
Fisher Slough Floodgate Report for Water Year 2013 
 

Rich Henderson and Eric Beamer 
Skagit River System Cooperative 

LaConner, WA 
 
 

January 2014 
 
 

Report prepared for: 
The Nature Conservancy (TNC) under Grant Agreement # WA-S-130122001-0 

 
 
 

 
Fisher Slough floodgate, photo by Rich Henderson 
 



Final Report January 2014 2 

Table of Contents 
 
Acknowledgements ......................................................................................................................... 3 
Abstract ........................................................................................................................................... 4 
Introduction ..................................................................................................................................... 6 

Fisher Slough Floodgate and its Operation ................................................................................. 7 
Hydraulic Project Approval Criteria ........................................................................................... 7 

Methods........................................................................................................................................... 8 
Water Surface Elevation ............................................................................................................. 9 
Floodgate Door Angle Openness .............................................................................................. 10 
Water Velocity .......................................................................................................................... 12 
Water Depth .............................................................................................................................. 12 
Floodgate Operation.................................................................................................................. 13 

Fall/Winter Flood Control Period ......................................................................................... 13 
Spring Juvenile Chinook Migration Period .......................................................................... 13 
Summer Irrigation Period ..................................................................................................... 13 

Skagit River and Nookachamps Creek Gage Height ................................................................ 14 
Analysis Methods.......................................................................................................................... 14 

Fall/Winter Flood Control Period ............................................................................................. 15 
Spring Juvenile Chinook Migration Period .............................................................................. 16 
Summer Irrigation Period ......................................................................................................... 17 

Instrument Measurement Accuracy .............................................................................................. 17 
Floodgate Door Angle Openness .............................................................................................. 17 
Water Surface Elevation ........................................................................................................... 20 

Floodgate Operations Results ....................................................................................................... 21 
Fall/Winter Flood Control Period ............................................................................................. 21 

Floodgate Door Openness ..................................................................................................... 21 
Spring Juvenile Chinook Migration Period .............................................................................. 22 

Floodgate Door Openness ..................................................................................................... 22 
Water Depth .......................................................................................................................... 27 
Water Velocity ...................................................................................................................... 27 

Summer Irrigation Period ......................................................................................................... 27 
Floodgate Door Openness ..................................................................................................... 27 

Discussion, Conclusions, & Recommendations ........................................................................... 29 
Comparison of Floodgate Results with HPA Criteria............................................................... 29 

Fall/Winter Flood Control Period ......................................................................................... 29 
Spring Juvenile Chinook Migration Period .......................................................................... 29 
Summer Irrigation Period ..................................................................................................... 32 

Flood Protection, Drainage, and Irrigation ............................................................................... 35 
References ..................................................................................................................................... 36 
Appendix 1. Fisher Slough Floodgate Operation Logs ................................................................ 37 
Appendix 2. Skagit River Streamflow Gage Results for WY 2013 ............................................. 42 
Appendix 3. Nookachamps Creek Streamflow Gage Results for WY 2013 ................................ 44 
Appendix 4. NOAA Advanced Hydrologic Prediction Service ................................................... 45 
Appendix 5. Floodgate Door Opening Width ............................................................................... 47 
 



Final Report January 2014 3 

Acknowledgements 
 
We thank The Nature Conservancy: 

• For monitoring funding and site access 
• Kris Knight, Joelene Boyd and Jenny Baker (Mount Vernon office) for their help with 

training in the use of floodgate monitoring equipment and assistance in the field 
 

We thank Skagit River System Cooperative staff: 
• Bruce Brown, Jason Boome, Jeremy Cayou, Len Rodriquez, Ric Haase, and Josh Demma 

for their involvement with floodgate spot measurement data collection 
• Karen Wolf for help with photos, maps, and report editing 
 

We thank NOAA and The Nature Conservancy/NOAA Community-based Restoration Program 
National Partnership for providing funding for this monitoring effort and report 

 



Final Report January 2014 4 

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) 2013, the period of October 1, 2012 through September 30, 2013. 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 a self-regulating floodgate 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 met the Hydraulic Project Approval (HPA) criteria established 
for two of the three operational periods of WY 2013. The criterion for the Fall/Winter Flood 
Control Period was met (minimum closure setting of 7.5 ft NAVD88). During the Spring 
Juvenile Chinook Migration Period all four criteria (gates open for 90% of the time, minimum 
closure setting of 9.5 ft NAVD88, minimum water depth of 0.5 feet over the sill, and maximum 
water velocity not to exceed 8 feet per second) were met.  
 
During the Summer Irrigation Period the criterion that the floodgate doors shall be open was not 
met. There were a total of 61 closures (when the doors went from open to closed) during the 
entire operational management time period. Fifty-nine of the closures were during the time when 
the floodgate doors were operated as normal; all closures occurred when WSE was greater than 
9.0 ft NAVD88. A predicted high water event on September 28, 2013 prompted Dike District 3 
to change the floodgate settings from that of Summer Irrigation Period to Fall/Winter Flood 
Control Period on September 28, three days earlier than normal. The floodgate doors closed 
twice on September 28 and then were closed for the remainder of the Summer Irrigation Period. 
The floodgate doors were open 91.38% and 91.27% of the time during the entire operational 
management time period, and were open  93.17% and 93.22% of the time when the floodgate 
was operated as normal (north and middle door, respectively).  
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Summary of Fisher Slough floodgate and the operational criteria for WY 2013 (from WDFW Hydraulic 
Project Approval No. 114361-5 and the Fisher Slough Floodgate Operation and Maintenance Plan, 2012). 

Floodgate 
Operation 

Period 

Were criteria met in WY 2013? 
 

Gate opening 
 Water velocity Water depth 

% of time gates  
shall be open 

Minimum gate 
closure elevation 

Fall/Winter 
Flood 

Control 
(Oct 1- Feb 

28/29) 

Does not apply 

Yes  
All (100%) of the 
floodgate closures 

occurred when 
WSE was greater 
than the required 
minimum closure 
criterion (7.5 ft 

NAVD88).  

Does not apply Does not apply 

Spring 
Juvenile 
Chinook 

Migration 
(March 1-
May 31) 

Yes  
Floodgate doors were open 
more than 90% of the time 
during normal operational 
periods. They were open 

94.24% and 94.44% of the 
period when the floodgate 

monitor was recording 
properly (north and middle 

door respectively). 
 

Yes  
All (100%) of the 
floodgate closures 

occurred when 
WSE was greater 
than the required 
minimum closure 
criterion (9.5 ft 

NAVD88). 
 

Yes 
Water velocity never 

exceeded the 
maximum velocity 
criterion (8 ft /sec), 

based on a regression 
model estimating 

maximum velocity 
from data over 118 

tidal cycles. 

Yes  
Water depth 

exceeded minimum 
depth criterion (0.5 
feet) at least 10% 
of the time. Water 
depth was > 0.5 

feet above the sill 
100% of the time. 

Summer 
Irrigation 

(June 1-Sept 
30) 

No 
The floodgate doors closed 61 
times and were open 91.38% 

and 91.27% of the entire 
management period (north 

and middle door 
respectively)1

 

. 

 
 

Does not apply 

 
 
 

Does not apply 

 
 
 

Does not apply 

 
Based on adaptive management recommendations from previous years of floodgate monitoring, 
we calculated the three results thought to be good indicators for upstream movement of fry-sized 
Chinook salmon opportunity at the floodgate for the Spring Juvenile Chinook Migration Period: 

• Amount of time water velocity exceeded recommended velocity threshold criterion 
during the total period of ebb flow was 39% (for 0.89 ft/sec) and 24% (for 1.1 ft/sec).  

• Floodgate doors were open 47.00% of the time during non-ebb conditions, nearly a ten 
percent increase over the 37.61% time open in WY 2012. 

• On average, 50% of the channel width is available for fish movement during the non-ebb 
period when floodgate doors are open (49% in WY 2012, Spring Juvenile Chinook 
Migration Period). 

