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In the scenario represented by the above table, the second and third pulses would require the largest total
volumes of water, The fourth pulse would require the highest peak discharge, but a lesser flushing
requirement is anticipated afierward, as the suspended sediment concentrations are expecied to be much
less than those created by the eartier pulses

33  Monitering Program
531 Collection of Baseline Data

The objective of baseline momnitoring is to provide a set of data against which future measurements can
be compared o determine impacts of a change. In this case, the main concern is the effect of the
sediment {ransported through the reach on fish habitat. It is recommended that the following baseline
pararneters be measured in advance of the reactivation flows:

» sands and fines content in the upper gravel layers at precisely known locations on several prime
spawning beds along the Nechako River below Cheslatia Falls;

e suspended sediment concentrations throughout the June 1 through August 20 time window at
several locations along the Nechako River and major tributaries where the concurrent discharge
can be determined;

» cross sections of the existing channel at a several representative locations in the canyon where
erosion induced changes are expected, and at about 12 locations on the Cheslatta Fan;

+ grain size distributions for soils along the existing channel across Cheslatta Fan at locations that
are likely to erode, to provide the approximate composition of the material that will be
transported off the fan; and

+ pumbers, species, size and age of fish using the existing channel habitat in the canyon and on the
fan in two different seasons of the year.

3.3.2 During and After Initial Set of Commissioning Flows

Intensive monitoring is recommended during the initial pulse of flow through the canyon and fan and
during the passage of flushing flows from the Skins Lake spillway. The key parameters that should be
monttored include the following:

+ suspended sediment concentration at the downstream end of the fan above Cheslatta Falls
{continuous), at a point below Cheslatia Falls where the flows from the canyon and the Cheslatta
River are thoroughly mixed, at key downstream spawning areas on the Nechako River, at all the
gauges on the Nechako River, and at the Nechako River Mouth at Prince George; and

« the water level at several locations on the fan including Scour Hole Lake {continuous).

After the initial set of releases have passed, the following measurements shouid be made and compared
1o the baseline data:

+ sands and fines content in the upper gravel layers at precisely known locations on several prime
spawning beds along the Nechako River below Cheslatta Falls;

+ cross sections of the existing channel at several representative Jocations in the canyon where
change due to erosion is expected, and at about 12 locations on the Cheslatta Fan;
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 numbers, species, size and age of fish using the existing channel habitat in the canyon and on the
fan in two different seasons of the year; and

¢ usage of spawning areas by fish at the same areas where the sand and fines content in the gravel
iayer are measured.,

1t will be necessary to be abie to measure the suspended sediment concentration relatively quickly at the
downstream end of the fan in order to effectively uge the information to influence the magnitude of the
releases from the CWRE. The standard method of sampling and analysis by filtering the sample, then
drying and weighing the filters may be too slow to be effective, as the changes in sediment concentration
are expected to occur rapidly, and a rapid response system is warranted.

An alternative approach might be to correlate turbidity to suspended sediment concentration, and to use
a turbidity meter to provide immediate and continuous measurements. This relationship would have to
be estimated in advance, then frequently verified, because as the flushing proceeds, the fine organic
sediment is probably the first to be mobilized and the first to be depleted, possibly changing the
relationship between turbidity and suspended sediment concentration.  Also, larger flows will enirain
increasingly larger sized particles, and this would also likely affect that relationship.

533 Subseguent Commissioning Flows

The experience gained during the initial pulse will aimost certainly affect the future monitoring
program, as this aspect should be adaptively developed as well as the flow releases schedule. At this
time, only the same set of parameters recommended in the preceding section were identified for
monitoring in subseguent years, namely the following:

+ suspended sediment concentration at the downstream end of the fan above Cheslatta Falls
{continuous), at a point below Cheslatta Falls where the flows from the canyon and the Cheslatta
River are thoroughly mixed, at key downstream spawning areas on the Nechako River, at all the
gauges on the Nechako River, and at the Nechako River mouth at Prince George.

¢ bed ioad movement at the downstream end of the fan above Cheslatta Falls

¢ the water level at several locations on the fan including Scour Hole Lake (continuous).

After each subsequent set of releases have passed, the following measurements shouid be made and
compared to the earlier sets of data, including baseline:

¢ sands and fines content in the upper gravel layers at precisely known locations on several prime
spawning beds along the Nechako River below Cheslatta Falls

* cross sections of the existing channel at a several representative locations in the canyon where
erosion induced changes are expected, and at about 12 locations on the Cheslatta Fan

¢ numbers, species, size and age of fish using the existing channel habitat in the canyon and on the
fan In two different scasons of the year

+ usage of spawning areas by fish at the same areas where the sand and fines content in the gravel
layer are measured.
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6.0 CONCLUSIONS
6.1  Hydrology and Channel Morphology

6.2

. The constraction and operation of Kenney Dam has significantly altered the flow and sediment

regime of Nechako River. Average and peak flows have been reduced, the seasonal distribution
of flow has been altered and the sediment loads from the upper river have been eliminated.

