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Flood Hazard[endnoteRef:1] [1:  This chapter was rewritten by Pierce County Planning and Public Works Department Surface Water Management Division in 2019. ] 
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[bookmark: _Toc33608181][bookmark: _Toc44292241]Identification Description
[bookmark: _Toc33608182]Definition and Introduction
A flood is a general and temporary condition of partial or complete inundation of normally dry land areas. Floods can damage low lying property indiscriminately, but to mitigate for future events, it is necessary to understand the source of flooding. Pierce County recognizes four primary flood sources: riverine, coastal, groundwater and urban. Riverine and coastal flooding bring an added risk of erosion that can damage structures and transportation corridors that are above the base flood elevation.
Types
[bookmark: _Hlk20742026]Riverine hazards are when flood waters overtop the channel bank and extend into the floodplain. This behavior occurs on major rivers to small streams. Our interest in this section will be to describe the major river reaches in the county that have the capacity to do the most harm. This is not to discount that smaller creeks can still cause significant damage to a property. Riverine flooding presents life safety challenges where deep and or fast flowing water can sweep away people and cars. Erosive forces and dynamic sediment loads can also cause the river to migrate to new locations that may have been high ground but are occupied by the river following a high-water event. For these reasons Pierce County regulates areas of deep and fast flowing water and areas at severe risk of channel migration as a floodway to limit future development. Areas behind a levee present a unique situation where residents may feel protected from a flood since their low-lying property doesn’t flood as frequently as it did prior to levee construction. Levees can fail for many reasons (over-topping, breaching, sloughing, flanking, etc.) creating a situation where warning times are shorter and evacuation routes become uncertain for the resident who is suddenly at risk.
[bookmark: _Toc33608184][bookmark: _Toc44292244][bookmark: _Toc20750703]Profile
[bookmark: _Toc33608185][bookmark: _Toc44292245][bookmark: _Toc20750704]Location
[bookmark: _Hlk20742084]The geographic scope includes the floodplains of the two major river systems in Pierce County (Puyallup and Nisqually Rivers). The Puyallup River and Nisqually River watersheds include forests, national parks, and wilderness areas in the upper watersheds; rural and agricultural uses in the mid to lower basin areas; and urban areas dispersed throughout the lower Puyallup watershed near the river mouth. To capture the full impact of the Pierce County river systems, this section has been divided into 11 planning areas:
· Puyallup River
· Lower Puyallup River
· Middle Puyallup River
· Upper Puyallup River
· White River
· Lower White River
· Upper White River
· Greenwater River
· Carbon River
· South Prairie Creek
· Middle Nisqually River
· Upper Nisqually River
· Mashel River
[bookmark: _Hlk20742129]Puyallup River
The Puyallup River and its two main tributaries, the White River and Carbon River, drain a watershed of approximately 1,040 square miles and flow from the glaciers of Mount Rainier with an elevation of 14,410 feet to Commencement Bay and Puget Sound. The Puyallup River runs through the cities of Tacoma, Fife, Puyallup, Sumner, and Orting, and large areas of unincorporated Pierce County. The Puyallup Tribe of Indians owns the river bed within the 1873 survey area from approximately River Mile (RM) 1.4 to RM 7.2. The lower reaches of the Puyallup River were historically straightened with levees and revetments for flood control purposes. Mud Mountain Dam (MMD) on the White River at RM 29.6 provides storage of up to 106,000 acre-feet of water to reduce flooding on the lower Puyallup River and to a lesser extent the lower White River. The dam was authorized by Congress after the 1933 flood of record and was completed in 1948 after an extended work stoppage for WWII.
Lower Puyallup River
The lower Puyallup River begins at its mouth in Commencement Bay at RM 0.00 and continues upstream to its confluence with the White River at RM 10.3. It flows through the cities of Sumner, Puyallup, Fife, and Tacoma and portions of unincorporated Pierce County. The Puyallup Tribe of Indians owns the river bed, below the mean high-water line, within the 1873 survey area from approximately RM 1.4 to RM 7.2. The lower Puyallup River is primarily straight with levees on both the right bank, North Levee Road, and left bank, River Road. Surrounding land uses are mostly urban in the cities and a mixture of agricultural, rural, and urban in unincorporated Pierce County.
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[bookmark: _Toc20750705][bookmark: _Hlk20742352]Puyallup River Extent and Occurrences
Major flooding occurred in the lower Puyallup River in 1917, 1933, 1965, 1977, 1986, 1990, 1996, 2006, and 2009. The largest flood on record since construction of MMD occurred in January 2009, with a flow of 48,200 cubic feet per second (cfs), approximately a 100-year event, in the lower Puyallup River based on current flood frequency flow estimates (FEMA/NHC 2003). Flows in excess of 45,000 cfs are considered severe with significant flooding expected. Moderate flooding occurred in the lower Puyallup in November 2014, and again in October, November, and December 2015.
	[bookmark: _Toc350164540][bookmark: _Hlk20742765]Historical Flooding in Lower Puyallup River
USGS 12101500 Puyallup River at Puyallup, WA
103 Records from 1914 - 2017

	[bookmark: _Hlk19001303]Water Year
	Date
	Stream Flow (cfs)

	1934
	December 10, 1933
	57,000 

	2009
	January 8, 2009
	48,200*

	1996
	February 9. 1996
	46,700*

	1990
	January 9, 1990
	44,800*

	1987
	November 24, 1986
	43,800*

	1991
	November 24, 1990
	41,900*

	1965
	January 29, 1965
	41,500*

	1978
	December 2, 1977
	40,600*

	1918
	December 18, 1917
	40,500 

	2016
	December 9, 2015
	39,800*

	2007
	November 7, 2006
	39,700*

	1935
	October 25, 1934
	39,500 

	1933
	November 13, 1932
	37,800

	1956
	December 12, 1955
	37,600*

	1984
	January 25, 1984
	37,100*

	
	
	*Post Mud Mountain Dam


[bookmark: _Hlk17984206]Probability of Future Hazards
[bookmark: _Hlk17984164]In 2003 FEMA’s study, contractor Northwest Hydraulic Consultants (NHC) calculated peak flows that would be utilized for updating the FEMA flood insurance study and flood insurance rate maps. For the Puyallup River at the USGS gauge at Puyallup (12101500), the calculations for the 10-year, 50-year, 100-year and 500-year recurrence intervals are shown to be respectively: 41,000, 46,000, 48,000 and 63,000 cfs. With the thresholds for moderate flooding (30,000-45,000 cfs) and severe flooding (greater than 45,000), the Lower Puyallup River valley can expect to experience moderate flooding every two to ten years and severe flooding every ten to 25 years over a long-term period (Risk Assessment, URS 2012). The Pierce County Climate Resiliency Plan anticipates that flood risks will increase with more extreme precipitation events and more of the precipitation falling as rain being captured in the upper watershed as snow. Sediment loading is expected to increase from rivers coming off Mount Rainier thereby decreasing flood carrying capacity and increasing the risk of channel migration.
[bookmark: _Toc20750706]Puyallup River Impacts
Impact on Community
Commercial and industrial properties comprise approximately 24 percent of the land use in the 100-year floodplain in the Lower Puyallup River Valley (URS 2012). A major flood event would result in the temporary loss of business for properties in this area. Short-term output, income, employment, and tax revenues may also decrease. If businesses were to close due to the financial effects of flooding, economic activity would be slow to recover, and long-term economic impacts would be experienced. Major businesses in this area include the Costco Wholesale warehouse, several large banks, and several large sporting goods warehouses. In addition, there are several storage facilities and a recycling distribution center in this area (URS 2012).
Land Purchases
Since 2013, eighteen properties have been purchased totaling 61 acres. This brings the number of acquired acres in the Clear Creek area to an estimated 117 acres. Prior to 2013, twenty-one parcels totaling 16.24 acres were purchased by Pierce County in the lower Puyallup area. Many of the properties experienced repetitive flooding as a result of the backwatering of Clear Creek. The backwatering is caused by the closing of the flood gate at the mouth of the creek preventing the creek from draining into the Puyallup River. The flood gates are necessary to prevent the further rise of flood waters in the creek from the elevated flows of the Puyallup River.
River Management
The lower Puyallup River is confined by nearly continuous levees and revetments from the river mouth at Commencement Bay to the Puyallup River’s confluence with the White River at RM 10.3. By restraining floodwaters from inundating the adjacent floodplain area, which includes residential, commercial, industrial, and port facilities within the cities of Tacoma, Fife, Puyallup, and Sumner, these flood risk reduction facilities collectively protect the highest land and improvement values in Pierce County. Substantial damage to these flood risk reduction facilities has the highest consequence and risk on the Puyallup River system. The taxable assessed value of property and improvements in the floodplain in the lower Puyallup is estimated at $1.8 billion (Entrix, Inc., 2010). The levees along the Puyallup River from RM 3.0 to 10.3 are owned and operated by Pierce County are summarized below.
	[bookmark: _Toc350164538]Levees and Revetments in the Lower Puyallup River