  

                                                 
1 The floodgate was adjusted to a flood contingency setting on September 28, 2013, 3 days before the end of the 
operational period. During the time when the floodgate was operated under normal Summer Irrigation Operation 
Management conditions, there were 59 door closures and the doors were open 93.17% and 93.22% of the time 
(north and middle door respectively). 
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Introduction 
This report describes floodgate monitoring efforts for the Fisher Slough floodgate located in the 
South Fork Skagit River tidal delta (Figure 1) and compares monitoring results to floodgate 
operation criteria that were established based on fish passage and flood protection needs. We 
report results for the monitoring period October 1, 2012 through September 30, 2013, known as 
Water Year (WY) 2013, 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 a self-regulating floodgate 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 floodgate determines when the float engages. When the water level upstream of 
the floodgate 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 swing free. The water level up- and 
downstream 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 swing free 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 floodgate doors. The southern flapgate can be propped 
open during summer to provide fish passage when water levels fall below the floodgate 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. 
 
The Fisher Slough Floodgate Operations and Maintenance Plan was finalized on January 23, 
2012 and outlines the general operations and maintenance procedures, schedules and 
contingency plans for the regulatory compliance of floodgate operations. An additional high 
water contingency condition was added to the original HPA in this plan which allows for the 
floodgate to be disengaged during the time when crops have been planted in fields adjacent to the 
levee in the Spring Juvenile Chinook Migration Period and in the Summer Irrigation Period if the 
NOAA Flood Prediction website forecasts the Skagit River to be at or above 24 feet NAVD88 at 
the USGS Mount Vernon gage. This option allows for the floodgate to fully open and shut per 
standard flood operations during the high water event. The floodgate shall be reset to the normal 
operating conditions for each period within three days after the river level has dropped to below 
24 feet NAVD88 on the Mount Vernon gage as shown on the NOAA monitoring website. 
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Dike District 3 and TNC monitored the Skagit River levels at the NOAA Advanced Hydrologic 
Prediction Service web-page to determine potential flood or high water levels and adjust the 
floodgate setting accordingly.  
 
Table 1. Fish passage and floodgate operation criteria for Fisher Slough floodgate (from WDFW HPA 
No. 114361-5 and the Fisher Slough Floodgate Operations and Maintenance Plan, finalized January 23, 
2012). 

Operation 
Period 

Fish Passage Criteria or Floodgate Setting 
 

Fall/Winter 
Flood Control 
(Oct. 1-Feb. 

28/29) 

Gate opening A/: gates shall have a minimum closure setting at +7.5 ft NAVD88 

Spring Juvenile 
Chinook 

Migration 
(March 1-May 

31) 

 
Gate opening A/ B/: 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 floodgate 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 
 

Summer 
Irrigation 

(Jun. 1-Sept. 
30) 

Gate opening A/ B/: 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 
floodgate than upstream of the floodgate. This serves as flood protection to prevent high Skagit River flows from 
backing up into Fisher Slough and causing flooding. 
B/Except during those instances when the NOAA Hydrologic Prediction Service website shows that the predicted 
flow in the Skagit River at the Mount Vernon gage is above 24 feet and for up to 3 days after Skagit River has 
dropped below 24 feet. Under these high water 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 than 
upstream of the floodgate. This serves as protection to prevent high Skagit River flows from backing up into Fisher 
Slough during the time period March 1 through September 30 when there are crops planted in fields adjacent to the 
levees along Fisher Slough.  

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 floodgate (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. All data loggers record the time in Pacific 
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Daylight (Savings) Time (PDT) and are kept in that time mode even during periods when Pacific 
Standard Time (PST) is in place. All times listed in this report are in PDT and are one hour ahead 
of the calendar time from November 4, 2012 through March 9, 2013. 

 
Figure 2. Location of floodgate and data loggers at the Pioneer Highway crossing on Fisher Slough. 

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 pressure transducer and thermometer. A Campbell Scientific data monitor, model 
CR1000 with communication software version PC200W, was used to store and download data. 
Data are 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 floodgate. 
 
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 floodgate were made 
on days when SRSC conducted fish monitoring and/or downloaded floodgate monitoring data 



Final Report January 2014 10 

from February 8 to September 19, 2013. WSE was spot-measured from a staff gage located 
adjacent to the railroad trestle downstream of the floodgate structure and from a staff gage 
mounted on the 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. 

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 
contain 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. 

 
Figure 3. Fisher Slough floodgate doors. 
 
Spot checks of floodgate door angle openness were made between February 8 and August 13, 
2013, 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” 
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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. 
 

 
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. 
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Water Velocity 
Water velocity was not directly measured at the Fisher Slough floodgate in WY 2013 but 
velocity results were estimated for ebb flow periods during the Spring Chinook Migration Period 
using three regression models. Ebb flow occurs between high tide and low tide. The models were 
developed during floodgate monitoring in WY 2012 and recommended for use (Beamer & 
Henderson 2013). Water surface elevations for the model were taken from data loggers on both 
sides of the floodgate. The models predict: 1) Maximum velocity during ebb flow, 2) Percent of 
ebb flow where velocity > 0.89 ft/sec, and 3) Percent of ebb flow where velocity > 1.1 ft/sec.  
 
Model 1: Maximum velocity (in ft/sec) during ebb flow = (0.563362 * Tidal Drop) + 0.477822, 
where: 

• Tidal Drop is calculated as High Tide minus Low Tide (in feet) 
• High Tide is defined as WSE upstream of the floodgate at the time of the highest WSE on 

the downstream side of the floodgate (in ft NAVD88) 
• Low Tide is defined as lowest WSE downstream of the floodgate following High Tide (in 

ft NAVD88) 
 
Model 2: Percent of ebb flow where velocity > 0.89 ft/sec = (0.414 * Maximum velocity during 
ebb flow) + (-0.028 * Length of ebb) + 0.132, where: 

• Maximum velocity during ebb flow is from Model 1 
• Length of ebb is time of Low Tide minus time of High Tide (in hours) 

 
Model 3: Percent of ebb flow where velocity > 1.1 ft/sec = (0.535 * Maximum velocity during 
ebb flow) + (-0.021 * Length of ebb) - 0.303, where: 

• Maximum velocity during ebb flow is from Model 1 
• Length of ebb is time of Low Tide minus time of High Tide (in hours) 

 
Regression model results were compared to the HPA velocity criterion (not to exceed 8 ft/sec) 
and to two recommended maximum thresholds for upstream passage of fry sized juvenile salmon 
(0.89 and 1.1 ft/sec). The recommended velocity thresholds are discussed in the WY 2011 Fisher 
Slough Floodgate Report (Beamer & Henderson 2012) and relate to critical fatigue swimming 
speed (0.89 ft/sec) for small juvenile Chinook (45 mm fork length) and maximum water velocity 
for structures like floodgates of 1.1 ft/sec to enable salmon fry of less than 60 mm in fork length 
to swim upstream. 

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. 



Final Report January 2014 13 

Floodgate Operation 
In WY 2013, the floodgate was operated according to the Fisher Slough Floodgate Operations 
and Maintenance Plan (January 23, 2012), including during flood contingency operating periods.  
 
A summary of floodgate setting changes by date and reasons for the changes is provided in 
Appendix 1 Table 1. The floodgate monitoring equipment was calibrated monthly, always during 
a high tide or high Skagit River flow event (Appendix 1 Table 2).  

Fall/Winter Flood Control Period 
The Fall/Winter Flood Control Period is from October 1 through February 28/29. In WY 2013 
the Fisher Slough floodgate was set to the required operational setting on October 1, 2012 and 
was operated as “normal” for the entire time period. There were no flood predictions during this 
period on the NOAA Flood Prediction Service website. 

