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Executive Summary

The Bureau of Reclamation (Reclamation) and the Jamestown S Klallam Tribe (Tribe) were
asked to accomplish an analysis to better understand flow interactions between the main channel
and side channels during the irrigation period, typically between June to October. Main channel
flows are the highest during the beginning portion of the irrigation period due to runoff from
snowmelt in the upper watershed. As the snowmelt runoff decreasesin late summer to early fall,
main channel flowsfall to the lowest discharges recorded during each water year. The goa of
this analysisis to enable fisheries scientists to evaluate the range of main channel flows that
provide enough water in the side channels to sustain viable aquatic habitat.

This study focused on the lower 10.5 miles of the Dungeness River from near the tributary of
Canyon Creek to the mouth at the Straight of Juan de Fuca. Ten side channels were studied
between the fish hatchery (RM 10.6) and the Woodcock Bridge (also known as the Ward Road
Bridge at RM 3.3). Downstream of Woodcock Bridge the river is confined on both sides by
roads and levees and there are no significant side channels present. Between the upstream end of
the study reach and Railroad Bridge at RM 5.7, there are five side channels and five irrigation
diversions from the main channel river flow. In thisreach, the main channel flow is reduced due
to natural groundwater losses and the five irrigation diversions, which account for 11 to 80
percent of the total flow reduction (mean of 61 percent during study period). Between the
Railroad Bridge and the downstream end of the study reach there are five additional side
channels and no diversions from the main channel river flow. This reach has some groundwater
interaction between the mainstem and side channels, but overall the mainstem river gains flow
(Simonds, 2002).

Based on data collected during the irrigation period in 2002, relationships between mainstem
discharge and side channel discharge, velocity, depth, and wetted width were established. Using
these rel ationships, the range of main channel flows were computed that allowed fish habitat
criteriato be satisfied for avariety of species. There are two kinds of flow interactions between
side channels and the mainstem river, surface water and groundwater connections. Side channels
with surface water connections met fish criteriafor avariety of species during theirrigation
season that was evaluated. Side channels with groundwater connections only met fish criteriafor
one species.

Side channels with surface water connections are more sensitive to main channel flow decreases
during the irrigation season than groundwater connected channels. The following side channels
all had a surface flow connection for the duration of the study period: Dawley, Lower Right
Railroad Bridge, Kinkade Right, Kinkade Middle, and Kinkade Left Side Channels.
Additionally, Anderson and Stevens/Savage Side Channels had a surface flow connection for the
majority of the study period, but as snowmelt flows decreased both channels temporarily lost the
surface connection with the mainstem river. The remaining side channels had only groundwater
connections during the study period. Because Anderson and Stevens/Savage lost their surface
water connection during the study period, these channels may be good indicators of when the
mainstem flow becomes |low enough that a portion of viable habitat islost.




For the side channels studied during the irrigation period, the range of flows found in
groundwater fed side channelsis much lower than that of surface water fed side channels. This
is because it takes amuch larger increase in main channel flow to increase dischargein a
groundwater fed side channel relative to one with a surface water connection. For this reason,
the habitat parameters, such as velocity and depth, in surface water connected channels can vary
considerably over awide range of mainstem flows. The corollary of thisisthat dischargein
groundwater fed side channels will be more stable over awider range of flow regimes within the
main channel. Thus viable habitat in groundwater fed side channels may become vulnerable
only during large floods when the stage in the main channel becomes high enough to establish a
surface water connection in the side channel. Additionally, the maximum depth and wetted
width of side channels does not have a good correlation to discharge in groundwater side
channels. Correspondingly, the discharge in the main channel will not be an indicator of the
habitat parameters of depth and width in groundwater side channels.

The information provided in this report is intended to be utilized as atool to assist fisheries
scientists in assessing potential lossin viable side channel habitat based on documented criteria
and the new discharge relationships established. The relationships devel oped provide away to
assess the habitat based solely on the mainstem river discharge at the USGS RM 11.8 gage and
the amount of flow being diverted for irrigation between this upstream gage and a given side
channel. In applying the habitat criteriato determine desired mainstem flow ranges, the
following guidelines should be considered:

* Increasesin main channel flow will have arelatively small effect on flow in groundwater
fed side channels. Therefore, surface water connected side channels should be used for
management decisions regarding the determination of minimum main channel flow.

» Each side channdl is unique and may require a different range of mainstem flow
magnitudes to achieve desired habitat criteria. Therefore, one side channel aloneis not
an indicator of the complete habitat conditions along the studied reach of the Dungeness
River.

* Itisrecommended that severa surface water connected side channels be considered and
used in any management decisions regarding mainstem flow criteria.

* Severd of the side channels studied have been persistent over time, and the flow
relationships developed will be applicable as long as they remain relatively stable.
However, for some of these channels the presence of a surface water connection during
low flow periods (which enables them to be used for management decisions) is often
dependent on whether the low flow main channel flows adjacent to the side channel
entrance.

* Inother reaches such asin the vicinity of the Railroad Bridge, the side channel and main
channel alignments are more dynamic, and flow relationships are constantly changing.
The relationships developed provide an assessment of the range of habitat present at this
point in time, but may need to be adjusted if significant geomorphic changes occur.
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1.0INTRODUCTION

The State of Washington adopted Engrossed Substitute House Bill 2514 to formalize, and
provide financial support for, local watershed planning efforts. Under the legislation, local
watershed plans are required to address water quantity and may address water quality, habitat,
and setting or revising in-stream flows. The planning unit for the area that includes the
Dungeness River (WRIA 18 Initiating Governments) has decided to address the issue of setting
in-stream flows and has received a watershed planning grant from the Washington State
Department of Ecology (WSDOE) to undertake this effort. Clallam County administers this
watershed planning grant as well as others with similar objectives surrounding floodplain
management.

The Bureau of Reclamation (Reclamation) recently completed a geomorphology investigation of
the lower 10.5 river miles (RM) of the Dungeness River. Among other things, this study
analyzes relationships between river flows and flood stages, models the effects of potentia dike
setbacks, and describes the historic flow channels and impacts to those channels from human
activities. Reclamation and the Jamestown S Klallam Tribe (Tribe) have been asked to extend
this analysis to better understand flow interactions between the main channel and side channels
during low flow periods, and the impact on aquatic habitat.

1.1 Objective

Theloca planning unit and Water Users Association would like to acquire further scientific
information for in-stream flows. The goa of this analysisisto provide information and tools to
help decision-makers address the relationship between side channel flows relative to main
channel flows during the irrigation season. Thisinformation will enable fisheries scientiststo
eva uate the range of main channel flows that provide enough water in the side channels to
sustain viable aquatic habitat.

1.2 Study Area

This study focused on the lower 10.5 miles of the Dungeness River from near the tributary of
Canyon Creek to the mouth at the Straight of Juan de Fuca. Ten side channels were studied
between the fish hatchery (RM 10.6) and the Woodcock Bridge (also known as the Ward Road
Bridge at RM 3.3). Downstream of Woodcock Bridge the river is confined on both sides by
roads and levees and there are no significant side channels present. A series of aerial
photographs showing the locations of the side channels and landmarks are provided (see
Attachment A and Table 1.)

Between the upstream end of the study reach and Railroad Bridge at RM 5.7, there are five side
channels and five irrigation diversions from the main channel river flow. Between the Railroad
Bridge and the downstream end of the study reach there are five additional side channels and no
diversions from the main channel river flow.



Table 1. Landmarksand side channél locationsin the study ar ea (r eferenced looking downstr eam).