	Name
	Location 
	Ownership

	Right Bank

	Port of Tacoma Revetment
	RM 0.0 – RM 0.7
	Port of Tacoma

	COE Port of Tacoma Levee
	RM 0.7 – RM 3.0
	US Army Corps of Engineers

	North Levee Road Levee
	RM 3.0 – RM 8.1, PL 84-99
	Pierce County

	Murphy Levee
	RM 8.1 – RM 8.6
	Pierce County

	Benston/Boatman Levee
	RM 8.6 – RM 9.7
	Pierce County

	Old Cannery Levee
	RM 9.7 – RM 10.3, PL 84-99
	Pierce County

	Left Bank

	Simpson Revetment
	RM 0.0 – RM 0.7
	Simpson Tacoma Kraft Company

	COE Portland Ave Levee
	RM 0.7 – RM 2.8
	US Army Corps of Engineers

	River Road Levee
	RM 2.8 – RM 7.4, PL 84-99
	Pierce County

	Tiffany’s Revetment
	RM 7.4 – RM 8.6
	Pierce County

	Linden/Flashcube Revetment
	RM 8.6 – 10.7
	Pierce County


Damage to Facilities
Flood damage to Lower Puyallup River flood risk reduction facilities have generally been mild over the past three decades. However, two substantial repairs have been made to repair damages due to erosion and one repair to fix fractured concrete panels. Damages from major floods and high-water events between 1990 – 2017 have resulted in approximately 24 identified damage locations comprising 0.6 mile of levees and revetments. Damages have been estimated at nearly $2.15 million dollars (based on 2017 dollars). The table listed below summarizes recorded levee and revetment damages. No significant flood damage is currently apparent along the lower Puyallup River reach. There are isolated locations along the reach where repairs have occurred. The system is approximately 100 years old and showing signs of its age. Pierce County maintenance crews annually inspect and monitor the reach and implement repairs when necessary.
	[bookmark: _Hlk508097955]Summary of Damages to Lower Puyallup River Facilities (1996-2017)

	Storm Season
	Segment Name
	Bank
	River Mile
	Damage Lineal Feet
	Damage

	1996

	1996
	Tiffany's
	Left
	9.2
	100
	Toe and slope failure.

	2005

	2005
	River Road
	Left
	7.2
	540
	Concrete panel repair.

	2009

	2009
	North Levee Road
	Right
	5.3
	190
	Silt bench repair – Dolos.

	2010

	2010
	Benston/Boatman
	Right
	9.35
	100
	Moderate slumping.

	2010
	Benston/Boatman
	Right
	9.35
	200
	Moderate slumping, major erosion; concrete panels collapsed.  

	2011

	2011
	Benston/Boatman
	Right
	9.35
	200
	Four-foot deep slump.  Exposed concrete at toe.

	2011
	Murphy
	Right
	8.47 - 8.54
	390
	Scour and minor cracking in silt bench. Scour five feet in areas. 

	2011
	North Levee Road
	Right
	4.27
	105
	Four-foot slump.

	2011
	North Levee Road
	Right
	4.45
	106
	Sha Dadx Seepage Control Buttress and drainage.

	2011
	Old Cannery
	Right
	10.3
	60
	Toe rock failure.

	2011
	River Road
	Left
	6.4
	30
	Six-foot deep scour.

	2012

	2012
	Murphy
	Right
	8.5
	200
	Toe and rock failure, some slump and erosion. 

	2012
	Murphy
	Right
	8.55
	30
	Scour pocket out of face, downed tree.

	2012
	North Levee Road
	Right
	4.3
	30
	Four-foot slump.

	2012
	North Levee Road
	Right
	4.45
	180
	Sha Dadx:  soil buttress - sand boils.

	2012
	North Levee Road
	Right
	5.8
	100
	Melroy Bridge partial scour/slumping.

	2012
	River Road
	Left
	3.05
	40
	Cave dug into silt on LB, 5' scour depth.

	2012
	River Road
	Left
	6.4
	30
	Six-foot deep scour in silt bench due to culvert outfall.

	2014

	2014
	River Road
	Left
	7.45
	45
	Toe and face rock failure.

	2015

	2015
	Benston/Boatman
	Right
	9.35
	150
	Slump in revetment.  Concrete Panel missing. 

	2017

	2017
	Benston/Boatman
	Right
	9.35
	200
	Storm drainage outlet onto revetment face has caused severe scour to occur and end segments of the outlet pipe have failed.  

	2017
	Benston/Boatman
	Right
	9.3
	140
	Potential scour.

	2017
	Murphy
	Right
	8.4
	120
	Silt bench scour.

	2017
	Murphy
	Right
	8.41
	25
	Scour.




Middle Puyallup River
The middle Puyallup River reach begins at the confluence of the White River at RM 10.3 and continues upstream to the confluence with the Carbon River at RM 17.4, downstream of the City of Orting. Approximately 438 square miles drains to the middle Puyallup River. Throughout this reach, the river channel is a combination of large meander bends with segments which are straightened and confined by a combination of levees, revetments, and valley walls. The surrounding watershed and land use are mostly urban near the White River confluence in the cities of Sumner and Puyallup, while predominantly agricultural and rural residential through the Alderton-McMillan communities, and upstream to the Carbon River confluence (GeoEngineers 2003).
Several tributaries enter the middle Puyallup River in this reach including Alderton Creek, Van Ogles Creek, Fennel Creek, Ball Creek, and Canyon Falls Creek. The largest tributary, Fennel Creek, drains most of the eastern upland plateau, including much of the City of Bonney Lake. Fennel Creek flows into the Puyallup River near RM 15.2. Salmon and trout, including Chinook, coho, pink, chum, sockeye, steelhead salmon, and cutthroat and bull trout use the entire reach of the middle Puyallup River.


[image: ]


[bookmark: _Toc20750707]Middle Puyallup River Extent and Occurrences
The middle Puyallup River experienced major flood events most recently in 1996, 2006, 2008, and 2009. The highest peak flow recorded at the Alderton Gauge occurred on January 7, 2009 with 53,600 cfs (based on the USGS calculation). However, this is thought to be an overestimate, because it is higher than the peak flow measured downstream at the Puyallup gauge in the lower Puyallup River. The Alderton gauge results historically have a lower confidence during high flood stage events. Since 2013, there has been no flooding in the Middle Puyallup.
	[bookmark: _Toc350164545]Historical Major Flooding on the Middle Puyallup River
USGS 12096500 Puyallup River at Alderton, WA
48 Records From 1915 - 2017

	Water Year
	Date
	Stream Flow (cfs)