Spring Juvenile Chinook Migration Period 
The Spring Juvenile Chinook Migration Period is from March 1 through May 31. The NOAA 
Advanced Hydrologic Prediction Service webpage was monitored during this time and found no 
high flow prediction that exceeded 28 ft NAVD88 at the Mount Vernon gage, so the floodgate 
float remained engaged. The river level was predicted to exceed 24 ft NAVD88 (high water level 
contingency plan for times when there are crops planted in the fields adjacent to Fisher Slough) 
from May 13 through May 15. The floodgate was not disengaged at that time but TNC and Dike 
District 3 lowered the floodgate settings on May 13, allowing the floodgate doors to close. The 
water level was observed at 11.7 ft at both the up- and downstream WSE gages and was expected 
to rise further over the next day. The floodgate was then reset to the normal level for the Spring 
Juvenile Chinook Migration Period on May 16, 2013 (Appendix 1 Table 1 and Appendix 4 
Figure 1). 
 
The floodgate setting was changed to meet the Spring Juvenile Chinook Migration Period criteria 
on February 28 (one day early) with the floodgate set to a frame setting of 13.5 ft as a target for 
the floodgates to close at a WSE of approximately 9.5 feet NAVD88. The floodgate setting was 
raised an additional 0.5 ft on March 1 and another 0.5 ft on March 2. It was raised again on 
March 28 and 29, making the frame setting 15.3 ft in an attempt to prevent the doors from 
closing too early (Appendix 1 Table 1).  

Summer Irrigation Period 
The Summer Irrigation Period is from June 1 to September 30. The floodgate was operated 
normally for all of the Summer Irrigation Period during WY2013 with the exception that the 
floodgate was set to the Fall/Winter Flood Control Period settings three days earlier than stated 
in the HPA criteria on September 28, 2013 due to predicted high water conditions on the NOAA 
Flood Prediction Service website. 
 
The floodgate frame setting was left at 15.3 ft during the Summer Irrigation Period, which is a 
normal setting for this operations period and, at the time, the highest possible setting for the 
floodgates. The flapgate under the south gate was opened during the Summer Irrigation Period 
according to the floodgate operating plan. Even at the 15.3 foot setting, during low river 
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conditions combined with with the highest tides, the floodgates closed due to forces of the 
incoming tides on the floodgates. This problem will be addressed by TNC and the Dike District 3 
so that the gates will not close during future summer operations periods. 

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. Allowances are made under the HPA to 
disengage the floodgate doors when the Skagit River is predicted to rise above 28 ft NAVD88 at 
the USGS gage at Mount Vernon. This floodgate management practice protects areas upstream 
of the floodgate site from Skagit River backwater flooding. We included in this report Skagit 
River daily mean gage height results for WY 2013 (Appendix 2 Table 1 and Appendix 2 Figure 
1) to compare with changes to floodgate operation settings (recorded in the operations log), 
although the actual measured daily mean river levels 
(http://waterdata.usgs.gov/wa/nwis/uv/?station=12200500) do not always show the highest level 
the river reached on a given day nor do they always match the predicted river levels. Predicted 
river levels change as the weather forecast changes and the ability to change floodgate settings is 
guided by 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 2013 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. The Nookachamps gage is a reasonable surrogate for characterizing the temporal 
patterns of stream flow contributing to Fisher Slough 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 2013.  
  

http://waterdata.usgs.gov/wa/nwis/uv/?station=12200500�
http://waterdata.usgs.gov/wa/nwis/uv/?station=12200100�
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Fall/Winter Flood Control Period 
For the one HPA criterion specified in Table 1 for the Fall/Winter Flood Control Period, 
minimum floodgate closure setting, we calculated: 

o Percent of time WSE was less than 7.5 ft NAVD88 immediately downstream2

 

 of the 
Fisher Slough floodgate structure with at least one of the three floodgate doors 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 Fall/Winter 
Flood Control Period: 

o Percent of time doors were open 
o Average (and standard deviation) of floodgate door angle openness in degrees (only for 

observations when doors were open)  
 

Two separate incidences occurred in the Fall/Winter Flood Control Period resulting in a total of 
448 minutes (7.47 hrs) of unusable data. The floodgate WSE data logger standpipe housing 
located on the downstream side of the headwall came loose from the headwall on October 1, 
2012 resulting in the logger dangling and moving freely within the water column. The SRSC 
crew was onsite that day for downloading data loggers and was able to secure the standpipe to 
the headwall. The data show the logger was dangling from 0614 to 1332 hours (7.3 hours) on 
October 1. Data recorded during this time were not used in the calculations of the WSE results. 

 
On December 4, 2012 at 1205 hours, the batteries in the floodgate data monitor were changed, 
resulting in a loss of 10 minutes (0.17 hrs) of data. In past years the batteries have been changed 
at the start of February, but it was observed that the voltage had dropped to 10.38 volts and 
standard procedure is to change batteries when the voltage drops below 11.0 volts. Changing 
batteries results in the monitor resorting to default settings, requiring WSE and angle openness 
for all three doors to be reset to match the current observed conditions. These were reset at 1214 
hours as the battery pack was replaced in the data monitor control vault. Approximately 20 
minutes after the batteries were changed something unknown occurred (a battery blip?), causing 
the data monitor to resort back to default settings. This resulted in a drop in recorded WSE 
values at the upstream logger of 2.95 ft and at the downstream logger of 1.46 ft.  

 
The change in the data monitor readings was not noticed until the next data download on January 
10, 2013 at 1115 hrs. The WSE readings at both the up- and downstream loggers were re-
calibrated to match the observed WSE. The differences between the recorded levels and the 
observed levels were nearly the same as those seen in December: 2.97 ft upstream and 1.50 ft 
downstream. We decided to apply a correction factor of the average difference at the two 
observation points to the data from the loggers during the time period when the incorrect values 
were recorded. The correction factor was + 2.96 ft for the upstream logger and + 1.48 ft for the 
downstream logger. Data were then used for this time period in the calculation of the results. 

                                                 
2 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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The recorded angle openness of each door did not change dramatically due to this battery 
disruption and therefore a correction factor was not applied to these data. The north door angle 
changed from 0.1 to 2.7 degrees and the middle door angle changed from 0.0 to 0.1 degrees. 

Spring Juvenile Chinook Migration Period   
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. 
Therefore, we calculated: 

o Percent of time WSE was less than 9.5 ft NAVD88 immediately downstream3

o Percent of time doors were open 

 of the 
Fisher Slough floodgate structure with at least one of the three floodgate doors open 

o Average (and standard deviation) of floodgate door angle openness in degrees (only for 
observations when doors were open)  

o Average water velocity by floodgate door, tidal stage, and date 
o Percent of time water depth across the floodgate sill was greater than 0.5 feet 
o Average (and standard deviation) depth of water across the floodgate sill 

 
Water depth and door angle openness were fully evaluated per the HPA criteria. The HPA water 
velocity criterion was evaluated using a regression model estimate of maximum water velocity 
for ebb flows during the Spring Juvenile Chinook Migration Period. 
 
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 (non-
ebb 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. 
 
There was a malfunction in the floodgate data monitor that resulted in the loss of useable data 
from March 2 through March 25, 2013. SRSC noticed this problem on March 13 at 0747 hours 
during the monthly data download and notified Kris Knight of TNC at 0757 hours. The 
malfunction consisted of intermittent loss of recorded WSE data at both the up- and downstream 
loggers, which showed in the data as ’NAN’. Sometimes the NAN reading showed at both 
loggers and at other times on only one logger.  
 
The water temperature also had errors in the recorded values starting on March 2 at 2223 hours, 
intermittently displaying the NAN reading and recording high temperatures, up to 168.4 °F 
upstream and 177.4 °F downstream of the floodgate. While water temperature is not used in 
analysis of the floodgate it is mentioned to further illustrate the problem with the data sensor.  
 
Examination of the data showed that the error in recorded WSE began on March 3, 2013 at 1454 
hours. Data for angle openness of the floodgate doors did not appear to be affected. TNC and 
SRSC met onsite March 25 to evaluate the situation, replace the batteries, and recalibrate the 
                                                 
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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WSE at both the up- and downstream sides of the floodgate. Floodgate door angle openness was 
recalibrated according to measurements with the protractor (Appendix 1 Table 2). The 
calibration was completed and the data logger was back to recording data at 1008 hours on 
March 25. The data malfunction occurred for 523.18 hours (23.7% of the time) of the Spring 
Juvenile Chinook Migration Period. These data were not used in the calculations. 

