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Hydraulic Model Development for the Tillamook Bay and Estuary Study 

FINAL REPORT

Overview

Background 

During the past several years, Tillamook County has been devastated by numerous flood events.  As a result of the February 1996 flood, Congress authorized a request from Tillamook County to pursue a General Investigation Study of water resource problems in the Tillamook Bay Watershed.  The U.S. Army Corps of Engineers, Portland District (CENWP) performed an Expedited Reconnaissance Study during fiscal years 1998 and 1999.  The “Recon” study involved review of the many local, state and federal studies, which had recently been completed for the area.  The “Recon” study identified the need for further study and laid the foundation for a partnership between CENWP and the project sponsor Tillamook County (County) to further study the environmental issues of Tillamook Bay.  A Project Study Plan was formulated to investigate solutions to four identified environmental issues in the Tillamook Bay watershed.  The four issues identified are: 1) salmon habitat restoration, 2) reduction of sedimentation, 3) reduction of bacterial contamination in Tillamook Bay, and 4) reduction of the impact of flood events to the region, specifically in Tillamook, Oregon.  The General Investigation Study was focused on identifying possible solutions to ecosystem restoration goals that included flood damage reduction as well as providing compatible flood damage reduction solutions to identified problems in the Tillamook Bay region.  A key component of the General Investigation Study was the development of a one-dimensional, unsteady-flow model of the five rivers flowing into Tillamook Bay.

Project Description

The study area for this project includes the watershed and estuary of Tillamook Bay.  The watershed surrounding Tillamook Bay is dominated by broad valleys along the coastal plain that abruptly rise to the steep mountains of the Coast Range.  Elevations vary from near sea level in the coastal lowlands to above 1,100 meters (3,500 feet) in the Coast Range.  The majority of watersheds contributing to the bay are located within the mountainous area.  Dense forest covers much of the terrain, which overlies impermeable strata in the mountainous watershed.

The Tillamook Bay Watershed contains five principle rivers – the Wilson, Trask, Tillamook, Kilchis and Miami.  The Wilson and Trask Rivers are the two largest rivers in the area and contribute to the majority of flooding in the region.  The Miami and Kilchis Rivers have similar watersheds and characteristics as the Wilson and Trask, but they are smaller and are located in sparsely populated areas.  The Tillamook River, in contrast to the other four, has a relatively low gradient and it’s watershed is located mainly along the coastal foothills.  The Tillamook River contributes the least to flooding and erosion problems in the region.

WEST Consultants, Inc. (WEST), under contract DACW57-99-D-0003 with the Portland District, U.S. Army Corps of Engineers, was tasked to develop a MIKE11 one-dimensional unsteady flow model of the combined Tillamook, Trask, and Wilson River systems.  The District developed models of the Miami and Kilchis River systems.

Hydraulic Model Development

Data Acquisition

Cross-Section Surveys.  Surveyed cross-section information, supplied by CENWP to WEST, originated from various sources.  This included data from an updated FEMA Flood Insurance Study on the Wilson River and surveys by both CENWP and the County.  Cross-sections were provided for the Tillamook (to river mile 6.93), Trask (to river mile 10.95), Wilson (to river mile 9.36) and Old Trask Rivers (complete system provided), and Hall, Dougherty, and Hoquarten Sloughs (complete systems provided).  A summary of the data sources for the cross-sections are provided in Appendix A-Table 1.

GIS data.  A geographic information system (GIS) triangular irregular network (TIN) was supplied by CENWP to WEST (Figure 1).  The TIN was used to define overbank features including floodplain geometry and levee heights for the hydraulic model, and to delineate flooding extents and depths.  Aerial mapping for 0.06 meter (two-foot) contour accuracy of the TIN was conducted by CENWP in September 1999 and May 2000.  Bathymetric data of Tillamook Bay were collected by CENWP in 1995 and 2000 and provided to WEST in GIS format, from which a TIN was then created.  
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Figure 1.  TIN of the Tillamook, Trask and Wilson River valleys (Data source: 2000 aerial photographic mapping to 0.6m (two-foot) contour interval by CENWP).

Stage and Flow Data.  Stage and flow data, which was provided by CENWP to WEST, was collected from various sources.  Wilson and Trask River hourly stage and flow data, gages #14301500 and #14302480, respectively, were obtained from the U.S. Geological Survey (USGS).  Tillamook River flows, gage #14302700, were collected by the Oregon Water Resources Department.  Fifteen-minute tidal information at Garibaldi (located near the north end of Tillamook Bay), as well as 15-minute hourly stage data at Kilchis Cove and Dick Point (both in Tillamook Bay), Geinger Farm (on the Wilson River), and Carnahan Park (on the Trask River) were recorded at CENWP gages.  Gage locations and descriptions are summarized in Figure 2 and Appendix A-Table 2.

Bridge information.  Bridge information was supplied from CENWP surveys, Oregon Department of Transportation (ODOT) bridge scour reports and bridge plans, and the 1999 FEMA Flood Insurance Re-Study.  Source information for the major bridges modeled in MIKE11 are tabulated in Appendix A-Table 3.

Culvert data.  Culverts included in the model (Appendix A-Table 4) connect the overbank areas to the rivers or sloughs.  All these culverts are circular in shape in the MIKE11 model and have tide flaps to restrict the direction of flow when connected to the Wilson, Trask, or Tillamook Rivers.  Culvert data were collected and supplied by Tillamook County (USACE, 2001).  Upstream and downstream invert elevations were estimated from the TIN when survey data were not available.

Miscellaneous imagery.  Orthophotos (color photos dated 2000, and black and white photos dated 1995) were supplied by CENWP.  A photo album, by “Best Impressions Picture Company” (Rockaway, OR), and an aerial video of the November 1999 event were also provided by CENWP.

Calibration information.  Highwater marks for the November 1999, May 2001, and November 2001 events were provided by CENWP and the County.  The CENWP stage data at Dick Point, Geinger Farm, and Carnahan Park, as well as the imagery of the November 1999 event, were also used in calibrating the hydraulic model (see Calibration section).
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Figure 2.  Approximate gage locations.

Model Construction

Hydraulic model.  The Danish Hydraulic Institute’s MIKE11 2000b (DHI, 2000) model was used for the hydraulic simulations.

Channel branch definition.  The hydraulic model was assembled using the CENWP provided cross-sections.  The branch orientation and reach lengths (referred to as “chainage” in the MIKE11 model) were determined from the aerial photos and the TIN.  There are four primary branches, the Tillamook, Trask, Old Trask, and Wilson Rivers (Figure 3), and a number of secondary branches including the Hall, Dougherty, and Hoquarten Sloughs, and the “Big Cut” and “Little Cut” of the Wilson River (Figure 4) in the hydraulic model.  Cross-sections were extended out into Tillamook Bay using bathymetric data supplied by CENWP (Figure 4).
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Figure 3.  Four primary channel branches in the hydraulic model.
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Figure 4.  Additional secondary branches and cross-sections from bathymetric data, shown with the four main branches, in the hydraulic model.

Overbank branch definition.  Overbank branches, representing those areas on the landward (protected) side of levees, were defined from the TIN geometry since cross-sections were surveyed only for the primary and secondary branches.  Overbank branches (Figure 5) were required to define conveyance during out-of-bank events.  These flow paths are active only under high flow conditions and are typically separated from the main channel by topographic features such as high ground, levees, dikes, and roads.  The TIN was used to define these overbank areas.  HEC-GeoRAS (HEC, 2000) was used to “cut” the TIN and specify cross-section geometry.  GeoRAS was selected because DHI software, at the time of this study, was limited to use with digital elevation models (DEM’s), and it was desired to maintain the TIN data resolution instead of possible resolution loss in conversion from the TIN to a DEM.  The GeoRAS “cut” cross-sections were imported into HEC-RAS (HEC, 2001), and then copied into MIKE11.
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Figure 5.  Overbank branches in the hydraulic model shown in their location relative to the primary and secondary channels.

Link channel definition.  The primary and secondary channels are typically separated from the overbank areas by localized high ground, dikes, levees, and roads, which obstruct flow from one branch to another until the high ground is overtopped.  These areas are modeled as “link channels” (shown in Figure 6) in the MIKE11 model (DHI, 2000).  Field visits, observation by locals, the flight video, and the “Best Impressions” photo album of the November 1999 event helped to determine the most significant of these high ground areas.  The TIN was used to define the high ground station/elevation data and pairs of depth/width information (as required in MIKE11) for the “link channels.”  The hydraulic model network of branches and link channels is shown in Figure 7.
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Figure 6.  Distribution of “link channels” in the hydraulic model.
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Figure 7.  Branch and link channel network in MIKE11 (thick blue lines indicate branches and link channels, thin black lines indicate connections for conveyance).

Bridges and culverts.  Bridges were defined as a combination of weirs and culverts (shown in Figure 8) as required in the MIKE11 version (DHI, 2000) available at the time of this study.  Bridge geometric information for defining the weirs and culverts were supplied from CENWP surveys, the 1999 FEMA Flood Insurance Study, and ODOT bridge plans and bridge scour reports, as previously discussed.  Culverts that drain the overbank branches through the levees (“link channels”) to the primary or secondary branches (Figure 5) were also added to the model.  The culverts are included at “link channel” locations and require “$LINK” to be specified in the culvert “ID” field (DHI, 2000).


[image: image10]
Figure 8.  Creating bridges in the hydraulic model: (A) A typical surveyed cross-section at a bridge location, (B) Weir geometry (shown in brown shading) as defined at the cross-section, (C) Irregular culvert shape (shown in blue shading and dashed line) as defined at the cross-section, (D) Resulting weir/culvert combination representing the bridge opening.

MIKE11 branch naming convention.  The branch naming convention typically used in the MIKE11 model is as follows:

Type:
Primary branch

Branch Name Description:
Entire river or slough name

Example:
“Tillamook River”

Type:
Secondary branch

Branch Name Description:
Entire river or slough name
Example:
“Hall Slough”

Type:
Overbank branch

Branch Name Description:
Abbreviation for the connecting upstream branch followed by the abbreviation for the connecting downstream branch and the approximate downstream connecting chainage or river mile.
Example:
“Oldt tras 0.32” is the overbank branch connecting the Old Trask River to the Trask River at approximately Trask river mile 0.32.

When an overbank branch is connected to another overbank branch, usually a two part abbreviation is used, e.g. “Tras ti-ot 0.00” indicates a connection between the Trask River and the Tillamook-Old Trask overbank branch.

If an overbank branch connects at both ends to the same primary or secondary branch, typically only one abbreviation is given.  “Wils RB 1.44“ is the overbank branch connecting the Wilson River on the right bank back to the Wilson River downstream at river mile 1.44.  When “LB” and “RB” are used in abbreviations they stand for “left bank” and “right bank”, respectively 

Type:
Link channel

Branch Name Description:
“LC”, followed by the abbreviation for the upstream connection, the approximate chainage or river mile on the connecting upstream branch, and then the abbreviation for the downstream branch
Example:
“LC WILS 11463 HALL” is the link channel connecting at the upstream end to the Wilson River at chainage 11463 and at the downstream end to Hall Slough.

Boundary Conditions.  External boundary conditions were defined at the upstream extents of the Tillamook, Trask, and Wilson Rivers, and at the downstream end of the model.  The upstream boundaries of the modeled branches were set at the river gage locations (the Wilson River at the “older” site 2.1 miles downstream of the current site).  The upstream boundary conditions for the Trask and Wilson Rivers were defined by the provided measured USGS flow data.  Likewise, the upstream Tillamook boundary was defined using the measured Oregon Department of Water Resources data when they were available.  For the November 1999 event (see the Calibration section) no data were recorded at the Tillamook gage.  Through discussions with CENWP, it was established that the appropriate level of effort for approximating the hydrograph would be to scale either the recorded Wilson River or Trask River flows.  A comparison was therefore made between the peak flows and the periods of overlapping continuous flow recorded at the three rivers for data available between November 1995 and November 1998.  Through this analysis the Wilson River (vs. the Trask River) was selected as better representing both the shape and peak of the Tillamook hydrograph.  Appendix A-Figure 1 and Appendix A-Figure 2 show a scatter plot of the Tillamook peak flows vs. the Wilson and Trask Rivers.  A linear line was then fit to the scatter plots and the Wilson and Trask flows scaled by the slope of the line to estimate Tillamook River flows.  Appendix A-Figure 3 and Appendix A-Figure 4 show the resulting hydrograph shapes where the Trask and Wilson River flows are multiplied by these factors for two events where all three gages recorded data.  The November 1999 Tillamook flow was estimated to be 18% from this analysis.