	2009
	January 7, 2009
	41,600

	1996
	February 9, 1996
	41,500

	2007
	November 7, 2006
	40,300

	2016
	December 9, 2015
	35,800

	2015
	November 25, 2014
	30,700

	2000
	November 25, 1999
	24,800

	1956
	December 12, 1955
	23,300

	2005
	January 19, 2005
	23,300

	1947
	December 11, 1946
	22,600

	1954
	December 9, 1953
	21,900

	2003
	January 31, 2003
	21,000

	1922
	December 12, 1921
	20,000

	2011
	January 16, 2011
	19,900


Probability of Future Hazards
In 2003, FEMA’s study contractor NHC calculated peak flows that would be utilized for updating the FEMA flood insurance study and flood insurance rate maps. For the Middle Puyallup River at the USGS gauge at Alderton (12096500) the calculations for the 10-year, 50-year, 100-year and 500-year recurrence intervals are shown to be respectively: 27,500, 38,600, 43,500 and 55,100 cfs. Based on the NHC study and historical flow record, the Middle Puyallup River valley can expect to experience moderate flooding every two to five years, and severe flooding every ten to 25 years, over a long-term period (URS 2012). Generally, flooding occurs during late fall into early spring, particularly between the months of November and February. The Pierce County Climate Resiliency Plan anticipates that flood risks will increase with more extreme precipitation events and more of the precipitation falling as rain being captured in the upper watershed as snow. Sediment loading is expected to increase from rivers coming off Mount Rainier, thereby decreasing flood carrying capacity and increasing the risk of channel migration.
[bookmark: _Toc20750708]Middle Puyallup River Impacts
Impact on Community
Commercial and industrial properties do not comprise a large portion of the Middle Puyallup (less than 1 percent) (URS 2012). Therefore, a large flood event would not result in a major impact to the economy and tax base in this area. Due to the large presence of vacant lands, open space, and resource land, temporary loss of business in this area is likely to be low. However, lands used for recreation or resource land may experience some economic loss if these areas are unable to be accessed or used during the flood or during the recovery period following a flood (URS 2012).
Land Purchases
The following land and home acquisitions have occurred since 1991, using a combination of federal and state grant funds and local match.
· Acquisition of home and property between 128th Street and the confluence with the Carbon River (48 acres).
· Acquisition of home and property between (RM 15.9 - RM 16.7) 116th Street and 128th Street (50 acres).
· Acquisition of homes and property near Fennel Creek confluence (44 acres).
· Acquisition of homes and property in the area of 96th Street and McCutcheon Road between RM 13.8 – RM 15.0 (78 acres).
· Acquisition of homes and property near Riverside Drive (1.8 acres).
· Acquisition of homes and property near/in the City of Sumner (11 acres).
In 2015, one additional property near Riverside Drive was purchased for flood damage mitigation. This parcel was an estimated .75 acre.
River Management
The middle Puyallup River levees and revetments form nearly continuous bank protection from the confluence with the White River at RM 10.3 to the confluence with the Carbon River at RM 17.4. Many levees within the middle Puyallup River system are included in the U.S. Army Corps of Engineers, Public Law (PL) 84-99 Levee Rehabilitation program. Revetment structures make up a significant number of the river management facilities that are ineligible for inclusion in the PL 84-99 program. The below table contains a list of river management facilities and their ownership.
	[bookmark: _Toc350164544]Levees and Revetments in the Middle Puyallup River

	Name
	Location a
	Ownership

	Right Bank

	Traffic Avenue Revetment
	RM 10.3 – RM 11.0
	Pierce County

	River Grove Levee
	RM 11.0 – RM 11.45, PL 84-99
	Pierce County

	Riverwalk Revetment
	RM 11.45 – RM 12.0
	Pierce County

	Riverside Levee
	RM 12.0 – RM 12.8, PL 84-99
	Pierce County

	Van Ogle Revetment
	RM 12.8 – RM 14.2
	Pierce County

	Evanger/White Revetment
	RM 14.2 – RM 15.0
	Pierce County

	Fennel Creek Revetment
	RM 15.15 – RM 15.9
	Pierce County

	Mosby Revetment
	RM 15.9 – RM 16.65
	Private

	Dollar Creek
	RM 16.65 – RM 16.9
	Pierce County

	Lindsay Levee
	RM 16.9 – Carbon RM 1.2
	Pierce County

	Left Bank

	Knutson Revetment
	RM 10.7 – RM 12.0
	Pierce County

	WAZZU Revetment
	RM 12.0 – RM 12.8
	Pierce County

	Bowman/Hilton Levee
	RM 12.8 – RM 13.6, PL 84- 99
	Pierce County

	Sportsman Levee
	RM 13.6 – RM 14.4, PL 84-99
	Pierce County

	Ball Creek Revetment
	RM 14.4 – RM 15.7
	Pierce County

	McMillin Levee
	RM 15.7 - RM 16.65, PL 84-99
	Pierce County

	Bowen/Parker Levee
	RM 16.65 – RM 17.5, PL 84-99
	Pierce County

	





Damage to Facilities
Flood damages to middle Puyallup River flood risk reduction facilities range from mild to moderate in the past three decades. Damages sustained generally range from partial washout of the flood risk reduction structure over a few hundred lineal feet to localized moderate scour and erosion. Damages from major floods and high-water events between 1995 – 2017 have resulted in approximately 91 identified damage locations comprising 3.6 mile of levees and revetments. Damages have been estimated at nearly $7.37 million (based on 2017 dollars). The middle portion of the Middle Puyallup River reach between RM 12.2 and RM 14.2 has historically been most vulnerable to repetitive damages requiring repair actions to restore the structures. Since 2013, levees and revetments that have experienced repetitive damages include WAZZU, Bowman-Hilton, Van Ogles, and Sportsman.
The table listed below summarizes recorded levee and revetment damages to middle Puyallup River facilitates (1995 – 2017).
	[bookmark: _Hlk508095944]Summary of Damage to Facilities in the Middle Puyallup 1995 - 2017

	Storm Season
	Segment Name
	Bank
	River Mile
	Damage Lineal Feet
	Damage

	1995

	1995
	Bowen/Parker
	Left
	16.8
	50
	Toe/slope failure.

	1995
	Bowman-Hilton
	Left
	13.2
	150
	Partial Washout. Toe and face rock.

	1995
	Bowman-Hilton
	Left
	13.2
	600
	Toe/slope failure.

	1995
	Mosby - Historic
	Right
	16.0
	400
	Toe/slope failure with spots of total failure.

	1995
	Mosby - Historic
	Right
	16.2
	250
	Partial Washout. Toe and face rock.

	1995
	Riverside Revetment
	Right
	12.8
	600
	Some Toe/slope failure.

	1995
	Van Ogle Revetment
	Right
	13.4
	225
	Partial washout. Toe and face rock.

	1996

	1996
	Bowen/Parker
	Left
	16.7
	100
	Total failure.

	1996
	Bowen/Parker
	Left
	16.8
	200
	Toe/slope failure.

	1996
	Bowen/Parker
	Left
	17.4
	100
	Toe/slope failure.

	1996
	Bowman-Hilton
	Left
	13.2
	500
	Toe/slope failure.

	1996
	Dollar Creek
	Right
	16.8
	800
	Toe/slope failure.

	1996
	McMillin
	Left
	16.0
	600
	Toe/slope failure with spots of total failure.

	1996
	McMillin
	Left
	16.2
	250
	Toe/slope failure with spots of total failure.

	1996
	Mosby - Historic
	Right
	16.0
	400
	Toe/slope failure.

	1996
	Riverside Revetment
	Right
	12.8
	600
	Toe/slope failure.

	1996
	Sportsman
	Left
	14.2
	100
	Slope failure.

	1996
	Wazzu Revetment
	Left
	12.2
	600
	Toe/slope failure.

	2002

	2002
	Van Ogle Revetment
	Right
	13.0
	50
	Toe and face repair.

	2004

	2004
	Riverside
	Right
	12.7
	100
	Partial washout of the toe and levee facing.

	2005

	2005
	Evanger/White
	Right
	14.2
	450
	Repair/replace toe and face rock.

	2006

	2006
	Bowen/Parker
	Left
	17.3
	220
	Face erosion.

	2006
	Bowman-Hilton
	Left
	13.2
	500
	Fracture: scour.

	2006
	Evanger/White
	Right
	15.0
	300
	Face erosion.

	2006
	River Grove
	Right
	11.0 - 11.5
	0
	Overtopping with minor levee damage.

	2006
	Sportsman
	Left
	13.6
	40
	Fracture.

	2006
	Sportsman
	Left
	14.0
	300
	Washout.

	2006
	Wazzu Revetment
	Left
	12.2
	300
	Face erosion.

	2007

	2007
	Bowman-Hilton
	Left
	13.2
	880
	Repair scour from levee being overtopped.

	2007
	McMillin
	Left
	16.3
	50
	

	2008

	2008
	128th & McCutcheon
	Right
	16.7
	12
	Top of levee/access road scour.

	2008
	Bowen/Parker
	Left
	16.8
	75
	Toe rock failure.

	2008
	Bowen/Parker
	Left
	16.81
	50
	Toe rock failure and partial face rock failure.

	2008
	Bowman-Hilton
	Left
	13.2
	60
	Minor top coat damage.

	2008
	McMillin
	Left
	15.7
	30
	Damaged toe and face rock.

	2008
	McMillin
	Left
	16.1 - 16.2
	30
	Toe and face rock failure.

	2008
	Riverside
	Right
	12.0
	30
	Damaged toe and face rock.

	2008
	Riverside
	Right
	12.4
	236
	Damaged toe and face rock.

	2008
	Riverside
	Right
	12.7
	5
	Minor top coat damage.

	2008
	Sportsman
	Left
	13.75
	0
	Blocked culvert.

	2008
	Van Ogle Revetment
	Right
	13.5
	30
	Damaged face rock.

	2008
	Wazzu Revetment
	Left
	12.2
	148
	Wazzu partial washout.

	2009

	2009
	128th & McCutcheon
	Right
	16.75
	20
	Toe and face rock failure.