Summer Irrigation Period 
Only one criterion is specified in the HPA for the Summer Irrigation Period: floodgates are to 
remain open during this time period. Therefore, we calculated: 

o Floodgate door opening 
• Percent of time doors were open: 

 When operated as normal 
 When operated as ‘Fall/Winter Period’ 

• 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 ‘Fall/Winter Period’ 

Instrument Measurement Accuracy 
In this section we report results from comparisons of field-based spot observations to data logger 
measurements 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 floodgate door. The observed angle of openness was generally 
slightly less than the data recorded angles (Figure 6 panel A). The observed angle of openness on 
the middle floodgate door showed more variability when compared to the logger recorded 
angles. The observed angles were at times greater than the logger recorded values and at other 
times less (Figure 6 panel B). Data loggers monitoring the south door consistently reported door 
angle openness less than what it really was, even recording the door closed when it was not 
(Figure 6 panel C). This data logger has not operated correctly since the spring of 2011. 
 
Per both TNC’s and SRSC’s 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. 
 
A minimum door angle measurement of 5 degrees (equivalent to an opening width of slightly 
more than 10 inches) is used to define an ‘open’ floodgate door. However, it appeared that the 
potentiometer used to measure the angle openness on the middle floodgate door was recording 
inaccurate measurements on occasion during the year. On four of seven occasions when the 
calibration was checked with the floodgate doors closed (logger should have read 0 degrees) the 
logger was measuring 5.57, 7.17, 5.14 and 10.14 degrees open (on Nov. 5, 2012, Feb.13, 2013, 
March 13, 2013 and May 13, 2013 respectively, Appendix 1 Table 2). TNC was notified about 
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this issue. Because any value less than five degrees considers the door functionally closed, 
inaccurate values exceeding the 5-degree factor for a door has the potential to bias door openness 
results. This would impact the calculations for percent of time the door was open and the average 
angle of openness due to the bias at the low angle end of the spectrum reading higher than actual. 
However, we don’t think we should discard data for the middle door. Floodgate doors close 
rather quickly, meaning only a small number of minutes open or closed would be affected by 
inaccurate values. Therefore, we report all data for the middle door. 
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Figure 6. Floodgate door angle openness at Fisher Slough showing comparison of data logger results of 
degree of openness (y-axis) to measured angle openness using a protractor (x-axis) for each of the three 
floodgate doors. 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 
angle open data logger for the south floodgate door was not functioning properly in WY 2013. 
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Water Surface Elevation  
Spot measurements of WSE observed on staff gages at the Fisher Slough floodgate indicate that 
data logger (level logger-based) calculations of WSE are accurate and within approximately ±0.1 
ft resolution at both up- and downstream sites (Figure 7).  
  

 
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 WY 
2013. 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 Appendix 1 Table 2.  
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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  
Normal floodgate operation settings for the Fall/Winter Flood Control Period were adhered to for 
the entire operations period. Floodgates were set to close when the WSE was greater than 7.5 
feet NAVD88 according to HPA criteria shown in Table 1. 

Floodgate Door Openness 
o During the normal operation period, the percent of time WSE was less than 7.5 ft 

NAVD88 immediately downstream of the Fisher Slough floodgate structure with at least 
one of the three floodgate doors was open = 99.98%4

o There were a total of 129 floodgate closures (i.e., doors went from open to closed) and 
100% of the closures occurred when WSE was greater than 7.5 ft NAVD883 immediately 
downstream of the Fisher Slough floodgate structure (Figure 8). 

.  

 
Door openness results for each door are: 

o Percent of time north door was open: 
• During normal period = 72.17% 

o Percent of time middle door (a proxy for the south door) was open: 
• During normal period = 73.16% 

o Mean door angle openness (and standard deviation) by door and period, and number of 
observations: 

• North door (when door was open): 
 During normal period = 43.7 (17.4) degrees, n=156,478 

• Middle door (a proxy for the south door) (when door was open): 
 During normal period = 40.0 (20.3) degrees, n=158,642 

  

                                                 
4 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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Figure 8. Water surface elevation (NAVD88 ft) immediately downstream of the floodgate when the doors 
closed during the Fall/Winter Flood Control Period of WY2013. The red line shows where 7.6 feet (7.5 + 
0.1 ft for instrument measurement error) is located. The number above each bar indicates the number of 
observations in that bin. 

Spring Juvenile Chinook Migration Period 

Floodgate Door Openness  
According to HPA criteria during normal operation for this time period, the floodgate should 
have a minimum door closure setting of 9.5 ft NAVD88 and be open at least 90% of the time. 
During WY 2013 for the Spring Juvenile Chinook Migration Period: 

o There were a total of 17 floodgate closures (i.e., doors went from open to closed) and 
100% of the closures occurred when the WSE was greater than 9.5 ft NAVD885

o The percent of time when at least one of the three floodgate doors was open when the 
data logger was recording correctly = 95.25%.   

 
immediately downstream of the Fisher Slough floodgate structure (Figure 9) 

o The percent of time when one or more floodgates were open during non-ebb flow periods 
only was 90.85% 

o The percent of time when one or more floodgates were open during non-ebb flow periods 
divided by the entire period (ebb and non-ebb) was 47.00% 

o Mean door angle openness (and standard deviation) by door and tidal stage, and number 
of observations: 

• North door (when door was open): 
 During ebb conditions = 60.4 (9.3) degrees, n=46,527 
 During non-ebb conditions = 52.3 (20.2) degrees, n=49,412 

                                                 
5 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. 
 

0 0 0

88

25

10
3 3

0

20

40

60

80

100

N
um

be
r o

f O
bs

er
va

tio
ns

WSE NAVD88 ft

Water Surface Elevation at Downstream Floodgate when 
doors close during Fall Winter Flood Control Period



Final Report January 2014 23 

• Middle door (also a proxy for the south door) (when door was open): 
 During ebb conditions = 66.6 (17.1) degrees, n=49,857 
 During non-ebb conditions = 57.8 (23.2) degrees, n=49,547 

o The percent of channel width that is available for fish movement during the non-ebb 
period when floodgate doors are open: 

• Fisher Slough channel width averages approximately 58 ft in the vicinity of the 
floodgate structure. Floodgate door opening distance6

 

 averaged: 9.0 ft, 10.0 ft, 
and 10.0 ft respectively for the north, middle, and south doors on non-ebb tidal 
stages (when door is open) in the Spring Juvenile Chinook Migration Period. This 
means, on average, there is 29 feet of open water channel width within the 58 
foot-wide channel; about 50% of the channel width is 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. 
 

 
Figure 9. Water surface elevation (NAVD88 ft) immediately downstream of the floodgate when the doors 
closed in WY 2013. The red line shows where 9.6 feet (9.5 +0.1 ft. 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.  

                                                 
6 Average door angle openness results were converted to width using the regression equation shown in Appendix 4 
Figure 1. 
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Figure 10. Percent of time Fisher Slough floodgate doors are open or closed for all tidal periods during 
the Spring Juvenile Chinook Migration Period, WY 2013, when the floodgate monitor was recording 
correctly. 
 

 

 
 

Figure 11. Percent of time Fisher Slough floodgate doors are open or closed by tidal stage during the 
Spring Juvenile Chinook Migration Period, WY 2013, when the floodgate monitor was recording 
correctly. Note: due to the limited size of the “Ebb, Door closed” portion of the graph (0.02% for the 
north door and 0.24% for the middle door) the slice does not show up well. 
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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 Migration Period, WY 2013. 
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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 Migration Period, WY 
2013. 
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Water Depth  
We found water depth across the floodgate sill to be greater than 0.5 feet 100% of the time when 
the upstream WSE data logger was functioning correctly. Average (and standard deviation) of 
water depth across the floodgate sill was 4.19 (1.00) feet. 