Inflow from local watersheds contributing runoff within the study area were also added to the model.  The drainage areas were determined by GIS mapping conducted by CENWP (Appendix A-Figure 5 and Appendix A-Table 5), and the Wilson River flow scaled by a ratio of drainage areas to define the local watershed runoff hydrograph.  It was found that the addition of these inflows had little impact on the results for the events simulated and therefore no timing adjustments were made to the local inflow hydrographs.

Calibration

The MIKE11 model was calibrated using a low flow, in-bank event (May 2001) and a high flow, out-of-bank event (November 1999).  Two different geometric representations of the system (i.e., MIKE11 network files) were created, one with and one without overbanks.  The May 2001 event was calibrated first and because it was an in-bank event, used the geometry without overbank definition.

Calibration was conducted primarily by modifying the Manning’s ‘n’ value, but as part of the calibration process additional branches or cross-sections were added as necessary to better represent channel or overbank geometry.  Manning’s ‘n’ values ranged from 0.03 to as high as 0.15 in some overbank floodplain areas (Appendix A-Table 6).  Calibration values were different for the November 1999 and May 2001 event because of different flow conditions (in-bank vs. out-of-bank).  As part of the calibration, the estimated Tillamook River flows for November 1999 were increased by 30% because unrealistic Manning’s ‘n’ values were required to meet observed high water marks.

A third bankfull event (November 2001), with peak flows between the May 2001 and November 1999 event, was used to validate the model (Table 1).  Manning’s ‘n’ values from the November 1999 event were used in the verification simulation.  

Table 1.  Peak flows for the three simulated events.

	
	November 1999
	May 2001
	November 2001

	
	Peak Flow
	Approximate Flow Frequency
	Peak Flow
	Approximate Flow Frequency**
	Peak Flow
	Approximate Flow Frequency

	Wilson River
	720 cms
	6 year**
	60 cms
	<1 year**
	440 cms
	<2 year**

	Trask River
	640 cms
	20 year**
	40 cms
	<1 year**
	220 cms
	<2 year**

	Tillamook River
	160 cms*
	(not determined)
	15 cms
	(not determined)
	50 cms
	(not determined)


*The Tillamook River discharges were estimated for the November 1999 event.

**Approximate flow frequencies are from “DRAFT Tillamook Bay and Estuary General Investigation Study, Overview of Hydrologic Study including MIKE 11 Model Development” (USACE, 2003)

Both recorded time series data and observed high water marks were used for the May 2001 and November 2001 events.  Only high water marks were available for the November 1999 event.  Sources for the data included CENWP and Tillamook County (USACE, 2001) as discussed in the following text.

Tillamook Bay

The roughness coefficient for Tillamook Bay was calibrated using the Garibaldi tidal stage data at the downstream boundary, running the MIKE11 simulation, and calibrating to the stage gage at Dick Point at the opposite end of the bay.  The Manning’s ‘n’ value for the cross-sections in the bay between these two gages was adjusted until the simulated and observed values matched at Dick Point.  Figure 9 shows the comparison of the downstream boundary condition gage (at Garibaldi), the observed Dick Point gage, and the simulated stage at Dick Point (Tillamook River chainage 13866.6).
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Figure 9.  Comparison of downstream boundary condition gage at Garibaldi (shown in red), the observed Dick Point gage (shown in black), and the simulated stage at Dick Point (Tillamook River chainage 13866.6) (shown in black).

May 2001 In-Bank Event 

Figure 10, Figure 11, Table 2, and Table 3 show the calibration results for the May 2001 event.  The difference between simulated and observed high water marks was ±0.13 meters (±0.4 feet) except for being 0.25 meters (0.8 feet) too high in Hall Slough and 0.48 meters (1.6 feet) too low at the log jam location on the Dougherty Slough.  All observed values were provided by CENWP and are listed in Appendix A-Table 7.  Table 4 lists the range of calibrated Manning’s ‘n’ values for the simulation.

Note that the program default “resistance radius” (DHI, 2000), and not “hydraulic radius,” was selected in the MIKE11 model.  An investigation by WEST, and verified with DHI, indicates that a relatively higher Manning’s ‘n’ than the typical published values (e.g., in U.S. Army Corps of Engineers [2001], “HEC-RAS Hydraulic Reference Manual”, or Barnes [1987], “Roughness Characteristics of Natural Channels”) should be expected for the “resistance radius” type when using the Manning’s ‘n’ equation.


[image: image12]
Figure 10.  Simulated vs. observed water surface stage at the Carnahan tide gage on the Trask River for the May 2001 Event.


[image: image13]
Figure 11.  Simulated vs. observed water surface stage at the Geinger tide gage on the Wilson River for the May 2001 event.

Table 2.  Difference between simulated and observed high water marks for the May 2001 event in the Tillamook and Trask River system.

	Branch
	Nearest Chainage (m)
	Location
	Observed Level* (m) (NAVD88)
	Simulated Level (m) (NAVD88)
	Diff. (m)
	 Diff. (ft)

	Tillamook River
	28.2
	River Mile 6.9
	4.76
	4.67
	-0.09
	-0.3

	Tillamook River
	2658.5
	River Mile 5.44
	2.04
	2.02
	-0.02
	-0.1

	Tillamook River
	3532.8
	River Mile 4.95
	1.94
	1.98
	0.04
	+0.1

	Tillamook River
	5060.3
	River Mile 3.96
	1.99
	1.99
	0.00
	0.0

	Tillamook River
	6775.5
	River Mile 2.95
	2.04
	2.01
	-0.03
	-0.1

	Tillamook River
	8402.1
	River Mile 2
	1.98
	2.04
	0.06
	+0.2

	Tillamook River
	10193
	River Mile 0.91
	2.08
	2.08
	0.00
	0.0

	Trask River
	3231
	River Mile 8.75
	13.06
	13.03
	-0.03
	-0.1

	Trask River
	6392.9
	River Mile 6.95
	7.16
	7.26
	0.10
	+0.3

	Trask River
	9164.6
	River Mile 5.26
	4.48
	4.53
	0.05
	+0.2

	Trask River
	10930.55
	River Mile 4.2
	2.74
	2.63
	-0.11
	-0.4

	Trask River
	12965.6
	River Mile 2.98
	2.04
	2.08
	0.04
	+0.1

	Trask River
	14070.4
	River Mile 2.39
	1.83
	1.89
	0.06
	+0.2

	Trask River
	15873.6
	River Mile 1.18
	1.49
	1.49
	0.00
	0.0


*All observed high water marks provided by CENWP.

Table 3.  Difference between simulated and observed high water marks for the May 2001 event in the Wilson River system.

	Branch
	Nearest Chainage (m)
	Location
	Observed Level* (m) (NAVD88)
	Simulated Level (m) (NAVD88)
	Diff. (m)
	 Diff. (ft)

	Wilson River
	1299.9
	River Mile 8.6
	13.10
	13.10
	0.00
	0.0

	Wilson River
	1650.7
	River Mile 8.43
	12.41
	12.41
	0.00
	0.0

	Wilson River
	8942.9
	River Mile 3.83
	4.42
	4.41
	-0.01
	0.0

	Wilson River
	11336.5
	River Mile 2.4
	3.24
	3.29
	0.05
	+0.2

	Wilson River
	12445.1
	Upstream of Hwy 101
	2.87
	2.79
	-0.08
	-0.3

	Wilson River
	14341.9
	River Mile 0.63
	2.35
	2.48
	0.13
	+0.4

	Hall Slough
	3100.7
	Upstream of Goodspeed Rd
	2.03
	2.28
	0.25
	+0.8

	Dougherty Slough
	0
	at Wilson Confluence
	4.83
	4.89
	0.06
	+0.2

	Dougherty Slough
	172
	Near log jam
	4.61
	4.67
	0.06
	+0.2

	Dougherty Slough
	690.6
	Wilson River Loop Road
	4.02
	3.54
	-0.48
	-1.6

	Dougherty Slough
	4170.7
	River Mile 2
	1.94
	2.04
	0.10
	+0.3

	Dougherty Slough
	4684.9
	Upstream of Hwy 101
	2.01
	2.09
	0.08
	+0.3

	Hoquarten Slough
	6234.9
	Upstream of Hwy 101
	1.95
	1.99
	0.04
	+0.1


*All observed high water marks provided by CENWP.

Table 4.  Range of Manning’s ‘n’ values for the May 2001 event using resistance radius.

	Branch
	Manning’s ‘n’

	Tillamook Bay
	0.02

	Downstream (tidal) secondary branches
	0.03 – 0.08

	Tillamook River
	0.03 – 0.1

	Trask River
	0.04 – 0.12

	Wilson River
	0.03 - 0.09

	Old Trask River
	0.05

	Hoquarten Slough
	0.04

	Dougherty Slough
	0.07

	Hall Slough
	0.04


November 1999 Out-of-Bank Event

Figure 12 shows the locations of the most reliable high water marks for the November 1999 event.  Results from the simulation, corresponding to Figure 12, are presented in Table 5 and Table 6.  The difference between simulated and observed high water marks was ±0.24 meters (±0.8 feet).
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Figure 12.  Location of high water marks for the November 1999 event.

Table 5.  Difference between simulated and observed water surface elevations for the November 1999 event in the Tillamook and Trask River systems.

	Branch
	Nearest Chainage (m)
	Location
	Source
	Obs. Level (m) (NAVD88)
	Sim. Level (m) (NAVD88)
	Diff. (m)
	Diff. (ft)

	Tillamook River
	2605.7
	Louie Blaser Dairy
	Observed Historic Flood Levels
	4.30
	4.45
	0.15
	0.5

	Tillamook River
	12997.0
	Tide gate outlet
	Leo Kuntz
	2.96
	3.08
	0.12
	0.4

	Tillamook River
	5060.3
	Tillamook River Road Bridge RM 3.96
	CENWP Crest Gages
	4.25
	4.16
	-0.09
	-0.3

	Tillamook River
	10193
	Netarts Highway RM 0.91
	CENWP Crest Gages
	3.75
	3.68
	-0.07
	-0.2

	Tillamook Right Overbank
	258
	Kevin Pullian Home
	Observed Historic Flood Levels
	5.50
	5.71
	0.21
	0.7

	Tillamook Right Overbank
	1045.3
	Louie Blaser Dairy
	Observed Historic Flood Levels
	4.30
	4.24
	-0.06
	-0.2

	Tillamook Overbank
	3912.6
	Tide gate inlet
	Leo Kuntz
	3.87
	3.8
	-0.07
	-0.2

	Trask River
	6380.2
	Brickyard Road Bridge RM 6.96
	CENWP Crest Gages
	11.86
	11.97
	0.11
	0.4

	Trask River
	9164.8
	Lethhold Dairy
	Observed Historic Flood Levels
	9.60
	9.58
	-0.02
	-0.1

	Trask River
	10954.3
	Highway 101 RM 4.2
	CENWP Crest Gages
	8.14
	8.28
	0.14
	0.5

	Trask River
	14086.5
	Tone Road RM 2.39
	CENWP Crest Gages
	5.78
	5.69
	-0.09
	-0.3

	Trask River
	15841.6
	Netarts Highway RM 1.18
	CENWP Crest Gages
	4.51
	4.45
	-0.06
	-0.2

	Trask Overbank
	2919.4
	Dean Tohl Dairy
	Observed Historic Flood Levels
	6.10
	6.11
	0.01
	0.0


Table 6.  Difference between simulated and observed water surface elevations for the November 1999 event in the Wilson River system.