RIVER RELATIVE LOCATION
SIDE CHANNEL MILEL LANDMARK TO MAINSTEM RIVER
11.8 USGS Gage
11 Agnew Diversion Left Side
10.6 Fish Hatchery Left Side
10.6 Highland Diversion Right Side
Kinkade (3 Flow Paths at Entrance) 10.2 Right Side Channel
8.5 Independence Diversion Right Side
8.1t07.5 | Dungeness MeadowsLevee | Right Side
7.5 CCD Diversion Left Side
Spring Creek 7.5 Right Side Channel
Dawley 6.9 Right Side Channel
6.9 Sequim Prairie Diversion Right Side
6.4 Highway 101 Bridge
Upper Right RR Bridge (2 Flow Paths) 5.9 Right Side Channel
Upper Left RR Bridge 5.9 Left Side Channel
5.7 Railroad Bridge
Lower Right RR Bridge 54 Right Side Channel
Stevens/Savage 4.7 Right Side Channel
Olympic Highway Bridge
(Burlingame)
Gagnon Right Flow Path Left Side Channel
Gagnon Left Flow Path 3.9 Left Side Channel
Anderson 3.6 Right Side Channel
3.3 Woodcock Bridge
2.6 to mouth | ACOE Levee Right Side
21t01.0 | Olympic GameFarm Levee | Left Side
0.7 Schoolhouse Bridge
0.8 to mouth | River'sEnd Levee Left Side
0 River Mouth

! Note: For side channel locations the river mileis specified at the upstream entrance to the channel.




1.3 Study Timeframe

This study focuses on river flows between April and October when the magjority of water
diversions occur. During thistimeframe, river flows increase at the beginning due to snowmelt
runoff in the upper basin, and then gradually decrease throughout the summer (figure 3
referenced from England, Appendix G in Bountry, et a, 2002). Generaly, by the August to
September timeframe river flows reach the lowest values for the entire water year. This study
focuses on understanding how this annual decrease in main channel river flows affects the
amount of flow in side channels, and what additional impact diversion flows may have on this
relationship. Major storms that result in heavy precipitation and large-magnitude flooding in the
Dungeness River basin usually occur in winter following the low flow period in the fal, and are
primarily warm frontal systems. In general, intense winter rainfall on snow at low altitudes
causes most of the flooding in western Washington. The interaction between side channels and
river flow in the main channel during the winter flood season was beyond the scope of this study.
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Figure 1. Mean daily flow duration hydrograph for USGS gage on Dungeness River near RM 11.8 at
upstream end of study reach.



20DATA COLLECTION

Data was collected to facilitate the investigation of the relationship between Dungeness
mainstem flow and side channels. Thefirst step was to identify which side channels were of
interest within the study area through consultation with fisheries scientists studying the
Dungeness River.

2.1 Field Reconnaissance

On March 11, 2002, study team members from Reclamation and the Tribe performed an initial
field reconnai ssance to assess changes in the relationship between the main channel and side
channel flow from the January 2002 flood on the Dungeness River. Ten existing side channels
were identified to study during afollow-up meeting at the Jamestown S Klallam Tribal Center
(seetable 1 and Attachment A). Study team members accomplished a second field
reconnaissance on August 15, 2002, to investigate the measurement sites chosen for each of the
side channels.

2.2 Survey Data

New cross section data was collected to compare the elevation of the side channelsrelative to the
adjacent main channel (figure 2). This data hel ps describe whether a particular side channel
receives flow from the main channel through surface water connections, groundwater interaction,
or acombination of both.

In 1997, Reclamation surveyed a network of 60 cross sections (X Ss) across the active,
unvegetated channel in the lower 10.5 RM. The network was established in Washington State
Plane Coordinates (1983 North American Datum, Washington North Zone and 1988 National
American Vertical Datum) and has permanent benchmarks so that repeat survey work is
possible. Longitudinal cross section spacing was approximately 1000 ft, with sections spaced
closer together in areas where significant changes in alignment or geometry were evident.
Additional cross section work was accomplished for a portion of the cross sectionsin 1998,
1999, and 2000 to resurvey where changes were observed or to extend existing sections farther
into the flood plain. This survey datais documented in detail in the 2002 geomorphology report.

The flood of record occurred on the Dungeness River on January 7, 2002, (7,610 ft/s). Because
the river channel alignment and geometry can have significant changes as a result of flooding,
cross sections established in the vicinity of the ten side channels were resurveyed to document
existing conditions (see attachment B). Four new cross sections were a so surveyed to provide
additional datawhere needed. Traditional total station equipment was used and tied to the
existing control network established in 1997. The new survey work was done in two phases
starting in late April to beginning of May, and finishing in August 20-27, 2002, by the
Reclamation survey crew from Ephrata, WA. Assistance by the Tribe was provided during the
survey work to help clear brush and locate stage recorders in side channels.



Figure 2. Example of cross section survey location and equipment.

2.3 Mainstem Flow M easurements

Three gage sites along the study reach were utilized to provide discharge data for the mainstem
Dungeness River (see Attachment A aerial photographs for locations). The three sites provide
measurements at the upstream, middle, and downstream end of the study reach.

Discharge on the mainstem Dungeness River is continuously recorded by the United States
Geological Survey (USGS) at agage site near the upstream end of the study reach, about 1 mi
upstream from the confluence with Canyon Creek (USGS Gage 12048000, RM 11.8, drainage
area of 156 mi?). The period of record includes June 1923 to September 1930, and from June
1937 to present. In addition to this gage location, two additional sites were used by USGS to
estimate discharge from 1897 to 1901, but are not directly equivalent to the current gage.

A temporary gage was established just downstream of the Railroad Bridge (RM 5.7) along the
east (right) bank by the WSDOE on July 23, 2002, for this study. This gage represents mainstem
river flow at alocation near the middle of the study reach. Discharge measurements were
recorded every fifteen minutes between July 23 and October 23, 2002.

A third gage on the mainstem Dungeness River operated by the WSDOE records continuous
discharge measurements at the Schoolhouse Bridge (RM 0.7) near the downstream end of the
study reach. This gage was established in 1999 and continuously records river stage and
temperature.



2.4 Diversion Channel Flow M easurements

The following text is taken directly from the WSDOE Web Site with permission to reprint in this
report (www.ecy.wa.gov/apps/water sheds/flows/state.asp).

In April 1998, the WSDOE and the members of the Dungeness River Water Users
Association formalized a memorandum creating a temporary trust water right under
Chapter 90.42 RCW. This agreement describes the process of creating a permanent
trust water right for future irrigation and in-stream flows and states that no more than 50
percent of the flow of the Dungeness River may be diverted. To assist the Dungeness
River Water Users Association with the implementation of this agreement, WSDOE has
installed five flow-monitoring stations on selected irrigation ditches. In cooperation
with theirrigation districts, Parshall flumes and near real-time flow monitoring
equipment has been installed at the CCD Irrigation Ditch (above the split), at the
Independent Irrigation Company Ditch (at the fish screen), at the Agnew Irrigation
Ditch (at the fish screen), at the Sequim Prairie/ Dungeness District Ditch (at the fish
screen), and at the Highland Irrigation District Ditch (at the fish screen). Construction
of these sites was completed in Spring 2001 (see attachment A aerial photographs for
locations).

2.5 Side Channel Flow and Temperature M easurements

In early June 2002, the Tribe installed fourteen staff gauges in ten side channels (see attachment
A for locations on aeria photographs and figure 3). At Kinkade Island and on the east side
upstream of the Railroad Bridge, the side channels contained multiple flow paths. Staff gauges
were installed on each of the flow paths to capture the total side channel discharge. Temperature
data loggers (tidbits) were also placed at cross-sections 22, 23, 33, 36-east, 36-west, and 40 in
June 2002 (see attachment D for temperature data).

Weekly readings were done at each of the fourteen sites between mid-June to the end of
September 2002 to record the temperature, velocity, depth, width, and stage. The data collection
period was extended to include the time period when the magjority of irrigation withdrawal is
stopped in mid-September. This data was utilized to determine the discharge at each of the
measurement locations, along with record information that can be used to assess the aquatic
habitat value. During the peak snowmelt period in June, certain side-channels were determined
to be unsafe for wading due to high discharges and only stage readings were recorded at these
sites (Stevens/Savage, East Railroad Bridge, Dawley, and Kinkade Creek). By July 1 all
fourteen sites were safe for wading and measurements continued on aweekly basis for the
remainder of the study.



Figure 3. Shawn Hines of Jamestown S'’Klallam Tribe at dischar ge measurement location in side channel.
Photo taken August 15, 2002.



