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Abstract
This report describes floodgate monitoring efforts for the Fisher Slough floodgate, located in the
South Fork Skagit River tidal delta. Monitoring results relate to measurements of floodgate door
openness, water depth, water velocity, water surface elevation, and floodgate operation for Water
Year (WY) 2012, the period of October 1, 2011 through September 30, 2012. The floodgate was
originally installed to provide flood protection from Skagit River floods to the Fisher Slough
basin. In 2009, old barn-style doors were replaced with self-regulating floodgates designed to
improve fish passage and tidal exchange through the gates while still maintaining flood
protection.
We compare monitoring results to floodgate operational criteria that were established based on
fish passage and flood protection needs. We also discuss monitoring results and criteria in order
to provide information useful to adaptively manage the Fisher Slough floodgate, if necessary, to
achieve and balance its multiple objectives of fish passage, flood protection, drainage, and
irrigation.
Monitoring instruments used to collect water surface elevation and floodgate door openness data
were shown to collect results accurately with one exception. Instrumentation on the south
floodgate door did not measure door openness accurately and should be replaced or repaired.
Fisher Slough floodgate operation did not meet all the Hydraulic Project Approval criteria
established for all three operational time periods in WY 2012. During the Spring Juvenile
Chinook Migration Period two of the four criteria were met. The two criterion related to gate
closure (gates open for 90% of the time; minimum closure setting of 9.5 ft NAVD88) were not
achieved. The percent of time when at least one floodgate door was open was 85.48%. The
floodgate doors closed 80 times during the Juvenile Spring Chinook Migration Period and 52 of
the closures (65.0%) were at water levels less than 9.5 ft NAVD88. The minimum water depth
and velocity criteria were met during this management time period. Criteria for both the
Fall/Winter Flood Period and the Summer Irrigation Period were met.
While the HPA’s water velocity criterion was met at Fisher Slough in WY 2012, we do not
believe this criterion is appropriate for successful upstream passage opportunity for juvenile
salmon. We measured water velocity at the floodgate site continuously for 15 tidal cycles and
found water velocity conditions on ebb tides at the Fisher Slough floodgates do not likely allow
for upstream movement of fry-sized Chinook salmon based on maximum velocity thresholds
from literature. This suggests upstream passage of juvenile salmon (especially fry sized salmon)
occurs only on non-ebb periods when the gates are open. Also, how wide a floodgate door is
open likely relates to fish passage opportunity at floodgate sites. We calculated floodgate door
openness results stratified by tidal stage and percentage of the channel width that is available for
fish movement, and suggest the best indicators for upstream movement of fry-sized Chinook
salmon opportunity at the floodgate site are:
• Percent of time when one or more floodgate doors are open during the non-ebb tide
periods (37.61% in WY 2012, Spring Juvenile Chinook Migration Period), and
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•

Percent of channel width that is available for fish movement during the non-ebb period
when floodgate doors are open (49% in WY 2012, Spring Juvenile Chinook Migration
Period).

Summary of Fisher Slough floodgates and their operational criteria for WY 2012 (from WDFW
Hydraulic Project Approval No. 114361-5).
Were criteria met in WY 2012?

Spring Juvenile Chinook
Migration
(March 1-May 31)

Fall/Winter Flood
Control
(Oct. 1- Feb 28/29)

Floodgate
Operation
Period

Gate opening
% of time gates
shall be open

Water velocity

Water depth

Does not apply

Does not apply

Minimum gate
closure elevation
Yes

Does not apply

All (100%) of the
floodgate closures
occurred when WSE was
greater than the required
minimum closure
criterion (7.5 ft
NAVD88)

No

No

Yes

Yes

Floodgates were not open
more than 90% of the time
during normal operational
periods. They were open
85.48% of the period.

Sixty-five percent (65%)
of the floodgate closures
occurred when WSE was
lower than the required
minimum closure
criterion (9.5 ft
NAVD88)

Water velocity never
exceeded the maximum
criterion (8 ft /sec),
based on continuous
monitoring of velocity
for 15 tidal cycles

Water depth
exceeded
minimum depth
criterion (0.5 ft)
100% of the
time

Does not apply

Does not apply

Does not apply

Summer Irrigation
(Jun. 1-Sept. 30)

Does not apply
The 100% gate open
criterion does not apply
this year due to
construction activities
upstream of the site by
Dike District 3 per
WDFW approval
Floodgates were open 8687% of the time
(depending on door)
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Introduction
This report describes floodgate monitoring efforts for the Fisher Slough floodgates located in the
South Fork Skagit River tidal delta (Figure 1) and compares monitoring results to floodgate
operational criteria that were established based on fish passage and flood protection needs. We
report results for the monitoring period October 1, 2011 through September 30, 2012, known as
Water Year (WY) 2012, and include results related to floodgate door openness, water depth,
water velocity, water surface elevation, and floodgate operation. We also discuss monitoring
results and criteria in order to provide information useful to adaptively manage the Fisher Slough
floodgate, if necessary, to achieve and balance its multiple objectives of fish passage, flood
protection, drainage, and irrigation.

Figure 1. Fisher Slough site location.
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Fisher Slough Floodgate and its Operation
The floodgate structure (Figure 2) at Fisher Slough was originally installed to provide flood
protection from Skagit River floods to the Fisher Slough basin. In 2009, old barn-style doors
were replaced with self-regulating floodgates designed to improve fish passage and tidal
exchange through the gates while still maintaining flood protection. There are three floodgate
doors and two submerged flapgates on the floodgate headwall. The floodgate doors are regulated
by a float and arm system that holds the doors open up to a certain water level (depending on the
setting of the float). The float is located upstream of the floodgate headwall and the water level
upstream of the floodgates determines when the float engages. When the water level upstream of
the floodgates is lower than the float setting, the float is in the down position and the arms hold
the floodgate doors open. When the upstream water level rises above the float setting the float
rises, the arms on the floodgate doors retract, and the doors are free-swinging. The water level
up- and down-stream of the floodgate headwall is generally at the same level when the float is
triggered and the arms retract. The float can also be disengaged (chained in the “up” position) so
that the doors swing freely at any water level. Any situation in which the doors are free swinging
is referred to as the “gravity system” in this report.
The float can be set so that the doors are propped open at any water level. There is no mechanism
by which to hold the floodgate doors closed; they are either 1) held open below a certain water
level and then free-swinging above that water level or 2) free-swinging at all water levels. When
free swinging or operating in the gravity system, the gates close when the water level is higher
on the river (downstream) side of the headwall than on the slough (upstream) side, and open
when the water level is higher on the slough side of the headwall. The submerged flapgates are
located below the middle and southern floodgates. The southern flapgate can be propped open
during summer to provide fish passage when water levels fall below the floodgates’ sills.

Hydraulic Project Approval Criteria
A Water Year has three operational periods with differing floodgate and fish passage criteria
specified in Washington Department of Fish and Wildlife (WDFW) Hydraulic Project Approval
(HPA) No. 114361-5. The operation criteria for each of these time periods are shown in Table 1.
These criteria were set based on both fish passage and flood protection needs as reviewed by the
Fisher Slough Technical Advisory Committee and agreed upon by Dike District 3 and WDFW.
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Table 1. Fish passage and floodgate operation criteria for Fisher Slough floodgates (from WDFW HPA
No. 114361-5).

Summer
Irrigation
(Jun. 1-Sept.
30)

Spring Juvenile Chinook
Migration
(March 1-May 31)

Fall/Winter
Flood
Control
(Oct. 1-Feb.
28/29)

Period

Fish Passage Criteria or Floodgate Setting
Gate opening A/: gates shall have a minimum closure setting at +7.5 ft NAVD88

Gate opening A/: gates shall remain open 90% of the time and have a minimum closure setting
equal to the MHHW elevation for the site (+9.5 ft NAVD88 = +11.0 ft MLLW)
Water Velocity: discharge velocity through the floodgates shall not be greater than 8 ft/sec (2.44
m/sec)
Water Depth: depth associated with low tide conditions shall not be less than 0.5 ft (0.15 meters)
for more than 10% of the time across the sill or openings of floodgate structures

Gate opening: gates shall remain open

A/

Except during those instances when the NOAA Hydrologic Prediction Service web-page shows that the predicted
flood flow in the Skagit River at the Mount Vernon gage is above 28 feet and for up to 7 days after Skagit River has
dropped below 28 feet. Under these flood contingency conditions, the floodgate float can be disengaged so that the
floodgate doors close anytime there is flow moving upstream or when water levels are higher downstream of the
floodgates than upstream of the floodgates. This serves as flood protection to prevent high Skagit River flows from
backing up into Fisher Slough and causing flooding.