	Branch
	Nearest Chainage (m)
	Location
	Source
	Obs. Level (m) (NAVD88)
	Sim. Level (m) (NAVD88)
	Diff. (m)
	Diff. (ft)

	Wilson River
	1313.1
	Highway 6 Bridge RM 8.6
	CENWP Crest Gages
	17.53
	17.56
	0.03
	0.1

	Wilson River
	8908.9
	Sollie-Smith Bridge RM 3.84
	CENWP Crest Gages
	8.99
	9
	0.01
	0.0

	Wilson River
	11294.6
	RR Bridge RM 2.4
	CENWP Crest Gages
	7.14
	7.23
	0.09
	0.3

	Wilson River
	12445.1
	Highway 101 RM 1.8
	CENWP Crest Gages
	6.45
	6.4
	-0.05
	-0.2

	Hall Slough
	2245.1
	Beeler Heffer Farm
	Observed Historic Flood Levels
	4.20
	4.13
	-0.07
	-0.2

	Hall Slough
	3100.7
	Goodspeed Bridge
	Leo Kuntz
	4.27
	4.03
	-0.24
	-0.8

	Hall Right Overbank
	109.7
	Aufdermauer Shop
	Observed Historic Flood Levels
	4.10
	4.14
	0.04
	0.1

	Dougherty Slough
	696.6
	Wilson River Loop Road Bridge
	CENWP Crest Gages
	8.42
	8.35
	-0.07
	-0.2

	Dougherty Slough
	2184.3
	Kiger Road Bridge
	CENWP Crest Gages
	6.52
	6.29
	-0.23
	-0.8

	Hoquarten Slough
	6240.1
	Highway 101 Bridge
	CENWP Crest Gages
	4.78
	4.7
	-0.08
	-0.3


Table 7 presents the range of calibrated Manning’s ‘n’ values used in the model for the out-of-bank event.  Note that the program default “resistance radius” (DHI, 2000), and not “hydraulic radius,” was selected in the MIKE11 model.  An investigation by WEST, and verified with DHI, indicates that a relatively higher Manning’s ‘n’ should be expected for the former radius type when using the Manning’s ‘n’ equation.  The ‘n’ value for the MIKE11 link channels was set to 0.30 as part of the calibration to help reduce the amount of weir flow.  With a ‘n’ value for the link channels less than this too much flow enters the overbank areas, reducing the amount of water in the main channel and therefore reducing the main channel stage below the observed highwater marks.

Table 7.  Range of Manning’s ‘n’ values for the November 1999 event using resistance radius.

	Branch
	Manning’s ‘n’

	Tillamook Bay
	0.02

	Downstream (tidal) secondary branches
	0.03 – 0.05

	Tillamook River
	0.04 – 0.045

	Trask River
	0.04 – 0.06

	Wilson River
	0.04 - 0.055

	Old Trask River
	0.09

	Hoquarten Slough
	0.09 – 0.12

	Dougherty Slough
	0.12 – 0.15

	Hall Slough
	0.12

	Overbanks
	0.07 – 0.15


November 2001 Event 

The November 2001 event, which overtopped the banks in many locations on the Wilson River and was near bankfull on the Trask and Tillamook, was used to verify the MIKE11 model (Figure 13, Figure 14, Figure 15, and Table 8).  All observed values were provided by CENWP The difference between the observed and simulated values ranged from –0.64 to +0.64 meters (±2.1 feet).  There were some known errors in the recorded stage at the Carnahan gage as the values were unrealistically high.  The entire Carnahan gage datum was therefore adjusted by a constant value (compare the resulting stage at Carnahan, Figure 14, to Geinger, Figure 13).
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Figure 13.  Simulated (in black) and observed (in blue) stage at Geinger Farm for November 2001.
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Figure 14.  Simulated (in black) and observed (in blue) stage at Carnahan for November 2001.
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Figure 15.  Simulated (in black) and observed (in blue) elevations for the November 2001 event.

Table 8.  Difference between simulated and observed water surface elevations for the November 2001 event.

	Branch
	Nearest Chainage (m)
	Location
	Obs. Level* (m) (NGVD88)
	Sim. Level (m) (NGVD88)
	Diff.

(m)
	Diff.

(ft)

	Tillamook River
	10193
	Netarts Highway RM 0.91
	2.75
	3.38
	0.63
	2.1

	Trask River
	15873.6
	Netarts Highway RM 1.18
	3.96
	3.8
	-0.16
	-0.5

	Old Trask River
	2796.6
	River Km 2.8
	3.14
	3.43
	0.29
	1.0

	Wilson River
	1299.9
	Highway 6 Bridge RM 8.6
	16.06
	16.17
	0.11
	0.4

	Wilson River
	1650.7
	Upstream boat ramp RM 8.43
	15.51
	15.54
	0.03
	0.1

	Wilson River
	5010.1
	River Km 5.0 Donaldson
	11.26
	11.47
	0.21
	0.7

	Wilson River
	8908.9
	Sollie-Smith Bridge RM 3.84
	8.82
	8.55
	-0.27
	-0.9

	Wilson River
	11294.6
	SPRR Bridge RM 2.4
	7.08
	6.97
	-0.11
	-0.4

	Wilson River
	12445.1
	Highway 101 RM 1.8
	6.42
	6.37
	-0.05
	-0.2

	Wilson River
	12759.2
	Boquist Road
	5.69
	6.09
	0.40
	1.3

	Hall Slough
	1275.1
	Highway 101
	4.5
	4.35
	-0.15
	-0.5

	Hall Right Overbank
	345.2
	Shilo Inn
	5.04
	4.41
	-0.63
	-2.1

	Dougherty Slough
	690.6
	Wilson River Loop Rd. Bridge
	7.96
	7.63
	-0.33
	-1.1

	Dougherty Slough
	2157.0
	Kiger Road Bridge
	6.03
	5.96
	-0.07
	-0.2

	Dougherty Slough
	4684.9
	Highway 101 (upstream)
	3.76
	4.11
	0.35
	1.1

	Dougherty Slough
	4730.6
	Highway 101 (downstream)
	3.86
	4.08
	0.22
	0.7


*All observed high water marks provided by CENWP.

Discussion

The MIKE11 model was calibrated to an in-bank event (May 2001) and out-of-bank event (November 1999).  In both cases the simulated vs. observed peak values compared relatively well, differing by 0.12 meters (±0.4 feet) and 0.24 meters (±0.8 feet), respectively, for the two events.  The model represents relatively well the observed water surface elevations, simulating equally as well both the main rivers and sloughs.  The simulated values also replicate relatively well the timing of the events as can be observed in the hydrograph time series plots discussed in the Calibration section.

The verification run (November 2001), using the November 1999 Manning’s ‘n’ values and geometry, varied by ±0.64 meters (±2.1 feet).  However, the November 2001 discharge values were between those in the November 1999 and May 2001 simulations, and different Manning’s ‘n’ values were used when calibrating these two latter events.  Therefore, the Manning’s ‘n’ values should likely be modified as well to better calibrate this “in-between” flow.  A verification run of magnitudes similar to those of the November 1999 and May 2001 events would better verify the MIKE11 model parameters.  

This would indicate that the model is best suited for simulating events similar to those used in the calibration, then using the corresponding calibrated Manning’s ‘n’ values for that type of event (e.g. May 2001 or November 1999).  Caution should be used when applying this model for other flows unless the model has been calibrated for an event of that other magnitude.

As a whole, the Manning’s ‘n’ values typically increase moving in an upstream direction for the Wilson, Trask, and Tillamook Rivers.  Manning’s ‘n’ was increased to reflect, in part, the additional losses in the more sinuous sections of the river (e.g. downstream portions of the Wilson River).  The sloughs, which are typically more heavily vegetated, usually have higher Manning’s ‘n’ values than those in the main channels.  The Manning’s ‘n’ value at the upstream end of the Dougherty Slough was raised to reflect the blockage and turbulence caused by the log jam at this location.

Areas of potential improvements to the model include making modifications and additions to the culverts and levees.  Only the apparently significant culverts were included in the model, and many of the invert elevations of these were estimated from the TIN.  Additional culverts and surveyed invert elevations may be necessary to perform more detailed modeling in any specific location.  Levee (“link channel”) elevations were also estimated from the TIN.  Surveying the levee elevations and modifying the MIKE11 model accordingly may yield more accurate results.

Alternatives

Once calibrated, the MIKE11 hydraulic model was then used to model a number of flood control alternatives.  The November 1999 event was used to simulate the effects of flood control measures including channel dredging, levee removal and levee setback.  A summary of the flood control alternatives and their purpose is shown in Table 9.  Figure 16 and Figure 17 show the location of these alternatives and the location of flood cells where impacts were analyzed, respectivley.  Further description of these alternatives and preliminary results from these simulations are provided in Appendix B.  Flood Control Alternatives Modeled in MIKE11.

Table 9.  Difference between simulated and observed water surface elevations for the November 2001 event.

	Alterative
	Goal
	Result Highlights
	Significant/Major Flood Cell Changes

	Wi2
- 20m cut
	Reduce frequency of “nuisance” floods.
	Flow redirected from the Hall right bank to the Hall Slough

Duration of Highway 101 overtopping reduced by ≈ 4 hours in Hall right overbank
	

	
- levees lowered
	
	Duration of total flood event extended

Peak stage decreased by up to 0.1 m along Hall Slough
	Peak stage decreased by up to ≈ 0.1 m in Cells 4, 6, 7, 8, & 9

	
- levees lowered & 20m cut
	
	Nearly identical to levees lowered only alternative.

Duration of Highway 101 overtopping reduced by ≈ 6 hours in Hall right overbank
	Nearly identical to levees lowered only

	
- increased US capacity
	
	Increased duration of Hall Slough flushing flows
	Duration of flooding increased in Cells 6, 7, 9, 11, & 19

	Tr2
- 40m cut
	Reduce flood levels.  Restore channel complexity and increase channel capacity.
	Peak water surface stage lowered in the Trask R. upstream of Netarts Hwy ≈ 0.6 - 0.7 m

Peak water surface elevation lowered in the overbank between Trask & Till ≈ 0.4m
	Peak stage decreased by ≈ 0.1 m in Cells 4, 5, 10, 12, 13, 14, & 15

	
- 60m setback (left levee)
	
	Peak water surface elevation lowered in the overbank between Trask & Till ≈ 0.1 m
	None

	
- levee lowered (right levee)
	
	No significant benefits other than to Flood Cell #5
	Peak stage decreased by ≈ 0.2 in Cell 5

	Tr8
- 30m cut
	Reduce flood stages and flooding of surrounding area.
	Flow redirected to Old Trask (approximately 47 cms) and Till-OltT 0.85 overbank from Trask River

Trask R. peak stage lowered ≈ 0.1 m near Old Trask confluence
	None

	
- 30m setback
	
	Redirects ≈ 20 cms increase in Old Trask flow

No significant change in stage
	None

	
- 30m setback & 30m cut
	
	Flow redirected to Old Trask and Till-OltT 0.85 overbank from Trask River
	None

	Wi11

	Determine if dredging improves flood conditions.
	Wilson River, Big Cut peak stage lowered between 0 to 0.35 meters.  
	Flood cells 6, 8, 9, 11 and 19 are truncated 1 to 6 hours on the rising limb, and 2.5 to 7.5 hours on the falling limb.

	Wi10
	Increase flood conveyance by widening and deepening the channel.
	Wilson River peak stage lowered between 0.1 to 0.4 meters.

Approximate overall channel capacity increased from 265 cms to 320 cms.
	Flood cells 6, 8, 9, 11 and 19 are lowered ≈ 0.3 meters.  Rising limb of the hydrograph is delayed 4 to 10 hours.  Pool drainage time shortened as much as 10 hours.

	
- included Wi11 measures
	
	Essentially the same results as Wi10 for the upper Wilson River.  Additional stage reduction of approximately 0.1 meters for lower Wilson River.
	Slight improvement in hydrograph duration, up to 1.5 hours shorter, in addition to results for Wi10 for flood cells 6, 8, 9, 11 and 19.

	Tr10
	Determine local and upstream effects of channel dredging.
	Peak stage reduction from 0 to 0.2 at most cross sections altered in the channel modification.
	Peak stage is decreased between 0.1 and 0.15 meters in flood cells 5, 12, 13, 14, & 15.  Time to drain reduced 6 to 12 hours for pools 12, 13, 14, & 15.  Rising limb of the hydrograph delayed 1 to 2 hours for pools 5, 12, 13, and 14.

	
- included Tr2 measures
	
	Discharge through the Trask increased by approximately 70 cms over Tr10 results.  Trask stage higher than in Tr10 but still lower than for base condition.
	Up to 2 hours duration added to either end of the hydrograph when compared to Tr10, but duration still less than base condition.

	
- included Tr2 measures and 60m levee setback
	
	Discharge through the Trask increased by approximately 20 cms over Tr10+Tr2 results.
	None beyond Tr10+Tr2 results.
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Figure 16.  Lower Tillamook Area Rivers Modeled For Flood Reduction (USACE, 2003).
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Figure 17.  Flood Cells in the lower Tillamook region (USACE, 2003).
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Appendix A.  Additional Tables and Figures

Appendix A-Table 1.  Source of MIKE11 cross-section data.

