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Background
[bookmark: _Toc427764841]A detailed geomorphic reach assessment was completed for the lower 5-mi of the Middle Fork Nooksack River (Middle Fork) (NSD 2013), and preliminary designs were developed for Phase I (NSD 2014). Recent high flows in the fall and winter of 2015 have altered the geometry of the channel following completion of the assessment and preliminary designs. This brief memorandum is intended to identify these channel changes to inform potential changes to Phase 1 and 4 of the preliminary design as it is developed further to final design. 
[bookmark: _GoBack]Recent high flow events on the Middle Fork Nooksack from October 2015 through January 2016 have affected the statistical recurrence interval of flood flows for the project reach and resulted in significant channel changes at select locations. The flood of record for the USGS MF Nooksack River stream gage near Deming, WA occurred on November 17th, 2015 and is 18,800-cfs. USGS gauge 12208000 has been in operation since 1920 with a total of 39 years of recorded data due to multiple time periods of inactivity. The previous recorded peak flow of 13,700 cfs occurred in 2006. Due to the magnitude of this flood and the limited data record, the calculated recurrence intervals have increased as summarized in Table 1. In addition, a total of 5 flows have exceeded the calculated 2-year recurrence interval during the Fall-Winter 2015 (Figure 1). Both the extreme magnitude and frequency of high flows within the project reach have resulted in channel changes that should be considered in the final design process of Phase 1 and 4. 
Table 1.	Peak Flows
	Recurrence Interval (Years)
	1920-2014
	1920-2015

	1 year at gauge location*
	2,200 cfs
	2,000 cfs

	1 year scaled to site**
	2,600 cfs
	2,400 cfs

	2 year at gauge location*
	6,200 cfs
	6,200 cfs

	2 year scaled to site**
	7,300 cfs
	7,200 cfs

	10 year at gauge location*
	11,400 cfs
	12,700 cfs

	10 year scaled to site**
	13,300 cfs
	14,900 cfs

	100 year at gauge location*
	18,800 cfs
	22,300 cfs

	100 year scaled to site**
	22,000 cfs
	26,000 cfs


* Estimated peak flows in the Middle Fork Nooksack based on gauge 12208000 records
** Estimated peak flows for MFN project reach based upon basin scaling methods from Knowles and Sumioka (2001)
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Figure 1.	Middle Fork Nooksack streamflows, October 2015 - January 2016.

Geomorphic assessment update
The following is a description of the channel changes that have occurred following completion of the geomorphic reach assessment and preliminary designs. The fall of 2015 was very active, with 4 flood events exceeding the 2-year flood over a 4-month period, with one being the flood of record that approached the 100-year flood (Figure 1). This succession of high peak flows resulted in changes to the channel geometry, primarily through lateral bank erosion. Frequent high flows also resulted in the mobilization/failure of several NSEA constructed large wood (LW) structures.
Recent air photos acquired on December 16th, 2015 (daily average flow 350 cfs) were used to evaluate the channel changes by comparing to the pre-flood (Summer/Fall) 2015 NAIP air photo and REM (Figure 2). Several channel changes were identified, and are outlined below and accompanying annotation on Figure 2:
1. The mainstem channel has migrated 30-ft to the left just downstream of the Mosquito Lake Road Bridge	Comment by DanielBN: To the right, not the left?
2. Meander into the valley-right channel (current mainstem) migrated 80-ft downstream, eroding the NSEA LW structure at the split
a. This migration moved the split to the valley-left channel 80-ft downstream, and eroded 10 - 70-ft (30-ft avg) of the island separating the 2 channels on the south side. Lots of large trees would have been incorporated into the channel from this erosion. The downstream migration of the channel likely results in more frequent activation of the right channel as the effective elevation at which flow enters the right split is now lower, and
b. Sediment from this erosion deposited to the left of the channel (gravel bar grewows where we have ELJs 1-1-4, 1-2-3), pushing the mainstem to the right channel (at ELJ 1-3-6),
3. NSEA LW structure at head of island (in lee of ELJ 1-1-4) deflected flow around island, preserving most of it
4. Natural wood accumulation (or NSEA structure) at head of second island (at ELJ 1-3-7) deflected flow around island, preserving most of it
5. More erosion downstream of ELJ 1-3-6 to the right where new (post-2015 flood) mainstem channel relocated
a. Couple new large trees in the new channel likely recruited from either local or erosion upstream, with new gravel bar formed in lee
b. Immature trees in this area allowed the channel to migrate up to 150-ft to the right (5x rate compared to areas where erosion was into mature forested floodplain)
c. Sediment from this erosion deposited just downstream in the active channel downstream of ELJ 1-1-9
6. Local aggradation of the channel (from erosion upstream) helped to initiate an avulsion into thea low-lying channel across the channel (right) from Bear Creek area (see REM). This recent channel change has reduced the immediate risk of channel capture of Bear Creek. Hhowever, the mainstem channel could reoccupy its previous location sometime in the future.