Methods
This section describes collection methods for each data type.
Onsite data loggers (e.g., level loggers, potentiometers) were used to collect data immediately
upstream and downstream of the Fisher Slough floodgates (Figure 2). Data types reported are
water surface elevation and floodgate door angle openness. Water temperature measurement was
integrated with loggers used to measure water surface elevation, but we do not report water
temperature results in this floodgate operations report.

Final Report January 2013

7

Figure 2. Location of floodgates and data loggers at the Pioneer Highway crossing on Fisher Slough, and
the SonTec-IQ Plus flow meter used in the Reference Blind Channel.

Water Surface Elevation
Instrumentation Northwest data loggers (model AquiStar® PS9805) are located on both the
upstream and downstream face of the floodgate headwall (Figure 2). This data logger is a
combination of a pressure transducer and thermometer. A Campbell Scientific data monitor,
model CR1000 with software communication software version PC200W, was used to store and
download data. Data is processed within the data logger and the results are converted to the
desired units of pressure and temperature. Downloaded data contains values for water surface
elevation (WSE) at the upstream and downstream sides of the floodgates.
WSE values are reported in feet NAVD88 and recorded every minute. Results files were written
to report WSE values for 1 minute, 15 minute, 1 hour, and 1 day intervals. Files (other than 1
minute records) show average, minimum, and maximum values.
Spot measurements of WSE immediately upstream and downstream of the floodgates were made
on days when SRSC conducted fish monitoring and/or downloaded floodgate monitoring data
from March 5 to August 3, 2012. WSE was spot-measured from a staff gage located on the
railroad trestle downstream of the floodgate structure and from a staff gage mounted on the

Final Report January 2013

8

upstream side of the floodgate headwall. Readings were taken up to three times per day at the
start of the ebb, during the ebb, and near low tide as the fish monitoring crew traveled up and
down the slough during their fish sampling day. Spot measurement results were plotted against
the WSE recorded by the floodgate monitoring data logger to check logger accuracy. The staff
gage on the downstream side of the floodgates was removed from its original location on the
railroad trestle on August 22, 2012 during a bridge replacement project by Burlington Northern
Santa Fe railroad and was not re-installed until after the end of the monitoring time period of this
report. Spot check comparisons were not made during that time.

Floodgate Door Angle Openness
Precision Sales Inc. potentiometers (model SP030B) were used to measure floodgate door angle
openness for each of the three floodgate doors (Figure 3). Potentiometers are mounted near the
top of the hinge on each floodgate door. A Campbell Scientific data monitor, model CR1000
with the software version PC200W, was used to store and download the data. Downloaded data
contains values for the angle of openness for each floodgate door in degrees. Completely closed
doors have a measurement angle of zero degrees. Doors completely open (i.e., at a right angle to
the face of the floodgate bulkhead wall) measure 90 degrees. Data were recorded every minute.
Results files were written to report floodgate door angle openness values for 1 minute, 15
minute, 1 hour, and 1 day intervals. Files (other than 1 minute records) show average, minimum,
and maximum values.
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Figure 3. Fisher Slough floodgate doors.

Spot checks of floodgate door angle openness were made between March 5 and July 24, 2012, on
each day that fish monitoring occurred. A protractor was constructed to measure door angle
openness (Figures 4 and 5), to be compared to data logger results for the same door and time.
The protractor is a 180-degree half circle with a 2-foot radius, mounted on an 8-foot 2”x 2” pole.
A brace at the base of the pole ensured that the pole remained perpendicular to the base. A 2”x
2” shim mounted along the base helped hold the protractor away from the door jam. Spot
measurement results were plotted against the floodgate door angle openness recorded by data
loggers to check logger accuracy.
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Figure 4. Protractor in use at the north floodgate door.

Figure 5. View from the top of the protractor on the north floodgate door. Door angle openness in this
instance is 35 degrees.

Water Velocity
Water velocity measurements were taken using a SonTek-IQ Plus flow meter. This logger
measures velocity, water depth and temperature. The logger was installed in the north floodgate
door opening from April 5 through April 13, 2012 and was located on the upstream side of the
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door sill. The SonTek-IQ Plus has four pulsed Doppler velocity beams that measure velocity in
various portions of the water column. Each beam points in a different direction. The data
reported are the average velocity values from the four beams. The temperature values are not
reported in this report. Data is self-contained within the logger unit, which utilizes an RS-232,
SDI-12, Modbus, analog communication output. The software SonTek v1.0 was used to
download the data.
The flow meter took readings at 15-minute intervals, measuring the parameters for two minutes
and then recording the average values measured during those two minutes. Velocity data taken
during the ebb tide period is recorded as a positive value while data from the flood tide is
recorded as a negative value.
The flow meter was moved to the Fisher Slough Reference Blind Channel site on April 13 to
compare flows within the blind channel to that of the floodgate. A malfunction in the setup of a
remote communication system of the SonTek-IQ Plus resulted in data being collected from this
site only on April 19 and 20, 2012.
The logger was provided by Randy Hadland of Yellow Springs Instrument (YSI), local office in
Lacey, WA.

Water Depth
The water depth across the sill or opening of the floodgate doors was calculated from WSE
results described above. The minimum water depth criteria stated in the HPA for the Spring
Juvenile Chinook Migration period is 0.5 feet over the top of the sill at a low tide period. The
elevation of the sill is 4.3 feet NAVD88, so the minimum elevation requirement is met with a
WSE level of 4.8 feet NAVD88 or greater. WSE data from the upstream pressure transducer was
used for these calculations.

Floodgate Operation
In WY 2012, the floodgates were operated according to the Draft Operations and Maintenance
Plan, including during flood contingency operating periods. In WY 2012 the floodgates were
never disengaged due to flood contingencies. SRSC monitored NOAA’s flood prediction
webpage. This webpage for the Skagit River at Mount Vernon in WY 2012 never predicted
floods meeting or exceeding levels that would mandate the floodgate be disengaged (see footnote
‘A’ on Table 1). Deviations to standard operations resulted from construction and restoration
activities at the site in October 2011; from problems setting the gate closure elevation in the
spring due to a broken regulation mechanism; and from changes in hydraulics after the levee
setback was completed. The floodgates were also disengaged between August 3 and August 20,
2012, due to maintenance activities along Hill Ditch by Dike District 3. A summary of floodgate
setting changes by date and reasons for the changes is provided in Appendix 1 Table 1.
Beginning in November 2011, floodgate monitoring equipment was calibrated monthly, always
during a high tide or high Skagit River flow event (Appendix 1 Table 2).

Skagit River and Nookachamps Creek Gage Height
Because Skagit River flows influence WSE at Fisher Slough, predictions of Skagit River gage
height are a condition of floodgate management at Fisher Slough at all time periods of the year.
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Allowances are made under the HPA rules to disengage the floodgate doors when the Skagit
River is predicted to rise above 28 ft NAVD88 at the USGS gage at Mount Vernon, WA. This
floodgate management practice protects areas upstream of the floodgate site from Skagit River
backwater flooding. We included in this report Skagit River gage height results for WY 2012
(Appendix 2 Table 1 and Figure 1) to compare with changes to floodgate operation settings
(recorded in the operations log), although the actual measured river levels
(http://waterdata.usgs.gov/wa/nwis/uv/?station=12200500) do not always match the predicted
river levels.
Several lowland watersheds (Carpenter Creek and tributaries, Fisher Creek and tributaries) also
contribute to water level and flow rates in Fisher Slough from areas upstream of the floodgate
site. There are no real-time stream gages in these watersheds, but Nookachamps Creek (located
immediately east of Carpenter Creek and Fisher Creek watersheds) does have a real-time stream
gage.
We
used
Nookachamps
Creek
stream
gage
height
data
(http://waterdata.usgs.gov/wa/nwis/uv/?station=12200100) for WY 2012 as a surrogate for
relative stream flow for watersheds upstream of the floodgate site (Appendix 3 Figure 1). While
the Nookachamps watershed area is larger (69.8 square miles upstream of the USGS gage) than
the watershed area contributing tributary and drainage flow into Fisher Slough (~25 square
miles), both areas have similar rain-dominated hydrographs and elevations due to their adjacency
with one another. The Nookachamps gage is a reasonable surrogate for characterizing the
temporal patterns of stream flow contributing to Fisher within water years, but not for discharge
quantity, due to their difference in watershed size.

Analysis Methods
This section describes analysis methods performed on floodgate monitoring data to determine
whether HPA criteria described in Table 1 were met for each management period in WY 2012.
Due to observed limits in the data logger measurement resolution for floodgate door angle
openness, we used a minimum of 5 degrees as the threshold for a floodgate door to be considered
‘open’ (personal communication with Kris Knight, email of March 24, 2011).