3.0 CONCEPTUAL DISCUSSION OF FLOW MEASUREMENTSAND
INTERACTION BETWEEN MAIN CHANNEL AND SIDE CHANNEL
FLOWS

Side channel habitat parameters of interest are water velocity, depth, width, and temperature.
These parameters are dependent upon discharge in the side channel, which in turn is dependent
on the amount of flow in the main channel. By knowing how flowsin the side channel are
impacted by changes in main channel discharge, we can develop area timetool for the
assessment of habitat parametersin the side channels. The following section discusses how flow
measurements are accomplished, and what types of flow interactions between mainstem and side
channel flow occur on the Dungeness River.

3.1 Use of Rating Curveto Determine River Discharge

River channel discharge can be easily determined for a given location by simply knowing the
stage, or water depth, of flow in the channel once arating curve has been established. A rating
curve provides a mathematical relationship between the depth of water in feet (as measured by a
staff gage that determines the stage of the river), and the discharge of water in cubic feet per
second at a given cross section. Therelationship is of the form

stage= C+aQ] (3.1)

where Q,, is the measured discharge of water (ft%/s), and a, b and C are constants to be
determined empirically. The curve is based on fitting the above mathematical equation to
discharge measurements collected at various flow magnitudes. The rating curve is appropriate to
use for the range of flows measured at the location of the measurements. Typically, across
section location is chosen for measurements that is relatively stable and does not change
significantly over time. If the geometry of the section does change, a new rating curve must be
established because the relationship between discharge and stage will have been altered.

As an example, flow in the main channel has been continuously measured at a USGS gage
located on the Dungeness River at RM 11.8 since 1937. The rating curve for the USGS RM 11.8
gage (seefigure 4) is represented by the following equation:

stage = 0.72Q%* (3.2)

In this case the constant C = 0, representing that there is no discharge when the stage is O (dry
channdl). If C> 0, then it would represent that a stage measurement > 0 corresponds to a flow of
0 ft*/s (ponded water with no conveyance). The given stage discharge relationship was
developed by USGS in the summer of 2002 after the channel geometry significantly changed
during the flood of record in January 2002.



Rating Curve for USGS Dungeness River Upstream gage

Stage (ft)

0 100 200 300 400 500 600 700 800 900 1000
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Figure4. Rating curvefor the USGSRM 11.8 gage on the Dungeness River.

The relationship between water discharge and stage is not linear. At lower flows, stage increases
much more rapidly than wetted width with increasesin flow. This relationship continues until
the discharge increases enough that the banks on either side of the channel begin to be
overtopped, known as a*“bankfull” channel condition. Once the channel banks are overtopped,
wetted width increases much more rapidly than stage as the water begins to inundate the flood
plain. Thisiswhy the stage-discharge rating curve for the RM 11.8 gaging station is steeper at
lower flows and flattens out as flows increase in magnitude.

3.2 Flow I nteractions between Main Channel and Side Channels

Water in Dungeness River side channels originates from either a groundwater connection, or a
combination of agroundwater and surface flow connection at the head of the side channel (figure
5). Most often the dominant source of groundwater or surface flow into the side channel
originates from the mainstem river, although other sources do exist including irrigation diversion
return flows and natural springs. Both surface water and groundwater side channels have a
surface water connection with the mainstem at the downstream end of the side channel. So the
groundwater side channels are never completely isolated habitats unconnected with the
mainstem.

The surface flow relationship between the main channel and side channel is afunction of the
depth of water in the main channel, along with the width and relative elevation of the entrance to



the side channel (figure 5). Thisrelationship can be theoretically represented by the weir
equation, where the width of the side channel entrance is equivaent to the length of the weir.
The elevation of the crest of the weir can be represented by the elevation of the bed of the side
channel, or even the top of adense, stablelogjam. Infigure5, the side channel bed elevation is
higher than the river bed elevation, though many cases exist where therive bed elevation is
higher than the side channel bed elevation. In the latter cases, the value of h in the weir equation
would be measured from the river bed.

Side Channel connections to main
channel

River bank overtopped during high flows QS = KA(A h)/v2 K = Constant
A = area of wetted side channel bottom

Ah = difference in elevation of side
channel and main channel water surface

Groundwater fed
side channel

Main
2 Channel

R Groundwater flow

K = constant
Surface water connected
side channel

Figure5. Theoretical illustration of the connection of a side channel with the main channel.

The flow relationship for the side channel is given by the following weir type of equation.
Q. = KWh™ (3.3)

where K =empirically determined constant,
W = width of side channel entrance (ft),
h = head or depth of water (ft) measured from the crest of the weir to the water surface.

Groundwater flow from the mainstem into side channels occurs when the main channel water
surface elevation is equal to or higher in elevation than the water surface in the side channel.
Groundwater flow of this typeistermed hyporheic. Hyporheic flow iswater that flows just
below the surface of the river in the interstitial spaces of sediment and is closely related to
surface flow in the mainstem of the river. The majority of groundwater flow into side channels
isafrom hyporheic flow, however there may be cases where groundwater seeping from other
sources may feed a groundwater side channel. Groundwater flow can be theoretically

10



represented by an orifice type of equation, where the side channel flow is afunction of the square
root of the head (difference in stage) in the main channel.

Q. = KAAh* (3.4)

where Qs = flow in the side channel (ft%/s),
K = empirically determined constant,
A = wetted area of the side channel bottom,
Ah = hl - hz,
h; = water surface elevation of the main channel (ft),
h, = water surface elevation of the side channel (ft).

In the case of groundwater flow into aside channel, A is the wetted area of the side channel bed
surface multiplied by the porosity (n) of the surface through which groundwater is flowing,

A = nA\Jed surface (35)
and
VV
n= v (3.6)

where V, = volume of voidsin river bed-material,
V; = total volume of river bed-material.

Figure 6 shows a comparison between the flow in three theoretical side channels relative to the
flow in the main channel. Thefirst channel has only a groundwater flow connection no matter
how high the flow in the main river channel gets (small dashed line). The second channel starts
with only a groundwater connection, but when the main channel river flow exceeds 250 ft¥/s, the
head in the main channel becomes high enough to initiate a surface flow connection into the side
channel aso (medium dashed line). The third channel has a surface flow and groundwater
connection at almost all flows, even when the discharge in the main channel is relatively low.
(Flow in surface water and groundwater connected side channels is dominated by the surface
flow component, therefore these types of channels are referred to as surface water side channels.)
Thefigureillustrates the large difference in discharge magnitude between a side channel with a
surface water connection versus only a groundwater flow connection from the main channel.
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Figure 6. Theoretical curvesobtained by applying a weir type equation (Equation 3.3) to estimate side
channel flow from a main channel surface water connection and by applying an orifice type equation
(Equation 3.4) to estimate side channel flow from a main channel groundwater connection.
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4.0 VARIATION IN MEAUSURED MAINSTEM CHANNEL DISCHARGE

Since the flow magnitude in side channels is dependent upon flow magnitude in the main
channel, it isimportant to determine if the main channel flow gains or loses flow throughout the
study reach. Thisis of particular importance during low flow periods in the late summer and
early fall when reductions in mainstem flow will have a greater impact on whether a side channel
maintains a surface water connection with the main channel. The majority of reductionsin flow
in the main channel result from either irrigation diversions or natural flow losses to groundwater.
The mgjority of gainsin main channel flow likely occur where the main channel islower in
elevation than the adjacent flood plain.

Along agiven reach of river, if groundwater islost, it islost in proportion to the head difference
between the water surface main channel and the water table elevation of groundwater.

groundwater loss Ah*% A, (37)

where Achanne = Wetted area of the channd bed,
Ah =hs—hg,
hs = water surface elevation of flow in the main channdl,
hg, = top of the water table of the groundwater.

A similar relation holds for a gain in discharge in the main channel from the addition of
groundwater. In this case, the water table el evation in the groundwater is greater than the water
surface in the channel.

