakcs (for domestic water supply);
3. agricultural intakes;
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4. navigation of boats (e.g., in/out of marinas};
5. navigation at docks/boat faunches; and
6. kokanee egg survival (related to lake drawdown, epg de-watering).

Okanpagan Laka
E
£
ki
-4
° E
S0 e Okanagan Basin Agreement. . . _ .. U gy e
2301 extreme wetyear larget / . P
342.00 f557s P~ /1;5 - \\\- ce s e,
341,50 £ ™. L. blue line; forecast
[ Okanagan Basin ¢ flews
341,00 £+ Agresment Black Ifse: actual {real-time] - Decision Date
U E target fiows
340,50 +¥—~—7—7—7 —+—v——7T—+——-1"1T T
53882805958 35588553583378 5.4
> o [ = a0 0 . 1 [ ) S [ c c 3 =5 <. [N
838 3488588¢828F38328FE8R3a33RZFES
Figure 7.1.  Okanagan Lake water and fisheries objectives. Green } = good/desired; Yellow
= undesired/potential losses; Red = highly undesired/significant losses.

The horizontal length of each bar reflects ihe time-frame over which the objective applies.

Okanagan River Objectives

Management of Okanagan River involves flood risk, agricultural water supplics and sockeye
salmon survival. Thcse objectives vary by sitc. The water releases at Okanagan River ncar
Penticton are controlled by Okanagan Lake dam (Figure 7.2). Downstream river flows arc scaled
to these releases and are affocted by net tributary inflows and downstream water withdrawals
(Figure 7.3 and Figurc 7.4). Details on specific sociocconomic relations were introduced carlier

(sce Chapter 3).

Ohanagan River at Penticton
Two management objectives are of concern for Okanagan River at Penticton (Figure 7.2):

1. river flooding; and
2. river recreation (for a float tubing business, anchored to trip retum frequency).

ESSA Technologies Ltd.
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Tosses, T he honzomal length of each bar reﬂects the time-frame over which the objective
applies.

Okanagan River af Okanagan Falls

One management objective is of concern for Okanagan River at Okanagan Falls: river flooding
(Figure 7.3). Downstream of Penticton, uncontrolled tributaries add flow to the managed release
from Okanagan Lake dam, At certain times of year, this flow may be negative, which refleets net
water withdrawal fromn pumps and cvaporative losses.

Okanagan River at Okanagan Falls
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Figure 7.3.  Okanagan River management objectives near Okanagan Falls, Green = good/

desired; Yellow

= undesired/potential

losses;

Red = highly

undes&red/mgmﬁcanf]oses The horizontal length of each bar reflects the time-frame over

which the objective applies.
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CGkanagan River at Qliver

Five management objectives are of concern for Okanagan River at Oliver (Figure 7.4)

river flooding;

domestic water intakes;
agricultural water intakes;
sockeye egg survival; and
sockeye alevin survival,

e

Downstream of Penticton, uncontrolicd tributaries add flow to the managed release from
Okanagan Lake dam. At certain times of year, this flow may be negative, which reflects net water

withdrawal from pumps and evaporative losses.

Okanagan River at Oliver
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3 ... L bluo iine: forecast
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f PR P ey
e
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SO0E L % @y o g m o~ O ¢ T xR o q\m»rrgén
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EErriveTiiaLiz Ty
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F; F)
%\- PR— : ’f i
} Sockeye biologist’s rule of Net fributary Inflows ;"’
i thumb to avold de-watering {Incld. evaporationand [
: water withdrawals) wd
hatweon Pantictor and
Oliver
- Figure 7.4, Okanagan River management objectives near Oliv = pood/desired,
Yellow = undesired/potential losses; Red lughly undemred/mgmﬁcant
losses. The horizontal length of each bar reflects the time-frame over which ihe objective
applies.
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Osoyoos Lake Objectives

Management of Osoyoos Lake involves mitigating poor temperature and oxygen conditions for
rcaring sockeye fry., These conditions, also referred to as a temperature-oxygen squecze, can
develop in low flow/warm water years (Figure 7.5). Pulse summer releases of about
128 million m* (July through August) or 157 million m® (July through September) arc
hypothesised to alleviate the temperaturc-oxygen squeeze (Figure 7.6). The fundamental
biophysical relation for in-lake rcaring conditions in Osoyoos Lake was introduced earlicr (sce
Chapter 3 and details in Alexander and Hyatt 2005).