Fall/Winter Flood Control Period
The Fall/Winter Flood Control period is from October 1 through February 28/29. The Fisher
Slough floodgates were operated two different ways during this period in WY 2012: 1)
construction and 2) normal.
During construction activities for Fisher Slough restoration between October 1 and October 31,
2011 the float was disengaged and floodgate doors operated as a gravity system. After the
construction period concluded, the floodgates were returned to the normal Fall/Winter Flood
Control criteria, with doors set to close when WSE upstream of the floodgates was greater than
7.5 ft NAVD88.
SRSC monitored NOAA’s flood prediction webpage in WY 2012 and found no prediction for
the Skagit River gage at Mount Vernon to be higher than 28 ft NAVD88; therefore the float
remained engaged and the floodgate was operated normally after the restoration construction
ended on October 31, 2011.
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Only one HPA criterion is specified in Table 1 for the Fall/Winter Flood Control Period:
minimum floodgate closure setting. We calculated:
• Percent of time WSE was less than 7.5 ft NAVD88 immediately downstream 1 of the
Fisher Slough floodgate structure and at least one of the three floodgate doors was open
Though not specified as criteria in the HPA, but relevant to fish passage (especially upstream
movement of adult salmon), we also calculated the following statistics during the construction
and normal periods described above:
• Percent of time doors were open
• Average (and standard deviation) of floodgate door angle openness in degrees (only for
observations when doors were open)

Spring Juvenile Chinook Salmon Migration Period
The Spring Juvenile Chinook Salmon Migration period is from March 1 through May 31. SRSC
monitored NOAA’s flood prediction webpage and found during the Spring Juvenile Chinook
Salmon Migration period there was no high flow prediction that exceeded 28 ft NAVD88 at the
Mt Vernon gage for WY 2012, so the floodgate float remained engaged.
According to the HPA for this period there are four criteria to evaluate (Table 1): 1) floodgate
door openness, 2) minimum floodgate closure setting, 3) water depth, and 4) water velocity. We
calculated:
• Percent of time WSE was less than 9.5 ft NAVD88 immediately downstream1 of the
Fisher Slough floodgate structure while at least one of the three floodgate doors was open
• Percent of time floodgate doors were open
• Average (and standard deviation) of floodgate door angle openness in degrees (only for
observations when doors were open)
• Average water velocity by floodgate door, tidal stage, and date
• Percent of time water depth across the floodgate sill was greater than 0.5 feet
• Average (and standard deviation) depth of water over the floodgate sill
Though not specified as criteria in the HPA, but relevant to fish passage (especially upstream
movement of juvenile salmon), we calculated two simplified tidal stages (ebb and non-ebb,
which includes flooding and slack periods) for all floodgate data (WSE and door openness). We
then stratified floodgate door openness (i.e., percent of time doors are open, door angle
openness) by these tidal stages to better link floodgate results to upstream movement potential of
juvenile salmon.
Water depth criteria and door angle openness were fully evaluated per the HPA criteria.
However, due to a lack of available funding, measurements of water velocity through the
floodgate were only collected from April 5 through April 13, 2012 using a SonTek-IQ Plus flow
1

Although the float mechanism triggering door closure is on the upstream side of the floodgate headwall, the cause
and need for door closure is from backwater flooding, either tidal or Skagit River discharge, which comes from the
downstream side of the headwall. Thus, we used WSE results on the downstream side of the headwall to calculate
results for this HPA criterion. Independent of gate closure setting level, floodgate doors are always capable of
opening to drain water in the downstream direction due to head or water pressure differences created by runoff from
the upstream side of the headwall.
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meter; therefore velocity estimates were calculated with data from only a subset of the Spring
Juvenile Chinook Salmon Migration Period.

Summer Irrigation Period
The Summer Irrigation period is from June 1 through September 30 each year. Only one HPA
criterion is specified in Table 1: floodgates are to remain open during this time period. However,
with WDFW HPA approval, in WY 2012 the floodgates were not operated according to standard
summer operations, due to construction activities by Dike District 3 in the Hill Ditch area
upstream of the Fisher Slough restoration area. The floodgates were operated two different ways
during the Summer Irrigation Period: 1) between June 1 and August 3 (at 10:30am), and from
August 20 (at 10:00am) through October 31, the floodgate doors were operated normally; and 2)
between August 3 and August 20 the floodgates were disengaged and operated as a gravity
system while the construction occurred. We calculated:
• Floodgate door opening
o Percent of time doors were open:
 When operated as normal
 When operated as ‘gravity system’
o Average (and standard deviation) of floodgate door angle openness in degrees
(only for observations where doors were open):
 When operated as normal
 When operated as ‘gravity system’

Instrument Measurement Accuracy
In this section we report results from comparisons of field-based spot observations to data logger
measurements, done to determine instrument measurement accuracy. We compare floodgate
door angle openness for all three floodgate doors (north, middle, and south) and water surface
elevation both upstream and downstream of the floodgate structure.

Floodgate Door Angle Openness
Data loggers measuring floodgate door angle openness were consistent with field observations
using a protractor for the north and middle floodgate doors, but not for the south door (Figure 6).
The data logger monitoring the south door consistently reported less of an angle than the
protractor showed; the logger also recorded the door as closed when it was observed to be open.
This data logger has not operated correctly since the spring of 2011.
Per both TNC and SRSC field observations of door function, the south door appears to open and
close most similarly to the middle door. For this report, door angle openness results for the
middle floodgate door best represent the south floodgate door; however instrumentation on the
south floodgate door should be repaired.
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data monitor recorded degree of openess
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Figure 6. Floodgate door angle openness at Fisher Slough showing comparison of data monitor-recorded
degree of openness (y-axis) to measured angle openness using a protractor (x-axis) for each of the three
floodgate doors on fish sampling days in 2012. Solid black lines are 1:1 ratio, dashed red lines are
regression lines, and blue diamonds are field observations of angle openness versus angle openness
recorded by floodgate data logger. The regression line for the Angle Open South Door is barely visible as
it is located along the x-axis. The angle open data logger for the south floodgate door did not function
properly in 2012 and always had a reading of zero during spot comparison tests.

Final Report January 2013

16

Water Surface Elevation
Spot measurements of WSE observed on staff gages upstream and downstream of the Fisher
Slough floodgate indicate that data logger (level logger-based) calculations of WSE are accurate
and within an approximate ±0.1-foot resolution at both upstream and downstream sites (Figure
7).

A.

Fisher Slough WSE comparison at downstream side of floodgate

Recorded WSE NAVD88 ft

12
y = 1.0063x - 0.0391
R² = 0.9914

11
10
9
8
7
6
6

7

B.

8
9
10
Observed gage height NAVD88 ft

11

12

Fisher Slough WSE comparison at upstream side of floodgate
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y = 0.9898x + 0.1223
R² = 0.9848

11
10
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6
6

7

8
9
10
Observed gage height NAVD88 ft

11

12

Figure 7. Comparison of observed staff gage height (x-axis) and data logger-measured values (y-axis) of
WSE immediately downstream (panel A) and upstream (panel B) of the floodgate at Fisher Slough in
2012. Solid black lines are 1:1 ratio, dashed red lines are regression lines, and blue diamonds are field
observations of gage height versus WSE recorded by floodgate data logger. Spot-measured WSE
observations were recorded prior to any calibration of floodgate door monitoring equipment. Log of
calibrations are shown in Table 2 of Appendix 1.
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Floodgate Operations Results
In this section we describe floodgate monitoring results by floodgate operation periods identified
in Table 1.

Fall/Winter Flood Control Period
October 1, 2011 – February 29, 2012
In-stream construction at Fisher Slough was finished on October 31, 2011 and normal floodgate
operation settings for the Fall/Winter Flood Control period were resumed at that time. Floodgates
were set to close at 7.5 feet NAVD88 according to HPA criteria shown in Table 1.
Data from floodgate monitoring equipment were downloaded on February 2, 2012 and at that
time batteries were changed. This resulted in 16 minutes of inadequate data for the Fall/Winter
Flood Control period (not used in the following calculations).