Based upon the recent channel changes, we recommend the following be considered as part of the final design process forof Phase 1 and 4,	Comment by DanielBN: Just wanted to confirm per discussions with Leif that we are also adding 4-2-34 back into phase 4, right?
1. Phase 1 ELJs 1-2-1 and 1-2-2 should repositioned downstream and along the right bank of the channel as shown in Figure 2. The current location of these logjams may reinforce recent channel migration trends towards the north and east which could put Mosquito Lake Road at risk without the completion of Phase 4 ELJs. The repositioning of these structure locations are not incorporated into the hydraulic model updates, described below, and are in progress at this time.
2. Main channel depths, velocities, and scour are sufficient to destabilize NSEA constructed LW structures within the project reach. Therefore, locations critical forto reducinge erosion along Mosquito Lake Road or performing a long-term geomorphic function should either be reinforced or disassembled and incorporated into an ELJ design to better withstand main channel forces. 
  
Hydraulic model update
The primary objective of NSD’s hydraulic analysis was to estimate hydraulic parameters to characterize current riverine conditions and assist in the design of stable wood structures within the project reach. The hydraulic model created during the preliminary design phases (NSD, 2014) was updated primarily based on LNR comments on proposed Phase 4 design elements and field observations made by NSD and LNR during the spring of 2015. Recent channel changes described above were not explicitly incorporated into the hydraulic model update due to a lack of adequate topography and the uncertainty associated with manually editing the 2013 LiDAR topography. However, based upon the review of recent channel changes, the relative hydraulic effects of proposed elements are not expected to change significantly. 

Topography for the model mesh was based on 2013 LiDAR data acquired from the Puget Sound LiDAR Consortium to represent channel and floodplain topography. The horizontal and vertical datum of all data utilized and referenced in the report is Washington State Plane Coordinates North Zone NAD83 feet and NAVD 88-feet, respectively. Review of 2013 LiDAR indicates the streamflow of the Middle Fork at the time of the LiDAR acquisition (March 31, 2013) was 510-cfs.  Due to the limited light penetrating abilities of LiDAR equipment, channel topography utilizing only LiDAR is representative of the water surface at the time of LiDAR acquisition, not the channel bottom.  Review of the 2013 LiDAR data indicates the channel bottom topography is not well represented but the majority of out of water areas (gravel bars and floodplain) is representative of current conditions. Modifications were made to the LiDAR topography to represent existing wood accumulations and engineered logjams based on field observations in November and December 2015. Manning’s roughness values were applied based on these field observations and recent aerial photographs to represent changes since the earlier model runs were performed.

The proposed conditions mesh was created by adjusting the topography to represent the proposed ELJ structures and modifying the roughness values in these areas to reflect the added wood. ELJ locations in the proposed conditions model run were adjusted based upon LNR comments and field observations made by NSD and LNR in the spring of 2015, since the earlier model runs were performed.

Both the 10-year and 100-year flows were modeled using the existing conditions and proposed conditions meshes. An unsteady run of the 10-year hydrograph acquired from flow data from November 24, 2004 was scaled to the project site and LiDAR flows (510 cfs) were subtracted resulting in a peak discharge of 12,790 cfs. A steady-state 100-year run utilized a flow input of 21,490 cfs based on the calculated site discharge of 22,000 cfs minus the 510 cfs flow during the LiDAR flight. Future model runs are planned to incorporate the repositioning of ELJs 1-2-1 and 1-2-2 and will utilize the updated hydrology that includes the 2015 peak flow data.

The results of the hydraulic model runs are shown in Appendix A. The addition of ELJs to the Phase 1 and 4 project locations increases flow in the right channel below the split at RM 4.85. The hydraulic results are summarized in Table 2 below.
Table 2.	10-yr Hydraulic Model Results.
	Channel
	Left Channel
	Right Channel

	Existing Conditions Q (cfs)*
	9250 cfs (71%)
	3690 cfs (29 %)

	Proposed Conditions Q (cfs)*
	8570 cfs (66%)
	4360 cfs (34 %)