Significant quantities of sediment were transported through Nechako Canvon prior to the
construction of Kenney Dam, Large, mobile gravel bars were present upstream and downstream
of the Cheslatta confluence.

. Post regulation sediment accumulations in the Nechako Canyon consist of:

» materials derived from a spoil pile situated on the left bank of the river, approximately 0.4
km downstream of Kenney Dam;

» natural deposits on the former river bottom and material thought to have originated from the
£l placed during the early phases of dam construction;

* fine fextured, organic rich sediments that have been deposited in small ponds in the upper
part of the canyon; and

» small fans that have developed at the outlets of two small streams.

. Aecrial pholograph analysis and site inspections indicate that the location and volume of

potentially mobile sediment has not changed significantly since Triton’s previous study in 1991,
Their volume estimate of 28,000 m® (comprised on unconsolidated clay, silt, sand and pond
materials) could be somewhat high, but appears reasonable for planning purposes.

. Hydraulic and sediment transport calculations confirm that the deposited sediments would be

mobilized and transported out of the canyon by relatively small flows during the earlier stages of
canyon flushing, likely creating high suspended sediment concentrations and turbidity,

Yegetation

. Although not quasntified by field sampling, observations and ground photographs in September

2002 indicated that there is not a large amount of woody material available for downstream
transport if the Nechako Canyon were to be rewatered. This observation lessens the concern
about how fo handle vegetation debris expressed in the Triton (1991) report.

. At present it 1s not possible to quantify the volume or biomass of woody material that would be

flushed from Nechako Canvon into Scour Hole Lake, However, September 2002 field
observations did confirm that much of the flushed woody material would be small picces, much
of it from: small trees under 5 m all,

. Plant material subject to removal would be biomass accumulated since dewatering of the canyon

in the 1950’s, There were no large trees within Nechako Canyon at elevations potentially
susceptible to removal during rewatering of the canyon. The trees found in the canyon are
generally less than 22 om in diameter and shorter than 15 m in height. These sizes, in relation to
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the width of the channel, are not expecied to create massive accurmulations of woody debris that
could suddenly break and release. The presence of mobile vegetation, large or small, is not
expected to have significant adverse impacts on the aquatic ecosystem.

9. The greatest potential for large trees to be removed by reactivation of Nechako River flows ison
the southeastern flank of the Cheslatta Fan where an “island’ of relatively old trees survived the
depositions of alluvial fan material in 1961. Air photos since 1950 indicate that there are less
than 50 large trees at this location,

10. Cottonwoods occur naturally on the Cheslatta Fan and the downstream section of the Nechako
River. Their presence will assist in implementing guidehines to encourage & broadleaf deciduous
component of the forest as called for in the Nechako Canyon Resource Management Zone and
the Upper Nechako River Resource Management Zone.

{1. At present, there are no obvious concerns for rare or endangered plant species in the area that
would be rewatered. Most of the area that would be flooded is occupied by vegetation that hag
established in the canyon since the early 1950s. Plant species with the ability to establish on
habitats newly exposed by dewatering 50 years ago do not fif the concept of rare or endangered
species.

6.3  Fish and Wildlife

12. Field observations in September 2002 and the hydraulic modeling studies indicate that:

s Beavers will be displaced from the canyon and remnant river channel as flushing Hows will
wash out the ¢xisting dams and the maintenance flows will prevent new dams from being
constructed,

+ Larger forms of wildlife suchk as moose will no longer be able to use the canyon as a
migration corridor, except possibly when discharges from the CWRF are very low.

+  Water velocities during periods of high discharge may create velocity barriers, particularly
for juvenile fish, It is difficult to assess how significant this is, as the flow regime of the
CWREF is not yet known and the micro-habitat conditions in a complex environment such as
the canyon are difficult to predict.

13. The potential impacts on fish and wildlife will resuit in a localized change in distribution and
habitat use. These impacts are not considered to be significant as none of the species affecied are
red or blue Hsted, habitat in the canyon and near the fan is not “critical” and there is abundant
habitat in downsiream areas. Following commissioning of the CWRF, flow conditions would be
more similar to pre-impoundment conditions. Furihermore, the benefits that the CWRF would
have for the long-term management of the Nechako River would offset the localized impacts in
the canyon or the remmant river channel around the fan.
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6.4

The Cheslatta Fan Channel

14. The Cheslatta Fan appears to have developed over the period between 1961 when the Cheslatia

15.