Floodgate Door Openness
o During normal operation period, the percent of time WSE was less than 7.5 ft NAVD88
immediately downstream of the Fisher Slough floodgate structure and at least one of the
three floodgate doors was open = 99.4% 2.
o There were a total of 169 floodgate door closures (i.e., doors went from open to closed)
and 100% of the closures occurred when WSE was greater than 7.5 ft NAVD882
immediately downstream of the Fisher Slough floodgate structure (Figure 8).
Door openness results for each door are:
• Percent of time north door was open:
o During construction period = 4.51%
o During normal period = 68.72%
• Percent of time middle door was open:
o During construction period = 2.76%
o During normal period = 74.16%
• Mean door angle openness (and standard deviation) by door and period, and number of
observations:
o North door (when door was open):
 During construction period = 6.4 (0.9) degrees, n=1,992
 During normal period = 36.7 (22.0) degrees, n=120,059
o Middle door (when door was open):
 During construction period = 5.9 (0.9) degrees, n=1,220
 During normal period = 37.4 (24.0) degrees, n=129,561

2

Based on observed instrument measurement resolution shown in Figure 7, we used the WSE criterion (7.5 ft
NAVD88) plus 0.1 feet to calculate this statistic.
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Water Surface Elevation at Downstream Floodgate when doors close during
Fall/Winter Flood Control Period
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Figure 8. Water surface elevation (NAVD88 ft) immediately downstream of the floodgate when the doors
close during the Fall/Winter Flood Control Period. The red line shows where 7.6 feet (7.5 +0.1 feet for
instrument measurement error) is located. The number above each bar indicates the number of
observations in that bin.

Spring Juvenile Chinook Salmon Migration Period
March 1, 2012 – May 31, 2012

Floodgate Door Openness
Deviations to floodgate operations during WY 2012 for the Spring Juvenile Chinook Salmon
Migration Period did occur, due to problems setting the gate closure elevation and to a broken
gate regulation mechanism. There was no time when the floodgate was managed for backwater
flood protection from the Skagit River. According to HPA criteria during normal operation for
this time period, the floodgates should have a minimum door closure setting of 9.5 ft NAVD88
and be open at least 90% of the time. During WY 2012 for the Spring Juvenile Chinook Salmon
Migration Period:
o There were a total of 80 floodgate closures (i.e., doors went from open to closed); 52 of
the closures (65%) occurred when WSE was less than 9.5 ft NAVD88 3 immediately
downstream of the Fisher Slough floodgate structure (Figure 9)
o The percent of time when at least one of the three floodgate doors was open = 85.48%

3

Based on observed instrument measurement resolution shown in Figure 7, we used the WSE criterion (9.5 ft
NAVD88) plus 0.1 feet to calculate this statistic.
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o The percent of time when one or more floodgate doors were open during only non-ebb
flow periods was 72.35%
o The percent of time when one or more floodgate doors were open during non-ebb flow
periods divided by the entire period (ebb and non-ebb) was 37.61%
o Mean door angle openness (and standard deviation) by door and tidal stage, and number
of observations:
o North door (when door was open):
 During ebb conditions = 58.5 (15.4) degrees, n=63,407
 During non-ebb conditions = 57.2 (17.2) degrees, n=49,537
o Middle door (when door was open):
 During ebb conditions = 55.9 (15.9) degrees, n=63,393
 During non-ebb conditions = 48.8 (16.4) degrees, n=49547
o The percent of channel width that was available for fish movement during the non-ebb
period when floodgate doors were open:
o Fisher Slough channel width averages approximately 58 ft in the vicinity of the
floodgate structure. Floodgate door opening distance 4 averaged: 9.1 ft, 9.6 ft, and
9.6 ft respectively for the north, middle, and south doors on non-ebb tidal stages
(when door is open) in the Spring Juvenile Chinook Salmon Migration period.
This means, on average, there was 28.3 feet of open water channel width within
the 58 foot-wide channel; about 49% of the channel width was open for fish to
find a way upstream.
A breakdown of the percent of time doors were either open or closed by individual floodgate
doors is shown in Figures 10 (overall period) and 11 (by tidal stage). Frequency distributions of
door angle openness by tidal stage are shown in Figures 12 and 13.

4

Average door angle openness results were converted to width using the regression equation shown in Appendix 4
Figure 1.
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Water Surface Elevation at Downstream Floodgate when doors close during
Spring Juvenile Chinook Salmon Migration Period
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Figure 9. Water surface elevation (NAVD88 ft) immediately downstream of the floodgate when the doors
close. The red line shows where 9.6 feet (9.5 +0.1 feet for instrument measurement error) is located. All
observations in the bin >9.5-10.0 occurred when the WSE was greater than 9.66 feet. The number above
each bar indicates the number of observations in that bin.
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Figure 10. Percent of time Fisher Slough floodgate doors were open or closed for all tidal periods during
the Spring Juvenile Chinook Salmon Migration period, WY 2012.
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Figure 11. Percent of time Fisher Slough floodgate doors were open or closed by tidal stage during the
Spring Juvenile Chinook Salmon Migration period, WY 2012. Note: due to the limited size of the “Ebb,
Door closed” portion of the graph (0.16% for the north door and 0.17% for the middle door) the yellow
slice does not show.
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A. North Floodgate Door
(water current not ebbing)
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Figure 12. Histogram showing door angle openness for the north floodgate door by 5-degree groups: (A)
at non-ebb and (B) at ebb tidal stages during the Spring Juvenile Chinook Salmon Migration period, WY
2012.
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A. Middle Floodgate Door
(water current not ebbing)

30%
25%
20%
15%
10%
5%
0%

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
Door Angle Openness (degrees)

B.
30%

Middle Floodgate Door
(water current ebbing)

25%
20%
15%
10%
5%
0%
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
Door Angle Openness (degrees)
Figure 13. Histogram showing door angle openness for the middle floodgate door by 5-degree groups:
(A) at non-ebb and (B) at ebb tidal stages during the Spring Juvenile Chinook Salmon Migration period,
WY 2012.

Water Depth
We found water depth across the floodgate sill to be greater than 0.5 feet 100% of the time.
Average (and standard deviation) of water depth across the floodgate sill was 4.1 (1.1) feet.
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Water Velocity
Water velocity was measured using a SonTec-IQ Plus flow meter installed in the opening of the
north door from April 5 to April 13, 2012 (Figure 14). Figure 15 shows the corresponding WSE
at the upstream and downstream sides of the floodgates during the time period when the velocity
profile was measured. Figure 16 shows water velocity and WSE results measured using a
SonTec-IQ Plus flow meter installed at the mouth of the Fisher Slough reference blind channel
on April 19 and 20, 2012. Water velocities peaked between maximum and minimum WSE
levels, during flood and ebb tide stages at both sites, and flood tides consistently had stronger
velocities than ebb tides. Maximum water velocity was much lower at the Fisher Slough
reference blind channel site than at the floodgate site.
For upstream juvenile fish passage at the floodgate site we are concerned about water velocity
during ebb flows only because fish passage on flood and slack tides is more easily achieved. On
flood tides, fish moving to habitat upstream of the floodgate would be moving in the direction
the water is flowing, and thus have no limit with regard to their own swimming speed capability
and water velocity. On slack tides water velocity is low (or zero) and within the limits of what
fish can overcome if swimming against the current. Maximum water velocity during ebb flow
ranged from 0.99 to 2.56 ft/sec over the 15 different ebb flows measured at the floodgate (Figure
14) and never approached the HPA criterion of not exceeding 8 ft/sec.

3.0
2.5

ebb tide

2.0
1.5
0.5
0.0
-0.5
-1.0
-1.5

flood tide

Water Velocity ( ft/s)

1.0

-2.0
-2.5
-3.0
-3.5
-4.0
-4.5

Figure 14. Water velocity measured at the north floodgate door at Fisher Slough with a SonTec-IQ
velocity profile data logger from April 5 to April 13, 2012. A positive number indicates water flow during
ebb tide and a negative value indicates flows during flood tide conditions. The green dashed line is set at
1.1 ft/sec (recommended maximum water velocity for structures like floodgates to enable fry less than 60
mm in fork length to migrate upstream [Bates 1999, cited in Giannico and Souder 2005]). The red dashed
line is set at 0.89 ft/sec (critical fatigue swimming speed for small Chinook salmon fry [Flag and Smith
1979]).
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Water Surface Elevation at Fisher Slough Floodgate

Water Surface Elevation NAVD88 ft
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Figure 15. Water surface elevations (WSE) recorded by the floodgate data monitor during the time period
the velocity profile was measured at Fisher Slough. The blue line represents the WSE at the upstream side
of the floodgate. The red line represents the WSE at the downstream side of the floodgate.
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Figure 16. Water velocity and water surface elevation measured at the Fisher Slough reference blind
channel with a SonTec-IQ velocity profile data logger on April 19 and 20, 2012. A positive number
indicates water flow during ebb tide and a negative value indicates flows during flood tide conditions.
The blue line represents the velocity in ft/s. The red line represents WSE at the mouth of the blind
channel.
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Summer Irrigation Period
June 1, 2012 – September 30, 2012