	Branch Name
	Source
	Date

	Wilson River
	FEMA restudy

USACE

Tillamook County
	February 1999

December 2000

January 2001

	Hall Slough
	USACE
	December 2000

	Dougherty Slough
	FEMA restudy

USACE

Tillamook County

Tillamook County
	February 1999

June 2000

Summer 2000

January 2002

	Hoquarten Slough
	FEMA restudy

Tillamook County
	February 1999

Summer 2000

	Big Cut
	Tillamook County
	January 2002

	Little Cut
	Tillamook County
	January 2002

	Trask River
	Tillamook County
	January 2001

	Tillamook River
	Tillamook County
	January 2001

	Old Trask River
	Tillamook County
	Summer 2000


Appendix A-Table 2.  List of gages used in the MIKE11 simulations.

	Operated by
	Gage ID or Number
	Location
	Period of Record
	Parameters

	USGS
	14301500
	Wilson River near Tillamook, Oregon
	1931 - Present
	Stage and flow

	USGS
	14302480
	Trask River above Cedar Creek Near Tillamook, Oregon
	1996 - Present
	Stage and flow

	Oregon Water Resources Department
	14302700
	Tillamook River
	1973-1977, 1995-1998, 2000-2002
	Stage and flow

	U.S. Army Corps
	Garibaldi
	Near the north end of Tillamook Bay
	2001 - Present
	Stage

	U.S. Army Corps
	Geinger
	Geinger Farm on the Wilson River
	2001 - Present
	Stage

	U.S. Army Corps
	Carnahan
	Carnahan Park on the Trask River
	2001 - Present
	Stage

	U.S. Army Corps
	Kilchis Cove
	Tillamook Bay
	2001 - Present
	Stage

	U.S. Army Corps
	Dick Point
	Near the south end of Tillamook Bay
	2001 - Present
	Stage


Appendix A-Table 3.  Data source and location of major bridges included in the MIKE11 model.

	 
	 
	 
	Source
	

	Branch
	Chainage
	 
	Survey
	As-Builts
	Comments

	Wilson River
	12454
	1.  US Hwy 101 RM 1.78
	
	
	Data from RAS model used for the 1999 FEMA study

	Wilson River
	11316
	2.  Port of Tillamook RailRoad bridge RM 2.40
	
	
	Data from RAS model used for the 1999 FEMA study

	Wilson River
	8926
	3.  Wilson River Loop Rd (Sollie-Smith) bridge RM 3.83
	WEST
	WEST
	As-Builts June 1974.  WEST Survey July 1998

	Hall Slough
	3105
	1.  US Highway 101 Bridge
	COE
	
	COE measured dimensions 3/22/01

	Hall Slough
	1291
	2.  County Bridge at Goodspeed Road
	COE
	 
	COE measured dimensions 3/22/01

	Dougherty Slough
	4708
	1.  US Highway 101 Bridge at D1.5
	
	
	Data from RAS model used for the 1999 FEMA study

	Dougherty Slough
	3472
	2.  Port of Tillamook Rail Road bridge at D2.1
	Till. Co.
	
	 COE field checked curb height 2/16/01

	Dougherty Slough
	2182
	3.  Kiger Road Bridge at D4
	
	
	Data from RAS model used for the 1999 FEMA study

	Dougherty Slough
	695.3
	4.  Wilson River Loop Road Bridge at D5.5
	
	 
	Data from RAS model used for the 1999 FEMA study

	Hoquarten Slough
	6258
	1.  US Highway 101 Bridge at H3.5
	
	
	Data from RAS model used for the 1999 FEMA study

	Hoquarten Slough
	5145
	2.  Port of Tillamook Rail Road Bridge at H6
	
	 
	Data from RAS model used for the 1999 FEMA study

	Trask River
	15880.6
	1.  Oregon Highway 131 (Tillamook-Netarts) Highway RM 1.18
	Till. Co.
	COE
	 As-Builts March 1941.  COE field checked 2/14/01

	Trask River
	14086.5
	2.  Tillamook River Loop Rd Bridge RM 2.39
	Till. Co.
	
	 COE field checked 2/16/01

	Trask River
	10937.5
	3.  US Hwy 101 bridge RM 4.20
	Till. Co.
	COE
	 As-Builts October 1948.  COE field checked 2/14/01

	Trask River
	9124.6
	4.  Port of Tillamook Rail Road Bridge RM 5.26
	Till. Co.
	
	 COE field checked 2/16/01.  COE and Larry Jones (Port of Tillamook) field checked 3/21/01 approach.

	Trask River
	6380.32
	5.  County Road 734 (Johnson) Bridge RM 6.96
	Till. Co.
	COE
	 As-BuiltsSept. 1951.  COE  field checked 2/14/01

	Tillamook River
	10188.8
	1.  Oregon Highway 131 (Tillamook-Netarts) Bridge RM 1.04
	WEST & Till. Co.
	WEST
	WEST Survey Nov 1993

	Tillamook River
	5055.3
	2.  Tillamook River Loop Road (Burton) Bridge RM 3.96
	WEST & Till. Co.
	WEST
	As-Builts Dec 1976.  WEST Survey Dec 1997.

	Tillamook River
	2653.5
	3.  Tillamook River Loop Road (Blazer) Bridge RM 5.44
	Till. Co.
	COE
	As-Builts April 1998.  COE field checked some dimensions 2/14/01.

	Old Trask River
	722.3
	1.  Private Brudge at RM 1.50
	Till. Co.
	
	COE field checked dimensions 2/16/01 and 3/21/01.


Sources: 
WEST = WEST Consultants, Inc.



COE = Corps of Engineer



Till. Co. = Tillamook County

Appendix A-Table 4.  Data source and location of major bridges included in the MIKE11 model.

	MIKE11 Link Channel Name
	Chainage
	Upstream Invert Elevation (m)
	Downstream Invert Elevation (m)
	Length (m)
	Number of Culverts

	LC Wils 15400 HaRB
	5
	1.83
	1.83
	9.144
	1

	LC Wils 15000 Wils LB
	5
	2.64
	2.64
	12.192
	1

	LC DS Wils RB 0.93
	5
	2.65
	2.65
	15.24
	1

	LC TILL 4584 TILL OLDT
	10
	0.83
	0.46
	18
	4

	LC TRASK 14096 TRAS RB 2.37
	5
	0.5
	0.46
	10
	1

	LC TRASK 14096 TRAS RB 2.37
	5
	0.35
	0.54
	10
	2

	LC TILL 12996 DO-TR
	2.5
	1.42
	1.4
	5.1
	1

	LC TILL 12996 DO-TR
	2.5
	1.45
	1.35
	5
	1

	LC TILL 12996 DO-TR
	2.5
	1.41
	1.37
	5
	1

	LC TILL 12996 DO-TR
	2.5
	1.5
	1.38
	5
	1

	LC TILL 12996 DO-TR
	2.5
	1.36
	1.33
	5
	1

	LC TILL 12996 DO-TR
	2.5
	1.44
	1.39
	5.1
	1

	LC TILL 12996 DO-TR
	2.5
	1.4
	1.18
	5
	1

	LC TILL 12996 DO-TR
	2.5
	1.42
	1.23
	5
	1

	LC TILL 12996 DO-TR
	2.5
	1.51
	1.23
	4.9
	1

	LC TILL 12996 DO-TR
	2.5
	1.43
	1.18
	5
	1

	LC TILL 12996 DO-TR
	2.5
	0.46
	0.6
	5
	1

	LC TRAS TRAS RB1.48B
	5
	3.72
	3.72
	10.5
	1

	LC TRAS TRAS RB1.48A
	5
	3.69
	3.69
	10.5
	1

	LC Till 2.00 Till lb
	5
	0.97
	0.97
	27
	1

	LC Till 2.44 Till lb
	10
	0.9
	0.9
	15
	2

	LC Till 2.95 Till lb
	10
	0.91
	0.91
	18
	1

	LC Till 3.09 Till lb
	5
	0.81
	0.81
	18
	1

	LC Till 4.00
	5
	1.8
	1.8
	9
	1

	LC Tras 0.32 Oldt
	10
	1.1
	1.1
	18
	1

	LC Till 0.10 Oldt
	15
	0.95
	0.95
	30
	1

	LC Till 0.37 Oldt
	15
	0.56
	0.56
	30
	1

	LC OldT 0.30 Oldt
	10
	0.94
	0.94
	18
	1

	LC OldT 0.87 Oldt
	10
	0.97
	0.97
	19.8
	1

	LC Till 1.54 Till oldt
	10
	0.85
	0.85
	18
	1

	LC Till 1.69 Ti-ot till
	10
	0.86
	0.86
	18
	1

	LC Till 2.00 Ti-ot till
	10
	0.99
	0.99
	18
	1

	LC Till 2.17 Till oldt
	10
	1.1
	1.1
	15
	1

	LC Till 2.35 Till oldt
	10
	1
	1
	18
	1

	LC Till 2.44 Till oldt
	7.5
	0.91
	0.91
	8
	1

	LC Till 3.55 Till oldt
	10
	0.7
	0.7
	15
	1

	LC Till 4.95 Till oldt
	10
	0.81
	0.81
	15
	1

	LC Wils 13007.4 Wils RB 1.44
	5
	2.82
	2.82
	12.192
	1

	Hall RB DS4
	5
	1.59
	1.59
	12.192
	1

	Hall RB DS4
	5
	1.59
	1.59
	12.192
	1

	Hall RB DS4
	5
	1.61
	1.61
	12.192
	1

	Hall RB DS4
	5
	1.61
	1.61
	12.192
	1

	Hall RB DS3
	10
	0.5
	0.5
	15.24
	1

	Hall RB DS2
	5
	1.5
	1.5
	10
	1

	LC HOQU 8137 HOQU LB 2.00
	5
	3
	3
	6.1
	2

	LC Hoqu LB DS
	5
	1
	0.99
	18.3
	1
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Appendix A-Figure 1.  Wilson River vs. Tillamook River peak flows from November 1995 to November 1998.
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Appendix A-Figure 2.  Trask River vs. Tillamook River peak flows from November 1995 to November 1998.
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Appendix A-Figure 3.  Observed Tillamook River flow compared to the Tillamook River flow scaled by the Trask and Wilson River regression slopes for the April 1996 event.
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Appendix A-Figure 4.  Observed Tillamook River flow  compared to the Tillamook River flow scaled by the Trask River and Wilson River regression slope  for the September/October 1997 event.


Appendix A-Figure 5.  Watersheds used for computing local contributing runoff.

Appendix A-Table 5.  Area of local watersheds.

	Watershed Number
	Area (acres)
	Watershed Number
	Area (acres)

	2
	12,657
	17
	1,093

	8
	1,492
	18
	274

	9
	1,115
	19
	58

	10
	1,673
	20
	4,289

	11
	597
	21
	403

	12
	467
	22
	3,449

	13
	988
	23
	2,745

	14
	398
	24
	1,653

	15
	904
	25
	98

	16
	835
	26
	3,921


Appendix A-Table 6.  Calibrated Manning’s ‘n’ values.