	Change in Q (% of total Q)
	-5%
	+5%

	Existing Conditions Velocity (ft/s)
	7- to 15-ft/s
	6- to 13-ft/s

	Proposed Conditions Velocity (ft/s)
	6- to 15-ft/s
	4- to 14-ft/s

	Avg. Change in Velocity (ft/s)
	-1 ft/s
	-0.5 ft/s

	Existing Conditions Depth (ft)
	5- to 8-ft
	3- to 7-ft

	Proposed Conditions Depth (ft)
	4- to 8-ft
	4- to 7-ft

	Avg. Change in Depth (ft)
	0-ft
	0.5-ft


*510 cfs was added to the calculated flows in the left channel to represent the flow at the time of the LiDAR flight
In general, there is a greater flow split at RM 4.85 under proposed conditions and velocities are decreased throughout. While depths do not change significantly, there is local creation of deep pools in front of the constructed ELJs. There is also greater inundation of the island between the left and right channels under proposed conditions which may trigger new channel development.  This is likely to encourage an anabranching planform downstream of the existing channel split but also represents potential avulsion pathways. We expect the potential for avulsions across the forested island to be mitigated and/or reduced by the relatively mature second growth forest within those areas.
Both existing and proposed condition 100-year hydraulic models were run to quantify water surface elevation changes due to the project being located in Approximate Zone A FEMA floodplain. The results are summarized below in Table 3. The results indicate the proposed project elements will increase the 100-year water surface elevation (WSEL) up to 0.5ft at cross section B. This increase is below the allowable 1-foot increase in WSEL for a Zone A FEMA floodplain and also occurs entirely within the WA Department of Natural Resources or conservation property ownership.  	Comment by DanielBN: Provide reference/citation on where this info came from
Table 3.	100-yr Hydraulic Model Results.
	Channel
	XS A
	XS B
	XS C
	XS D

	Existing Conditions WSEL (ft)
	533.3
	514.0
	511.0
	496.7

	Proposed Conditions WSEL (ft)
	533.3
	514.5
	511.2
	496.7

	Change in WSEL (ft)
	0.0
	+0.5
	+0.2
	+0.0



Risk assessment update
Infrastructure in the project reach includes Mosquito Lake Road Bridge, Mosquito Lake Road, and the old steelhead hatchery acclimation ponds.  Due to the backwatering effect of the most upstream ELJs, no net changes to flow velocities or sediment mobility are expected through the bridge crossing, thus no increased pier scour of the bridge footings is anticipated. 100One hundred-year water surface elevations are not expected to increase under the bridge, and freeboard between the water surface and bridge will remain greater than 15 ft.  The risk of damage to the bridge relative to existing conditions is low.  100-year flood depths may rise up to 0.3 ft along the old steelhead hatchery access road and there is no expected change in 10-year flood depths. No inundation of the acclimation ponds is anticipated under any of the modeled conditions.  While the proposed ELJ layout may deflect flow to the west and increase erosion of the left bank adjacent to the ponds there is a 160 ft forested buffer between the active channel and ponds and channel migration is not expected to breach this buffer.	Comment by jillk: Porter Creek Bridge? I believe that James Lee provided some documents with regards to this bridge.

In the right split channel, Whatcom County Public Works has previously relocated the road and contributed to the construction of LW structures along a high eroding slope that forms the right bank of the channel in this area. During the preliminary design process, 4 four additional ELJs were located in this area to mitigate for the increase in flow within the right channel and deflect flows west towards floodplain channels within the interior of the forested island. Results for the hydraulic model updates show a general reduction in velocities along the existing unstable slope. . For the 10-year flood under existing conditions, thalweg velocities peak at approximately 10.5 ft/s and are reduced to a peak of 9.5 ft/s under proposed conditions with an average thalweg velocity reduction in the vicinity of 1.5 ft/s. Velocities along the toe of the bluff are reduced from an average of 1.5 ft/s to 0.5 ft/s, reducing erosion risk to Mosquito Lake Road. Shear stress is reduced along the toe of the bluff by 0.2-0.4 lbs/ft2 which equates to a greater than 50% reduction in shear stress at some locations. This same reduction in velocities and shear stress is observed during the 100-year flood as well. These results indicate the construction of both Phase 1 and 4 projects will reduce the risk of erosion that could threaten Mosquito Lake Road in this area.  However, if only Phase 1 is completed, (as intended in the summer of 20165), for the period of time followingafter Phase 1 construction to the completion of Phase4 construction, this area will either remain at current risk levels or at slightly elevated risk levels due to the increased flow into the right split caused by Phase 1 project elements. The repositioning of ELJs 1-2-1 and 1-2-2 is anticipated to mitigate for this effect and can be evaluated with future modeling efforts. In addition, the actual increase in risk in this area will be dependent on future high flows that activate the right split channel near RM 4.9 during this period. 
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