Floodgate Door Openness
The floodgates were operated normally for most of the Summer Irrigation Period during WY
2012 except for a two and a half-week period from August 3 through August 20 for maintenance
activities by Dike District 3 in Hill Ditch, upstream of the Fisher Slough restoration area. During
maintenance activities the floodgate was disengaged and operated as a gravity system. Data are
given for the normal operation and gravity system (maintenance periods).
Overall, the north and middle doors were open 86.39% and 87.17% of the time, respectively.
Breakdown of the percent of time doors were open by period:
• Percent of time north door was open:
o When operated as normal period = 99.63%
o When operated as ‘gravity system’ = 4.54%
• Percent of time middle door was open:
o When operated as normal period = 99.63%
o When operated as ‘gravity system’ = 10.11%
Mean door angle openness (and standard deviation) by door and period, and number of
observations:
o North door (when door was open):
 When operated as ‘normal period = 53.2 (9.0) degrees, n=150,666
 When operated as ‘gravity system’ = 14.9 (21.77) degrees, n=2,163
o Middle door (when door was open):
 When operated as normal period = 58.5 (8.9) degrees, n=150,666
 When operated as ‘gravity system’ = 9.7 (11.62) degrees, n=2,163
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Discussion, Conclusions, & Recommendations
Comparison of Floodgate Results with HPA Criteria
In this section we discuss how well Fisher Slough floodgate operation in WY 2012 met defined
HPA criteria for the site.

Fall/Winter Flood Control Period
The one Fisher Slough floodgate HPA criterion (minimum floodgate closure elevation) was
mostly met for the Fall/Winter Flood Control period in WY 2012.
Minimum floodgate closure elevation: Under normal operation during this period (i.e., not
flooding periods), the floodgates should have a minimum closure setting of 7.5 ft NAVD88. This
means when WSE was less than 7.5 ft NAVD88 immediately downstream of the Fisher Slough
floodgate structure, at least one of the three floodgate doors should have been open. We found
this to be true 99.4% of the time.
SRSC monitored NOAA’s flood prediction webpage in WY 2012 and found no prediction for
Skagit River flow higher than 28 ft NAVD88 during the Fall/Winter Flood Control Period;
therefore the float remained engaged and the floodgate was operated normally after Fisher
Slough restoration construction ended on October 31, 2011

Spring Juvenile Chinook Salmon Migration Period
Fisher Slough floodgate HPA criteria were not met for the Spring Juvenile Chinook Salmon
Migration period in WY 2012. Four HPA criteria are defined for this period: minimum floodgate
closure elevation, percent of time floodgate doors are open, water depth, and water velocity.
Only two of these criteria were met.
Minimum floodgate closure elevation: Under normal operation during this period (i.e., not
flooding periods), the floodgates should have a minimum closure setting of 9.5 ft NAVD88. This
means when WSE was less than 9.5 ft NAVD88 immediately downstream of the Fisher Slough
floodgate structure, at least one of the three floodgate doors should have been open. We found 50
of the 80 (65%) floodgate closures during this period occurred with WSE < 9.5 ft NAVD88
(Figure 8). This was due in part to numerous adjustments to the floodgate made throughout the
management period in attempts to correctly set the floodgate closing level, a change in
hydraulics after levee setback, and to a broken gate regulation mechanism (Table 1 of Appendix
1).
Percent of time floodgate doors are open: Floodgate doors were not open 90% of the time or
more (the HPA criterion for door openness) during the Spring Juvenile Chinook Salmon
Migration period. Both the north door and the middle door were each open 85.25% of the time..
Failure to meet the criterion was due in part to numerous adjustments to the floodgate made
throughout the management period in attempts to correctly set the floodgate closing level, a
change in hydraulics after levee setback, and to a broken gate regulation mechanism (Table 1 of
Appendix 1).
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Water depth: The water depth criterion of not less than 0.5 ft of water over the floodgate sill for
more than 10% of the time was met. In fact, water depth never was less than 0.5 ft; average water
depth over the sill during this management period was 4.1 feet and the minimum depth was 1.4
feet.
Water velocity: Our monitoring of water velocity during April 5-13, 2012 using a SonTek IQ
Plus flow meter suggests that water velocities during the Spring Juvenile Chinook Salmon
Migration period at the Fisher Slough floodgates did not exceed the 8 ft/sec HPA criteria.
However, this velocity criterion may not appropriately account for upstream juvenile fish
passage during ebb flows. A discussion of velocity monitoring results and analyses related to
juvenile fish passage is located after the “Summer Irrigation Period” discussion below.

Summer Irrigation Period
Only one HPA criterion is defined for the Summer Irrigation Period: percent of time floodgate
doors are open. The criteria states the gates shall remain open 100% of the time.
Percent of time floodgate doors are open: Floodgates were open 86.39% and 87.17% of the time
during this period (north and middle door, respectively).
The criterion for floodgates to be open 100% of the time during this period was altered for WY
2012. Between August 3 and August 20, 2012, with WDFW approval, Dike District 3 conducted
a maintenance project in the Hill Ditch area upstream of the Fisher Slough restoration area. The
floodgates were disengaged and operated as a gravity system in order to facilitate the
maintenance activity.
On August 22, 2012 the conduit housing the cable to the WSE data logger on the downstream
side of the floodgate came unsecured from its original position, resulting in the logger being
lodged on the upstream side of the floodgate. The logger was removed and not reinstalled until
September 6, 2012. Both the north and middle doors remained open during this time so the
calculations for door openness were not adversely affected. However, the WSE at the
downstream side of the floodgates was incorrect during this time.

Water Velocity and Juvenile Salmon
This section discusses issues with current HPA criteria for future monitoring and adaptively
managing Fisher Slough floodgate operation, if necessary, to achieve and balance the site’s
multiple objectives of fish passage, flood protection, drainage, and irrigation.

Appropriateness of HPA Velocity Criterion
Water velocity at Fisher Slough floodgates did not exceed the 8 ft/sec criterion set forth in the
HPA. HPA criteria are meant to identify conditions at man-made structures that may pose
difficulties or harm to fish life. In this case, the assumption of the criterion is that by keeping
velocity under 8 ft/sec, adequate fish passage can occur. Natural streams and tidal channels have
variable water velocity conditions, but the idea of the HPA criterion is to condition man-made
structures so that its design does not impose poor conditions on an otherwise suitable fish habitat.
For upstream juvenile fish passage at the floodgate site we are concerned about water velocity
during ebb flows only compared to criteria appropriate for fry sized juvenile salmon. Thus, we
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compared velocity results during ebb flow periods against two other velocity levels (1.1 and 0.89
ft/sec) thought to be maximum thresholds for upstream passages of Chinook salmon fry
discussed in the WY 2011 Fisher Slough Floodgate Report (Beamer and Henderson 2012). The
1.1 ft/sec level is a recommended maximum water velocity for structures like floodgates to
enable salmon fry less 60 mm in fork length to migrate upstream (Bates 1999, cited in Giannico
and Souder 2005). The 0.89 ft/sec level is the critical fatigue swimming speed for small Chinook
fry (Flag and Smith 1979).
Maximum water velocity during ebb flow exceeded the 0.89 ft/sec level in all 15 ebb flows
measured at the floodgate in 2012 (Figure 13). Maximum water velocity also exceeded the 1.1
ft/sec level in 14 of the 15 different ebb flows (Figure 13). Water velocity during individual ebbs
exceeded 0.89 ft/sec from 12.2% to 95.8% of the time. Water velocity during individual ebbs
exceeded 1.1 ft/sec from 0.0 to 91.7% of the time. We do not know what velocity conditions are
for natural sites of similar tidal area, tidal range, and upstream watershed area.