	November 1999 Event
	May 2001 Event

	MIKE11 Branch
	Chainage
	Manning’s ‘n’ value specified
	MIKE11 Branch
	Chainage
	Manning’s ‘n’ value specified

	Global Value
	N/A
	0.07
	Global Value
	N/A
	0.05

	Dougherty Slough
	0
	0.15
	Dougherty Slough
	0
	0.07

	Dougherty Slough
	55.7
	0.15
	Dougherty Slough
	55.7
	0.07

	Dougherty Slough
	172
	0.15
	Dougherty Slough
	172
	0.07

	Dougherty Slough
	292
	0.15
	Dougherty Slough
	292
	0.07

	Dougherty Slough
	6368.2
	0.12
	Dougherty Slough
	6368.2
	0.07

	Hall Slough
	109.7
	0.12
	Hall Slough
	109.7
	0.04

	Hall Slough
	1460.5
	0.12
	Hall Slough
	4924.5
	0.04

	Hall Slough
	4924.5
	0.12
	Hoquarten Slough
	0
	0.04

	Hoqu RB 2.20
	0
	0.15
	Hoquarten Slough
	5496
	0.04

	Hoqu RB 2.20
	287.1
	0.15
	Hoquarten Slough
	9522.2
	0.04

	Hoquarten Slough
	2644.6
	0.12
	Till Bay
	0
	0.02

	Hoquarten Slough
	5496
	0.12
	Till Bay
	2421.9
	0.02

	Hoquarten Slough
	9522.2
	0.09
	Tillamook River
	0.6
	0.1

	Old Trask River
	3
	0.09
	Tillamook River
	1745.8
	0.05

	Old Trask River
	3212.3
	0.09
	Tillamook River
	2706.2
	0.04

	Till Bay
	0
	0.02
	Tillamook River
	4239.6
	0.04

	Till Bay
	2421.9
	0.02
	Tillamook River
	10321.6
	0.03

	Till oldt 0_30
	71.2
	0.07
	Tillamook River
	14300.9
	0.03

	Till oldt 0_30
	6793
	0.07
	Tras Till 0.10
	0
	0.04

	Tillamook River
	0.6
	0.045
	Tras Till 0.10
	290
	0.04

	Tillamook River
	1745.8
	0.045
	Trask River
	0.3
	0.13

	Tillamook River
	2706.2
	0.045
	Trask River
	3952.6
	0.13

	Tillamook River
	4239.6
	0.045
	Trask River
	8455.8
	0.05

	Tillamook River
	10321.6
	0.04
	Trask River
	11699.4
	0.05

	Tillamook River
	14300.9
	0.04
	Trask River
	14787.8
	0.04

	Tras Till 0.10
	0
	0.035
	Trask River
	18930.97
	0.04

	Tras Till 0.10
	290
	0.035
	Wils Kilc
	34.4
	0.04

	Trask River
	0.3
	0.06
	Wils Kilc
	139.1
	0.04

	Trask River
	3952.6
	0.06
	Wils Till
	24.9
	0.03

	Trask River
	9352.5
	0.06
	Wils Till
	203.1
	0.03

	Trask River
	11699.4
	0.05
	Wils WilsDS_B
	0
	0.05

	Trask River
	14787.8
	0.04
	Wils WilsDS_B
	1303.76
	0.05

	Trask River
	15337.3
	0.04
	Wilson River
	0
	0.09

	Trask River
	15397.2
	0.04
	Wilson River
	1537.5
	0.04

	Trask River
	18813.03
	0.04
	Wilson River
	4778.2
	0.04

	Wils Kilc
	34.4
	0.04
	Wilson River
	9505.3
	0.04

	Wils Kilc
	139.1
	0.04
	Wilson River
	12543.1
	0.06

	Wils LB 4.92
	0
	0.07
	Wilson River
	17621.7
	0.03

	Wils LB 4.92
	2125.72
	0.07
	Wilson River
	17668.3
	0.05

	Wils Till
	24.9
	0.03
	Wilson River
	18335
	0.05

	Wils Till
	203.1
	0.03
	WilsonDS_A
	140.6
	0.04

	Wils WilsDS_B
	0
	0.05
	WilsonDS_A
	394.3
	0.04

	Wils WilsDS_B
	1303.76
	0.05
	WilsonDS_B
	56.6
	0.04

	Wilson River
	0
	0.055
	WilsonDS_B
	2059
	0.04

	Wilson River
	1537.5
	0.055
	WilsonDS_C
	0
	0.08

	Wilson River
	4778.2
	0.05
	WilsonDS_C
	1365
	0.08

	Wilson River
	9505.3
	0.05
	
	
	

	Wilson River
	11629.5
	0.04
	
	
	

	Wilson River
	12543.1
	0.07
	
	
	

	Wilson River
	15271.7
	0.04
	
	
	

	Wilson River
	17668.3
	0.04
	
	
	

	Wilson River
	18335
	0.04
	
	
	

	WilsonDS_A
	140.6
	0.04
	
	
	

	WilsonDS_A
	394.3
	0.04
	
	
	

	WilsonDS_B
	83.6
	0.04
	
	
	

	WilsonDS_B
	2059
	0.04
	
	
	

	WilsonDS_C
	0
	0.04
	
	
	

	WilsonDS_C
	1234
	0.04
	
	
	


Appendix A-Table 7.  May 2001 high water marks supplied by CENWP.

	Stream
	Cross-section RM
	Date
	Time
	Location
	Elevation in feet NAVD 1988
	Notes

	 
	 
	 
	 
	 
	 
	 

	Tillamook River
	0.91
	5/1/2001
	8:25 AM
	Paint mark on 2nd piling from the downstream side of bridge located approximately 5 ft. below a HWM mark (from 1996?), located one row of pilings toward the river from the crest gage.
	6.8
	placed by SF

	Tillamook River
	0.91
	5/1/2001
	8:30 AM
	Paint mark on bridge along upstream face cross section of bridge
	6.82
	placed by SF

	Tillamook River
	2
	5/1/2001
	8:50 AM
	Left bank at cross-section 2.00 marker,  placed lathe and painted hub
	6.51
	placed by SF

	Tillamook River
	2.95
	5/1/2001
	9:00 AM
	Left bank along cross-section, painted hub located in mud, 4 ft toward river from lathe
	6.69
	placed by SF, along narrow road

	Tillamook River
	3.96
	5/1/2001
	9:10 AM
	Left bank directly toward river from crest gage under bridge, painted hub
	6.51
	placed by SF

	Tillamook River
	3.96
	5/1/2001
	9:15 AM
	Left bank at upstream cross-section at face of bridge, painted hub placed approx. 5 ft. toward river from lathe.
	6.54
	placed by SF

	Tillamook River
	4.95
	5/1/2001
	9:25 AM
	Left bank downstream of bridge crossing Beaver Creek, painted hub placed in mud bank approx. 3 ft. toward river from lathe, also placed a new lathe at the surveyor's control point. 
	6.36
	placed by SF

	Tillamook River
	5.44
	5/1/2001
	9:35 AM
	Right bank near downstream face of bridge, too steep to access upstream face 
	6.68
	placed by SF

	Tillamook River
	6.9
	5/1/2001
	9:50 AM
	Right bank approx. 50 ft. downstream of bridge, upstream of tide gates
	15.62
	placed by SF

	Tillamook River
	6.9
	5/1/2001
	9:55 AM
	Right bank next to 2nd most upstream pier, paint on rock (use bottom of mark)
	15.62
	placed by SF

	Tillamook River
	6.9
	5/1/2001
	9:55 AM
	Staff gage at bridge = 3.45
	NA
	read by SF

	 
	 
	 
	 
	 
	 
	 

	Trask River
	8.75
	5/1/2001
	10:20 AM
	Left bank approx. 10 ft. downstream of boat rails (launch), placed painted hub, lathe, flagged trees, and replaced lathe placed by surveyors at control point.
	42.85
	placed by SF 

	Trask River
	6.95
	5/1/2001
	10:40 AM
	Left bank near downstream face of bridge, placed painted hub and lathe
	23.5
	placed by SF 

	Trask River
	6.95
	5/1/2001
	10:40 AM
	Left bank under bridge: drew lower mark at current water mark, and drew upper mark at apparent high water mark (unknown time), did not place one at upstream face due to no trespassing signs
	23.5
	placed by SF 

	Trask River
	5.26
	5/1/2001
	11:05 AM
	Left bank downstream of RR bridge, painted hub and lathe placed (did not place mark u/s of bridge due to bad access), ctrl not located
	14.7
	placed by SF (pics taken of Mill Cr also)

	Trask River
	4.2
	5/1/2001
	11:30 AM
	Right bank near upstream face of bridge
	8.99
	placed by SF 

	Trask River
	4.2
	5/1/2001
	11:35 AM
	Right bank near downstream face of bridge *likely mismarked cross-section number on lathe
	8.94
	placed by SF 

	Trask River
	2.98
	5/1/2001
	12:00 PM
	Right bank approx. 30 ft. downstream of surveyor's cross-section marker, painted hub in mud bank with lathe and lots of flaggin along steep blackberry slope and dump site -- fun, fun, Located across road from house #2750
	6.7
	placed by SF 

	Trask River
	2.39
	5/1/2001
	12:20 PM
	Right bank near downstream face of bridge
	6.01
	placed by SF 

	Trask River
	2.39
	5/1/2001
	12:25 PM
	Right bank near upstream face of bridge, placed painted hub in sandy bank and also painted rock
	6.1
	placed by SF 

	Trask River
	1.18
	5/1/2001
	12:40 PM
	Right bank near upstream bridge face near crest gage
	4.88
	placed by SF 

	 
	 
	 
	 
	 
	 
	 

	Wilson River
	0.63
	5/1/2001
	8:30 AM
	Left bank down embankment across from first barn, approx. 50 ft. downstream from cross-section marker (no monument found), water surface marked by lathe only, no hub, located just downstream of 3 trees, cross-section mark just upstream of 3 trees. 
	7.7
	placed by MK

	Wilson River
	1.08
	5/1/2001
	8:15 AM
	Left bank down embankment and downstream from farm near "No Parking" sign, marked by hub and lathe
	Unable to locate Monument
	placed by MK

	Wilson River
	1.8
	5/1/2001
	8:45 AM
	Left bank upstream of US Hwy. 101, near crest gage, paint line (bottom of line) on concrete steps leading to river.
	9.4
	placed by MK

	Wilson River
	2.4
	5/1/2001
	10:00 AM
	Left bank downstream of railroad bridge near downstream cross-section and crest gage. 
	10.64
	placed by MK, note: replace crest gage bracket

	Wilson River
	3.83
	5/1/2001
	10:15 AM
	Left side under Sollie-Smith bridge, 2 marks: paint line on piling left side, and hub under bridge , 2nd piling from downstream end with lathe.
	14.5
	placed by MK

	Wilson River
	8.43
	5/1/2001
	12:30 PM
	Left bank boat launch area, marked in gravel with hub and stake, surveyed 5/1/01
	40.7
	placed by MK

	Wilson River
	8.6
	5/1/2001
	12:00 PM
	Left bank approx. 52 ft. downstream of Mills bridge, paint marks on rocks with tape
	42.91
	placed by MK

	Wilson River
	8.6
	5/1/2001
	12:00 PM
	Left bank approx. 51 ft. upstream of Mills bridge, paint marks on rocks/moss with tape.
	42.98
	placed by MK

	 
	 
	 
	 
	 
	 
	 

	Dougherty Slough
	1.5
	5/1/2001
	9:00 AM
	Left bank upstream face Hwy 101 bridge, marked with hub and lathe, ws inside of hub
	6.6
	placed by MK

	Dougherty Slough
	2
	5/1/2001
	9:25 AM
	Left bank approx. 25 ft. downstream of marker, marked with lathe near broken tree trunk
	6.38
	placed by MK

	Dougherty Slough
	 
	5/1/2001
	10:40 AM
	Right bank downstream of logjam at Corps Sec. 4, hub and lathe
	15.13
	placed by MK

	Dougherty Slough
	 
	5/1/2001
	10:45 AM
	Dougherty at Wilson confluence, hub and lathe, note: flow in Dougherty past logjam approx. 20-40 cfs.
	15.85
	placed by MK

	Dougherty Slough
	5.5
	5/1/2001
	11:15 AM
	Under bridge on right pier at Wilson River Loop Rd. bridge, orange arrow pointing to top of beam where water was at the edge, lathe marks spot also
	13.19
	placed by MK

	 
	 
	 
	 
	 
	 
	 

	Hoquarten Slough
	3.5
	5/1/2001
	9:10 AM
	Left bank at upstream face of Hwy 101 bridge, marked with hub and lathe
	6.41
	placed by MK

	 
	 
	 
	 
	 
	 
	 

	Hall Slough
	 
	5/1/2001
	9:35 AM
	Right bank at upstream face of Goodspeed Rd. bridge, painted line on CMP culvert (tide gate)
	6.67
	placed by MK


Appendix B.  Flood Control Alternatives Modeled in MIKE11

PRELIMINARY RESULTS

March 2002

WI 2

“As shown in the following figure (Appendix B-Figure 6), Hall Slough is a side channel of the Wilson River.  The slough’s origins are upstream of highway 101 near the Wilson River Loop Road and its downstream end comes back into the Wilson River approximately 2-miles downstream near the mouth of the Wilson River.  Hall Slough was connected to the Wilson River at its upstream end before 1950.  At that time a bridge was in place that crossed Hall Slough on the Wilson River Loop Road.  Since then the slough has been filled in at its upstream end, the bridge was removed and a small culvert was placed through the Wilson River Loop Road to drain the area behind it.  This area currently represents the area of the Wilson River that overtops first during a flood event.  Currently floodwaters flow over along the left bank of the river near the historic Hall Slough entrance and flow down the Wilson River Loop Road to Highway 101 where they flow south along the Highway eventually crossing and flooding the Highway.  These so-called “nuisance” floods occur frequently and might be controlled by re-establishing the historic Hall Slough.” (USACE, 2003).
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Appendix B-Figure 6.  WI-2  – Hall Slough Alternative Area.