Water Velocity  
Water velocity was not directly measured but was estimated for ebb flow periods using three 
regression models based on input data from WSE loggers located at both the up- and 
downstream sides of the floodgate. Maximum water velocity during ebb flow ranged from 0.44 
to 2.24 ft/sec over 118 ebb flows at the floodgate during the Spring Juvenile Chinook Migration 
Period, never approaching the HPA criterion of not exceeding 8 ft/sec. Maximum water velocity 
during ebb flow did exceed the recommended criterion of 0.89 ft/sec and 1.1 ft/sec. Ninety-three 
of the 118 ebbs (79%) exceeded 0.89 ft/sec and 79 ebbs (67%) exceeded 1.1 ft/sec. During the 
total period of ebb flow (> 1,000 hrs), the estimated amount of time water velocity exceeded 0.89 
ft/sec is 39%; the estimate for velocity exceeding 1.1 ft/sec is 24% of the time. 

Summer Irrigation Period  

Floodgate Door Openness 
According to HPA criteria during normal operation for this time period, the floodgate should 
remain open. During WY 2013 for the Summer Irrigation Period: 

o There were a total of 59 floodgate closures (i.e., doors went from open to closed) and 
100% of the closures occurred when the WSE was greater than 9.0 ft NAVD88 
immediately downstream of the Fisher Slough floodgate structure during the time the 
floodgate was operated as normal (Figure 14). During the three days the floodgate was 
operated according to Fall/Winter Flood Control criteria there were two closures and they 
occurred at 7.6 ft NAVD88. 

 
Overall, the north and middle doors were open 91.38% and 91.27% of the time, respectively. 
Breakdown of the percent of time doors were open by period: 

o Percent of time north door was open: 
• When operated as normal period = 93.17% 
• When operated as ‘Fall/Winter Period’ = 7.78% 

o Percent of time middle door (a proxy for the south door) was open: 
• When operated as normal period = 93.22% 
• When operated as ‘Fall/Winter Period’ = 0.00% 

 
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 = 59.28 (7.9) degrees, n=160,258 
• When operated as ‘Fall/Winter Period’ = 9.96 (4.9) degrees, n=286 

o Middle door (a proxy for the south door) (when door was open): 
• When operated as ‘normal period = 53.75 (12.2) degrees, n=160,34 
• When operated as ‘Fall/Winter Period’ = 0.00 (0.0) degrees, n=0 
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Figure 14. Water surface elevation (NAVD88 ft) immediately downstream of the floodgate when the 
doors closed during the Summer Irrigation Period of WY2013. The number above each bar indicates the 
number of observations in that bin. There is not a red line indicating the target WSE for doors closing 
displayed in this graph (as in Figures 8 and 9) since that is not a criterion of the Summer Irrigation Period. 
The two closures in the >7.5-8.0 ft bin occurred on September 28, 2013 after the floodgate had been set to 
close according to the Fall/Winter Flood Control Period criteria. 
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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 2013 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 2013. 
 
Minimum floodgate closure elevation: Under normal operation during this period (i.e., not 
flooding periods) the floodgate 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 99.98% of the time. 

Spring Juvenile Chinook Migration Period 
Fisher Slough floodgate HPA criteria were met for the Spring Juvenile Chinook Migration 
Period in WY 2013. Four HPA criteria are defined for this period: minimum floodgate closure 
elevation, percent of time floodgate doors are open, water depth, and water velocity. Due to 
malfunction in the floodgate monitor, data from only 76.3% of the time period could be 
accurately analyzed. During that time all four of these criteria were met. 
 
Minimum floodgate closure elevation: We found that all of the 17 floodgate closures during this 
period (100%) occurred with the WSE greater than 9.5 ft NAVD88 (Figure 9). 
 
Percent of time floodgate doors are open: Floodgate doors were open more than 90% of the time 
(the HPA criterion for door openness) during the Spring Juvenile Chinook Migration Period 
when the floodgate monitor was recording data correctly. The north door was open 94.24 % and 
the middle door was open 94.95% of the time, overall. The middle floodgate door sensor 
probably was over-estimating the time open (angle of the door >5 degrees) due to the likely 
inaccurate readings of the potentiometer noticed during calibration checks of the floodgate data 
loggers. Since the doors only closed 17 times during the management period and since the doors 
close quickly, the overall effect of the logger calibration issues was not large. 
 
In WY 2013 the floodgate doors were open 47.00% of the time during non-ebb conditions, 
nearly a ten percent increase over the 37.61% time open in WY 2012 (Beamer & Henderson 
2013).  
 
In WY 2012 sixty five percent of the door closures occurred when the WSE was less than 9.5 ft 
NAVD88, not meeting the HPA criterion. In WY 2013 no door closures occurred at less than 9.5 
ft NAVD88, a great improvement at meeting the criterion. Having the gate open longer during 
the non-ebb tidal stage and having floodgate door closures at a higher WSE are both good 
conditions for upstream passage of juvenile Chinook salmon.  
 



Final Report January 2014 30 

During the Spring Juvenile Chinook Migration period, adjustments to floodgate settings were 
similar in water years 2012 and 2013. The frame setting started at 12.5 ft with a final position at 
15.7 ft in WY 2012 (Beamer & Henderson 2013), while in WY 2013 the setting started at 13.5 ft 
and adjusted to a final position of 15.3 ft. Since the floodgate operation was similar in both water 
years we speculate that the improvement in door closures was likely caused by flow dynamics at 
the floodgate site caused by different river and tributary flows each year. Flows in WY 2013 
were generally lower than in WY 2012 except for two high flow events during the first week of 
April and the middle of May (Figure 15).  
 
Some combination of tide, river, and tributary hydrology create the conditions that close the 
floodgate doors at a setting for any specific elevation. These hydrologic forces vary temporally. 
Tides occur in predictable cycles, most notably in spring and neap tide series which vary over 
short periods (weeks). River and tributary flows vary daily, seasonally, or longer. The difference 
in gate closure between WY 2012 and WY 2013 may be a result of year to year variation. In a 
year with high river and tributary flow, tidal processes are less of a forcing factor for closing the 
door – thus the door stays open. In a year with lower river and tributary flow, tide is more of a 
factor and the door closes sometimes. The lesson learned is what worked successfully one year 
doesn’t necessarily work in all years; successful floodgate operation requires monitoring the 
floodgate and adjusting the settings to ensure the gates are working correctly. 
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Figure 15. Skagit River at Mount Vernon (panel A) and Nookachamps Creek near Clear Lake (panel B) 
gage heights during the Spring Juvenile Chinook Migration Period of WY 2012 and WY 2013. In panel A 
the solid pink line indicates the flood stage at 28 ft NADV88 and the dashed pink line indicates 24 ft 
NAVD88 (the high water threshold at which the floodgate can be disengaged if there are crops planted in 
fields adjacent to the levee). There is not an established WSE level for flood stage at the Nookachamps 
Creek gage site.  
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Water depth: The water depth criterion of not less than 0.5 ft of water across the floodgate sill for 
more than 10% of the time was met. In fact, water depth was never less than 0.5 ft; average water 
depth during this management period when the floodgate data monitor was recording accurately 
was 4.19 feet and the minimum depth was 1.7 feet across the sill. 
 
Water velocity: Water velocity estimates based on regression analysis of WSE data at Fisher 
Slough floodgates did not exceed, or even approach, the 8 ft/sec criterion set forth in the HPA. 
The highest predicted velocity over 118 ebb flows was 2.24 ft/sec. 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. 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 restrictions on their own swimming abilities. On slack tides water 
velocity is low (or zero) and within the limits of what fish can overcome if swimming against the 
current. Thus, we 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. The recommended velocity thresholds are discussed in the WY 2011 Fisher Slough 
Floodgate Report (Beamer & Henderson 2012). Critical fatigue swimming speed for small 
juvenile Chinook (45 mm fork length) was estimated at 0.89 ft/sec and maximum water velocity 
for structures like floodgates was recommended to not exceed 1.1 ft/sec to enable salmon fry less 
than 60 mm in fork length to swim upstream.  
 