4.1 Previous Investigation of Groundwater Interaction by USGS

The USGS in collaboration with the WSDOE published areport in 2002 on surface water-ground
water interactions along the main channel of the Dungeness River between USGS stream gage
12048000 upstream at RM 11.8 and Schoolhouse Bridge downstream at RM 0.7 (Simonds and
Sinclair, 2002). The study was conducted over a period of 22 months from September 1999 to
July 2001 and covered awide range of flows. Theriver was divided into five reaches:

1. Reach 1 extends from the USGS RM 11.8 gage to Dungeness Meadows (RM 11.8to
8.13)

2. Reach 2 extends from Dungeness Meadows to the Railroad Bridge (RM 8.13 to 5.54)

3. Reach 3 extends from the Railroad Bridge to the New Old Olympic Highway Bridge
(RM 5.54 to 3.68)

4. Reach 4 extends from the New Old Olympic Highway to Woodcock Road (RM 3.68 to
2.92)

5. Reach 5 extends from Woodcock Road to the Schoolhouse Bridge (RM 2.92 to 0.71).

A combination of in-stream mini-piezometers and off stream well transects were used to
determine groundwater levels and the direction of groundwater flow. From this data, the
direction of groundwater flow can be determined and whether a given reach of the mainstem
river islosing or gaining flow to or from groundwater (table 2). Negative values represent the
loss of flow from the reach and positive values represent a gain of flow to the reach.
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Table2. Summary of USGS data showing the dischargeloss or gain along the Dungeness River by reach

(Simonds and Sinclair, 2002) of surface water-ground water interactions. The study period wasthe 22 month
period from September 1999 to July 2001 and covered a wide range of flowsin the main channel.

Reach 1 Reach 2 Reach 3 Reach 4 Reach 5
USGS RM 11.8 Dungeness RR Bridge to | Old Olympic Woodcock
gage to Dungeness | Meadows to Old Olympic | Hwy to Bridge to
Meadows RR Bridge Hwy Woodcock Schoolhouse
Bridge Bridge
Flow reduction (-) or gain (+) (ft’/s) per river mile:
Min 2.1 0.23 -0.54 12.2 -2.1
Max -4.1 3.5 -12.8 211 -5.2
Total flow reduction (-) or gain (+) over reach (ft’/s):
Min -7.707 0.596 -1.004 9.272 -4.641
Max -15.047 9.065 -23.808 16.036 -11.492
Flow reduction (-) or gain (+) over reach as percentage of channel flow:
Min -4.0% 0.5% -1.0% 4.6% -2.8%
Max -6.0% 3.0% -8.0% 5.8% -4.0%
Length of 3.67 2.59 1.86 0.76 2.21
reach (mi)

Reach 1 between the USGS gage and Dungeness Meadows is alosing reach losing a maximum
of 15 ft¥/s of total flow over the reach according to the USGS-WSDOE study. Reach 2isa
gaining reach showing gains of at least 0.6 ft%/s over the reach before reaching the railroad
bridge. Reaches 3 and 5 downstream of the railroad bridge are both losing reaches, and reach 4
isagaining reach.

4.2 New 2002 M ainstem Discharge Data

Three mainstem flow measurement locations were utilized for the side channel study at RM 11.8,
the Railroad Bridge at RM5.7, and the Schoolhouse Bridge at RM 0.7. Figure 7 shows the study
period hydrographs for the three mainstem gages. Based on these mainstem flow measurements,
flow reductions are found to occur between the USGS RM 11.8 gage and the gage at Railroad
Bridge over the course of the study period. During the beginning of the study period when
mainstem flows are higher, the river gains flow between the Railroad and Schoolhouse Bridges,
but this reach tends to lose flow as mainstem flows decrease during the latter part of the study
period (figure 7). Note that data from the Railroad Bridge (RRB) gage are only available
beginning on July 23, 2002.
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Figure 7. Hydrographs showing the dischar ge (ft%s) recorded at each of the mainstem gages.

Of the total mainstem flow reduction between the USGS RM 11.8 gage and the Railroad Bridge
gage, a portion results from five irrigations diversions located in this reach (seetable 1). The
remainder of the mainstem flow reduction can be accounted for mainly by groundwater |osses.
Figure 8 shows the total flow reduction between the USGS RM 11.8 gage and the RRB gage,
and what portion can be attributed to the five irrigation diversions versus natural groundwater
reductions. Total flow reductions were calculated by subtracting the mean daily discharge (ft*/s)
for agiven day at the RRB gage from the USGS RM 11.8 gage.
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Figure 8. Total mean daily flow reduction between the USGS RM 11.8 gage and the Railroad Bridge gage.

Figure 9 shows a comparison of the natural flow reduction (groundwater |osses) between the
USGS RM 11.8 and RRB gages for the 2002 side channel study data and estimated data based on
predictive tools provided in the USGS-WSDOE study. The USGS-WSDOE flow loss was
computed by assuming a constant discharge reduction based on the maximum potential natural
flow reduction that could occur for this reach (seetable 2). The overall trend of natural flow
reduction measured in the main channel is consistent with the findings from the USGS-WSDOE
study of the Dungeness River. However, the magnitude of natural flow reduction measured from
the 2002 Reclamation stream gage data indicates a greater natural loss of flow over most of the
study period flows than would be expected assuming the maximum possible |0ss as reported in
the USGS-WSDOE study for thisreach. Thelarger groundwater |osses predicted from the 2002
data may be due to mainstem and irrigation diversion gage error (typically +/- 5 percent), lag
time of water from USGS gage to the Railroad Bridge, or even local precipitation which could
cause local peaks not accounted for in the USGS-WSDOE prediction. Although thereis overall
more fluctuation in the measured 2002 data than the predicted USGS-WSDOE values, in generd
the values show a consistent trend that indicates a natural flow reduction between the USGS RM
11.8 and the RRB gages does occur as aresult of groundwater losses, but the magnitude of
groundwater loss gradually decreases as main channel flow decreases.
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Figure 9. Comparison of natural flow reduction (groundwater losses) observed in side channel study between
the USGS RM 11.8 gage and Railroad Bridge (dotted line) and the maximum predicted flow reduction (solid
line) from the USGS-WSDOE study.
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5.0 DESCRIPTION OF SIDE CHANNELS

Ten side channels were evaluated in this study as shown on the aeria photographs in Attachment
A. Thelocation of each side channel is given in Table 3 by river mile, along with its
approximate length, and whether it islocated to the right or left of the mainstem river channdl.

Table 3. Location by river mile of side channel entrance (start) and exit (end), approximate length of side
channel in feet, and the location of the side channel relative to the main channel (right or left side of main
channdl).

. River River Approximate Right (East) or
or ?/Ilgfncs:{]earls nGef!\ge Mile: Mile: pEength Lng (\(Nest)) of
Start End (ft) Main channel
USGS gage 11.8
Kinkade Channels: 10.2 9.5 4720 Right
(1) Kinkade right (east) Right
(2) Kinkade middle Right
(3) Kinkade left (west) Right
Spring 7.5 6.4 3370 Right
Dawley 6.9 3630 Right
Upper Right (East) RRB 5.9 5.72 1880 Right
Upper Left (West) RRB 5.9 5.68 1330 Left
Railroad Bridge (RRB) 5.7
gage
Lower Right (East) RRB 5.4 4.83 3060 Right
Stevens/Savage 4.7 4.37 1730 Right
Gagnon Right (East) 4 3.64 1380 Left
Gagnon Left (West) 3.9 3.64 1300 Left
Anderson 3.6 3.31 1680 Right
Schoolhouse Bridge gage 0.7

5.1 Surface Water versus Groundwater Connectionsin Side Channels

There are two categories of side channels that can be defined for this study, those with surface
water and groundwater connections, and those with only groundwater connections. Figure 10
shows the hydrographs of each of the side channels that had a surface water connection with the
main channel throughout most or all of the study period. Figure 11 shows the hydrographs of
side channels that had only a groundwater connection throughout the study period. Anderson,
Lower Right RRB, Stevens/Savage, Dawley, and the Kinkade Side Channels show a surface
water connection for all or most recorded flows throughout the study period. Two side channels,
Anderson and Stevens/Savage showed evidence that toward the latter part of the study period
when main channel flows reduced, the dominant source of flow shifted from primarily a surface
water connection to solely groundwater fed. Gagnon right, Gagnon left, Upper Left RRB, Upper
Right RRB, and Spring Creek Side Channels showed only a groundwater connection throughout
the study period. Whether a side channel has a surface flow connection during the irrigation
period appears to depend not only on the elevation of the side channel bed relative to the stage in
the mainstem river, but also on whether the low flow main channel runs adjacent to the entrance.
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Side Channel Hydrographs (surface water fed)
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Figure 10. Hydr ographs of side channelsthat have a surface water and groundwater connection throughout
most or all of the study period.
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Side Channel Hydrographs (Groundwater Fed)
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Figure 11. Hydrographs of side channelsthat have only a groundwater connection throughout the study
period (no surface water connection).