Hall Slough channel modification and levee removal.  Alterations for this alternative included:

a. Modifying the channel along the entire length of Hall Slough (chainage 109.7 through 4924.5), at a slope of 0.00064, bottom width of 20m, and side slopes at 2:1 (see below).

b. Removing (lowering) the left and right bank levees of Hall Slough downstream of the Highway 101 bridge.  Simulations were performed with link channel levels lowered to both 3.2 meters, an elevation just above the maximum high tide for the simulation period, and the average ground elevation on the land side of the levee.

c. Removing (lowering) the levee, as in ‘b’ above, in combination with the channel modification, ‘a’ from above.

d. Increasing the capacity though the Wilson Loop Road by altering the upstream connection of the Hall Slough with the Wilson River.

a. Channel modification only.

Appendix B-Figure 7 shows representative modifications for the channel relative to the base condition geometry.  Note that the change to the channel transitions from both deepening and widening the Slough at the upstream end, to only widening the cross-section near the Highway 101 bridge, to having very little change at the downstream end.  The thalweg change can be seen in Appendix B-Figure 7.  This cut was selected to maximize the slope through the Slough without having the thalweg at the downstream end lower than the Wilson River thalweg near the confluence in the base condition.  The cross-sections and culvert at the Highway 101 bridge were altered to this trapezoid shape as part of this alternative.
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Appendix B-Figure 7.  Typical channel modifications to the Hall Slough (channel modification shown in magenta).
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Appendix B- Figure 8.  Thalweg for Alternative Wi2

Results:  Redistributing flow from the Hall right bank to the Hall Slough at the upstream end, and delaying overtopping of Highway 101, are the most significant impacts of this alternative.  The channel modification re-proportions the total 49 cms from the Wilson River, to approximately 44 cms (from 32 cms) through the Hall Slough, to 5 cms (from 17 cms) in the right Hall overbank, as shown in Appendix B-Figure 9.  The change to the channel geometry also decreases the maximum peak stage by about 0.4 m at the upstream end of the Hall Slough (chainage 109.7).  Note that tidal effects now extend nearly to the upstream end of Hall Slough as seen in the rising and receding limb of the hydrograph in Appendix B-Figure 10.

The net effect of this alteration is to delay overtopping of Highway 101 (at a minimum elevation of approximately 3.5 m), in the Hall right overbank, by approximately 4 hours (Appendix B-Figure 11).  However, this alternative does not significantly decrease the peak stage at this Highway 101 location (Hall RB 3.00, at chainage 423.69, is lowered by less than 0.1 meters).

Little to no change in stage was observed at any of the flood cells due to the channel modification.
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Appendix B-Figure 9.  Diversion of discharge at the upstream end of Hall Slough and the right Hall overbank (Wi2 shown in blue).
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Appendix B-Figure 10.  Stage towards the upstream end of Hall Slough (Wi2 shown in blue).
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Appendix B-Figure 11.  Stage hydrograph at the upstream end of the Highway 101 in the Hall right overbank (Wi2 shown in blue).

b. Lowering levees.

Results:   Lowering levees increases duration, and likely the frequency, of flooding in the overbanks, without any significant reduction in stage.  Appendix B-Figure 12 shows typical results in the overbanks from lowering the Hall Slough levees.  The total duration of the flooding event increases as the levees are lowered, as evaluated by the hydrograph width.  This increased duration can be up to 9 hours longer when levees are lowered to a minimum of 3.2 meters, and up to 25 hours longer for levees lowered to the ground elevation, at Flood Cells 4 and 5.  In addition, peak stage is reduced by less than 0.1 meters in both cases.  

Similar effects are observed at Flood Cells 6, 7, 8, and 9 (Appendix B-Figure 13).  The duration increase can be up to approximately 12 hours longer when levees are lowered to a minimum of 3.2 meters, and up to 20 hours longer when levees are lowered to the ground elevation.  The stage is decreased by about 0.1 meters at most, in both cases.  The exception to this is at Flood Cell #6 that does not include any kind drainage from the cell (e.g. tide gated culverts) below the levee height in the base case condition (the straight line near 3 meters of the receding limb in Appendix B-Figure 13).  

Impacts to Hall Slough include decreasing the flood duration and the peak stage by approximately 0.1 meters for both cases (Appendix B-Figure 14).

Other flood cells, or other branches in the study area, are not significantly impacted by lowering the Hall Slough levees.
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Appendix B-Figure 12.  Stage hydrographs for Flood Cells 4 and 5 (Wi2 with levee lowered in blue, Wi2 with levee lowered to a minimum 3.2 meters in green)
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Appendix B-Figure 13.  Stage hydrographs for Flood Cells 6, 8, and 9 (Wi2 with levee lowered in blue, Wi2 with levee lowered to a minimum 3.2 meters in green)
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Appendix B-Figure 14.  Hall Slough stage hydrographs (Wi2 with levee lowered in blue, Wi2 with levee lowered to a minimum 3.2 meters in green)

c. Lowering levees (3.2 m minimum) and channel modification.

Results: Results are similar to the alternative with just the levee lowered (3.2 m minimum) except at Highway 101 in the Hall right overbank where the duration of the roadway topping is reduced by a total of 6 hours, and the stage reduced by 0.1 meters (0.3 feet).  Flood cells behave nearly identical to the levee lowered only alternative.
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Appendix B-Figure 15.  Highway 101 in the Hall right overbank for Alternative Wi2

d. Increasing upstream capacity.

Three culvert configurations were simulated as part of this scenario.  Five 1.22 m (4 foot) diameter culverts were added below the Wilson Loop Road to the channel modification only alternative.  Two simulations were performed with five 1.22 m (4 foot) diameter culverts, one with the upstream invert elevation at 4.2 m, and the other at 3.2 m.  In both cases, the downstream invert elevation was set to 2.6 m, equal to the thalweg of the channel cut.  Five 1.83 meter (6 foot) diameter culverts were simulated in a third alternative, with an upstream and downstream invert elevation, of 3.2m and 2.6 m, respectively.

Results:  Increasing the capacity through the Wilson Loop Road by adding culverts lengthens the period of flushing flows to the Hall Slough and also the duration of flooding in the Hall overbank.  

The 1.22 meter (4 foot) diameter culverts (both simulation cases) increases the discharge to the Hall Slough to a total of approximately 63 cms, and the 18.3 meter (6 foot) diameter culverts to a total of approximately 81 cms.  The duration of flushing flows from the Wilson River increases on the order of days for the three culvert alternatives, as shown in Appendix B-Figure 16.

The corresponding decrease in Wilson River discharge resulted in less than a 0.1 m change in peak stage and a shortening of the receding limb of the hydrograph by up to approximately 5 hours (compared to both the base case and the channel modification only alternative).

The higher discharge to Hall Slough also increased the time the nearby overbanks are inundated, but without significantly altering the stage (a 0.1 m change or less) from either the base case or the channel modification only alternative.  This increase in duration, as high as an additional 5 hours on the rising limb, and 13 hours on the receding limb, occurred most noticeably in flood cells 6, 7, 9, 11 and 19.  An example of the range of flooding duration in the overbanks for the different culvert configurations can be seen in Appendix B-Figure 17.  The duration of flooding in the Hall Slough left overbank is also increased, e.g., in flood cells 5 and 10, on the order of 14 total hours (Appendix B-Figure 18).

The increased discharge to Hall Slough (simulated with the channel modification in place) also negates some of the beneficial decrease in duration of Highway 101 overtopping seen in the channel modification only alternative.  The duration of flooding actually increases above the base case by about 9 hours for the 1.83 meter (6 foot) diameter culverts (Appendix B-Figure 19).   
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Appendix B-Figure 16.  Increase in discharge from the Wilson River to the Hall Slough with the addition of culverts.
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Appendix B-Figure 17.  Increased duration of overbank flooding
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Appendix B-Figure 18.  Increase in duration of flooding in flood cell 10.
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Appendix B-Figure 19.  Increase in duration of flooding at Highway 101 in the Hall right overbank, from 1.83 meter diameter culverts (in red) above the base case.

TR 2

“As shown in the following figure (), the Lower Trask River alternative area is located along the Trask River between river mile 2.00 and the downstream confluence with the Tillamook River.  This area represents a constriction in the Trask River.  The constriction appears to be man-induced as the lower river was re-routed and channelized in years past.  The current river channel has a much lower capacity in this reach than both upstream and downstream reaches of this river.  Furthermore, the reach represents a river lacking in riparian habitat and channel complexity.  This reach of river is essentially a tidal flume devoid of riparian vegetation other than grazed trapezoidal banks.  Alternatives were modeled for this reach that included setting back levees in this reach along with widening and deepening the channel in this reach” (USACE, 2003).
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Appendix B-Figure 20.  TR 2 – Lower Trask River Alternative

Trask River channel modification, left bank levee setback, and right bank level removal.  Alterations for this alternative included:

a. Modifying the channel from chainage 14787.8 (US of the junction with Old Trask) to chainage 17916.5 (just US of the junction with Tras-Till), at a slope of 0.0012082, bottom width of 40m, and side slopes at 2:1 (see below).

b. Setting back the left bank levee by approximately 60m (200 feet) in the Stillwell area.  Cross-sections 15397.2 (just DS of the junction with Old Trask) to 17436.4 were altered.

c. Removing (lowering) the right bank levee from Trask 17436.4, downstream to Tillamook 12823.8.  Five link channels between these cross-sections were lowered to 3.2m, an elevation just above the maximum high tide for the simulation period.  See “Alternative Wi2” for reasons for selecting this elevation.

d. Combinations of the above.

a. Channel modification only.

A wide, deep channel, and at some cross-sections extending horizontally beyond the existing levee locations, was selected to determine if even such a large change would result in beneficial stage and flow reductions.  This cut was also selected, in part, to be consistent with the lowest thalweg elevations on the downstream Doughery Slough cross-sections (as low as -4 meters), at the Dougherty Slough-Trask confluence (near Trask chainage 16995.1).  Effects of a more gradual slope, closer to the natural channel slope can be seen in results for “Alternative Tr10.”  The thalweg before and after the channel modification is shown in Appendix B-Figure 21.  The channel modification was extended as far upstream as chainage 14787.8 to create a consistent bed slope through the section.  Example channel modification cuts are shown in Appendix B-Figure 22.  This channel modification was made through the Netarts Highway opening.
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Appendix B-Figure 21.  Thalweg for Tr2 channel modification (Tr2 in magenta).
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Appendix B-Figure 22.  Typical channel modification cuts for Alternative Tr2 (Tr2 in magenta).

Results: Decreased stage and increased capacity in the Trask River is one of the most significant changes of this alternative.  The decrease in peak stage is greatest through the cross-sections with the channel modification, and the sections upstream of these cuts (roughly 0.6 – 0.7 m, see Appendix B-Figure 23).  However, the decrease in stage is greatly reduced (to approximately 0.1 m) downstream of the confluence with Hoquarten slough.  This decrease in stage also reduces the overtopping flow to the overbank between the Trask and Tillamook (Branch Till OldT 0.32), resulting in a lowered peak water surface elevation stage of approximately 0.4m (at Till OldT 0.32 chainage 5700) in the overbank.  In addition, the channel modification diverts a higher percentage of discharge through the Trask (by nearly 170cms, Appendix B-Figure 24), and away from the Old Trask, and consequently the Tillamook River (Tillamook River peak stage is reduced by 0.3 meters).

This channel modification has little impact with respect to the Flood Cells.  There was a drop of about 0.1 m in the maximum stage in Flood Cells 4, 5, 10, 12, 13, 14, and 15.  Flooding duration typically occurs roughly one hour later, and ends approximately two hours sooner (as much as 4 hours sooner in Cell 15), in these cells.
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Appendix B-Figure 23.  Trask River stage (Tr2 results in blue).
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Appendix B-Figure 24.  Trask and Old Trask discharge (Tr2 results in blue).

b. Setting back the left bank levee.  

Results: Setting back the left bank levee (Appendix B-Figure 25) slightly reduces the upstream stage (by about 0.1 m at chainage 14787.8), decreasing the left bank link channel flow to the overbank between the Trask and Tillamook Rivers (i.e., to Branch: Till OldT 0.32).  This difference in flow diverted back to the Trask River (approximately 25 cms at Trask River 15857.60) does not have a significant enough impact to significantly lower the water surface elevation in the overbank (less than 0.1 m at Till OldT 0.32 chainage 14787.8), or in any of the Flood Cells.  In addition, both stage and discharge on the Old Trask, are essentially unaffected by setting back the left bank levee.  However, the setback levee does increase the conveyance of the channel such that the additional 25 cms does not significantly alter the Trask stage downstream of the Old Trask confluence.
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Appendix B-Figure 25.  Typical 60m levee setback for Tr2 (original cross-section geometry in magenta).

c. Lowering right bank levee.  