16.

i7.

18.

19.

20.

River shifted course and the mid 1970°s when 2 saddle dam was constructed to force the river

back into its original course. This avuision resulted in the:

» pariially impoundment of the upstream scour hole (Scour Hole Lake)} and raising the water
level;

» confinement of the Nechako River to a 30 to 40 m wide remnpant channel along the right bank
valley wall; and

» infilling of a pre-existing scour hole located upstream of the Cheslatta confluence.

The remnant channel around the Cheslatia Fan is well defined at both the upper end near Scour
Hole Lake and in the lower portion near the “Neck.” The ceniral portion of the channel is poorly
defined and heavily influenced by beavers. The remnant channel carried a substantial portion of
the Cheslatta River discharge at times during the formation of the fan.

Of the 14 options reviewed in the NEEFMC report by Hayco, Options for Passing Flows
through the Cheslaita Fan, our study team concurred with the elimination of 12 of them, leaving
only the Meandering Pilot Channel (Option 12) and the River-cut Channel (Option 13} for more
detailed assessment.

The proposed Meandering Pilot Channel is likely to shift into the existing channel when
discharges exceed the limited capacity of the pilot channel. A continuous armoured dyke
between the pilot channel and the existing channel would be required to prevent this avulsion
due {0 the lower elevation of the existing channel.

We did not concur with Hayco’s relative ranking of the impacts of their Meandering Pilot
Channel and River-cut Channel options, in which they perceived substantially worse sediment
generation consequences from the River-cut Channel option. In-owr view, considering the
potential for the pilot channel to shift back into the existing channel across the fan, both concepts
would resulf in very similar sediment mobilization scenarios and downsiream impacts. Also, we
differ with Hayco’s conclusion that the River-cut Channel option would result in a braided
chamnei across the fan.

The cost of the Meandering Pilot Charmel was ré-estimated at $1.41 million. This estimate did
not include the costs of water with which to commission the channels, bloengmcc,rzng for bank
protection, environmental studies, penmits, approvals, and monitoring.

Three new options were evaluated for the present study:

o Option A, named the Reactivated Natural Channel Option, was similar to Hayco’s River-cut
Channel Option except that it includes careful channel commissioning using an adaptive
management approach, and biocengineering to stabilize the riparian areas adjacent to the
proposed channel.

» Option B, is the same as Option A except for the addition of a short pilot side channel, two
berms and a short tevetment.
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¢ Option C, calls for construction of a large concrete slot structure on the Nechako River
downstream of Chesiatta Falls.

21. The costs of Options A, B and C are estimated to be zere, $0.7 million, and $2.3 million,
respectively. These cost estimates exclude the costs of water with which to commission the
channels, bioengincering for bank protection, environmental studies, permits, approvals, and
monitoring. The water used for commissioning flows in a low or average water year, would have
to be taken from water normally allocated for power production, hence there would an additional
cost associated with commissioning Option A or B. In 2 high water year commissioning could be
carried out with surphus water that would have to be spilled from the reservoir, thus the cost
would be negligible.

22. The evatuation of the Meandering Pilot Channel Opiion and Options A, B and C, using Hayco's
evaluation matrix, indicates Option A is the best choice, with Option B a close second. Each of
the four independent additional elements of Option B (the pilot side channel, the two berms and
the revetment) offers a modest environmental benefit at a modest cost. If required, one or more
of these additional features could be added to Option A.

23, Option C is clearly the poorest choice, and is not deemed feasible.

24. Although the Meandering Pilot Channel Option, proposed by Hayco (2000), is considered
feasible, it ranks below Options A and B.

25. The issue of constructability of the main channel across the fan in Options A or B is addressed
by the commissioning sirategy, as the channels would be formed by flowing water.

26. The pilot side channel, berms and revetment of Option B are deemed constructable. Although
the need for dewatering the pilot side channel excavation and the possibility of weak foundations
in the locations where the berms and side channel are proposed would pose construction
challenges, these would be neither insurmountable nor prohibitively expensive to deal with.

27. It appears feasible to flush the accumulated sediment out of the Nechako Canyon and to enlarge
a reactivated channel across Cheslatta Fan using only flows from the CWRF. The negative
impacts of increased sediment loads on the downstream aguatic environment can be managed.
However, to do so will require a departure from traditional regulatory suspended sediment
criteria, because there is no way to remove the fine sediment from Nechako Canyon, nor to
create a natural self-enlarging channel across Cheslatia Fan, without exceeding these criteria by a

large margin.