	2009
	Bowen/Parker
	Left
	16.7
	12
	Top of levee/access road scour. Tide gate damaged.

	2009
	Bowen/Parker
	Left
	16.7
	300
	Access road scour, face rock failure. 

	2009
	Bowen/Parker
	Left
	16.8
	75
	Toe rock failure.  

	2009
	Bowman-Hilton
	Left
	13.2
	200
	Scour 200 LF facing rock failure. 

	2009
	Bowman-Hilton
	Left
	13.3
	50
	Scour 1/2 feet deep for 50 LF.

	2009
	Evanger/White
	Right
	15.0
	200
	Total levee failure/ end of levee.

	2009
	McMillin
	Left
	16.1 -16.2
	60
	Toe and face rock failure.

	2009
	River Grove
	Right
	11.0 -11.5
	0
	Overtopping with minor levee damage.

	2009
	Riverside
	Right
	12.6
	15
	Scour over top of revetment. 1-2 feet

	2009
	Sportsman
	Left
	13.75
	200
	Blocked culvert. 

	2009
	Sportsman
	Left
	13.9
	250
	Damaged toe and face rock.

	2009
	Sportsman
	Left
	14.00
	300
	Major scour.

	2009
	Sportsman
	Left
	14.10
	150
	Head cutting on back side of levee.

	2009
	Wazzu Revetment
	Left
	12.2
	65
	Partial washout.

	2010

	2010
	Riverside Revetment
	Right
	12.8
	50
	Minor face rock slippage and possible toe rock misplaced.  

	2010
	Sportsman
	Left
	14.05 - 14.17
	650
	Slump and scour near Sportsman Club.  

	2010
	Sportsman
	Left
	14.05 - 14.17
	650
	Slump and scour near Sportsman Club.  

	2010
	Van Ogle Revetment
	Right
	13.65
	100
	Slump in front of Knobloch residence.

	2010
	Van Ogle Revetment
	Right
	14.14
	120
	Toe rock and face rock failure.

	2011

	2011
	128th & McCutcheon
	Right
	16.8
	440
	Major scallop scour missing levee.

	2011
	Evanger/White
	Right
	14.2
	75
	Toe rock failure.

	2011
	Evanger/White
	Right
	14.9
	200
	Toe and face rock failure.

	2011
	Fennel Creek
	Right
	15.4
	45
	6 ft deep scour.

	2011
	River Grove
	Right
	11.42
	50
	3 ft slump.

	2011
	River Walk Revetment
	Right
	11.9
	60
	Minor toe scour.  

	2011
	Riverside
	Right
	12.3 - 12.4
	425
	Toe rock failure.

	2011
	Riverside Revetment
	Right
	12.8
	70
	Toe and face rock failure.

	2011
	Sportsman
	Left
	14.05 - 14.17
	650
	Slump and scour. 

	2011
	Sportsman
	Left
	14.2
	220
	Toe rock failure.

	2011
	Van Ogle Revetment
	Right
	13.65-13.66
	100
	Slump in front of Knobloch residence. 

	2011
	Van Ogle Revetment
	Right
	14.14 - 14.16
	120
	Toe and face rock failure. 

	2012

	2012
	Ball Creek
	Left
	15.3
	100
	Toe and face rock failure.

	2012
	Bowen/Parker
	Left
	16.7 - 16.8
	300
	Face rock failure. 

	2012
	McMillin
	Left
	16.1
	100
	Toe and face rock failure. 

	2012
	Riverside
	Right
	12.3 - 12.4
	425
	Toe rock failure.

	2012
	Riverside Revetment
	Right
	12.8
	100
	Missing face rock.

	2012
	Van Ogle Revetment
	Right
	14.1
	120
	Toe and face rock failure. 

	2012
	Wazzu Revetment
	Left
	12.2
	50
	Over steepened, loss of face and toe rock.

	2013

	2013
	McMillin
	Left
	16.1
	100
	Toe & face rock failure.

	2013
	Riverside Revetment
	Right
	12.8
	100
	Missing face rock.  

	2013
	Wazzu Revetment
	Left
	12.2
	50
	Toe & face rock failure.

	2015

	2015
	River Grove
	Right
	11.2
	75
	Tree root pulled out section of levee.

	2015
	Sportsman
	Left
	13.7
	250
	Partial erosion of revetment face rock.

	2015
	Wazzu Revetment
	Left
	12.2
	150
	Missing rock and over steepened.

	2015
	Wazzu Revetment
	Left
	12.2
	150
	Missing rock and over steepened. 

	2017

	2017
	River Grove
	Right
	11.2
	110
	Overly steep.  Sloughing.  USACE repair.

	2017
	Wazzu Revetment
	Left
	12.1
	60
	Levee damage.




Upper Puyallup River
The upper Puyallup River begins at the confluence of the Carbon River at RM 17.4 and continues upstream to the Champion Bridge at RM 28.6, just downstream of Electron Road. The contributing drainage basin for this reach is approximately 188 square miles. In the lower portion of this reach, the river is confined by a combination of levees and revetments. In the middle portion there is less confinement due to the presence of two setback levees, the Soldiers Home setback levee at RM 21.5 to RM 22.5 and Ford setback levee at RM 23.4 to RM 25.0. Above RM 25.0, few levees and revetments remain on the right bank due to past flood damages and changes in flood management strategies. The surrounding watershed and land use is mostly urban on the right bank of the Puyallup near the City of Orting between RM 17.4 to RM 21.8, but predominantly agricultural, rural residential and forested upstream of RM 21.8. Like the middle Puyallup River, by the 1930s much of the valley and surrounding hills in the upper Puyallup River were harvested for timber and the valley cleared for agriculture (GeoEngineers 2003).
Several tributaries enter the upper Puyallup River including Horse Haven Creek, Fiske Creek, Kapowsin Creek, and Fox Creek. The largest tributary, Kapowsin Creek, originates in Ohop Lake and Lake Kapowsin located approximately 3.7 miles upstream from its confluence with the Puyallup River at RM 26.0. Salmon and trout, including Chinook, coho, pink, chum, and steelhead, use the entire reach of the upper Puyallup River.
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[bookmark: _Toc20750709]Upper Puyallup Extent and Occurrences
The upper Puyallup River experienced flooding most recently in 1990, 1996, 1999, 2000, 2006, 2008, and 2009 (see Historical Flooding in the upper Puyallup River table). The largest flood event on record at the USGS gauge near Orting occurred on November 6, 2006 with a flow of 21,500 cfs, estimated to be approximately a 160-year event in the upper Puyallup River. Since 2013, there have been multiple high-water events that have not resulted in any significant damage to private property or public infrastructure other than flood facilities. The categorization of major flooding is based on a threshold of discharges in excess of approximately 16,000 cfs at the Orting gauge.
	[bookmark: _Toc350164551]Historical Flooding in Upper Puyallup River
USGS 12096500 Puyallup River Near Orting, WA
86 Records From 1932 - 2017

	Water Year
	Date
	Stream Flow (cfs)