Results:  Lowering the right bank of the Trask reduces the peak water surface elevation in the “peninsula” (i.e., Branch Doug Tras 0.85/Flood Cell 5) by approximately 0.2 m at the downstream end (chainage 3476.6).  This effect on stage diminishes upstream (0.1 m at chainage 1112.0).  There is little to no effect on stage in the Trask or to any of the other flood cells.  Flood cell duration is typically decreased by less than a total of 2 hours, if at all, in any of the flood cells.

d. Combinations of channel modification, levee setback, and levee removal.  

See alternative Tr10.
TR 8

“The Old Trask River is a branch of the Trask River, possibly representing the former mouth of the Trask River (Appendix B-Figure 26).  This reach flows between the Trask River and the Tillamook River near Trask River Mile 1.8.  This reach of river helps alleviate flooding on the Trask River.  The reach is currently leveed along both sides.  The Stillwell Drainage District is on the north side of the channel and the Tillamook-Trask Drainage District is on the south side.  The Stillwell levee provides approximately 50-year protection while the Tillamook-Trask levee only protects for tidal flows.  Therefore, the area to the south gets flooded often.  This alternative included modifying the channel by widening and deepening as well as setting back the levees along the channel.  Combinations of the two and on their own were modeled in MIKE 11” (USACE, 2003).  
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Appendix B-Figure 26.  TR8 – Old Trask River Alternative

Old Trask channel modification and levee setback.   Alterations for this alternative included:

a. Modifying the channel along the entire length of Old Trask River.

b. Setting back the left and right bank by approximately 30 meters.

c. Combining ‘a’ and ‘b’ from above.

a. Modifying the channel.

The channel cut through the Old Trask River extended along the entire length of the Old Trask River, from chainage 3.0 to 3212.3, at a slope of 0.0000654, a bottom width of 30 meters, and 2:1 side slopes.  This channel cut was selected to maximize the channel size and maintain a constant slope between the Trask River thalweg near the upstream end (approximately -1 meter), and the Tillamook River thalweg (approximately -2 meters) near the downstream end (Appendix B-Figure 27).  This resulted in a channel modification that typically only widened the channel (Appendix B-Figure 28). 
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Appendix B-Figure 27.  Old Trask River profile with modified channel cut (in magenta).
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Appendix B-Figure 28.  Typical Old Trask River cross-section with modified channel (in magenta).

Results:  The most significant change from this alternative is the redirection of approximately 70 cms from the Trask River, and link channel flow from the Trask River to the Till Oldt 0.30 branch, to the Old Trask River (Appendix B-Figure 29).  However, much of this flow then overtops the left Old Trask overbanks, flowing into Till Oldt 0.30 overbank area, and resulting in a less than 0.1 m change in stage.

In addition, this alternative lowers stage 0.1 meters on the Trask and Old Trask Rivers in the area of the confluence.  However, the Old Trask maximum stage is raised at the downstream end by approximately 0.1 meters.

Flood cells including 4, 5, 10, 12, 13, 14, and 15 are lowered by 0.1 meters at most and are shortened typically by about an hour on both the rising and receding limb of the hydrograph (Appendix B-Figure 30).
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Appendix B-Figure 29.  Change in Old Trask River discharge simulated in Alternative Tr8.
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Appendix B-Figure 30.  Typical change in stage for flood cells (Example from cell 5).

b. Setback levees
Appendix B-Figure 31 shows an example of the geometry after the levees on both banks have been setback approximately 30m (100 feet).
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Appendix B-Figure 31.  Old Trask River with modified levee setback (in magenta).

Results:  Setting back the levee results in very little change from the base case, except for an additional 20 cms routed through the Old Trask River.  There is very little change to stage, as seen in Appendix B-Figure 30.

c. Levee setback and cut
The same cut from the modified channel simulation was applied to the setback levee channel geometry as shown in Appendix B-Figure 32
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Appendix B-Figure 32.  Old Trask River with modified levee setback and modified channel (in magenta).

Results:  Changes in stage and discharge are on the same order as for the simulation with the channel modification only, except that an approximate additional 10 cms (a total 80 cms change from the base case) is routed though the Old Trask.  See Appendix B-Figure 29 and Appendix B-Figure 30.

WI 11

“As seen in the following figure (Appendix B-Figure 33), the Wilson River branches into three reaches before its terminus into Tillamook Bay.  It is apparent from bathymetric data and historic accounts that this area has be agrading for some time.  Large sediment and woody debris deposits have been left in this area.  This reach represents a very dynamic area in terms of sedimentation and planform morphology.  At this tidal interface sediments are deposited as the Wilson River slows.  Historically the river would have agraded and changed course as a delta was formed.  However, development by humans has created a condition in which the river is not allowed to change course in this area.  Therefore, sedimentation and natural tidal interface functions are viewed as a problem.  To determine the extent of impact on flood conditions from recent sedimentation the MIKE 11 model was utilized.  The area was dredged and the three channels were deepened in the MIKE 11 model to determine if the recent sedimentation was causing flooding problems upstream and if dredging would alleviate those problems” (USACE, 2003)
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Appendix B-Figure 33.  WI-11 – Lower Wilson River Dredge

The Wilson River was cut from RM 0.02 to -1.20 (chainage 15271.7 to 17321.7) with a slope of 0.000046 (Appendix B-Figure 34).  The thalweg elevation at RM 0.02 was -1.3 meters.  The width of the channel bottom cut was 30 meters and the sideslope was 2:1.  Dredging depth varies from 0 to 1.7 meters.  Appendix B-Figure 35 shows examples of cross section cuts.
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Appendix B-Figure 34.  Existing vs. excavated thalweg.
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Appendix B-Figure 35.  Sample cross-section cuts.

Big Cut Wilson River (WilsonDS_B) was cut with a channel bottom width of 25 meters throughout the reach with a 2:1 sideslope.  A slope of 0.000051 was used to provide a downstream gradient to the bay (Appendix B-Figure 36).  Sample cross section cuts are shown in Appendix B-Figure 37.  Dredging depth varies from 0 to 1.5 meters.
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Appendix B-Figure 36.  Existing vs. excavated thalweg for Big Cut Wilson River.
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Appendix B-Figure 37.  Sample cross section cuts for Big Cut Wilson River.

Little Cut Wilson River (WilsonDS_C) was cut 25 meters with a 2:1 sideslope.  A slope of 0.00005 was used.  Appendix B-Figure 39 shows a sample of cross sections.  Dredging depth in that vicinity would be between 0 and 1 meter.
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Appendix B-Figure 38.  Existing vs. excavated thalweg for Little Cut Wilson River.
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Appendix B-Figure 39.  Little Cut Wilson River sample cross-sections

Results:  Preliminary results indicate a reduction in peak water surface elevation varying from 0 to 0.35 meters on the Wilson River and Big Cut, and 0.1 to 0.3 meters on the Little Cut.  The largest difference for both the Big and Little Cuts is at the upstream end, at the confluence with the Wilson River, and then tapers down to the bay.  The water surface elevation in the overbanks near Highway 101 did not change by more than 0.1 m. 

Elevations in flood cells 6, 8, 9, 11 and 19, under excavated channel conditions, showed time retardation on the rising limb of the hydrograph varying from 1 to 6 hours.  The falling limb of the hydrograph shows a time decrease varying from 2.5 to 7.5 hours for the same existing condition water surface level as for existing conditions.  The improvements are attributed to a reduced Wilson River water surface level, as well as increased flow capacity, which lowers the flow volume going into the overbanks.  Appendix B-Figure 40 illustrates the hydrographs for pools 9 and 11, respectively.
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Appendix B-Figure 40.  Wilson River hydrographs, Pools 9 and 11.

WI 10

“The Lower Wilson River alternative (Appendix B-Figure 41) was similar to those mentioned previously.  The main objective in this alternative was to increase flood conveyance to Tillamook Bay in this reach of River.  The alternative reach is between the railroad bridge over the Lower Wilson River and Tillamook Bay on the Wilson River mainstem.  The channel was modified throughout this reach to increase channel conveyance by a combination of deepening and widening” (USACE, 2003). 
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Appendix B-Figure 41.  WI 10 - Lower Wilson River 

Alterations for this alternative included:

a. Channel modification of the Wilson River from the RR bridge to the mouth.

b. Combining the above channel modification with alternative Wi11.  Includes with and without Highway 101 bridge.

a. Modifying the channel.

The Wilson River was cut from RM 2.40 to -1.83 (chainage 11294.6 to 18335.0).  The extent was expanded downstream into the bay from the originally specified downstream RM -1.20 because of the adverse slope going into the bay (see Appendix B-Figure 42).  From RM 2.40 to 0.02 (chainage 11294.6 – 15058.1) the cross section bottom cut was 25 meters wide.  The rest of the cross sections downstream of RM 0.02 had a bottom cut of 30 meters.  The two bottom cut widths were chosen for their respective reach to improve channel capacity, but to be of a magnitude that is reasonable.  
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Appendix B-Figure 42.  Profile of cut for Alternative W10.

Two different slopes were used in this alternative.  One to reflect the natural channel slope (RM 2.4 to 1.74), and one to reflect the slope into the bay (RM 1.74 to -1.83).  A slope of  0.00093 was used from RM 2.4 to 1.74.  In this reach dredging would range from 0 to 1.3 meters.  From RM 1.74 to -1.83 the slope after excavation would be 0.000046, and the excavation would range from 0 to 2.3 meters.  All cuts had a side slope of 2:1.  Sample cross sections with a 25 meter cut are shown in Appendix B-Figure 43.
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Appendix B-Figure 43.  Example cross-section cuts for Alternative WI 10.

Results:  Preliminary results indicate a reduction in water surface elevation varying from 0.1 to 0.4 meters throughout the modified reach of the Wilson River (Appendix B-Figure 44).  Upstream of Highway 101 the water surface elevation reduction is approximately 0.15 meters.  

Flood cells along the Wilson River corridor show a peak water surface reduction ranging from 0.25 to 0.30 meters.  The cell drainage timeframe also shows improvement in the flood cells by 4 to 10 hours.  The improvement in flow conditions is attributed to the greater flow capacity of the channel which keeps more water out of the overbanks and allows quicker overbank drainage.  With the proposed channel cuts, the rising limb of the hydrograph in the flood cells was retarded between 4 to 10 hours over existing conditions in pools 6, 8, 9, 11, and 19.  Appendix B-Figure 45 shows sample hydrographs from cells 9, 11, and 8 respectively. 
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Appendix B-Figure 44.  Decrease in peak stage between the base case and the Wi10 channel modification.
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Appendix B-Figure 45.  Pool 9, 11, 8 stage plots (alternative shown in blue).

A look at the bankfull capacity of the existing Wilson River reveals areas for channel capacity improvement (Appendix B-Figure 46).  Most of the cross sections upstream of the split flow area have a channel capacity near 340 cms.  Some of the cross sections, either due to a localized low bank or levee, have a bankfull capacity as low as approximately 265 cms (Appendix B-Table 8).  The increased capacity at these cross-sections, from modifying the channel (i.e, dredging), are shown in red in Table 1.

Bankfull capacity for this analysis was defined by the water surface elevation just before a nearby levee or bank (i.e., link channel) was overtopped.  The method was selected because a cross-section survey might not capture the lowest point on upstream or downstream banks and levees.  Note that this bankfull channel analysis is based on the TIN levee and bank elevation information and not survey or more precise measurements.


[image: image81]
Appendix B-Figure 46.   Base condition Wilson River flow capacity.

Appendix B-Table 8.  Bankfull capacity and elevation for the Wilson River.

	Chainage
	Existing channel bank full Capacity (cms)

Modified channel capacity in red (cms)
	Bank Overtopping Elevation (m)
	Nearby Levee Overtopping Elevation (m)* [may be on opposite side of river from bank overtopping elev.]