281t is not possible 10 calenlate or otherwise predict the rates of sediment transport along the bed of
the river or the concentrations of suspended sediment that would occur a8 a result of the initial
stages of the commissioning process. It appears likely that instantaneous sediment
concentrations could reach 10 g/I. at the canyon mouth and on the fan prior to dilution at
Chestatta Falls; however, these concentrations wotld not be sustained for long due 1o the limited
volume of fine material to be flushed out.
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29. Research by Newcombe and others has shown that juvenile and adult salmonids can tolerate
short-term exposures to suspended sediment concentrations that are much higher than some of
the commonly employed regulatory criteria without suffering mortality. The exposure-effect
relationship developed by Newcombe (e.g., Newcombe and Jensen 1696, Newcombe 2003) can
be used to gutde the adaptive management process {see below) used to flush fine sedimenis from
the canyon and form a channel around the fan.

30. The volume of water required 1o commission the Option A or B channels cannot be estimated
with any certainty in advance, since the volume required would partly depend on the
concentrations of suspended sediment generated, and on the rules for flow releases at Kenney
Pam that would be developed during the adaptive management process. A series of assumed
flow release scenarios that would occur over four separate years suggest that net additional water
volumes ranging from 7% to 12% of the total average annual inflow to the Nechako Reservoir in
cach of these four years may be adequate to fully commission the channel. This 4-year total is
2.4 billion m® of water, or about 3 m of depth in the reservoir.

31. 1t must be recognized that implementing any of the seif-enlarging channel options wil involve
some risk of higher sediment loads, unexpected sediment deposition patierns downstream, and/or
greater water volume requirements than anticipated in studies prior to commissioning. However,
it is the unanimous opinion of owr study team that the risks of the shori-term negative
environmenial impacts associated with rewatering the Nechako Canyon and allowing the
oreation of a self-enlarging natural channmel across the Cheslatta Fan would be significantly
cutweighed by the substantial long term environmental benefits. More natural anpual flow
pattens on the Nechako River and restoration of the Cheslatia River can only be achieved by
building the CWRF.
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7.0 RECOMMENDA’I‘IONS
7.1 General

1. Sufficient information now exists fo determine whether the proposed flushing flows are an
acceptable method of removing sediment from the Nechako Canyon and commissioning the
proposed channel across Cheslatta fan. To expedite enhancement of the Nechako and Cheslatta
systemns and the sturgeon recovery efforis, we would encourage the Nechako Enhancement

- Society to make this decision as soon as possible.

7.2 Nechake Canyen

2. The study team recommends that the sediments deposited in the Nechako Canyon be flushed out
of the canyon using flows from the CWRE. If required, sediment loads could be reduced by
protecting the toe of the spoil pile near the dam from erosion and by possibly pre-excavating
beaver dam or fluvial materials from the vicinity of the two fans. It would not be technically or
economically feasible to remove all other sedinient deposits.

3. It is recommended that the small trees that have grown in Nechako Canyon since it was
dewatered be removed by canyon flushing without advance cutting, piling, and burning of the
trees.

4. A detailed field inventory for a beiter estimate of the volume of woody material potentially
flushable from the canyon is not recommended at this time.

73 Cheslatia Fan

5. We recommend forwarding Option A 1o the next stage of study and evaluation, subject to a clear
indication from all the regulatory agencies invoived that they will be willing accept altemative
suspended sediment concentration-duration criteria for the purpose of evaluating this project. if
this willingness is not forthcoming, then there is no point in preceeding with this project,

6. If the pilot side channel or berms proposed for Option B are to be included in the final plan, then
additional survey, iest pits, drilling and geotechnical investigations should be included in future
studies. . :

7.4  Commissioning Flows

7. We recommend a series of progressively larger releases from the CWRF to flush sediment from
the Nechako Canyon and to commission the proposed channel across Cheslatta Fan. These flows
would be manipulated to ensure that water turbidity or suspended scdiment concentrations and
durations did not cause mortality to fish in the lower Nechako River by applying new criteria that
would be based on research by the BC Government (see Newcombe and Jensen 1996,
Newcombe 2003).
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8. The CWRF releases should be increased in stages over time to control the guantity of sediment

mobilized by the flow at any one time. The primary means of protecting the downsiream habitat
should be an adaptive management technique that would ultimately control the rate of flow being
released through the Nechako Canyon and Cheslatta Fan on the basis of continuously monitored

suspended sediment concentrations and/or turbidity levels.