5.2 Kinkade Side Channd

Based on historical aerial photography, severa side channel flow paths have existed in the
vicinity of the current Kinkade Side Channel since at least 1942 (1965 photograph shown in
Figure 12). Since that time, Kinkade Side Channel has become a prominent flow path and
during the 2002 measurements conveyed the largest portion of mainstem flow out of the ten side
channels studied. Water is conveyed from the mainstem into Kinkade Side Channel through
three flow paths at the entrance (Kinkade right, Kinkade middle, and Kinkade left). Each of
these flow paths have log jams and woody debris at the entrance that limit the amount of water,
sediment and wood transported into Kinkade Side Channel. Currently, the riverbed of Kinkade
Side Channel islower in elevation than the main channel riverbed. At the beginning of the study
period during snowmelt runoff when flows are higher, the total flow in Kinkade Side Channel
was almost half of the mainstem flow as measured at the USGS RM 11.8 gage. However, as
snowmelt reduced and mainstem flows decreased, total flow in Kinkade Side Channel increased
to about 2/3 of the mainstem discharge. The minimum flow measured at the end of the study
period was 94 ft¥/s. The existing main channel near the entrance of Kinkade Side Channel is
losing capacity to transport flow and sediment because the meander bend is almost perpendicular
to the valley slope. During the recent January 2002 flood, significant erosion from river flooding
occurred along either bank of Kinkade Side Channel and a major access bridge was washed oui.
If another large flood occurs, the log jams at the entrances to Kinkade Side Channel have a high
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probability of being breached. If this occurs, Kinkade Side Channel will become the main
channel, and the current main channel would eventually re-vegetate and become a side channel.

Figure 12. 1965 aerial photograph of Kinkade Side Channel and Island.
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5.3 Spring Side Channel

The entrance to Spring Side Channel is cutoff from the mainstem river by the Dungeness
Meadows Levee and, therefore does not have a surface flow connection to the mainstem at any
flow (see Attachment A). At the measured cross section located about half way down the side
channel, the side channel bed elevation is 4 feet higher than the mainstem riverbed. The current
source of water isonly groundwater, likely from a natural spring since the side channel bed is
significantly higher in elevation than the mainstem riverbed (maximum discharge measured was
1.6 ft%/s). Given the absence of a surface water connection and the presence of the leveg, it is
likely that Spring Side Channel will remain relatively stable, and will continue to have a small,
limited amount of discharge aslong as the groundwater source is maintained.

5.4 Dawley Side Channel

Dawley Side Channel maintained a surface water connection throughout the study period. The
gage measurement location on Dawley was in the downstream half of the channel, downstream
of the Sequim Prairie Irrigation diversion (see Attachment A). A surface flow connection from
the mainstem river is maintained just upstream of Dawley Side Channel in order to maintain
flow into the Sequim Prairie Irrigation Diversion. A portion of the diverted flow bypasses the
irrigation ditch and enters the Dawley Side Channel. Therefore, aslong as the upstream
diversion is maintained, it islikely that Dawley Side Channel will remain stable and continue to
have a surface flow connection to the mainstem river. The minimum flow measured was 19.5
ft*/s for the channel gage located downstream of the diversion, but would be higher if measured
in the short channel section upstream of the diversion. Dawley Side Channel islower in
elevation than the mainstem riverbed in the upstream half (above the diversion and gage
measurement location), and has approximately the same elevation as the main channel just
downstream of the gage in the lower half of the channdl.

5.5 Railroad Bridge Side Channels

Three side channels were studied in the vicinity of the Railroad Bridge. Analysisof historical
aeria photography indicates that thisis a very dynamic section of river. Thisis also a section of
river where amajor transition in slope begins to occur. Because the slope of the river begins to
decrease in thisreach, the river’s capacity to transport sediment and woody debrisis aso
reduced. Therefore, thelow flow main channel is constantly migrating and avulsing in response
to changing sediment and woody debris deposition within the active channel area. During the
irrigation period, the amount of flow in the side channelsis highly dependent on the location of
the low flow river channel in the active flood plain. When the low flow channel islocated near
the entrance to a given side channel, a surface water connection is easily maintained into the side
channel. However, when the low flow main channel is not located near the entrance,
groundwater is the only source of flow into the side channel during low flow periods. However,
when alarge enough flood occurs, the entire active channel becomes inundated and a surface
water connection would be initiated.

The side channel just downstream of the Railroad Bridge on the right side (Right RRB lower) is
arelatively new side channel that was formed during the January 2002 flood (see photo below
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and Attachment A). This side channel maintai ned asignificant surface water connection
| throughout the study period. The entrance
to the side channel is on the outside of a
meander bend, and has no woody debris or
log jams at the entrance limiting sediment or
wood from being transported into the side
channel. Overall, the flow measured in this
channel was the second largest of all the side
channels after Kinkade. The side channel
elevation at a point 400 ft downstream from
the side channel entranceis 5 feet higher
than the mainstem riverbed. The fact that
the side channel bed elevation is higher than
the main channel at some distance from the

' side channel entrance indicates that the side
channel does not Ilkely have a significant groundwater connection with the main channel.

Two side channels were studied upstream of the Railroad Bridge, one on the right side and one
on the left side of the main channel (Upper Right RRB and Upper Left RRB). Neither of these
channels showed a surface flow connection during the study period. Maximum flows measured
were 0.4 ft%/s (right side) and 0.6 ft*/s (left side). Theleft side channel is 4 feet higher than the
mainstem riverbed 400 ft downstream from the channel entrance. The right side channel,
approximately 300 ft downstream from the side channel entrance, is 1 foot lower in elevation
than the mainstem riverbed.

5.6 Stevens/Savage Side Channel

Stevens/Savage Side Channel had the third largest flow measurements at the start of the study
period when flows were high as aresult of snowmelt; as snowmelt decreased, flow in the side
channel was significantly reduced. The side channel appeared to lose the surface flow
connection when mainstem flows went below around 105 ft*/s. For main channel flows less than
105 ft3/s the side channel is likely fed only by groundwater. At the upstream end, the side
channel bed is 7 feet higher in elevation than the mainstem riverbed, which likely explains the
lack of surface flow connection with the main channel during the lower flow periods. The cross-
section in the middle of the side channel showed that the side channel bed was only 3 feet higher
than the mainstem. The elevation at the outlet of the side channel is estimated to be similar to
the mainstem riverbed elevation directly adjacent to the outlet. Historical aeria photography
shown on the following page indicates that this side channel has been persistent since at |east
1942. However, the surface water connection with the mainstem likely changes over time,
depending on the location of the low flow mainstem river channel. When the low flow main
channel passes aong the entrance to Stevens/Savage as it does currently and it did in 1965, the
surface flow connection would be maintained. However, when the low flow mainstem channel
is located on the opposite side, as shown in 1942, there islikely only a groundwater connection
even during periods of relatively high flow.
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5.7 Gagnon Side Channel

Data from Gagnon right and left side channels, which are just downstream of the Olympic
Highway Bridge on the left side of the mainstem river (two flow paths), indicate alack of a
surface water connection throughout the study period. The maximum flows measured were 0.4
(right) and 1.2 (left) ft*/s. Both side channels near the upstream end are about 3 feet higher in
elevation than the mainstem riverbed, contributing to the absence of a surface water connection
at lower flows. These side channels appear to have existed in some form since at least 1942 as
shown on the historical aerial photograph on the following page. It islikely these side channels
will continue to persist, but will only have a surface water connection during high flows when
the active channel becomes completely inundated from the right to left river banks.