	2007
	November 6, 2006
	21,500

	1996
	February 8, 1996
	18,300

	2016
	December 9, 2015
	17,200

	2009
	January 7, 2009
	16,900

	2015
	November 25, 2014
	16,500

	1963
	November 20, 1962
	15,300

	1960
	November 22, 1959
	12,900

	1934
	December 10, 1933
	12,800

	1965
	January 29, 1965
	12,200

	1956
	December 11, 1955
	12,100

	1978
	December 2, 1977
	12,100

	1933
	November 13, 1932
	11,800

	1990
	January 9, 1990
	11,600

	2000
	November 25, 1999
	11,600

	2005
	January 18, 2005
	11,500


Probability of Future Hazards
In 2003 FEMA’s study contractor NHC calculated peak flows that would be utilized for updating the FEMA flood insurance study and flood insurance rate maps. For the upper Puyallup River at the USGS gauge at Orting (12093500), the calculations for the 10-year, 50-year, 100-year and 500-year recurrence intervals are shown to be respectively: 12,200, 16,800, 18,600 and 22,600 cfs. The FEMA Levee Analysis and Mapping Plan (2019) used additional peak flow data through 2017 that includes significant flooding in November 2006, January 2009 and December 2015, and revised these estimates as follows for the 10-year, 50-year, 100-year and 500-year recurrence intervals, respectively: 12,890, 18,400, 20,800 and 26,520 cfs. This recent flow data shows a twelve percent increase in the one percent annual chance flow. Based on the NHC study, the historical flow record, and the thresholds for moderate flooding (13,500 cfs) and severe flooding (greater than 16,000), the Upper Puyallup River valley can expect to experience moderate flooding every two to four years, and severe flooding every three to five years, over a long-term period (URS 2012). Generally, flooding occurs during late fall into early spring, particularly between the months of November and February.
[bookmark: _Toc20750710]Upper Puyallup River Impacts
Impact on Community
Although commercial and industrial properties do not comprise a large proportion of this area (less than 1 percent), a number of these properties are located within the 100-year floodplain (between the Puyallup River and state Route 162) (URS 2012). If a major flood event were to happen in the floodplain, it would impact the economy and tax base in Orting. Due to the large presence of vacant lands and resource land, temporary loss of business in this area is likely to be low outside the City of Orting (URS 2012). However, lands used for resource land, including agriculture, may experience some economic loss if these areas are unable to be accessed or used during the flood and during the recovery period following the flood (URS 2012).
Land Purchases
The following land and home acquisitions have occurred since 1991, using a combination of federal, state, and local funds.
· Acquisition of homes and property along Orville Road near Champion Bridge (53 acres);
· Acquisition of homes and property in the Neadham Road area (180 acres);
· Acquisition of homes and property near the High Bridge (8.5 acres);
· Acquisition of homes and property along Orville Road in Ford levee area (192 acres);
· Acquisition of property along Puyallup River left bank in Soldiers Home area (136 acres);
· Acquisition of homes and property near Leach Road (15 acres);
· Acquisition of homes and property near the confluence with Horsehaven Creek (29 acres);
· Acquisition of homes and property for the South Fork Setback levee (58 acres);
Three properties were acquired in the Neadham Road area (17 acres);
Six properties were acquired along Neadham Road and one property was acquired near Orville Road Kapowsin Creek (40 acres);
One property was acquired along Orville Road and one property was acquired near Neadham road (7 acres); and
Three properties were acquired along Orville Road (73 acres).
River Management
Levees and revetments form nearly continuous bank protection in the lower segment of the upper Puyallup River system between RM 17.4 and RM 23.6. Near the City of Orting, flood risk reduction facilities help protect residential, commercial, agricultural areas, and public facilities. Above RM 23.6 the levee segments were heavily damaged by major flood events between 1996 and 2009. The below table contains a list of river management facilities, including ownership.
	[bookmark: _Toc350164550]Levees and Revetments in the Upper Puyallup River

	Name
	Location a
	Ownership

	Right Bank

	High Cedars Revetment
	RM 17.4 – RM 17.5
	Pierce County

	High Cedars Levee
	RM 17.5 – RM 19.7, PL 84-99
	Pierce County

	Calistoga Levee
	RM 19.7 – RM 21.25, PL 84-99
	Pierce County

	Jones Levee
	RM 21.25 – RM 22.5, PL 84-99
	Pierce County

	Ford Levee
	RM 22.5 – RM 24.9, PL 84-99
	Pierce County

	High Bridge Revetment
	RM 24.9 – RM 25.45
	Pierce County Roads

	Neadham Road Levee
	RM 26.4 – RM 26.9, PL 84-99
	Pierce County

	Left Bank

	South Fork Levee
	RM 17.5 – RM 18.5
	Pierce County

	Leach Road Levee
	RM 19.1 – RM 21.25, PL 84-99
	Pierce County

	Soldier’s Home Levee
	RM 21.25 –RM 23.1, PL 84-99
	Pierce County

	McAbee Levee
	RM 23.1 – RM 23.6, PL 84-99
	Pierce County

	Orville Road Revetment
	RM 25.6 – RM 28.1
	Pierce County

	Champion Bridge Levee/Revetment
	RM 28.1 – RM 28.6
	Pierce County


Damage to Facilities
Flood damages to upper Puyallup River flood risk reduction facilities have been extensive in the past three decades. Five significant flood events of more than 16,000 cubic feet per second (cfs) have occurred along the study reach since 1990. Damages sustained ranged from full washout of the flood risk reduction structure over several hundred lineal feet to localized moderate scour and erosion. Damages from the major floods and high-water events have resulted in approximately 243 identified damage locations along 16.3 miles of levees and revetments. Damages have been estimated at nearly $41.62 million (based on 2017 dollars).
The upper portion of this Puyallup River reach between RM 25.4 and RM 28.6 has historically been the most vulnerable to significant repetitive damages requiring repair and implementation of capital solutions to reduce flood risk. The table below shows Flood Damage to Levees in Upper Puyallup River to include current damages from 1990 to 2017.
	 Damage to Facilities along the Upper Puyallup River 1990 - 2017