Use of Reference Site and Velocity Prediction Tools
Because all water velocity results collected to date (WY 2011 results from Beamer and
Henderson 2012; WY 2012 results from this report) are a subsample of the period for juvenile
Chinook migration, we combined all water velocity results for ebb flows in order to: 1)
determine whether the blind channel is a good reference site for water velocity expectations at
the floodgate site, and 2) examine which factors predict velocity metrics at the floodgate, in
order to estimate velocity results for the full time period.
Comparison of Fisher Slough and the reference site – There is a large difference in maximum
water velocity between Fisher Slough and the reference site (Figures 13 and 15). However,
velocity measurements at each site from the SonTec-IQ Plus flow meter were on different tide
cycles, so making a direct comparison between the two sites is not appropriate. In WY 2012,
tidal drops at Fisher Slough ranged between 2.36 and 4.35 feet (Figure 14) whereas tidal drops at
the reference site were lower, only 1.73 and 2.25 feet for the two ebbs measured (Figure 15). By
adding ebb flow velocity results from WY 2011 at Fisher Slough we expand the range of tidal
drops to 0.1 – 4.35 feet thus making comparison of Fisher Slough to the reference site possible
through a scatter plot (Figure 16, panel A). The scatter plot results show that maximum velocity
at the reference site is always lower than maximum velocity at the Fisher Slough floodgate as a
function of tidal drop, tributary inflow, and river backwater flow. This could be because of the
treatment difference in sites (i.e., one site has a floodgate while the other does not). However, we
doubt the treatment difference between sites is causing the difference in velocity results because
11 of our 15 ebbs monitored with the SonTec-IQ flow meter were on tidal cycles where the
floodgate did not close (Figure 14). Thus, the floodgate site operated hydrologically unobstructed
during those tides, much like the reference site which does not have a floodgate structure. We
believe the difference in maximum velocity between sites is caused by differences in channel
size, inflow from three creeks, and the amount of water upstream of each site and available as
tidal flux. Fisher Slough is larger than the reference channel in all cases. Velocity conditions at
the reference site are not likely a good surrogate for unobstructed (non-floodgate influenced)
velocity conditions at the floodgate site within Fisher Slough.
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Prediction of maximum water velocity during ebb flow – When combining data from both 2011
and 2012 for Fisher Slough we see that maximum water velocity during a specific ebb flow is
primarily a function of the amount of tidal drop during the specific ebb tide at Fisher Slough, but
also that it is a function of tributary inflow 5 and river flow as well as WSE at high tide and low
tide for the specific ebb flow (Figure 17, Table 2). Tidal drop is strongly correlated with all four
other variables (Table 3), which makes sense because tidal drop is calculated using high and low
tide elevations, while, logically, tributary inflow and Skagit River flow should influence the tidal
cycle at Fisher Slough. Thus, the best single predictor of maximum velocity during ebb flow at
the Fisher Slough floodgate is tidal drop, and could be used as a surrogate for estimating
maximum velocity at the floodgate during times when velocity is not measured.
Prediction of percent of ebb flow that exceeds certain velocity levels – We found the length of
time ebb flow exceeds the two velocity criteria (0.89 ft/sec or 1.1 ft/sec) during specific ebb
flows is mostly a function of the maximum velocity value and secondarily the length of the ebb
flow (Figure 18). The best predictors for the percent of ebb flow that exceeds certain velocity
levels are multiple regression models using both variables (Table 4). These models can be used
as a surrogate for estimating percent of time velocity during ebb flow at the Fisher Slough
floodgate exceeds 0.89 and 1.1 ft/sec at the floodgate during times when velocity is not
measured.

Conclusions and Recommendations for Adaptive Management
1. Usefulness of 8 ft/sec water velocity criterion.
The maximum water velocity criterion of 8 ft/sec is not adequate for achieving upstream passage
of fry sized salmon. Our analysis suggests water velocity is exceeding the level suitable for
upstream passage of fry sized salmon at the Fisher Slough floodgate.
2. Usefulness of velocity measurements in the reference blind channel.
The reference blind channel is not an appropriate water velocity reference site for the Fisher
Slough floodgate site given their differences in channel size, upstream tidal area and the presence
of three creek watersheds upstream of the Fisher Slough floodgate.
3. Is water velocity higher at the Fisher Slough floodgate site than at a natural channel with
the same amount of hydraulic influence upstream? If so, can anything be done about it?
We found velocity measurements to be higher than suggested for adequate upstream passage of
fry sized salmon. The question is: is it because of natural conditions at the site or because of the
floodgate, its operation, and/or infrastructure at the site (bridges, dikes)? Our approach to analyze
this issue is to estimate what size a natural channel would be under the same hydraulic
conditions. If the Fisher Slough floodgate site is narrower, or has a cross sectional area less than
natural channels under the same hydraulic conditions, then water draining out of it would have to
do so at a faster rate.

5

The Nookachamps stream gage is our surrogate for tributary inflow to Fisher Slough.
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The current channel width of Fisher Slough is 17.7 m (58 ft) in the area of the floodgates. The
sum width of the floodgate openings is only 10.1 m (33 ft) if the floodgates are wide open or not
hung on the headwall structure. On average, the sum width of the floodgate openings while
operated during the WY 2012 Spring Period is even smaller at 5.8 m (19 ft).
How big would Fisher Slough be at the floodgate site if there were not a floodgate, bridge, or
dike constraining it? We used a regression model from Hood (2007) to estimate channel width at
the floodgate site using tidal acreage (60 acres). The result was that the channel outlet width for
the largest channel draining an estuarine marsh island of the same tidal area upstream of the
Fisher Slough floodgate would be 10 m, with an upper 95% confidence limit of 36 m and a lower
95% confidence limit of 3 m. This should be considered a minimum estimate for the Fisher
Slough conditions because [1] all drainage is forced through a single channel rather than, as is
the case for natural marsh islands, through several channels; and [2] there is a large freshwater
drainage basin (25.4 square miles) contributing significant non-tidal flow, which should increase
the channel width, cross-sectional area, and or water velocity. We did not account for this issue
because we did not readily have scaling data for freshwater watersheds and stream widths, crosssectional area, or discharge.
From this analysis we find: [1] the mean floodgate operational channel width (5.8 m) is not
outside the 95% confidence limit of the predicted channel width, but it is only 58% of the
predicted mean channel width (5.8 m / 10 m); but [2] the mean predicted width is approximately
the same as the sum width of the three floodgate openings (10 m). This suggests that, when only
accounting for tidal energy as a channel forming process, a 10 m wide opening through the
floodgate headwall is similar to natural channels and that any floodgate operation that achieves a
wider sum operational width will reduce water velocities. However, the freshwater drainage area
is also contributing channel forming energy, so it is likely that the channel width at the floodgate
site is narrower than in natural channels. The site is constrained by infrastructure installed well
before floodgate replacement or upstream dike setback restoration. We make no recommendation
as to what can (or should) be done about widening the channel, or about increasing floodgate
operational width, other than to say that increases in both will reduce velocity. It is possible that
infrastructure constraints at this site will limit fish passage opportunity for fry sized salmon
compared to other less constrained sites.
4. Use water velocity predictors in future years to estimate velocity for comparison with
HPA criteria and fish monitoring results.
The best single predictor of maximum velocity during ebb flow at the Fisher Slough floodgate is
tidal drop (Table 2) and could be used as a surrogate for estimating maximum velocity at the
floodgate during times when velocity is not measured. The best predictors for the percent of ebb
flow that exceeds certain velocity levels are multiple regression models using both variables
(Table 4). Thus, these models can be used as a surrogate for estimating percent of time velocity
during ebb flow at the Fisher Slough floodgate exceeds 0.89 and 1.1 ft/sec at the floodgate
during times when velocity is not measured.
Monitoring annual variation in the percent of time velocity exceeds 1.1 ft/sec or 0.89 ft/sec on
ebb tides for the period when juvenile Chinook salmon are accessing habitat upstream of the
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floodgate may help explain annual differences in juvenile Chinook salmon use upstream of the
floodgate, when compared to fish use in reference sites or other flood/tide gated sites.
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Table 2. Single variable models that predict maximum velocity during ebb flow at the Fisher Slough
floodgate at the P value level of 0.05 or less. The best predictor of maximum velocity during ebb flow is
Tidal Drop.
Variable
WSE at High Tide
WSE at Low Tide
Tidal Drop
Tributary inflow
River flow

High Tide
Low Tide
Tidal Drop
Tributary inflow
River flow

R square
P value
Direction of effect
0.28
0.020718042
+
0.60
0.000099982
0.83
0.000000060
+
0.71
0.000005257
0.57
0.000174056
Description of variables for specific ebb flows at Fisher Slough
WSE upstream of the floodgate at the time of the highest WSE on the
downstream side of the floodgate(in ft NAVD88)
Lowest WSE on the downstream of the floodgate following High Tide (in ft
NAVD88)
High Tide minus Low Tide (in feet)
Nookachamps flow (gage ht in feet)
River flow at MV gage (in cfs )

Table 3. Correlation coefficients of variables that predict maximum velocity during ebb flow at the Fisher
Slough floodgate.