5.8 Anderson Side Chann€

The Anderson Side Channel had a surface flow connection during the initial snowmelt portion of
the study period when flows were higher. The surface flow connection was lost during August
when mainstem flows fell below 160 ft%/s, but a groundwater connection was maintained. At
the upstream end, the side channel bed elevation is 0.7 feet lower than the mainstem bed
elevation, and at the downstream end the side channel bed is 0.6 feet higher than the mainstem
bed. Historical aerial photography shown on the following page indicates that this side channel
has existed since at least 1942. The photography also indicate that the surface water connection
will only be maintained during the irrigation period when the low flow main channel passes
along the entrance to the Anderson Side Channel, asit is currently.
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6.0 TOOLSFOR PREDICTION OF SIDE CHANNEL HYDRAULIC
PARAMETERS

6.1 Prediction of Side Channel Discharge

Using discharge measurements from the study, a relationship can be established to develop a
predictive equation to estimate side channel discharge at any gage location for a given discharge
in the main channel. Because the USGS RM 11.8 gage is upstream of all of the side channels
being evaluated and will continue to be operated in the future, it is used to approximate main
channel discharge. In order to more accurately account for flow reductions between the USGS
RM 11.8 gage and each side channel, al irrigation diversions upstream of a given side channel
can be subtracted from the USGS measurement. Additional flow lossesin the main channel
upstream of the Railroad Bridge due to groundwater interaction were incorporated using an
empirically derived constant as discussed below. Therelations given are valid only for the flow
range that occurred during the study period and was used for anaysis of each particular side
channel (not appropriate for large winter floods). The discharge in each side channel can be
directly related to the discharge in the main channel using a power equation of the following
form:

Q. = k(Q,- ) (6.1)

where Qs = side channel discharge (ft¥/s),
Qn= Qusss — QAg - Qqur = Quig = Qra ~ Qeep
Qusss = discharge in the main channel as recorded at the USGS gage (ft*/s),
Qng = discharge diverted at Agnew Irrigation Ditch (ft%s),
Qsypr = discharge diverted at Sequim Prairie Irrigation Ditch (ft¥/s 9),
Qnig = discharge diverted at Highland Irrigation Ditch (ft¥/s ),
Qing = discharge diverted at Independent Irrigation Ditch (ft%/s),
Qcep = discharge diverted at CCD Irrigation Ditch (ft%/s),
m = discharge in the main channel near the point of side channel entrance (ft¥/s s),
k and d = empirically determined parameters,
C = constant (ft*/s).

To get the correct measure of Qp, the discharge at the USGS RM 11.8 gage and at each of the
upstream irrigation diversions must be known. If theirrigation diversion is downstream of the
side channel entrance then the discharge value for that diversion in equation 6.1 isset to 0. For
side channels with a surface water connection, the constant C represents both natural flow losses
and an approximate measure of the discharge in the main channel below which there is no longer
asurface water connection. For groundwater connected side channels, the constant C represents
natural flow losses and the main channel discharge below which flow in the side channel isno
longer related to flow in the main channel. Negative C values do not hold any significance with
regard to main channel discharge, but instead imply that flow in the side channel would likely
continue from other sources even if flow in the mainstem channel went to zero. Negative values
for C occur in two side channels that do not have a surface water connection (Upper Right RRB
and Upper Left RRB).
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Table 4 shows the values of k, d, and C for each of the side channels along with the R? value.
The R? value provides a measure of how well the predictive equation fits the observed data (a

value of 1 represents a perfect fit of the model).

Table4. Empirical deter mined parameter valuesfor equation 6.1 in text.

Surface Water Connected Side Channels
Anderson | Stevens/Savage | Right Dawley | Kinkade | Kinkade | Kinkade | Kinkade
RRB Right Middle Left Total
(lower)
k 0.0153 0.2364 1.3149 | 0.6603 | 4.088 7.1617 | 0.4522 | 1.7049
d 1.1532 1.0134 0.7539 | 0.7691 | 0.5562 | 0.3847 | 0.7743 | 0.8023
C 156 105 50 20 0 110 110 0
R* 0.9942 0.9878 0.9866 | 0.7828 | 0.964 0.9432 | 0.8501 | 0.9638
Groundwater Fed Side Channels
Anderson | Gagnon (left) Gagnon | Right Left Spring
(right) | RRB RRB
(upper) | (upper)
k 0.0411 0.0418 0.0016 | 0.0007 | 0.0026 | 0.1607
d 0.8091 0.4988 0.7607 | 0.8811 | 0.7615 | 0.3755
C 133 155 150 -130 -200 116
R°| 0.9503 0.835 0.5546 | 0.4243 | 0.3221 | 0.9653

Figure 13 shows a comparison between the predictive equations for Lower Right (East) RRB
Side Channel, which has a groundwater and surface water connection, and for Spring Side
Channel, which has only a groundwater connection. There are severa important differences that
can be seen between surface water fed and groundwater fed side channels, as was discussed in
section 3. First, the range of discharge throughout the study period in side channelswith a
surface water connection is much larger when compared to the discharge range in groundwater
fed side channels (figure 14). Side channels with only groundwater connections did not attain
discharges greater than 2 ft*/s during the study period. Second, side channel dischargein
groundwater fed channels show very little response (increase or decrease) with changesin main
channel discharge for the range of flows studied. However, discharge in side channelswith a
surface water connection was very responsive to changes in main channel discharge. The most
noticeable change can occur in side channels where the main channel discharge becomes reduced
enough that the surface water connection is lost and the side channel becomes only groundwater
fed.
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Figure 13. Dischargerating curverelating flow in the side channels (ft3/s) to flow in the main channel (USGS
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6.2 Prediction of Side Channel Velocity, Depth, and Wetted Width

The previous section discussed how to use a predictive equation to estimate the side channel
discharge by knowing the mainstem channel discharge. Based on measured data from the study,
additional relationships can be established between the side channel discharge and the maximum
depth-averaged velocity, water depth, and wetted width at the side channel gage location.
Therefore, by simply knowing the mainstem discharge, the side channel discharge, maximum
depth-averaged velocity, water depth, and wetted width can be estimated for the range of flows
studied using these predictive equations. Each of the hydraulic parameter predictive equations
also follows the form of a power function:

V,D,W = kQ’ (6.2)

where V = Maximum depth-averaged velocity (ft/s)
D = Maximum depth (ft)
W = Wetted width (ft)
Qs = side channel discharge (ft%/s)
k and d = empirically determined coefficients.

Tables 5 and 6 provide the information utilized to devel op the predictive equations for the
surface water and groundwater fed only side channels, respectively. The R? value presented in
the tables show the relative “fit” of the measured data to the predictive equation. The higher the
R? value, the better the predictive equation represents the measured values, with a R? value of 1
being a perfect fit. The rating curvesfor velocity, depth, and width for each of the side channels
are contained in Attachment C.

The relationship between side channel discharge and maximum depth-averaged vel ocity,
maximum depth, and wetted width of the side channel are different for side channels with a
surface water connection when compared to side channels with only a groundwater connection.
Figures 15 through 17 show the range of velocity, depth, and width found in surface water
connected side channels as compared to groundwater fed side channels. The range of velocities
found in groundwater side channelsis much smaller than that found in surface water side
channels. Thisis consistent with the much smaller range of flows found in groundwater side
channels. The range of maximum depth and wetted width of groundwater side channelsisaso
lesser than the range found in surface water side channels. However, the range of depths and
widths is large relative to the range of flows in groundwater side channels. Thisis further
illustrated by the relatively low R? values for channel depth and width predictive equations for
groundwater fed channels when compared to surface water fed side channels. However thisis
not the case for the velocity predictive equations, where R? values are relatively high for both
surface water and groundwater fed side channels. Thisindicates that discharge in groundwater
side channelsis not a good indicator of side channel depth or width, each of which may be
important habitat parameters. Furthermore, main channel discharge will aso not be a good
indicator of groundwater side channel depth or width.
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Figure 15. Range of maximum depth averaged velocity of flow in surface water side channels (black) and
groundwater side channels (red).
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Figure 16. Range of maximum depth of flow in surface water side channels (black) and groundwater side
channels (red).
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Table5. Valuesof empirically determined coefficients k and d, R? range of measured flows, velocity, depth,
and width for each surfacewater connected side channel.