	Storm Season
	Segment Name
	Bank
	River Mile
	Damage Lineal Feet
	Damage

	1990

	1990
	McAbee
	Left
	P-68 23.6
	100
	Reshape and replace rip rap and toe rock.

	1990
	Ford - Historic
	Right
	P-70 24.0
	100
	Reshape and replace rip rap and toe rock.

	1990
	The Country - Remnant Iii
	Left
	P-74: 24.7
	200
	Partial washout.

	1990
	High Bridge Revet.
	Right
	P-76 25.1
	600
	Restore damaged rip rap.

	1990
	Fiske Creek Revetment
	Right
	P-78 25.5
	800
	Reconstruction.

	1990
	Neadham Road-Historic I
	Right
	P-80 25.9
	280 
	Reconstruction

	1990
	Neadham Road-Historic I
	Right
	P-81: 26.0
	900
	Reconstruction.

	1990
	Orville-Kapowsin
	Right
	P-82: 26.2
	800
	Reconstruction.

	1990
	Orville-Kapowsin
	Left
	P-82: 26.2
	150
	Reconstruction.

	1990
	Orville-Kapowsin
	Left
	P-83 26.4
	501 
	Reconstruction.

	1990
	Orville-Kapowsin
	Right 
	P-83: 26.4
	700
	Reconstruction.

	1990
	Orville-Kapowsin
	Left
	P-84 26.6
	600
	Washout.

	1990
	Orville-Kapowsin
	Left
	P-84: 26.6
	900
	Reconstruction.

	1990
	Orville-Kapowsin
	Left
	P-85 26.8
	350
	Partial washout.

	1990
	Neadham Road
	Right
	P-85: 26.8
	250
	Reconstruction.

	1990
	Orville-Kapowsin
	Left
	P-86: 27.0
	800
	Reconstruction.

	1990
	Stehn Large Lot
	Left
	P-87 27.2
	500
	Washout.

	1990
	Stehn Large Lot
	Left
	P-88 27.4
	632 
	Reconstruction.

	1990
	Griessel
	Left
	P-89: 27.6
	1000
	Reconstruction.

	1990
	Griessel
	Left
	P-90 27.7
	200
	Partial washout.

	1990
	Champion Bridge
	Left
	P-94 28.5
	400
	Washout restore channel alignment.

	1991

	1991
	Neadham Road
	Right
	P-85: 26.8
	250
	Reconstruction.

	1992

	1992
	High Bridge Revet.
	Right 
	P-78: 25.4
	160
	Reconstruction.

	1992
	Neadham Road-Historic Ii
	Right 
	P-82: 26.2
	150
	Reconstruction.

	1994

	1994
	Jones
	Right 
	21.8
	20
	Repair of levee damages.

	1994
	Ford - Historic
	Right 
	23.6
	20
	Repair of levee damages.

	1994
	Ford - Historic
	Right
	23.8
	20
	Repair of levee damages.

	1995

	1995
	Calistoga
	Right
	19.8 - 20.2
	500
	Total levee failure.

	1995
	Calistoga
	Right
	20.0
	375
	Partial washout. 

	1995
	Leach Road
	Left
	20.0
	195
	Reshape and replace riprap and toe rock.

	1995
	Leach Road
	Left 
	20.2
	300
	Mostly toe failure with some slope failure.

	1995
	Calistoga
	Right
	20.7
	100
	Partial Washout. 

	1995
	Leach Road
	Left
	20.7
	200
	Partial Washout.

	1995
	Calistoga
	Right
	20.9
	200
	Toe/slope failure.

	1995
	Jones
	Right 
	22.3
	250
	Toe/slope failure.

	1995
	Jones
	Right
	22.4
	200
	Toe/slope failure.

	1995
	Soldiers Home - Historic
	Left
	22.5
	200
	Partial washout. 

	1995
	Soldiers Home - Historic
	Left
	22.5
	50
	Total failure.

	1995
	Soldiers Home
	Left
	22.9
	200
	Partial washout. 

	1995
	Ford - Historic
	Right 
	23.6
	900
	Total failure.

	1995
	Ford - Historic
	Right
	23.7
	200
	Partial washout. 

	1995
	The Country - Historic Ii
	Left
	24.0
	200
	Partial washout. 

	1995
	The Country - Historic Ii
	Left
	24.0
	800
	Total failure.

	1995
	Mint Creek
	Left
	25.1
	300
	Partial washout. 

	1995
	Neadham Road - Remnant I
	Right
	25.6
	200
	Partial washout. 

	1995
	Orville-Kapowsin
	Left
	26.2
	1500
	Full levee washout.

	1995
	Orville-Kapowsin
	Left
	26.5
	225
	Partial washout. 

	1995
	Orville-Kapowsin
	Left
	26.6
	200
	Partial washout. 

	1995
	Neadham Road
	Right
	26.8
	500
	Partial washout. 

	1995
	Orville-Kapowsin
	Left
	27.0
	500
	Full levee washout.

	1995
	Griessel
	Left
	27.6
	400
	Full levee washout.

	1995
	Griessel-Historic
	Left
	28.1
	300
	Cutoff levee, full washout.

	1995
	Griessel-Historic
	Left
	28.1
	700
	Full levee washout.

	1996

	1996
	High Cedars
	Right
	17.6
	400
	Toe failure.

	1996
	High Cedars
	Right
	18.0
	500
	Toe failure.

	1996
	High Cedars
	Right
	18.0
	400
	Total failure.

	1996
	South Fork
	Left
	18.2
	200
	Levee access road damage.

	1996
	High Cedars
	Right
	19.0
	100
	Toe/slope failure.

	1996
	Calistoga
	Right
	19.8 - 20.2
	500
	Total levee failure.

	1996
	Calistoga
	Right
	19.8 - 20.2
	1200
	Total levee failure.

	1996
	Calistoga
	Right
	20.0
	375
	Toe/slope failure.

	1996
	Calistoga
	Right
	20.2
	200
	Mostly toe with some slope failure.

	1996
	Leach Road
	Left
	20.5
	300
	Toe/slope failure..

	1996
	Calistoga
	Right
	20.7
	300
	Toe failure.

	1996
	Calistoga
	Right
	20.8
	100
	Toe failure.

	1996
	Calistoga
	Right
	20.9
	300
	Toe/slope failure.

	1996
	Calistoga
	Right
	21.2
	200
	Toe/slope failure.

	1996
	Soldiers Home - Historic
	Left
	21.9
	400
	Toe/slope failure.

	1996
	Jones
	Right
	22.3
	250
	Toe/slope failure.

	1996
	Jones
	Right
	22.4
	200
	Toe/slope failure.

	1996
	Jones
	Right
	22.5
	200
	Total failure.

	1996
	Ford
	Right
	22.9
	300
	Toe/slope failure.

	1996
	Ford
	Right 
	23.1
	200
	Total failure.

	1996
	Ford - Historic
	Right
	23.6
	900
	Total failure.

	1996
	McAbee
	Left
	23.6
	1200
	Total failure.

	1996
	The Country - Historic Ii
	Left
	24.0
	500
	Total failure.

	1996
	The Country - Historic Ii
	Left
	24.1
	300
	Total failure.

	1996
	Ford - Historic
	Right
	24.6
	1200
	Total failure.

	1996
	High Bridge Revet.
	Right
	25.1
	200
	Total failure.

	1996
	Mint Creek
	Left
	25.15
	250
	Toe/slope failure.

	1996
	Neadham Road - Remnant I
	Right
	25.6
	1300
	Total failure.

	1996
	Neadham Road-Historic Ii
	Right
	26.2
	2000
	Total failure.

	1996
	Neadham Road
	Right
	26.4
	600
	Total failure.

	1996
	Neadham Road
	Right
	26.6
	1000
	Total failure.

	1996
	Orville-Kapowsin
	Left 
	26.6
	900
	Toe/slope failure.

	1996
	Orville-Kapowsin
	Left
	26.7
	1200
	Toe/slope failure.

	1996
	Neadham Road
	Right
	26.8
	1000
	Total failure.

	1996
	Orville-Kapowsin
	Left
	26.8
	2000
	Total failure.

	1996
	Griessel
	Left
	27.6
	2000
	Toe/slope failure.

	1996
	Griessel-Historic
	Left
	28.0
	2500
	Toe/slope failure.

	1996
	Orville-Kapowsin
	Left
	26.7 - 27.6
	3000
	Total failure.

	2003

	2003
	Calistoga
	Right
	21.0
	300
	Partial washout of the toe and levee facing.

	2003
	Soldiers Home
	Left
	22.8
	220
	Partial washout of the toe and levee facing.

	2003
	Orville-Kapowsin
	Left
	26.2
	360
	Partial washout of the toe and levee facing.

	2003
	Champion Bridge
	Left
	28.2
	40
	Partial washout of the toe and levee facing.

	2004

	2004
	High Cedars
	Right
	17.8
	1,300
	Partial washout of the toe and levee facing.

	2004
	High Cedars
	Right
	19.6
	250
	Partial washout of the toe and levee facing.

	2004
	Leach Road
	Left
	20.7
	10
	Re-establish heavy rip-rap around outfall pipe.

	2004
	Soldiers Home - Historic
	Left
	22.3
	250
	Partial washout of the toe and levee facing.

	2005

	2005
	Soldiers Home - Historic
	Left
	22.3
	100
	Repair/replace toe and face rock.

	2006

	2006
	South Fork
	Left
	17.7
	40
	Washout.

	2006
	High Cedars
	Right
	18.0
	50
	Washout.

	2006
	South Fork
	Left
	18.0
	350
	Washout.

	2006
	High Cedars
	Right
	19.4
	150
	Washout.

	2006
	Leach Road
	Left
	19.4
	50
	Washout.

	2006
	Calistoga
	Right
	19.8
	100
	Washout.

	2006
	Leach Road
	Left
	19.8
	200
	Washout.

	2006
	Soldiers Home
	Left
	22.6
	100
	Face erosion.

	2006
	Ford
	Right
	22.8
	350
	Washout.

	2006
	McAbee
	Left
	23.6
	600
	Washout.

	2006
	Orville-Kapowsin
	Left
	26.3
	415
	Washout.

	2006
	Champion Bridge
	Left
	28.4
	450
	Washout.

	2006
	Champion Bridge
	Left
	28.6
	150
	Washout.

	2006
	Champion Bridge
	Left
	28.6
	700
	Washout.

	2006
	Neadham Road-Historic Iii
	Right
	26.7 - 27.0
	1500
	Washout.

	2007

	2007
	High Cedars
	Right
	18.0
	70
	Washout.

	2007
	Jones
	Right
	22.0
	200
	Repair.

	2007
	Orville-Kapowsin
	Left
	25.7
	500
	Washout.

	2007
	Orville-Kapowsin
	Left
	26.2
	200
	Washout.

	2007
	Neadham Road
	Right
	26.7
	330
	Cut-off construction.

	2007
	Neadham Road
	Right
	26.4 - 26.8
	1,600
	Washout - USACE Assistance.

	2008

	2008
	High Cedars
	Right
	18.2
	75
	Toe rock failure and partial face rock failure.

	2008
	High Cedars
	Right
	18.5
	175
	Toe rock and partial face failure.

	2008
	Leach Road
	Left
	19.3
	250
	Top of levee/access road scour.

	2008
	Leach Road
	Left
	19.75
	350
	Partial washout of the toe and levee facing.

	2008
	Jones
	Right
	21.7 - 22.4
	600
	Partial washout of the toe and levee facing.

	2008
	The Country - Historic I
	Left
	23.6 - 23.8
	620
	Washout.

	2008
	Calistoga
	Right
	19.82
	200
	Top surface access road scour.

	2008
	Calistoga
	Right
	20.78
	130
	Potential toe rock failure and face rock failure.

	2008
	Calistoga
	Right
	21.15
	120
	Potential toe rock failure and face rock failure.

	2008
	Jones
	Right
	21.3
	450
	Toe rock failure.

	2008
	Soldiers Home
	Left
	21.30
	120
	Toe rock failure.

	2008