High Tide

Low Tide

Tidal Drop

High Tide
1
Low Tide
-0.059921036
1
Tidal Drop
1
0.556699203 -0.862579448
Tributary inflow -0.276609899 0.904390017 -0.892836834
River flow
-0.102099229 0.878896207 -0.78317299

Tributary inflow River flow

1
0.924674933

1

Table 4. Regression models for percent of time velocity exceeds certain levels during ebb flow at the
Fisher Slough floodgate.
Response Variable
R
P value
Equation
(y)
square
% of ebb flow where
velocity > 0.89 ft/sec

0.81

0.000053

y = (0.414 * maximum velocity in ft/sec) +
(-0.028 * length of ebb in hrs) + 0.132

% of ebb flow where
velocity > 1.1 ft/sec

0.82

0.000037

y = (0.535 * maximum velocity in ft/sec) +
(-0.021 * length of ebb in hrs) - 0.303
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A - Maximum velocity during ebb flow
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B - Maximum velocity during ebb flow
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C - Maximum velocity during ebb flow
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Figure 17. Relationship between maximum water ebb flow velocity at Fisher Slough and three
independent variables: amount of tidal drop (panel A), tributary inflow (panel B), and river flow (panel
C).
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A - Percent of Ebb vel > 0.89 ft/sec
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Figure 18. Relationship between the length of time water velocity exceeded 0.89 ft/sec during ebb flows
at the Fisher Slough Floodgate as a function of (panel A) maximum velocity and (panel B) length of ebb.
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Flood Protection, Drainage, and Irrigation
The Fisher Slough floodgates are designed to provide functions related to flood protection from
backwater influence of the Skagit River, local watershed drainage capability and flood storage,
and irrigation, as well as fish passage. Floodgate HPA criteria were established with all these
factors in mind.
It is outside the scope of work for this monitoring report to present discussion of the non-fish
objectives of the floodgate as they may be related to HPA criteria. However, it is necessary to
understand the integration of all necessary functions the floodgate provides to the Fisher Slough
area in order to adaptively manage floodgate operation and HPA criteria at this site.
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Appendix 1. Fisher Slough Floodgate Operation Logs
Appendix 1 Table 1. Operations and maintenance log for Fisher Slough floodgates in WY 2012 (October
1, 2011 through September 30, 2012).
Time

Name of person
completing work

Re-engaged float/floodgates for first time after 2011 summer and
fall construction. Kept gates disengaged until this date due to
construction and also to let marsh seed germinate.

10/31/2011

16:00

11/3/2011

16:15

Dave Olson and
Kris Knight

Raised FG setting since gates closing at ~7 ft rather than target of
7.5 ft

11/4/2011

11:35

Kris Knight

Lowered FG setting since gates still open at 8.0 ft at downstream
gage

11/6/2011

8:20

Kris Knight

Raised FG setting since gates closing <7.5 ft upstream of gates

11/12/2011

12:10

Kris Knight

Raised FG setting because gates closing <7.5 ft

2/29/2012

14:00

Dave Olson and
Kris Knight

Raised FG setting for start of spring operating period - so gates will
close when water surface elevation reaches ~9.5 ft NAVD88

3/28/2012

11:15

Kris Knight and
Dave Olson

Raised FG setting since it appeared gates were closing at a water
elevation that was too low (~8.5 ft), though gates had been
observed closing at higher water levels but that may have had more
to do with water levels upstream due to tributary flows

4/5/2012

8:30

Kris Knight

Raised setting 1.5 feet after watching gates slam shut when water
elevation was ~8.0 feet upstream of gates

4/5/2012

16:15

Kris Knight and
Dave Olson

Raised floodgate setting additional 0.5 feet

4/7/2012

9:00

Kris Knight

Raised floodgate setting additional 0.7 feet

4/11/2012

9:45

Kris Knight

Added 5 sandbags to float (~200 - 250 lbs) as counter weight to
prevent float from lifting up and doors slamming shut too early

4/11/2012

9:50

Kris Knight

Lowered gate frame setting to 15.5 to prevent the float from
touching concrete bridge in a couple locations

13:30

Dave Olson and
Kris Knight

Lower gate frame setting to 14.0 - river rose up and water level
upstream and downstream of gates was 10.1 and gates were ~60
degrees open. Ideally they would be closed in that situation. We
are still testing gate elevation settings now that new weight has
been added to float

5/8/2012

~18:00

Leo Kuntz, Dave
Olson

Leo was installing hydraulic cylinder as upgrade to floodgates and
shaft broke, leaving the gates in a disengaged (free-swinging)
situation until a fix was completed

5/11/2012

~17:00

Nehalem Marine
staff (Henry)

Henry completed repair of floodgate shaft and re-engaged to spring
operations

5/31/2012

~16:00

Dave Olson, Darrin
Morrison

Floodgate setting changed to summer operations setting per O&M
plan, including underwater flapgate being opened

8/3/2012

10:30

Dave Olson and
Brad Smith

Float disengaged (hoisted up) and small flapgate closed by DD3
because of work to take place by DD3 upstream on Hill Ditch. It
was determined with WDFW and TNC and SRSC that this could be
allowed because of the work already happening with the railroad.
In future years, DD3 has been asked to hold off on work until after
Aug. 15th if it will impact fish monitoring activities.

8/20/2012

10:00

Dave Olson

Float re-engaged back to summer setting by DD3 as Hill Ditch
project is complete
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Fall/Winter Flood Control

Floodgates still disengaged for restoration construction

Dave Olson and
Kris Knight

4/26/2012

Period

Spring Juvenile Chinook Salmon Migration

10/1/2011

Change to float setting

Summer Irrigation

Date

Appendix 1 Table 2. Floodgate monitoring equipment calibration log. All calibrations made by Skagit River System Cooperative.

Reading prior to
calibration

Actual (staff gage or
estimate of gate openness
angle)

10/6/2011 13:57 downstream pressure transducer

9.82

9.75

9.82

did not calibrate,

10/6/2011 13:58 upstream pressure transducer

5.68

5.6

5.68

did not calibrate

10/6/2011 16:15 north gate potentiometer (measured in degrees)

0.806

0

0.806

did not calibrate, doors closed during construction

10/6/2011 16:15 middle gate potentiometer (measured in degrees)

0.474

0

0.474

did not calibrate, doors closed during construction

10/6/2011 16:15 south gate potentiometer (measured in degrees)

2.397

0

2.397

did not calibrate, doors closed during construction

11/1/2011 11:03 downstream pressure transducer

9.73

9.7

9.73

did not calibrate

11/1/2011 11:04 upstream pressure transducer

7.31

7.1

7.1

11/1/2011 11:18 north gate potentiometer (measured in degrees)

3.202

0

0.1

11/1/2011 11:19 middle gate potentiometer (measured in degrees)

2.051

0

0.1

Date

Time Level Logger or Potentiometer

11/1/2011 11:20 south gate potentiometer (measured in degrees)

Reading after
change in calibration Comments

0

0

0.1

12/6/2011 13:57 downstream pressure transducer

8.23

8.25

8.23

did not calibrate

12/6/2011 13:58 upstream pressure transducer

7.61

7.6

7.61

did not calibrate

12/6/2011 14:02 north gate potentiometer (measured in degrees)

0.86

0.5

0.5

12/6/2011 14:02 middle gate potentiometer (measured in degrees)

0

0.5

0.5

12/6/2011 14:02 south gate potentiometer (measured in degrees)

0

0.5

0.5

1/5/2012

13:41 downstream pressure transducer

9.75

9.7

9.75

did not calibrate

1/5/2012

13:42 upstream pressure transducer

10.31

10.3

10.31

did not calibrate

1/5/2012

13:51 north gate potentiometer (measured in degrees)

1/5/2012

13:52 middle gate potentiometer (measured in degrees)

1/5/2012

13:53 south gate potentiometer (measured in degrees)

2/2/2012
2/2/2012

0

0

0.1

3.55

0

0.1

0

0

0.1

12:56 downstream pressure transducer

9.05

9

9.05

12:57 upstream pressure transducer

9.06

9

9.06

2/2/2012

13:02 north gate potentiometer (measured in degrees)

55.17

50

55.17

did not calibrate, estimated angle open

2/2/2012

13:02 middle gate potentiometer (measured in degrees)

6.79

5

6.79

did not calibrate, estimated angle open

2/2/2012

13:02 south gate potentiometer (measured in degrees)

47.27

0

0

2/2/2012

13:07 Floodgate data monitor

3/5/2012

15:30 downstream pressure transducer

9.84

9.8

9.84

did not calibrate

3/5/2012

15:30 upstream pressure transducer

8.81

8.8

9.81

misread gage prior to calibration

3/5/2012

15:35 north gate potentiometer (measured in degrees)

2.72

0

0.1

3/5/2012

15:36 middle gate potentiometer (measured in degrees)

5.21

0

0.1

3/5/2012
3/5/2012

15:36 south gate potentiometer (measured in degrees)
18:02 upstream pressure transducer

0
10.19

0
9.2

0
9.15

4/2/2012

13:17 downstream pressure transducer

7.45

7.4

4/2/2012

13:18 upstream pressure transducer

7.43

7.45

4/2/2012

13:18 north gate potentiometer (measured in degrees)

