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Analysis purpose
This analysis of hydraulic conditions on South Prairie Creek was completed as part of the restoration of the creek within RM 4.05 and 4.65, approximately 1 mile west of South Prairie, WA. The hydraulic modeling was developed to simulate hydraulic conditions to inform structure design, to determine inundation extents of 100-yr flood event, and to complete an informal no-rise assessment. This report focuses on the analysis and conclusions related to inundation extents and the no-rise assessment. The effect of model results on structure designs is discussed in the basis of design report (2015) completed in conjunction with the design plans.
Hydrology
Peak recurrent flow intervals used in this analysis were estimated from USGS gage station #12095000 (South Prairie Creek at South Prairie, Wa), located approximately 1.5 miles upstream of the project site (Figure 1). 
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)No tributaries join South Prairie Creek between the gage and the project area. Details of the hydrologic analysis are discussed in Water level and temperature monitoring, 2015. Table 1 lists the peak recurrent flow intervals estimated from that analysis and used in the hydraulic model. 

[bookmark: Tbl_FloodStats]Table 1 – Flood frequency statistics at USGS gage #12095000
	Recurrence Interval (yrs)
	Peak Flow (cfs)

	1.1
	1,480

	100
	9,400



[bookmark: _Toc256068259]Model Methods
[bookmark: _Toc256068260]Methods Summary
A hydraulic analysis was completed by comparing existing and proposed conditions during the statistical 100-year flow event. The hydraulic models were created using Hydronia’s RiverFlow-2D Plus GPU and Aquaveo’s Surface-water Modeling System (SMS) v11.2 computer software. RiverFlow-2D is a two-dimensional finite volume computer model that computes depth-averaged hydraulic parameters at nodes within a triangular model mesh domain by solving the momentum, or shallow water, equations.
The difference between existing and proposed conditions was represented by manipulating the digital topography to simulate new structures and channel grading. The topographic modifications also included associated changes in roughness (lowered in areas of new channel, and increased where new structures are placed).
All model runs were performed in steady state (discharge does not vary with time) with a non-deformable bed (no adjustments for scour, sediment transport or deposition). 
[bookmark: _Toc256068261]Topographic Data
Existing Conditions
The surface topography used in the existing conditions was the combination of the following data:
1. Lidar data collected by Watershed Sciences in 2011, and provided by the Puget Sound Lidar Consurtium (PSLC).
2. Field survey data collected by Larson & Associates over multiple days in Nov and Dec 2013.
Larson & Associates merged their survey data with the PSLC data to create a composite surface.
The datums used for the combined surface data are:
· Horizontal datum: NAD 1983
· Vertical datum: NAVD 1988
Proposed Conditions
The proposed conditions surface data was based on the existing conditions surface which was modified to reflect newly graded channels and above-bed structures. New channels were represented by lowering selected alignments in the surface data, and new wood structures were represented by elevating mounds.
Boundary Conditions
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A steady-state flow of 9,404 cfs, derived from gage statistics, was set as the upper boundary (Figure 2) of the model extents to simulate the 100-year flood. The boundary correlates with cross-section station 5.068 defined in the 2002 1D HEC-RAS model developed for the FEMA FIRM study.
Downstream outbound boundary
The downstream boundary (Figure 2) condition was defined at a water surface elevation of 366 ft (NAVD88). This elevation was derived by modeling the revised peak flow within the FEMA RAS model. The RAS model extents were trimmed to the project reach, and the inbound flow was set to the 100-year flow derived from the gage statistics. The water surface elevation at the downstream cross-section boundary predicted in the modified 1D FEMA RAS model was used as the downstream boundary condition in the 2D model.
Roughness
The assignment of hydraulic roughness (the resistance ground features exert against the movement of water) was based on the guidelines defining the use of the Manning’s n resistance factor (Chow, 1959).  Manning’s n values for South Prairie Creek were defined in zones of similar land use and vegetation (field, forest, roads, main channel, gravel bars, etc). The values of Manning’s n, relative to the different land types, were set in accordance with standard hydraulic reference manuals (Chow, 1959; Barnes, 1967; Hicks and Mason, 1998).  
Once assigned to the land types using the above established guidelines, all roughness value assignments were then reduced by a factor of 0.66 within the 2D model definition. This reduction addresses momentum losses from channel shape, meandering, and floodplain topography, losses that are explicitly calculated in 2D hydraulic models, and not normally accounted for in 1D hydraulic models (Belleudy, 2000).
Observations
Flood Inundation
Comparing proposed conditions to existing during the 100-year peak flood event, flood extents are anticipated to expand within the project area limits. Flood waters are predicted to flow into new areas throughout the grass-dominated floodplain northwest of the channel between RM 4.0 and RM 4.5. In Attachment A, diagonal hatching shows areas newly inundated during the proposed conditions.
Of note, new inundation is predicted near the terminus of Spring Site road. Slow velocity sheeting flow with a depth of less than 6 inches is predicted over this portion of the roadway during the 100-year event. 
Changes in Water Surface Elevation
The proposed instream structures elements increase overall water surface elevation throughout the design project area. The largest increases in water surface elevation are seen in areas of backwater upstream of new structures; whereas the increase in most areas are seen in the overbanks where water surface rises up to 1 foot. The upstream-most channel structure creates a backwater that extends over 600 feet upstream to the upper project boundary.
The average water surface elevation was sampled at five cross-sections (locations shown in Attachment A). 
[bookmark: Tbl_WSE_Diff]Table 2 –100-yr Water Surface Elelvation Sampling, Comparing Existing and Proposed Conditions
	Sampling Cross Section
	WSE, Existing Conditions
	WSE, Proposed Conditions
	Difference (ft)

	A
	369.04
	369.05
	0.01

	B
	379.16
	379.94
	0.78

	C
	384.17
	384.34
	0.16

	D
	391.87
	392.61
	0.74

	E
	396.41
	396.41
	0.00



Conclusions
Model results indicate instream structures create a backwater condition that increase overbank flow depths during the 100-yr peak flow event. This increase in overall water surface is predicted thoughout much of the currently available floodplain within the project area where instream structures are proposed to intercept main channel flow. However the increases in water surface and expansion of flood inundation extents are shown to be limited to the project area boundary. Therefore no change in water surface elevation is predicted outside of the project design limits.
Attachments:
Attachment A – 	Water Surface Elevation Difference Comparing Existing and Proposed Conditions.
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