9. As part of the adaptive management strategy, intensive monitoring of sand and finer material in
prime spawning areas in the Nechako River should be conducted before and after each set of
releases. This would allow the next set of releases to be adjusted if necessary to prevent the

entrainment of unacceptable quantities of fine materials.

10. The commissioning flows should be released during the period from May 15 to August 20, and
preferably in the carly part of that pcraad when the pre Kenney Dam flows would have been high

and turbid. The ﬁrst set of commissioning flows should involve only small discharges {to a
maximum of 60 m fs) and should be used as an intensively monitored test case to provide data
for planning subsequent releases. After these commissioning flows have peaked, they should be
reduced in steps to determine the snaximum discharge from Kenney Dam that does not entrain
significant amounts of fine sediment. This shouid allow the CWRF to become at least partially

operational immediately after the initial set of commissioning flows,

11, Once each set of releases through the canyon and fan has ended, or 1s reduced to such a low flow
such that the mobilization of new sediment effectively stops, the pulse of sediment laden water
released downstream should be diluted and flushed all the way 1o the confluence of the Nechako
and Fraser Rivers at Prince George. To ensure the lower river has been cleared of suspended
sediment, the flushing flows from the Cheslatta River should not be substantially reduced for at

least five days after the cessation of turbid flushing releases from the canyon and fan.

12. To flush sand and fines from the gravel portions of the riverbed, the peak discharge of the
flushing flows downstream of Cheslatia Falls should, at some time after cessation of releases
through the canyon and fan, equal or exceed the peak discharge downstream of Cheslatta Falls
during the releases through the canyon and fan. It would be desirable that this peak flow be great

enough 1o mohilize the surface armour layer in most gravel spawning areas.

13. The flushing discharges from the Cheslatta sysiem should not be constant, but fluctuate as much
as possible to provide a series of rising and falling flows to winnow sand and fines from the

channel bed and redeposit this material on the channel margins.

14. The combined flows from the CWRF, from Skins Lake spillway and from local inflow should
not exceed levels that would cause flood damages in developments in riparian areas along the

Nechako River.
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APPENDIX 1

PHOTOMOSAIC OF NECHAKO CANYON AND CHESLATTA FAN 2000

Projecs # 585-01 Enviroamental Dysamics Inc,




N
« 1%

b & 0 o =Y . W q -: 4 ‘ *n_ _.
L a o g _h & e B : <_"'".,_:.' whey L "
*+Foly Cross Forest Serv]ceiRoad X Bk

e
ey | X I Rt | e b =
L 3 ~ .

L
e -

- .
> S

e .?-:.
o R

< Reach2

Lk

-,

L
e
Iy -

A Cuﬁiér"t-;.

L B

Knewstubb Lake

I Reach Break (Triton, 1991)

Metres i e o .' ; il ™ P I. Vg 0y )2 Ly s o & A ) o ; O Field Site
Al ' J - el ,. : ’ “t i " -3 " - gL : . .. - L] # 5 Ml .. 5 l‘r 2k
" (o : Lol ' R o iy TR R O : ¥ By &£ % e T T A R [ «ilometers from Kenney Dam
" : ¥ "y ac” ﬁ.? ;L — m—— -

| A v & e s
| '.1 R, < l‘{‘.’,_:‘i e L " ] . . Rl - . .
—  [we wewmwm| . MMLESANDASSOCTESLID " ReLeasERAGLITY
— 645 ISLAND ROAD, VICTORIA, BC, V8S 2T7
Phone: 250-595-0653 Fax: 250-595-7367  email: mmaa@coastnet.com SHOWING CONDITIONS IN 2000

-
--- NECHAKO ENHANCEMENT SOCIETY FIGURE 1 A
T T T e e

L




Metres
100

-
o

L Sl o
F

REFERENCED DRAWING NO.

DESIGNED:

s | wm | |
I T

APPROVED:

Jan. 23, 2002

August 28, 2002
S. Gibbins
S. Gibbins

M. Miles
M. Miles

ol

M. MILES AND ASSOCIATES LTD.
645 ISLAND ROAD, VICTORIA, BC, V8S 2T7

Phone: 250-595-0653 Fax: 250-595-7367
CLIENT:

NECHAKO ENHANCEMENT SOCIETY

email: mmaa@coastnet.com

I Reach Break (Triton, 1991)

O Field Site

[  Kilometers from Kenney Dam

NECHAKO RIVER COLD WATER
RELEASE FACILITY

TITLE:
NECHAKO RIVER AIR PHOTO MOSAIC

SHOWING CONDITIONS IN SEPTEMBER 2000

PROJECT NO. 219 | REV.
Km NO. 1503 A