The estimated amount of time water velocity exceeded each recommended criterion during the 
total period of ebb flow during the Spring Juvenile Chinook Migration Period (> 1,000 hrs) was 
39% (for 0.89 ft/sec) and 24% (for 1.1 ft/sec). We don't expect salmon fry to migrate upstream 
during ebbs (i.e., against the current), so it is a bonus for upstream fish passage potential at 
Fisher Slough if water velocity is lower than the 0.89 or 1.1 ft/sec threshold during ebb flows. 
The WY 2012 Fisher Slough Floodgate report (Beamer & Henderson 2013) recommended 
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 
floodgate. This could help explain annual differences in juvenile Chinook salmon use upstream 
of the floodgate compared to reference or other floodgated sites. Water velocity results presented 
in this report are calculated by our predictive model for the first time. 

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 91.38% and 91.27% of the time 
during this period (north and middle door, respectively).  
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The criterion for the floodgate to be open 100% of the time during this period was not met. There 
were 59 door closures (i.e. when the doors went from open to closed) during the time when the 
floodgate was operated as normal and all occurred when the WSE was greater than 9.0 ft 
NAVD88. A predicted high water event on September 30 prompted Dike District 3 to change the 
floodgate setting from Summer Irrigation criteria to that of the Fall/Winter Flood Control Period 
which called for the doors to close when the WSE was greater than 7.5 ft NAVD88. This 
happened on September 28, three days earlier than the end of the Summer Irrigation Period. Two 
door closures occurred on September 28 and they were at 7.6 feet. 
 
The floodgate was set to a similar frame setting as WY 2012 (15.35 ft in WY 2012 and 15.30 ft 
in WY 2013) yet in WY 2012 the floodgates were open 99.63% of the time (for both the north 
and middle doors) and there were only 3 closures when the floodgate was operated as normal 
(Beamer & Henderson 2013). In WY 2013 both the Skagit River and the Nookachamps Creek 
flows7

 

 were generally lower than in WY 2012 except for the period starting at the end of August. 
At that time the flows increased, becoming greater than those recorded in WY 2012 (Figure 16). 
Twenty-one of the door closures in WY 2013 occurred after September 5 when the water level 
was increasing. The floodgate remained engaged during the entire Summer Irrigation Period as 
the Skagit River flows never exceeded 24 ft NAVD88 until the last day of the operations period 
(high water contingency level when crops are in fields adjacent to the levee at Fisher Slough is 
24 ft NAVD88). If the floodgate doors are to remain open during future Summer Irrigation 
Periods, we recommend adjusting the floodgate frame setting be higher than it was set in WY 
2013 or implementing another means of keeping the gates open. 

For this report, data for the door angle openness results for the middle floodgate door were used 
as a proxy for the south floodgate door, as the potentiometer on the south floodgate door was not 
working properly during WY 2013. It was recommended in Beamer and Henderson 2012 & 
2013 that the potentiometer on the south door be repaired. As of the writing of this report (but 
after the end of WY 2103), the potentiometer was replaced on the south door, as well as on the 
north and middle doors (October 2013, done by MeasureTek). Also installed were a new remote 
access data logger for the floodgate door angle openness for the three doors, and loggers for 
WSE and water temperature both up- and downstream of the floodgate. 
  

                                                 
7 The Nookachamps stream gage is our surrogate for tributary inflow to Fisher Slough. 
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Figure 16. Skagit River at Mount Vernon (panel A) and Nookachamps Creek near Clear Lake (panel B) 
gage heights during the Summer Irrigation Period of WY 2012 and WY 2013. In panel A the solid pink 
line indicates the flood stage at 28 ft NADV88 and the dashed pink line indicates 24 ft NAVD88 (the high 
water threshold at which the floodgate can be disengaged if there are crops planted in fields adjacent to 
the levee). There is not an established WSE level for flood stage at the Nookachamps Creek gage site. 
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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 floodgate in WY 2013 (October 
1, 2012 through September 30, 2013). Note: frame setting is used to keep a record of floodgate settings 
from year to year and between operation periods.  This frame setting elevation does not relate to actual 
water surface elevations.  

Date Time 

Name of 
person 

completing 
work Change to float setting 

Frame 
Setting (ft 
NAVD88) Period 

10/1/2012 2:00 PM 

Dave Olson 
and Kris 
Knight 

Lowered setting for Fall/Winter Flood Operations 
period.  Plan was to lower frame setting to 10.5 
ft per operations agreement but we encountered 
a problem because of the hydraulic cylinder box 
that was installed in May 2012.  Cylinder box will 
be damaged if we lower frame setting to 10.5 ft  
This problem was fixed later in the Fall/Winter 
operations period.   12.0  

Fa
ll/

W
in

te
r F

lo
od

 
Co

nt
ro

l 

2/28/2013 10:00 AM 

Kris Knight 
and Jenny 
Baker 

Raised float setting for spring operations.  
Hydraulic cylinder was fixed over the winter and 
12.0 ft frame setting was found to maintain 
minimum surface water elevation of 
approximately 7.5 - 8 ft NAVD88 upstream of 
floodgates.  First try for spring setting this year 
will be a frame setting at 13.5 ft. 13.5  

Sp
rin

g 
Ju

ve
ni

le
 C

hi
no

ok
 M

ig
ra

tio
n 3/1/2013 11:30 AM Kris Knight 

Raised float setting 0.5 feet to prevent gates 
from closing too early 14 .0 

3/2/2013 12:00 PM Kris Knight 
Raised float setting 0.5 feet to prevent gates 
from closing too early 14.5 

3/28/2013 7:00 PM 

Kris Knight 
and Leo 
Kuntz 

Raised float setting as part of adjustments made 
to spring setting while floodgate manufacturer 
was here to inspect gates 14.7  

3/29/2013 Unknown Leo Kuntz 

Raised float setting as part of adjustments made 
to spring setting while floodgate manufacturer 
was here to inspect gates 15.3  

5/13/2013 9:05 AM 

Kris Knight, 
Dave 
Olson, Brad 
Smith 

River came up over the weekend and upon 
arrival the morning of 5/13/13, gates were being 
held open by arms ~30 degrees and WSE of 
water upstream and downstream of the 
floodgates was 11.7 ft NAVD88.  We lowered 
floodgate setting so gates would close and not 
allow additional water upstream since river was 
predicted to continue to rise another half foot.  
Floodgates were not disengaged, however. 13.42  

5/16/2013 3:45 PM 
Kris Knight, 
Dave Olson 

Reset floodgate to level previous to high water 
event that occurred 5/13-5/14 15.3  
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Date Time 

Name of 
person 

completing 
work Change to float setting 

Frame 
Setting (ft 
NAVD88) Period 

5/31/2013 ~10am Dave Olson 

No change to float setting but small door under 
south floodgate opened per summer operations 
requirements which start June 1.  Floodgates 
already set to be open except during high water 
events 15.3  

Su
m

m
er

 Ir
rig

at
io

n 

9/28/2013 10:45 

Dave Olson 
and Kris 
Knight 

Float was lowered for Fall/Winter operations 
period and small flapgate was closed.  This was 
done a couple days ahead of schedule because of 
a predicted river height of 28 ft NAVD88 as part 
of an early fall flood event.  Frame setting was 
put to 11.0 ft.  Floodgate O&M plan states we 
can set floodgates as low as 10.5 ft. during 
Fall/Winter operations.  Gates were set at 12.0 
ft. last Fall/Winter because of an issue with the 
hydraulic cylinder box, with no resulting 
problems.  Hydraulic cylinder box placement has 
been changed so we started this fall/winter 
operations period with a setting of 11.0 ft based 
on what has been learned during previous 
Fall/Winter operations periods. 11.0 

Fa
ll 
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lo
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Appendix 1 Table 2. Floodgate monitoring equipment calibration log. All calibrations were made by Skagit River System Cooperative except on March 28, 2013 
when they were made by Kris Knight of TNC. 
 