	11295
	340
	6.8
	6.7

	11337
	345
	6.8
	6.7

	11630
	270  (355)
	6.6
	6.0

	12109
	340
	6.25
	6.5

	12242
	340
	6.2
	6.5

	12445
	340
	8.2
	6.0

	12462
	340
	8.2
	6.0

	12543
	285  (355)
	5.7
	5.5

	12759
	340
	5.7
	6.5

	13043
	265  (320)
	5.3
	4.8

	13475
	330
	5.0
	4.9

	13658
	290  (335)
	4.8
	4.4

	13905
	310  (370)
	4.8
	4.4

	14342
	355
	4.6
	4.4

	14864
	365
	3.9
	4.0

	14901
	392
	3.9
	4.0

	15058
	320  (425)
	3.65
	3.6

	15272**
	360
	3.6
	3.6

	15300
	165
	3.5
	3.6

	15369
	140
	3.2
	3.6

	15615
	145
	3.2
	3.6

	15876
	150
	3.2
	3.6

	15968
	127
	3.2
	3.3, est.

	16261
	137
	3.15
	3.4

	16538
	116
	2.75
	3.4

	16888
	116
	2.5
	3.6

	17322
	130
	2.55
	


*Levee elevation accuracy is dependent on the TIN data.

**Start of downstream Wilson River flow splits.

b. Combining with Alternative Wi11.

This alternative adds the Wi11 channel modifications for the Big and Little Cuts to the existing Wi10 Wilson River channel modification.

Results: Preliminary results indicate that the lower Wilson stage is reduced by up to an additional 0.15 meters (Appendix B-Figure 47).  There is essentially no additional reduction in the upper Wilson River stage beyond that of Alternative WI10.

The addition channel modifications to the Big and Little Cuts does reduce the flooding duration in the flood cells 6, 8, 9 11 and 19, although there is less than an 0.04 meter reduction in stage.  Time reduction on either side of the hydrograph was up to 1.5 hours.

The Wi10 channel modifications were assumed to include the bridge sections.  A sensitivity was performed, using the Wi10 plus Wi11 alternative, to test the effects of dredging up to, but not through, the bridge.  The results were a local water surface depression as flow was squeezed through the bridge opening.  The net change in water surface was less than 0.03 m immediately upstream and downstream of the bridge, and discharge though the bridge changed by approximately 0.5 cms.
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Appendix B-Figure 47.  Decrease in peak stage between Wi10 and combined Wi10 with Wi11.

TR 10

“Similar to the Wilson River, the Lower Trask and Tillamook Rivers have been agrading at their tidal interface with Tillamook Bay.  This alternative analyzed dredging the sediments in the Lower Trask and Tillamook Rivers (Appendix B-Figure 48) to view the effects on flooding at upstream locations in the Tillamook region” (USACE, 2003).
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Appendix B-Figure 48.  TR 10 – Lower Trask and Tillamook River Dredge

Alterations for this alternative included:

a. Modifying the channel along the downstream end of the Tillamook and Trask Rivers.

b. Combining the above channel modifications with upstream Tr2 channel modifications.  Includes with and without Netarts Bridge over the Trask River.

c. Combining the above modification with the Tr2 levee setback.

a. Modifying the channel.

Tillamook River cross sections were cut from RM -1.09 (chainage 14087.4) to RM 0.86 (chainage 10321.8) at a slope of 0.000066.  The range was expanded from the original task description (RM -0.85 to 0.37), to a depth of -2.25 meters at RM -1.09, in order to provide a downstream gradient (Appendix B-Figure 49).  The dredging depth varies from 0.2 to 1.6 meters.  The channel bottom cut was 65 meters wide with a 2:1 side slope (Appendix B-Figure 50 for sample cross sections). 
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Appendix B-Figure 49.  Tillamook River Existing vs. Excavated Thalweg.
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Appendix B-Figure 50.  Excavated Tillamook River cross-sections.

Trask River cross sections were cut from RM 1.14 (chainage 15959.0) to RM -0.27 (chainage 18813.0) at elevation -2.15 meters to match the new thalweg on the Tillamook River (see Appendix B-Figure 51). Again the range was expanded from the original task description (RM -0.13 to 0.60) in order to provide a downstream gradient.  A slope of 0.00018, channel bottom width of 25 meters, and side slope of 2:1 was used for the analysis (Appendix B-Figure 52).  Dredging depth varies from 0 to 1.0 meter.
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Appendix B-Figure 51.  Trask River existing vs. excavated thalweg.
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Appendix B-Figure 52.  Excavated Trask River cross-sections.

Results: Preliminary results show minor reductions in water surface elevations in the modified channels (0.0 to 0.25 meters, Appendix B-Figure 53).  The exception is a 0.5 meter reduction in water surface elevation for Tillamook River near RM 0.90.  This is due to the increased channel capacity and lowered water surface elevations in the channel, reducing both the volume and duration of flow to the overbank areas.
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Appendix B-Figure 53.  Trask River hydrograph.

Hoquarten Slough near Highway 101 shows a shortened hydrograph by approximately 2 hours on the rise and fall of the hydrograph.  The change in water surface elevation is minimal (Appendix B-Figure 54).
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Appendix B-Figure 54.  Hydrograph of Houquarten Slough near Highway 101.

Pool elevations along the lower Tillamook/Trask corridor improve slightly in water surface elevation for excavated channels over existing conditions.  Water surface elevations for revised channel conditions drop between 0.1 to 0.15 meters from existing conditions.  The rising of the hydrograph occurs 1 to 2 hours later for cells 5, 12, 13, 14, and 15 when compared to the base case (Appendix B-Figure 55).  Cells 12, 13, 14, and 15 drain 6-12 hours sooner than in the base case.  There is little to no change in the other flood cells in the system.
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Appendix B-Figure 55.  Hydrograph comparison (Alternative results in blue).

Dredging Tillamook Bay may lower water surface elevations more since the bay thalweg in some locations is higher than the new excavated thalweg in the upstream branch. 

b. Combining with Tr2 channel modifications.

This alternative combines Alternative Tr10 with the modified channels in Alternative Tr2 upstream of Trask River 15959.  Tr10 has channel excavation ranging from RM -0.13 to 0.60 (chainage 18813 to 15959) on the Trask River, and RM -1.09 to 0.86 (chainage 14087 to 10322) on the Tillamook River.  That portion of Alternative Tr2 that lies upstream of RM 0.60 on the Trask River (RM 0.9 to 2.0) was added for this alternative.

Results: Preliminary results indicate that adding the additional channel modification upstream, to Trask chainage 14787.8 (RM 2.0), lowers the Trask River stage near the Old Trask confluence and consequently an additional 70 cms flows through the Trask, instead of to the overbanks (Appendix B-Figure 56, Appendix B-Figure 57, and Appendix B-Figure 58) when compared to the Tr10 channel modification.  The resulting stage is lower upstream, by as much as 0.5 meters at chainage 14787.8, but higher downstream by as much as 0.3 meters at chainage 15841.6, when compared to the Tr10 channel modification.  Note that the combined Tr2 & Tr10 alternative still has a lower peak water surface elevation when compared to the base case.

Because of the increased channel flow and stage downstream, the pool elevations are slightly higher for the combined alternatives compared to Alternative Tr10 alone.  Pool elevations are from 0.0 to 0.15 meters higher for the combined alternative than for Tr10 alone.  Corresponding to that pool stage increase is a 15 minute to 2 hour expansion of the hydrograph timeframe for both the rising and falling limbs of the hydrograph.  This is still an improvement over the base condition (Appendix B-Figure 59).

The Tr2 channel modifications were assumed to include the bridge sections.  A sensitivity was performed, using the Tr10 plus Tr2 alternative, to test the effects of dredging up to, but not through, the bridge.  The results were a local water surface depression as flow was squeezed through the bridge opening.  The net change in water surface was less than 0.05 m immediately upstream and downstream of the bridge, and discharge though the bridge changed by approximately 2 cms.
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Appendix B-Figure 56.  Comparison of Trask River flow downstream of the Old Trask confluence.
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Appendix B-Figure 57.  Hydrograph Example for the Trask River.
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Appendix B-Figure 58.  Hydrograph for Link Channel TRAS 14300 TILL OLDT.
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Appendix B-Figure 59.  Example of increase in stage and flood duration for Tr10+2 compared to Tr2 and the base case at flood cell 15.

c. Combining with Tr2 channel modifications and left levee setback.

The left levee setback from Alternatve Tr2 was added to the Tr10 plus Tr2 alternative above.

Results:  Results are similar to effect of the levee setback in Tr2.  The stage upstream of the Old Trask is lowered, reducing the flow to the overbanks, and increasing the conveyance through the Trask River (Appendix B-Figure 60).  Overall peak stage on the Trask is altered by less than 0.1 m for an increase of approximately 20 cms, when compared to the Tr10 plus Tr2 alternative.

Flood pools are essentially unaffected when compared to the Tr10 plus Tr2 alternative.
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Appendix B-Figure 60.  Increase in Trask River discharge by adding a setback levee to Tr10+Tr2.

SUMMARY OF FLOOD STAGE AND DURATION BENEFITS

	Alterative
	Result Highlights
	Significant/Major Flood Cell Changes

	Wi2
- 20m cut
	Flow redirected from the Hall right bank to the Hall Slough

Duration of Highway 101 overtopping reduced by ≈ 4 hours in Hall right overbank
	

	
- levees lowered
	Duration of total flood event extended

Peak stage decreased by up to 0.1 m along Hall Slough
	Peak stage decreased by up to ≈ 0.1 m in Cells 4, 6, 7, 8, & 9

	
- levees lowered & 20m cut
	Nearly identical to levees lowered only alternative.

Duration of Highway 101 overtopping reduced by ≈ 6 hours in Hall right overbank
	Nearly identical to levees lowered only

	
- increased US capacity
	Increased duration of Hall Slough flushing flows
	Duration of flooding increased in Cells 6, 7, 9, 11, & 19

	Tr2
- 40m cut
	Peak water surface stage lowered in the Trask R. upstream of Netarts Hwy ≈ 0.6 - 0.7 m

Peak water surface elevation lowered in the overbank between Trask & Till ≈ 0.4m
	Peak stage decreased by ≈ 0.1 m in Cells 4, 5, 10, 12, 13, 14, & 15

	
- 60m setback (left levee)
	Peak water surface elevation lowered in the overbank between Trask & Till ≈ 0.1 m
	None

	
- levee lowered (right levee)
	No significant benefits other than to Flood Cell #5
	Peak stage decreased by ≈ 0.2 in Cell 5

	Tr8
- 30m cut
	Flow redirected to Old Trask (approximately 47 cms) and Till-OltT 0.85 overbank from Trask River

Trask R. peak stage lowered ≈ 0.1 m near Old Trask confluence
	None

	
- 30m setback
	Redirects ≈ 20 cms increase in Old Trask flow

No significant change in stage
	None

	
- 30m setback & 30m cut
	Flow redirected to Old Trask and Till-OltT 0.85 overbank from Trask River
	None

	Wi11

	Wilson River, Big Cut peak stage lowered between 0 to 0.35 meters.  
	Flood cells 6, 8, 9, 11 and 19 are truncated 1 to 6 hours on the rising limb, and 2.5 to 7.5 hours on the falling limb.

	Wi10
	Wilson River peak stage lowered between 0.1 to 0.4 meters.

Approximate overall channel capacity increased from 265 cms to 320 cms.
	Flood cells 6, 8, 9, 11 and 19 are lowered ≈ 0.3 meters.  Rising limb of the hydrograph is delayed 4 to 10 hours.  Pool drainage time shortened as much as 10 hours.

	
- included Wi11 measures
	Essentially the same results as Wi10 for the upper Wilson River.  Additional stage reduction of approximately 0.1 meters for lower Wilson River.
	Slight improvement in hydrograph duration, up to 1.5 hours shorter, in addition to results for Wi10 for flood cells 6, 8, 9, 11 and 19.

	Tr10
	Peak stage reduction from 0 to 0.2 at most cross sections altered in the channel modification.
	Peak stage is decreased between 0.1 and 0.15 meters in flood cells 5, 12, 13, 14, & 15.  Time to drain reduced 6 to 12 hours for pools 12, 13, 14, & 15.  Rising limb of the hydrograph delayed 1 to 2 hours for pools 5, 12, 13, and 14.

	
- included Tr2 measures
	Discharge through the Trask increased by approximately 70 cms over Tr10 results.  Trask stage higher than in Tr10 but still lower than for base condition.
	Up to 2 hours duration added to either end of the hydrograph when compared to Tr10, but duration still less than base condition.

	
- included Tr2 measures and 60m levee setback
	Discharge through the Trask increased by approximately 20 cms over Tr10+Tr2 results.
	None beyond Tr10+Tr2 results.
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