	Jones
	Right
	22.0
	300
	Toe rock failure.

	2008
	Jones
	Right
	22.05
	100
	Toe rock failure.

	2008
	Ford
	Right
	22.8
	150
	Toe rock failure.

	2008
	Soldiers Home
	Left
	23.0
	600
	Toe rock failure.

	2008
	McAbee
	Left
	23.6
	150
	Partial levee core failure.

	2008
	Ford
	Right
	24.6
	100
	Toe rock failure.

	2008
	Neadham Road-Historic Ii
	Right
	26.3
	738
	Complete washout.

	2008
	Champion Bridge
	Left
	28.3
	127
	Toe and Face Rock Failure.

	2008
	Champion Bridge
	Left
	28.5
	299
	Partial washout.

	2009

	2009
	High Cedars
	Right
	18.2
	75
	Toe rock failure and partial face rock failure.

	2009
	High Cedars
	Right
	18.8
	700
	High cedars facing rock failure.

	2009
	Leach Road
	Left
	19.3
	250
	Top of levee/access road scour.  

	2009
	High Cedars
	Right
	19.4
	120
	Face rock failure.

	2009
	Leach Road
	Left
	19.8
	520
	Revetment 30% of facing rock missing.

	2009
	Jones
	Right
	22.1
	200
	Primarily face scour loss of face rock.  

	2009
	Jones
	Right
	22.35
	60
	Primarily face scour loss of face rock.  

	2009
	Ford
	Right
	22.7
	150
	Primarily face scour loss of face rock.  

	2009
	Soldiers Home
	Left
	22.7
	141
	Primarily scour along the lower portion of the face rock.

	2009
	McAbee
	Left
	23.3
	200
	Primarily face scour loss of face rock.

	2009
	McAbee
	Left
	23.6
	150
	Partial Levee Core failure.

	2009
	Neadham Road
	Right
	26.8
	130
	Cut-off extension.

	2009
	Champion Bridge
	Left
	28.15
	150
	Complete washout of levee.

	2009
	Champion Bridge
	Left
	28.2
	168
	Primarily face scour loss of face rock. 

	2009
	Champion Bridge
	Left
	28.25
	300
	Primarily face scour loss of face rock.

	2009
	Champion Bridge
	Left
	28.3
	135
	Toe scour causing face rock to slough away. 

	2009
	Champion Bridge
	Left
	28.5
	435
	Primarily face scour loss of face rock. 

	2010

	2010
	High Cedars
	Right
	18.18
	10
	Small face scour pocket.

	2010
	Leach Road
	Left
	19.8
	550
	Toe and face scour - USACE assistance.

	2010
	Soldiers Home
	Left
	21.3
	150
	Slope and toe scour - USACE assistance.

	2010
	Jones
	Right
	21.4
	500
	Toe and partial embankment scour - USACE assistance.

	2010
	Soldiers Home
	Left
	22.5
	140
	Slope and toe scour - USACE assistance.

	2010
	Soldiers Home
	Left
	22.7
	175
	Slope and toe scour - USACE assistance.

	2010
	Neadham Road
	Right
	26.8 - 27.0
	550
	Levee extension.

	2011

	2011
	Leach Road
	Left
	19.9
	60
	Partial failure. 

	2011
	Ford
	Right
	23.4
	120
	Face and toe rock failure.

	2011
	Ford
	Right
	24.7
	300
	Lower face scour.

	2011
	High Bridge Revet.
	Right
	25.3
	90
	Major face scour/scarp. 

	2011
	Neadham Road
	Right
	26.45
	120
	Face and toe rock failure.

	2011
	Champion Bridge
	Left
	28.3
	100
	Face rock failure and sloughing. 

	2011
	Champion Bridge
	Left
	28.15 - 28.3
	700
	Face and toe rock failure. 

	2012

	2012
	High Cedars
	Right
	19.3
	75
	Toe scour.

	2012
	Leach Road
	Left
	19.9
	60
	Partial failure upstream end of Corp. 

	2012
	Calistoga
	Right
	20.7
	25
	Knick point.  

	2012
	Soldiers Home
	Left
	21.45
	50
	Lower face and possible toe scour. 

	2012
	Soldiers Home
	Left
	22.6
	50
	Lower face erosion. 

	2012
	Ford
	Right
	23.5
	200
	Toe scour.

	2012
	McAbee
	Left
	23.6
	80
	End of levee at rock point washed out to river mile post sign. 

	2012
	Soldiers Home
	Left
	23.6
	80
	End of levee at rock point washed out to river mile post sign. 

	2012
	Ford
	Right
	24.7
	200
	Toe scour and loss of lower face. 

	2012
	High Bridge Revet.
	Right
	25.2
	30
	Knick point in revetment.  

	2012
	High Bridge Revet.
	Right
	25.4
	50
	Over steepened w/ lots of rock missing.  

	2012
	Neadham Road
	Right
	26.5
	240
	Face rock sloughing along entire length due to lost toe rock or toe being lost. 

	2012
	Neadham Road
	Right
	26.65
	210
	Toe rock missing causing face to slough.  

	2012
	Neadham Road
	Right
	26.7
	75
	Several upper level toe rocks rolled out.

	2012
	Champion Bridge
	Left
	28.15
	200
	Continued damage from last year. 

	2012
	Champion Bridge
	Left
	28.45
	100
	Sloughing moving upstream.

	2012
	Champion Bridge
	Left
	28.1- 28.2
	700
	Sloughing.

	2013

	2013
	High Cedars
	Right
	18.70
	30
	Toe rock and face rock missing with some core erosion.

	2013
	High Cedars
	Right
	19.4
	75
	Knick point.  Toe rock loss and face sloughing.

	2013
	Ford
	Right
	23.50
	200
	Toe scour.

	2013
	Neadham Road
	Right
	26.65
	210
	Toe rock missing causing face to slough. 

	2013
	Neadham Road
	Right
	26.70
	60
	Toe rock is being scoured and causing the face to slough. 

	2013
	Champion Bridge
	Left
	28.3
	100
	Revetment repair.

	2014

	2014
	Soldiers Home
	Left
	21.45
	100
	Lower face scour.

	2014
	Neadham Road
	Right
	26.4
	300
	Thalweg against toe causing scour along the lower face and toe.  

	2014
	Neadham Road
	Right
	26.6 & 26.7
	285
	Toe scour causing lower face to slough. 

	2014
	Champion Bridge
	Left
	28.2 - 28.3
	400
	Toe rock rolling out and face sloughing.  

	2015

	2015
	High Cedars
	Right
	18.15
	100
	Maintenance.

	2015
	High Cedars
	Right
	18.25
	160
	Missing face rock.

	2015
	High Cedars
	Right
	18.3
	130
	Missing face rock.

	2015
	High Cedars
	Right
	19.4
	200
	Maintenance.

	2015
	Leach Road
	Left
	19.4
	200
	Overtopping and scour over access road.

	2015
	Leach Road
	Left
	19.6
	150
	Overtopping and facing rock damaged.

	2015
	Leach Road
	Left
	20.3
	10
	Tree pulled in a chunk of levee.

	2015
	Leach Road
	Left
	21.0
	75
	Toe and face rock missing. 

	2015
	Soldiers Home
	Left
	21.45
	40
	Levee rehabilitation.

	2015
	McAbee
	Left
	23.2
	100
	Core exposed. 

	2015
	Ford
	Right
	23.60
	100
	Missing face and toe rock.

	2015
	McAbee
	Left
	23.6
	100
	Buttress end has started to erode.

	2015
	Ford
	Right
	24.70
	300
	Full washout over 200 LF. Orville road only 40 feet away.

	2015
	Ford
	Right
	24.70
	400
	Washout of levee.  Emergency repair.

	2015
	High Bridge Revet.
	Right
	25.2
	60
	Face scour, sloughing, loss of toe rock.

	2015
	High Bridge Revet.
	Right
	25.35
	350
	Face scour and loss of toe rock.

	2015
	Neadham Road
	Right
	26.4
	150
	Missing face rock.

	2015
	Griessel
	Left
	27.7
	30
	Access road at culvert damaged.

	2015
	Champion Bridge
	Left
	28.15
	40
	Erosion at end of Champion Bridge Levee.

	2015
	Champion Bridge
	Left
	28.2
	110
	Missing toe and face rock.

	2015
	Champion Bridge
	Left
	28.2
	220
	Severe face scour.

	2015
	Champion Bridge
	Left
	28.2
	450
	Emergency - levee rehab.

	2015
	Champion Bridge
	Left
	28.25
	150
	Missing face rock and over steepened.

	2015
	Champion Bridge
	Left
	28.25
	100
	Project has grown from 150 to 250 from November Flood. 

	2015
	Neadham Road
	Right
	26.6 & 26.7
	80
	Levee rehabilitation.

	2017

	2017
	High Cedars
	Right
	17.6
	1
	Over steepened.

	2017
	High Cedars
	Right
	18.6
	100
	Toe and face rock failure.  

	2017
	High Cedars
	Right
	18.77
	40
	Toe and face rock failure.  

	2017
	Leach Road
	Right
	19.3
	800
	Access Road damage.

	2017
	Soldiers Home
	Left
	22.8 - 22.9
	900
	Levee rehabilitation.

	2017
	Leach Road
	Right
	19.9
	25
	Scour at top of levee.

	2017
	Leach Road
	Left
	20.2
	60
	Localized scour.  Missing toe and face rock.

	2017
	Leach Road
	Left
	20.7
	50
	Localized scour.  Missing toe and face rock.

	2017
	Leach Road
	Left
	21.0
	310
	Face and toe rock failure.

	2017
	Jones
	Right
	22.2
	500
	Toe rock failure.

	2017
	McAbee
	Left
	23.6
	160
	Further erosion of buttress.

	2017
	Ford
	Right
	24.6
	400
	Levee washout.

	2017
	High Bridge Revet.
	Right
	25.4
	50
	Upstream end of past repair project is damaged.

	2017
	Neadham Road
	Right
	26.65
	125
	Thalweg against toe causing scour along the lower face and toe. 

	2017
	Champion Bridge
	Left
	28.2
	150
	Emergency - levee rehabilitation.

	2017
	Champion Bridge
	Left
	28.2
	175
	Further damage at end of levee.

	2017
	Champion Bridge
	Left
	28.25
	50
	Project has grown from 150 to 250 from November Flood. 

	2017
	Champion Bridge
	Left
	28.25
	50
	More toe and face rock missing.




White River
The White River drains an area of approximately 475 square miles. It flows about 75 miles from its source on the Emmons Glacier on the northeast side of Mount Rainier to its mouth at the City of Sumner. The river has several tributaries including Huckleberry Creek, Greenwater River and Clearwater River. It flows through the community of Greenwater, the Muckleshoot Indian Reservation, and the cities of Buckley, Auburn, Pacific, and Sumner before joining the Puyallup River at RM 10.3. Approximately 75 percent of the White River basin lies within Pierce County and the remaining 25 percent is within King County. The White River forms the county line separating King and Pierce counties between the confluence of the Greenwater River and White River at RM 45.8 downstream to near the City of Auburn.