Date Time Level logger or potentiometer 
Reading prior 
to calibration 

Actual (staff 
gage or 

estimate of gate 
openness angle) 

Reading after 
change in 

calibration Comments 

10/1/2012 15:15 downstream pressure transducer 4.91 4.90 4.91 
 10/1/2012 15:15 upstream pressure transducer 4.98 4.93 4.98 
 10/1/2012 15:15 north gate potentiometer (measured in degrees) 51.62 

 
51.62 doors open, did not calibrate 

10/1/2012 15:15 middle gate potentiometer (measured in degrees) 53.83 
 

53.83 doors open, did not calibrate 

10/1/2012 15:15 south gate potentiometer (measured in degrees) 0.00 
 

0.00 doors open, did not calibrate 

11/5/2012 11:07 downstream pressure transducer 11.63 11.50 11.50 
 11/5/2012 11:07 upstream pressure transducer 10.83 10.85 10.83 did not calibrate 

11/5/2012 11:18 north gate potentiometer (measured in degrees) 0.00 0.00 0.10 
 11/5/2012 11:18 middle gate potentiometer (measured in degrees) 5.57 0.00 0.10 
 11/5/2012 11:18 south gate potentiometer (measured in degrees) 0.00 0.00 0.10 
 12/4/2012 12:04 changed batteries in the data monitor 

    12/4/2012 11:51 downstream pressure transducer 12.51 12.50 12.51 changed batteries and reset values 

12/4/2012 11:51 upstream pressure transducer 9.66 9.80 9.66 changed batteries and reset values 

12/4/2012 12:15 north gate potentiometer (measured in degrees) 1.58 0.00 0.10 changed batteries and reset values 

12/4/2012 12:15 middle gate potentiometer (measured in degrees) 0.00 0.00 0.10 changed batteries and reset values 

12/4/2012 12:15 south gate potentiometer (measured in degrees) 0.00 0.00 0.10 changed batteries and reset values 

1/10/2013 11:18 downstream pressure transducer 9.12 10.60 10.60 
 1/10/2013 11:16 upstream pressure transducer 7.73 10.70 10.69 
 1/10/2013 11:10 north gate potentiometer (measured in degrees) 66.18 

 
66.18 doors open, did not calibrate 

1/10/2013 11:10 middle gate potentiometer (measured in degrees) 77.48 
 

77.48 doors open, did not calibrate 

1/10/2013 11:10 south gate potentiometer (measured in degrees) 0.00 
 

0.00 doors open, did not calibrate 

1/16/2013 10:11 downstream pressure transducer 10.48 10.43 10.48 did not calibrate 

1/16/2013 10:11 upstream pressure transducer 7.64 7.60 7.64 did not calibrate 

1/16/2013 10:11 north gate potentiometer (measured in degrees) 0.00 0.00 0.10 
 1/16/2013 10:11 middle gate potentiometer (measured in degrees) 0.00 0.00 0.10 
 1/16/2013 10:11 south gate potentiometer (measured in degrees) 0.00 0.00 0.10 
 2/13/2013 9:29 downstream pressure transducer 9.89 9.90 9.89 did not calibrate 

2/13/2013 9:29 upstream pressure transducer 7.56 7.60 7.56 
 2/13/2013 9:38 north gate potentiometer (measured in degrees) 0.00 0.00 0.10 
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Date Time Level logger or potentiometer 
Reading prior 
to calibration 

Actual (staff 
gage or 

estimate of gate 
openness angle) 

Reading after 
change in 

calibration Comments 

2/13/2013 9:38 middle gate potentiometer (measured in degrees) 7.17 0.00 0.10 
 2/13/2013 9:38 south gate potentiometer (measured in degrees) 0.00 0.00 0.10 
 3/13/2013 7:47 downstream pressure transducer NAN 10.50 NAN did not calibrate, notified TNC of data error 

3/13/2013 7:47 upstream pressure transducer NAN 8.70 NAN did not calibrate, notified TNC of data error 

3/13/2013 7:51 north gate potentiometer (measured in degrees) 0.00 0.00 0.10 
 3/13/2013 7:51 middle gate potentiometer (measured in degrees) 5.41 0.00 0.10 
 3/13/2013 7:51 south gate potentiometer (measured in degrees) 0.00 0.00 0.10 
 3/25/2013 9:50 changed batteries in the data monitor 

    3/25/2013 9:56 downstream pressure transducer 7.30 7.30 7.30 calibrated after battery change out 

3/25/2013 9:56 upstream pressure transducer NAN 7.45 7.45 calibrated after battery change out 

3/25/2013 10:08 north gate potentiometer (measured in degrees) 63.30 57.00 57.00 calibrated using protractor 

3/25/2013 10:08 middle gate potentiometer (measured in degrees) 66.69 57.00 57.00 calibrated using protractor 

3/25/2013 10:08 south gate potentiometer (measured in degrees) 0.00 57.00 0.00 did not calibrate 

3/27/2013 6:50 downstream pressure transducer 9.84 9.80 9.84 did not calibrate 

3/27/2013 6:50 upstream pressure transducer 8.32 8.28 8.32 did not calibrate 

3/27/2013 6:50 north gate potentiometer (measured in degrees) 0.00 0.00 0.00 did not calibrate 

3/27/2013 6:50 middle gate potentiometer (measured in degrees) 0.00 0.00 0.00 did not calibrate 

3/27/2013 6:50 south gate potentiometer (measured in degrees) 0.00 0.00 0.00 did not calibrate 

3/28/2013 7:08 north gate potentiometer (measured in degrees) 0.00 0.00 0.01 
 3/28/2013 7:09 middle gate potentiometer (measured in degrees) 0.00 0.00 0.01 
 4/3/2013 12:20 downstream pressure transducer 8.29 8.05 8.05 
 4/3/2013 12:20 upstream pressure transducer 8.10 8.10 8.10 did not calibrate 

4/3/2013 12:20 north gate potentiometer (measured in degrees) 64.66 
 

64.66 doors open, did not calibrate 

4/3/2013 12:20 middle gate potentiometer (measured in degrees) 76.30 
 

76.30 doors open, did not calibrate 

4/3/2013 12:20 south gate potentiometer (measured in degrees) 0.00 
 

0.00 doors open, did not calibrate 

5/10/2013 5:49 downstream pressure transducer 10.11 10.10 10.11 did not recalibrate 

5/10/2013 5:49 upstream pressure transducer 10.16 10.05 10.16 did not calibrate 

5/10/2013 6:28 downstream pressure transducer 10.20 10.21 10.21 did not calibrate 

5/10/2013 6:28 upstream pressure transducer 10.29 10.18 10.20 
 5/10/2013 6:28 north gate potentiometer (measured in degrees) 46.90 

 
46.90 doors open, did not calibrate 

5/10/2013 6:28 middle gate potentiometer (measured in degrees) 61.70 
 

61.70 doors open, did not calibrate 

5/10/2013 6:28 south gate potentiometer (measured in degrees) 0.00 
 

0.00 doors open, did not calibrate 
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Date Time Level logger or potentiometer 
Reading prior 
to calibration 

Actual (staff 
gage or 

estimate of gate 
openness angle) 

Reading after 
change in 

calibration Comments 

5/13/2013 13:56 downstream pressure transducer 11.91 11.85 11.85 did not calibrate 

5/13/2013 13:57 upstream pressure transducer 11.65 11.65 11.65 did not calibrate 

5/13/2013 13:57 north gate potentiometer (measured in degrees) 0.00 0.00 0.10 did not calibrate 

5/13/2013 13:57 middle gate potentiometer (measured in degrees) 10.14 0.00 0.10 
 5/13/2013 13:57 south gate potentiometer (measured in degrees) 0.00 0.00 0.00 did not calibrate 