Stevens- Right (East) Kinkade Kinkade Kinkade
Surface water fed side channels Anderson Savage RRB (lower) Dawley east middle West
Sample size 7 11 12 11 10 10 12
Velocity (ft/s)  |V<=kQJ®
k 1.170 0.112 0.280 0.242 0.507 0.765 0.684
d 0.257 0.677 0.545 0.552 0.417 0.472 0.326
R? 0.82 0.99 0.98 0.95 0.84 0.80 0.44
Max. 4.0 2.5 4.1 3.1 4.2 5.6 3.9
Min. 2.4 0.2 1.7 1.2 2.8 2.6 0.9
Max. Depth (ft) DSZKQSd
0.288 1.560 0.587 0.872 0.793 0.243 1.660
d 0.412 0.139 0.310 0.224 0.284 0.420 0.220
R’ 0.96 0.83 0.94 0.91 0.88 0.78 0.59
Max. 1.4 3.3 2.7 2.4 3.3 1.6 4.8
Min. 0.6 1.8 1.7 1.7 2.5 0.9 2.1
Max. Wetted WsszSd
width (ft) Kk 4.370 25.32 19.19 16.25 22.62 16.84 27.77
d 0.326 0.017 0.082 0.125 0.063 0.090 0.075
R’ 0.92 0.59 0.70 0.92 0.10 0.63 0.35
Max. 15.6 28.6 29.8 28.4 32.3 255 46.5
Min. 7.7 25.7 24.9 23.3 26.6 22.1 31.1
Discharge (cfs)
Max. 37.0 111.2 130.3 84.2 147.0 69.5 59.0
Min. 5.0 1.8 29.0 19.5 55.8 18.8 5.7

Table 6. Valuesof empirically deter mined coefficients k and d, R? range of measured flows, velocity, depth,
and width for each groundwater connected side channel.

Gagnon Upper Upper Left
Groundwater fed side channels Anderson Gagnon (west) (east) Right RRB (west) RRB Spring Creek
Sample size 5 9 8 5 6 8
Velocity (ft's)  |Ve=kQg
[ 1.160 0.320 0.626 0.518 0.134 0.269
d 0.529 0.660 0.770 0.971 0.051 0.604
R? 0.95 0.85 0.95 0.71 0.02 0.97
Max. 1.29 0.41 0.26 0.27 0.15 0.41
Min. 0.27 0.11 0.03 0.07 0.10 0.05
Max. Depth (ft)  |Ds=kQg’
k 0.339 0.765 0.787 0.571 1.640 0.802
d 0.251 0.171 -0.026 -0.069 0.151 -0.037
R’ 0.87 0.40 0.10 0.15 0.31 0.92
Max. 0.4 0.9 0.9 0.7 1.7 0.9
Min. 0.2 0.5 0.7 0.6 1.3 0.8
Max. Wetted WS:kQSd
Width (ft) k 6.620 10.270 4.770 14.000 10.110 19.670
d -0.024 -0.026 0.056 0.066 -0.003 0.008
R’ 0.35 0.17 0.08 0.17 0.00 0.00
Max. 7.2 115 4.9 14.1 11.8 21.7
Min. 6.4 10.0 2.6 11.7 8.4 11.5
Discharge (cfs)
Max. 1.29 1.21 0.39 0.40 0.62 1.61
Min. 0.08 0.17 0.02 0.12 0.21 0.06
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7.0 APPLICATION EXAMPLE

The following example shows how the predictive equations devel oped for this study can be
utilized to assess whether a given side channel has viable habitat given the discharge and amount
of flow being diverted for irrigation purposes in the main channel. The example habitat criteria
are taken from data provided by the Tribe. Spawning Chinook are chosen arbitrarily.

Example

Goal: Maintain viable habitat for spawning Chinook in Stevens/Savage, Dawley, Lower Right
RRB, and/or Kinkade Right side channels.

Criteria: Spawning Chinook prefer habitat with aflow velocity range of 1.75t0 3.0 ft/sand a
depth range of 1.2 to 3.4 ft.

Question: What is the necessary minimum flow in the main channel to maintain these habitat
conditions in the given side channels?

Starting with Lower Right RRB Side Channel, the first step is to determine the minimum flow
required to maintain the required depth range. Figure 18 shows the depth rating curve for this
side channel. Looking at the vertical axis where values of maximum depth are located, it can be
seen that a depth of 1.2 feet will be maintained for all flows greater than 30 ft*/sin the side
channel (30 ft%/s was the lowest recorded flow in the side channel and the data should not be
extrapolated past the minimum and maximum values used in the analysis). Additionally, the
depth in the side channel did not rise above 3.4 feet for the range of measured flows (130 ft¥/s
was the highest recorded flow). Therefore, the required range of flows to maintain the depth
requirement in the side channel is 30 to 130 ft¥/s.

Next, the range of flowsin the side channel necessary to maintain the required velocity is
determined. Figure 19 isthe velocity rating curve for Lower Right RRB Side Channel. The
minimum required velocity in the side channel is 1.75 ft/s. Looking at the vertical axis where
values of velocity are located, it can be determined that a discharge of 30 ft%/sis required in the
side channel to obtain this velocity. This corresponds to the lower discharge value needed to
maintain depth. The maximum velocity is 3.0 ft/s. From Figure 19 it can be determined that a
flow of 75 ft*/s corresponds to avelocity of 3.0 ft/sin the side channel. Since thisislessthan the
upper value determined from the depth criteria, it represents the upper value for side channel
discharge. The side channel discharge rangeis, therefore, 30 to 75 ft/s to maintain the required
habitat for spawning Chinook.
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Finally, the discharge rating curve for the Lower Right RRB Side Channel, shown in Figure 20,
is used to determine the required range of discharge in the main channel necessary to maintain
the required range of discharge in the side channel. The maximum main channel dischargeis
determined to be 270 ft*/s, and the minimum main channel discharge is determined to be 105
ft*/s corresponding to a range of 30 to 75 ft/s discharge in the side channel. Using the same
method for the other side channels, the minimum side channel discharge and main channel
discharge needed to maintain spawning Chinook habitat can be determined and the theoretical

results are shown in table 7.
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Figure 20. Dischargerating curvefor Lower Right RRB Side Channel.
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Table 7. Conceptual Example of minimum required flowsin main channel and side channelsto maintain
spawning Chinook habitat conditionsduring theirrigation period.

Side Channel Required Discharge Rangein | Required Discharge Rangein
Side Channel (cfs) Main Channel (cfs)
Steven/Savage 60-120 340-590
Lower Right RRB 30-75 105-270
Dawley 35-90 180-640
Kinkade East 30-70 40-240
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In this example, it is evident that the flows needed in each side channel to maintain the same
habitat conditions based on velocity and depth criteriaare variable. It isaso evident that alarge
range of flowsin the main channel corresponds to the necessary habitat conditions depending on

the side channel being considered.
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8.0 REQUIRED MAINSTEM FLOW RANGESBASED ON SIDE
CHANNEL HABITAT CRITERIA

Using the methodol ogy given in the previous example section, Tables 8 and 9 show the actual
range of flows needed in each of the side channels in order to maintain the specified habitat
preference ranges of each specieslisted. Data on fish habitat was provided by the Tribe. The
tables a so show the required flow in the main channel needed to maintain the necessary habitat
flowsin each of the side channels.

Side channels with a surface water connection throughout most or al of the study period are
shown in Table 8. Surface water connected side channels show a much larger range of habitat
parameters and are capable of supporting a greater diversity of fish species. Anderson Side
Channel and Kinkade Middle Side Channel did not meet habitat preferences for any species.
This analysis would indicate that the required habitat for any of the evaluated speciesis not
attainable in these side channels for the range of flows measured. Severa other side channels
showed conditions where habitat would not be attainable for one or two species.

Side channels with only a groundwater connection throughout the study period are shown in
Table9. The only species where habitat parameters were met in these side channels during the
measured flow ranges was juvenile Coho. According to the data, no other habitat preferences are
attainable in the groundwater fed side channels.