57.97

55

57.97

doors open, could not calibrate

4/2/2012

13:18 middle gate potentiometer (measured in degrees)

41.64

40

41.64

doors open, could not calibrate

4/2/2012

13:18 south gate potentiometer (measured in degrees)

0

45

0

doors open, could not calibrate

5/8/2012

6:46

downstream pressure transducer

10.44

10.4

10.44

did not calibrate

5/8/2012

6:47

upstream pressure transducer

8.61

8.6

8.61

did not calibrate

5/8/2012

6:47

north gate potentiometer (measured in degrees)

0

0

0

did not calibrate

5/8/2012

6:47

middle gate potentiometer (measured in degrees)

0

0

0

did not calibrate

5/8/2012

6:47

south gate potentiometer (measured in degrees)

0

0

0

6/6/2012

8:05

downstream pressure transducer

10.41

10.4

did not calibrate

6/6/2012

8:05

upstream pressure transducer

10.37

10.4

did not calibrate

6/6/2012

8:05

north gate potentiometer (measured in degrees)

55.91

55.91

doors open, could not calibrate

6/6/2012

8:05

middle gate potentiometer (measured in degrees)

59.65

59.65

doors open, could not calibrate

6/6/2012

8:05

south gate potentiometer (measured in degrees)

0

0

doors open, could not calibrate

7/3/2012

11:20 downstream pressure transducer

11.22

11.2

7/3/2012

11:21 upstream pressure transducer

11.26

11.15

7/3/2012

11:21 north gate potentiometer (measured in degrees)

52.07

52.07

doors open, could not calibrate

7/3/2012

11:21 middle gate potentiometer (measured in degrees)

47.06

47.06

doors open, could not calibrate

7/3/2012

11:21 south gate potentiometer (measured in degrees)

0

doors open, could not calibrate

8/2/2012

10:45 downstream pressure transducer

8.06

8.05

8.06

did not calibrate

8/2/2012

10:51 upstream pressure transducer

8.25

8.1

8.1

did not calibrate

8/2/2012

10:52 north gate potentiometer (measured in degrees)

59.73

59.73

doors open, could not calibrate

8/2/2012

10:52 middle gate potentiometer (measured in degrees)

66.63

66.63

doors open, could not calibrate

8/2/2012
9/6/2012

10:52 south gate potentiometer (measured in degrees)
8:53 downstream pressure transducer

0
5.15

0
na

9/6/2012

8:53

upstream pressure transducer

6.67

6.7

6.67

did not calibrate

9/6/2012

8:53

north gate potentiometer (measured in degrees)

59.35

59.35

doors open, could not calibrate

9/6/2012

8:53

middle gate potentiometer (measured in degrees)

64.61

64.61

doors open, could not calibrate

9/6/2012

8:53

south gate potentiometer (measured in degrees)

0

0

doors open, could not calibrate
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changed batteries

0

40

calibrated data logger and
adjusted data to correct value
did not calibrate
did not calibrate

did not calibrate

did not calibrate
did not calibrate

doors open, could not calibrate
staff gage had been removed during BNSF
bridge replacement, data logger conduit had
become unsecured from the headwall on
08/22/12 and was now lodged upstream
of the door

Appendix 2. Skagit River Streamflow Gage Results for WY 2012
Appendix 2 Table 1. Mean daily Skagit River gage height (ft) at Mount Vernon, WA.
Day of
Month

Fall/Winter Flood Control Period
Oct
Nov
Dec
Jan
Feb
2011
2011
2011
2012
2012

Spring Juvenile Chinook
Salmon Migration Period
Mar
Apr
May
2012
2012
2012

Jun
2012

Summer Irrigation Period
Jul
Aug
Sept
2012
2012
2012

1

12.8

15.59

17.57

17.17

19.09

15.54

15.7

19.66

20.02

24.15

17.04

12.04

2

12.83

14.96

16.91

16.17

18.63

15.39

15.45

18.97

22.71

24.19

16.81

11.94

3

12.78

15.53

16.48

16.86

17.9

15.03

15.15

18.61

23.05

23.36

16.65

12.38

4

13.16

15.42

15.88

17.46

17.08

15.98

15.15

18.39

21.05

23.33

16.53

12.52

5

13.18

15.06

15.39

21.09

16.76

16.5

14.73

17.92

19.85

21.74

17.24

12.76

6

13.22

14.8

14.95

19.66

16.41

16.57

14.47

17.63

19.78

20.85

17.23

12.88

7

13.09

14.64

15.03

18.01

16.27

16.05

14.21

17.48

18.84

21.12

17.35

12.98

8

13.14

14.25

14.63

17.17

16.09

15.47

14.36

17.52

18.24

22.48

17.19

12.96

9

12.96

14.15

14.45

16.78

15.68

15.17

14.12

18.13

17.7

23.93

16.99

13.01

10

12.87

13.59

14.53

16.73

15.68

16.43

13.77

18.03

17.11

23.78

16.58

13.15

11

13.92

13.31

14.54

16.72

15.95

17.02

14.2

17.79

17.53

23.56

16.29

13.3

12

19

13.35

14.45

16.51

16.27

17.18

14.65

16.74

18.02

22.62

16.18

13.01

13

17.49

13.62

14.39

16.33

15.88

16.75

14.88

16.6

19.11

23.55

16.07

12.9

14

16.01

14.57

14.15

16.07

15.32

16.49

14.79

18.48

21.41

23.9

15.46

12.76

15

15.2

14.54

13.84

16.02

15.9

16.59

14.68

20.49

19.59

23.53

15.4

12.39

16

13.77

14.2

13.74

15.81

14.74

17.64

14.78

21.14

19

22.87

15.33

11.69

17

13.93

14.5

12.99

15.8

15.17

17.22

15.36

20.56

23.31

22.51

15.3

11.67

18

13.96

14.91

12.92

15.56

15.23

16.76

14.68

18.71

26.3

22.3

15.24

11.59

19

13.78

13.91

13.65

15.52

15

15.83

14.59

18.27

24.54

23.37

14.96

11.67

20

13.59

13.86

13.54

15.49

15.46

15.44

17.13

17.89

22.34

21.68

15.09

11.67

21

14.1

14.08

13.88

17.24

15.94

15.62

18.44

19.14

21.74

21.22

14.64

11.67

22

14.99

14.96

13.73

17.9

21.13

15.15

17.09

22.02

22.2

20.96

13.69

11.68

23

17.5

21.3

13.55

17.07

19.58

15.04

17.99

22.84

22.91

19.46

13.61

11.66

24

16.39

22.82

13.35

16.38

17.85

14.4

19.81

21.83

23.35

18.71

13.65

11.66

25

15.21

19.05

13

18.21

17.84

13.82

20.92

20.33

21.91

17.27

13.59

11.66

26

14.37

17.24

13.11

18.58

17.53

13.49

21.21

19.02

21.38

17.52

13.47

11.62

27

14.3

19.36

13.56

18.01

16.73

13.87

20.71

18.86

22.2

18.38

13.36

11.53

28

14.3

25.17

17.14

17.24

15.96

14.34

18.88

18.59

21.71

17.92

13.21

11.46

29

14.36

20.67

21.9

17.34

15.78

14.8

17.63

18.1

21.78

17.24

13.09

11.51

30

14.73

18.46

20.17

20.83

15.96

17.86

18.2

22.35

16.79

12.72

11.52

31

15.7

18.59

19.77

16.15

17.2

12.68
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Skagit River at Mt Vernon
USGS Gage # 1220500
30

Gage height ( ft)
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Appendix 2 Figure 1. Mean daily gage height (ft) for the Skagit River at Mount Vernon, WA for WY
2012 (from USGS gage # 1220500). Red line shows the flood stage at 28 ft.
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Appendix 3. Nookachamps Creek Streamflow Gage Results for
WY 2012
Nookachamps Creek near Clear Lake
USGS Gage # 12200100
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Gage Height (ft)
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Appendix 3 Figure 1. Mean daily gage height (ft) of Nookachamps Creek near Clear Lake, WA for WY
2012 (from USGS gage # 12200100).
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Appendix 4. Floodgate Door Opening Width
Fisher Slough floodgate door angle openness was correlated to the distance that the door is open
(Appendix 4 Figure 1). For example, a five degree floodgate door angle equates to an opening
width of 0.86 feet that fish could swim through.

Floodgate Door Opening Distance (feet)
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Floodgate Door Angle Openness (degrees)

Appendix 4 Figure 1. Relationship between Fisher Slough floodgate door angle openness and door
opening distance. The equation is: Floodgate door opening distance (in feet) = 0.17285 multiplied by
floodgate door angle openness (in degrees).
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