6/4/2013 13:50 downstream pressure transducer 7.67 7.70 7.67 did not calibrate 

6/4/2013 13:50 upstream pressure transducer 7.51 7.70 7.51 did not calibrate 

6/4/2013 13:50 north gate potentiometer (measured in degrees) 63.94 
 

63.94 doors open, did not calibrate 

6/4/2013 13:50 middle gate potentiometer (measured in degrees) 38.89 
 

38.89 doors open, did not calibrate 

6/4/2013 13:50 south gate potentiometer (measured in degrees) 0.73 
 

0.73 doors open, did not calibrate 

7/1/2013 13:55 downstream pressure transducer 9.84 9.80 9.84 did not calibrate 

7/1/2013 13:55 upstream pressure transducer 9.80 9.80 9.80 did not calibrate 

7/1/2013 13:55 north gate potentiometer (measured in degrees) 43.86 
 

43.86 doors open, did not calibrate 

7/1/2013 13:55 middle gate potentiometer (measured in degrees) 36.92 
 

36.92 doors open, did not calibrate 

7/1/2013 13:55 south gate potentiometer (measured in degrees) 0.00 
 

0.00 doors open, did not calibrate 

8/6/2013 5:55 downstream pressure transducer 8.49 8.60 8.60 
 8/6/2013 5:56 upstream pressure transducer 8.46 8.50 8.50 
 8/6/2013 5:56 north gate potentiometer (measured in degrees) 64.38 

 
64.38 doors open, did not calibrate 

8/6/2013 5:56 middle gate potentiometer (measured in degrees) 60.09 
 

60.09 doors open, did not calibrate 

8/6/2013 5:56 south gate potentiometer (measured in degrees) 13.28 
 

13.28 doors open, did not calibrate 

9/11/2013 12:08 downstream pressure transducer 8.27 8.10 8.10 
 9/11/2013 12:07 upstream pressure transducer 7.95 8.10 8.10 
 9/11/2013 12:07 north gate potentiometer (measured in degrees) 60.41 

 
60.41 doors open, did not calibrate 

9/11/2013 12:07 middle gate potentiometer (measured in degrees) 60.51 
 

60.51 doors open, did not calibrate 

9/11/2013 12:07 south gate potentiometer (measured in degrees) 15.89 
 

15.89 doors open, did not calibrate 
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Appendix 2. Skagit River Streamflow Gage Results for WY 2013 
Appendix 2 Table 1. Mean daily Skagit River gage height (ft) at Mount Vernon, WA (note: na = data not 
available, text in bold indicate flows exceeding 24 feet NAVD88). 

 
 

 Fall/Winter Flood Control Period 
Spring Juvenile Chinook 

Migration Period Summer Irrigation Period 
Day of 
Month 

Oct 
2012 

Nov 
2012 

Dec 
2012 

Jan 
2013 

Feb 
2013 

Mar 
2013 

Apr 
2013 

May 
2013 

Jun 
2013 

Jul 
2013 

Aug 
2013 

Sept 
2013 

1 11.50 23.16 19.30 14.20 15.82 15.75 15.24 16.51 17.34 20.67 14.05 13.17 

2 11.55 20.91 19.61 14.57 15.57 17.62 15.60 16.11 16.86 20.79 13.41 12.65 

3 11.63 20.42 na 14.63 15.65 16.83 15.81 16.24 17.33 20.70 13.99 12.70 

4 11.53 22.76 na 14.59 15.34 15.72 17.69 16.68 17.21 19.36 13.59 13.25 

5 11.47 23.23 19.38 14.49 15.33 14.81 20.05 17.56 18.19 18.03 14.03 13.15 

6 11.57 21.55 17.95 14.55 15.62 14.20 22.87 18.92 19.19 17.30 13.86 14.76 

7 11.48 20.70 17.46 15.17 15.42 13.90 22.44 19.72 19.55 17.64 13.92 15.86 

8 11.38 20.15 17.52 16.14 15.53 13.63 20.58 19.91 18.99 17.77 13.67 15.35 

9 11.37 18.93 16.82 19.39 14.93 13.44 17.99 20.37 18.37 17.73 13.80 14.71 

10 11.39 18.39 16.15 19.65 14.41 13.25 17.78 21.45 18.11 17.78 13.85 14.11 

11 11.38 18.02 15.07 17.75 14.85 13.10 19.69 21.75 17.61 17.55 13.67 14.00 

12 11.37 17.80 14.89 17.17 14.44 13.40 18.90 22.26 17.25 17.10 14.50 13.93 

13 11.43 18.30 15.26 16.41 14.43 17.66 18.23 24.48 16.64 15.96 14.01 13.94 

14 12.73 18.82 15.19 15.93 13.89 18.35 17.71 24.60 16.18 15.57 13.89 13.59 

15 18.42 16.95 15.28 15.62 14.35 18.57 17.02 20.97 16.73 15.38 13.91 12.86 

16 18.33 16.12 15.02 15.51 13.98 18.21 16.29 19.12 16.88 15.56 14.22 12.46 

17 17.41 16.03 15.40 15.23 14.59 18.11 16.04 18.58 18.55 15.75 13.99 12.76 

18 15.57 16.32 15.55 15.32 14.76 16.79 15.82 18.32 18.90 15.34 13.97 12.59 

19 17.44 18.20 14.95 15.02 14.21 15.84 16.05 17.92 18.17 15.02 13.44 12.82 

20 20.43 22.60 14.92 14.83 14.49 15.74 16.24 17.86 18.46 14.92 13.22 12.67 

21 17.56 20.51 14.89 15.33 14.09 16.73 15.94 17.72 20.67 14.79 13.18 12.57 

22 16.18 19.28 14.70 15.20 14.29 15.77 16.84 18.59 18.86 13.92 12.99 12.64 

23 15.49 18.73 14.38 14.51 14.50 15.12 16.27 18.02 18.41 13.81 12.62 14.90 

24 14.72 21.99 14.39 14.67 13.99 14.63 15.93 17.49 18.86 13.93 11.83 17.01 

25 14.37 19.61 14.51 14.84 14.25 14.31 15.68 16.99 19.43 13.87 11.85 15.66 

26 14.10 18.04 14.47 14.62 14.40 14.05 15.90 16.75 19.11 14.08 11.94 14.79 

27 14.55 17.13 14.28 14.84 14.70 13.82 16.08 16.58 19.04 14.77 12.20 14.51 

28 16.99 16.60 14.04 14.85 14.34 14.06 16.54 17.37 19.10 14.55 12.14 15.09 

29 19.12 16.50 13.84 14.60  14.16 17.22 17.82 19.46 14.18 12.91 22.69 

30 21.97 16.95 13.73 14.93  14.28 16.90 18.07 20.39 14.25 15.80 23.31 

31 na  14.11 15.39  14.57  18.35  13.85 14.04  
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Appendix 2 Figure 1. Mean daily gage height (ft) for the Skagit River at Mount Vernon for WY 2013 
(from USGS gage #1220500). Red line shows the flood stage at 28 feet.  Mean daily gage height does not 
necessarily reflect peak flows and river gage data does not necessarily match river high water predictions, 
which is what floodgate operations are based on. 
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Appendix 3. Nookachamps Creek Streamflow Gage Results for 
WY 2013 
 

 
Appendix 3 Figure 1. Mean daily gage height (ft) of Nookachamps Creek near Clear Lake for WY 2013 
(from USGS gage #12200100). The mean daily gage results for December 20, 2012 through January 31, 
2013 are not available 
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Appendix 4. NOAA Advanced Hydrologic Prediction Service  
NOAA advanced hydrologic prediction service for the Skagit River in WY 2013 when flows 
exceeded 24 ft NAVD88: 

 
Appendix 4 Figure 1. Predicted high water event starting on May 13, 2013 in the Spring Juvenile Chinook 
Migration Period, during the time when crops were planted in fields adjacent to the levees at Fisher 
Slough. The floodgate setting was lowered allowing the doors to close, but the floodgate was not 
disengaged. 
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Appendix 4 Figure 2. Predicted high water event (near flood stage of 28 ft NAVD88) on September 30, 
2013. The floodgate setting was changed three days earlier than normal on September 28 from the 
Summer Irrigation Period criteria of ‘doors open’ to the Fall/Winter Flood Control Period of doors 
closing at 7.5 ft NAVD88 in anticipation of this event. 
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Appendix 5. Floodgate Door Opening Width 
Fisher Slough floodgate door angle openness was correlated to the distance that door is open 
(Appendix 4 Figure 1). For example, a five degree floodgate door angle equates to an opening 
width of 0.86 feet through which fish could swim. 
 

 
Appendix 5 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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