It is recommended that these results be verified by field observations and analysis of habitat
usage. Itisnot to be concluded on the basis of this analysis that the specified fish speciesin
these cases is absent from a particular side channel, but rather that the conditions are not typical
or ideal based on provided habitat criteria.
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Table 8. Range of flow required in surface water connected side channelsto maintain specified habitat conditions, and the range of flowsrequired in
the main channel to maintain the specified flow in the side channels,

Anderson I
IFIM, Depth [IFIM, Velocity JRequired Right (east) RRB lower Kinkade Middle
Preference [Preference Discharge [Stevens/Savage RequiredjRequired Discharge Dawley Required Kinkade East Required Jrequired Kinkade West Required
Species Range (ft) Range (ft/s) [(cfs) IDischarge (cfs) (cfs) Discharge (cfs) Discharge (cfs) discharge (cfs) Discharge (cfs)
Side Side Main Side Main Side Main Side Main Side Main

Channel Channel Channel Channel Channel Channel Side Channel Channel

Channel

Steelhead

Spawning >1.0 1.9-2.5 NA* 65-95 360-480 35-57 110-190 40-68 230-460 20-55 30-90 NA 25-54 250-560
Juvenile >20 2.2-2.6 NA 85-110 440-540 55-60 180-210 55-72 360-480 35-50 50-85 NA 35-75 360-700
Adult >1 290-360 110-125 120-230 150-280

Dolly Varden

Spawning < 15-45 80-280
Juvenile . < <3 <20
Chinook

Spawning 105-280 180-640

Juvenile 95-105 160-240
Adult

Spawning 240-430 100-380 < < 120-130
* NA = Habitat Parameters NOT ATTAINABLE |

Table 9. Range of flowsin groundwater side channels needed to maintain habitat for juvenile Coho, and main channel dischargethat islikely needed to
maintain flow in side channels. No other species habitat criteria are met in these groundwater side channels.

IFIM, Depth Preference |[IFIM, Velocity Preference

Range (ft) Range (ft/s)
Coho Juvenile 0.5-2.25 <0.4
Required Side Channel [Required Main Channel
Side Channel Discharge (cfs) Discharge (cfs)
Gagnon west (left) 0.2-1.4 > 180
Gagnon east (right) 0-0.5 > 150
Upper Right (east) RRB 0-0.75 All flows
Upper Left (west) RRB All flows All flows
Spring Creek <19 < 800
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9.0 MANAGEMENT AND APPLICATION CONSIDERATIONS

Ten side channels were evaluated in the lower Dungeness River to determine the relationships
between mainstem discharge and side channel discharge, velocity, depth, and wetted width.
These relationships are applicable for the range of flows measured during the 2002 irrigation
period from early summer to late fall. Using these relationships, the range of main channel
flows were computed that allowed fish habitat criteriato be satisfied for a variety of species.
There are two kinds of flow interactions between side channels and the mainstem river, surface
water and groundwater connections. Side channels with surface water connections met several
of the fish criteriaduring theirrigation period flow range that was evaluated. Side channelswith
groundwater connections only met criteriafor one habitat species.

If it can be assumed that surface water connected channels provide more viable habitat, channels
with surface water connections would be better indicators of potential habitat |0ss as main
channel flows decrease during the irrigation period. Dawley, Lower Right RRB, Kinkade Right,
Kinkade Middle, and Kinkade Left Side Channels all had a surface flow connection for the
duration of the study period. Anderson and Stevens/Savage Side Channel had a surface flow
connection for the majority of the study period, but as snowmelt flows decreased both channels
temporarily lost the surface connection with the mainstem river. The remaining side channels
had only groundwater connections during the study period.

Because Anderson and Stevens/Savage lost their surface water connection during the study
period, these channels may be good indicators of when the mainstem flow becomes low enough
that a portion of viable habitat islost. Anderson loses its surface water connection when flows in
the main channel drop below approximately 156 ft%/s. Figure 21 shows the change in side
channel velocity and depth for Anderson Side Channel as the mainstem river flows decrease in
magnitude over the course of theirrigation period. Thisfigureillustrates how side channel flow,
velocity, and depth have more variability with change in the main channel flow while thereisa
surface water connection then when there is only a groundwater connection.
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Figure21. Changein depth and velocity over the course of theirrigation season for Anderson side channel.

The surface water connection with the main channel waslost in early August.

It is estimated that the surface water connection at the head of Stevens/Savage Side Channel is
lost when flow in the main channel falls below approximately 105 ft®/s. Figure 22 shows the
changein side channel velocity and depth for Stevens/Savage Side Channel as the mainstem
river flows decrease in magnitude over the course of theirrigation period.

41



Stevens/Savage

—=—Velocity - - ¢ - - Depth ‘

3.00 3.50

e 1 3.00
250

+ 2.50

established surface
water connection

around 9/18.

w

‘€ 2.00 - .

g MERERN g
s o 1200 £
3z o LT T o)
~ 150 1 i © e
S €
P73 >
c Increase in Main + 1.50 g
=] - ©
2 Channel flow re 8
3

=

1.00 -
T 1.00

0.50 1
Side Channel connection until approximately 9/13 7080

0.00 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0.00
06/23/02  07/03/02  07/13/02  07/23/02  08/02/02  08/12/02  08/22/02  09/01/02  09/11/02  09/21/02  10/01/02

Figure 22. Changein depth and velocity over the course of theirrigation season for Stevens/Savage side
channel. The surface water connection with the main channel waslost in mid-September. The surface water
connection was re-established at a time when dischargein the main channel showed a local peak.

For the side channels studied during the irrigation period, the range of flows found in
groundwater fed side channelsis much lower than that of surface water fed side channels. This
is because it takes a much larger increase in main channel flow to increase dischargein a
groundwater fed side channel relative to one with a surface water connection. For this reason,
the habitat parameters, such as velocity and depth, in surface water connected channels can vary
considerably over awide range of mainstem flows. The corollary of thisisthat dischargein
groundwater fed side channels will be more stable over awider range of flow regimes within the
main channel. Thus viable habitat in groundwater fed side channels may become vulnerable
only during large floods when the stage in the main channel becomes high enough to establish a
surface water connection in the side channel. Additionally, the maximum depth and wetted
width of side channels showsllittle relation to discharge in groundwater side channels.
Correspondingly, the discharge in the main channel will not be an indicator of the habitat
parameters of depth and width in groundwater side channels.

The information provided in this report is intended to be utilized as atool to assist fisheries
scientists in assessing potential loss in viable side channel fish habitat based on documented
criteriaand the new discharge relationships established. The relationships developed provide a
way to assess the habitat based solely on the mainstem river discharge at the USGSRM 11.8
gage and the amount of flow being diverted for irrigation between this upstream gage and a
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given side channel. In applying the habitat criteriato determine desired mainstem flow ranges,
the following guidelines should be considered:

Increases in main channel flow will have arelatively small effect on flow in groundwater
fed side channels. Therefore, surface water connected side channels should be used for
management decisions regarding the determination of minimum main channel flow.
Each side channel is unique and may require a different range of mainstem flow
magnitudes to achieve desired habitat criteria. Therefore, one side channel aloneis not
an indicator of the complete habitat conditions aong the studied reach of the Dungeness
River.

It is recommended that several surface water connected side channels be considered and
used in any management decisions regarding mainstem flow criteria.

Severa of the side channels studied have been persistent over time, and the flow
relationships developed will be applicable as long as they remain relatively stable.
However, for some of these channels the presence of a surface water connection during
low flow periods (which enables them to be used for management decisions) is often
dependent on whether the low flow main channel flows adjacent to the side channel
entrance.

In other reaches such as in the vicinity of the Railroad Bridge, the side channel and main
channel alignments are more dynamic, and flow relationships are constantly changing.
The relationships developed provide an assessment of the range of habitat present at this
point in time, but may need to be adjusted if significant geomorphic changes occur.
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ATTACHMENT A: 2002 AERIAL PHOTOGRAPH LOCATION MAPS
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ATTACHMENT B: CROSSSECTION DATA
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ATTACHMENT C: SIDE CHANNEL RATING CURVES
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ATTACHMENT D: SIDE CHANNEL TEMPERATURE DATA



DOE Side channel study
Temperature and flow in selected side channels
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Lower RR bridge flow and maximum temperature
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West RR Bridge flow and temperature
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