Note: specific guidelines and flow required to mitigate the temperature-oxygen squecze are likely
to change with results of future pulsc flow cxperiments.

One primary management objeetive is of concern: viable rearing habitat for sockeye fry (Figurc

7.5).
Osoyoos Lake
264
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Figure 7.5,  Osoycos Lake water and fisheries objectives. Green 7)) = good/desired; Yellow
undesired/potential losses; Red ) = highly undesired/significant losses.
The horizontal length of each bar reflects the tisne-frame over which the objective applies.
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Osoyooes Lake - Averafia
260
240 %Rearing sockeye fry

Howaever, if cumulative Oliver Q July - August > 128 milllon m?
{~32m3.51 release $hroughout summer), squeeze is alleviated {i.e,,
the actual habitabie volume will be greater than 40 mill. m%
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»Turbulsnt flow sufflcient to injeat Oxygen into desper
waters and/or entrain deeper water, whigh oreates upwelling
fo bring up additional Oxygen )
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Habitable rearing velume (mIl. m?}

As Okanagan Lake water jess nutrient rloh, fawer PR o
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Figure 7.6,

Pulse summer mleases (July-August period) are hypothesised to alleviaie temperature-
oxygen squeeze for rearing sockeye fry once rlease flows exceed approximately 128
million m’, Allernatively, 145 to 167 miltion m® July-September may alleviate squeeze
morialily concerns. Q = rniver discharge enlering Osoyoos Lake (i.e, approximaled by
Okanagan River discharge at Oliver). BOD = biochemical oxygen demand.
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Hazard definitions

Timwe

Helevant Flow

Performance
| Measure Period / Elev. Metric

Sockeye Survival rate - Incubation Oct-Mar { Maximam /
{minimum during week) minimum
Survival rate - Rearing fer-Sept | None®
{minimum during week, extrapolated to entire
rearing period)

Kokonee Incubation Oel-hdar Chenge in
(om of lake drawdown between egg deposilion average
and emerpgence) elcvatiog

Socioeconomic

Agricultural water | Flow (m'/s) Apr-Sep Minimum

intakes
(Ok River) | Licensed water that cocnot be withdrawn (n’/s)
Mon-agricultural | Flow (m*/s) Al Minimum
water intekes
(Ck River) | Licensed water that cannot be withdrawn (m’.v's)
Agrioubiural water | Lake elevation (m) Apr-Sep Minimum
intakes
(Ok Lske) | Licensed waler that oannot be withdrawn (m’/s)
Non-agriciliural | Lake elevation (m) All Minimun
waler inlakes
(Ok Lake) | Licensed water that cannot be withdrawn (m™/s)
Lake Recreation | Lake clovation (m) May-Oct | Minimom
(boats)
# sailboals navigation problems
Lake Recreation | Lake elevation (m) May-Cet | Maximum
{docks)
# docks inoperable
River Reercation | Flow (m/s) Jun-Sep Avecrage
$/day cconomic impact
Lake Flooding | Flow (m'/s) All Maximum
Smillions in property dantage
River Flooding | Flow (p'/a) All Maximom
(Penticton)
# buildings subjest 1o fMeoding
River Flooding | Flow (m’s) All Meximum
{Ckanagan Falis)
# buildings subjeet to flooding
River Flooding | Flow {m¥/s) Al Meaximum
{Cliver}
# buildings subject to floading 3

1. Maximum flows are used to determine mortality due to scour; minimum flows are used to

determine mortality due to dessication.

2. Rearing mortality is based on temperatures and density-dependent interactions.
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