Lower White River
The lower White River reach begins at the confluence with the Puyallup River and extends upstream to River Mile 5.5 at the Pierce-King County-line. The lower White River flows through the cities of Auburn, Pacific, and Sumner before joining the Puyallup River at RM 10.3. Several tributaries enter the lower White River in this reach, including Bowman Creek, Government Ditch, Jovita Creek, and Salmon Creek. The drainage basin is approximately 496 square miles. Prior to 2004, the majority of flow in the White River was diverted by Puget Sound Energy’s Buckley Diversion Dam located at RM 24.3. The Buckley Diversion Dam sent flow to Lake Tapps for power generation. Return flows from Lake Tapps enter the White River at RM 3.6. The dam is now owned by the Cascade Water Alliance and no longer produces energy. The White River is well known for its large sediment discharge and high turbidity levels. Today, substantial residential, industrial, and commercial development exists along the lower White River valley within the cities of Sumner, and Pacific. Salmon and trout, including bulltrout, cutthroat spring and fall Chinook, coho, sockeye, pink, chum, and steelhead use the entire reach of the lower White River.
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[bookmark: _Toc20750711]Lower White River Extent and Occurrences
The 1906 avulsion of the White River into the Stuck River doubled the Puyallup River watershed and started a long partnership between King and Pierce counties to manage the change in flow. With a little over a hundred years of history, our understanding of the river’s potential and balance of sediment and flow is still a work in progress. In the last 30 years major flooding in the lower White River occurred in 1990, 1996, 2006, and 2009. The largest flood on record in the lower reach occurred in December 1933, prior to the construction of Mud Mountain Dam (MMD). This would have been exceeded in the 2015 and 2011 floods if not for the dam. The USGS gauge upstream of the dam does not show record of the major floods of 1977, 1996 or 2006 as the gauge was flooded in the backwater of MMD. The largest recorded flow on the White River above MMD was in 2015. The peak flow of 31,900 cfs was attenuated by the dam so that the cities in the lower reach saw only 8,150 cfs at the USGS gauge at R Street. Increased flood risk in the lower White River has resulted from the reduction of channel capacity. Thresholds for flood warnings has decreased from 10,000 cfs to 6,500cfs. Since 2013, these events have occurred multiple times a year.
	[bookmark: _Toc350164557]Historical Flooding in Lower White River
USGS 12100496 White River Near Auburn, WA - 20 Records from 1987– 2009
USGS 12100490 White River at R Street Near Auburn, WA - 8 Records from 2010-2017

	Water Year
	Date
	Stream Flow (cfs)

	1996
	February 10, 1996
	15,000

	2007
	November 9, 2006
	14,700

	1990
	January 9, 1990
	14,500

	1997
	December 30, 1996
	13,600

	2006
	January 11, 2006
	12,400

	2009
	January 9, 2009
	12,000

	2009
	January 9, 2009
	12,000

	1999
	December 30, 1998
	10,600

	2008
	December 5, 2007
	9,830

	2000
	November 26, 1999
	9,620

	2016
	December 9, 2015
	8,150

	2002
	January 9, 2002
	7,840

	2011
	January 17, 2011
	7,750

	2003
	January 31, 2003
	7,750

	2015
	November 25, 2014
	7,380

	2012
	February 23, 2012
	7,290

	2017
	March 15, 2017
	6,970


Probability of Future Hazards
The Flood Insurance Mapping Study (NHC, 2005) identified the following peak flows for the Lower White River in Sumner from RM 0.06 to 5.5 for the 10-year, 50-year, 100-year and 500-year recurrence intervals, respectively: 14,000, 15,300, 15,500, and 19,000 cfs. Based on this study, the historical flow record (USGS gauge 12100490 at R Street near Auburn), and loss of channel capacity do to sediment transport, the thresholds have been significantly lowered for moderate flooding (8,000 cfs) and severe flooding (greater than 10,000 cfs). The White River valley can expect to experience moderate flooding every three to five years, and severe flooding every ten to 20 years, over a long-term period (URS 2012). Generally, flooding occurs during late fall into early spring, particularly between the months of November and February.
[bookmark: _Toc20750712]White River Impacts
Impact on Community
Commercial and industrial properties comprise approximately 31 percent of the land use in the 100-year floodplain (URS 2012). A major flood event would result in the temporary loss of business for commercial and industrial properties in this area. Short-term output, income, employment, and tax revenues may decrease. Major industrial facilities in this area include Pacific Distribution Services, Norvanco International, Hudd Distribution Services, Roadrunner Transportation, and Cooper Tire and Rubber Company (URS 2012). Major businesses include Solo Cup Company and several coffee roaster businesses (URS 2012).
Land Purchases
There have been no land purchases or buyouts along the lower White River by Pierce County since 1991. However, 14-acres of property have been acquired by the City of Sumner between RM 3.8 and RM 4.9 for future use as a part of the Stewart to 16th street setback levee, Pacific Point Bar Setback Levee, and the White River Restoration. Additional floodplain property is anticipated to be purchased in the future.
River Management
The lower White River revetments and levees form nearly continuous bank protection from RM 0.0 at the Puyallup River to the Pierce-King County line at RM 5.5. The flood risk reduction facilities protect property and improvements in the floodplain, with an estimated assessed value of $535 million (Economic Analysis 2010). The facilities are owned and operated by Pierce County as summarized in the table below.
	[bookmark: _Toc350164556]Levees and Revetments in the Lower White River

	Name
	Location a
	Ownership

	Right Bank

	Sumner Industrial Revetment
	RM 0.0 – RM 5.1
	Pierce County

	Butte Revetment
	RM 5.1 – RM 6.2
	Pierce County

	Left Bank

	Fleishman Revetment
	RM 0.0 – RM 2.05
	Pierce County

	Dieringer Revetment
	RM 2.05 – RM 4.9
	Pierce County

	Potelco
	RM 4.9 – RM 6.2, PL 84-99
	Pierce County


Damage to Facilities
Flood damages to lower White River flood risk reduction facilities in the past three decades have not been significant. Damages from major floods and high-water events between 1990 – 2017 have resulted in approximately 17 identified damage locations comprising 0.7 mile of levees and revetments. Damages have been estimated at nearly $1.54 million dollars (based on 2017 dollars). Since 1990, the levees and revetments along the lower White River have been stable requiring minimal repairs. However, in 2009, sediment accumulation became more apparent as there was a rapid diminishment of channel capacity resulting in increased flood risk. In 2017, King County constructed a new setback levee to improve channel capacity and habitat. The new County Line Setback levee was constructed on the left bank between RM 5.0 and 6.2. It was designed to provide capacity for the 1% chance storm event with sufficient free-board. King County is scheduled to monitor and maintain the project into the future. Damage to the Sumner Commercial Revetment segment was identified in 2011 during an annual condition assessment.  Over the course of the following storm season the damage rapidly increased in length and severity and is scheduled for repair. Due to the complexities associated with the site, developing a solution amicable to the stakeholders involved has delayed the repair of this revetment. The table below shows the Damage to Facilities in the Past 20 Years along the Lower White River from 1990 and 2017.
	Damage to Facilities the along the Lower White River (1990-2017)   

	Storm Season
	Segment Name
	Bank
	River Mile
	Damage Lineal Feet
	Damage

	1990

	1990
	Sumner Commercial Revetment
	Right
	W-49 2.0 and   W-58 3.8
	400
	Partial washout.

	1993

	1993
	Sumner Commercial Revetment
	Right
	3.4
	100
	Toe and face scour.

	2008

	2008
	Potelco
	Left
	5.4
	20
	Damaged face rock.

	2009

	2009
	Potelco
	Left
	5.25
	20
	Damaged face rock.

	2011

	2011
	Potelco
	Left
	5.05 - 5.15
	650
	Levee overtopping from wetland.

	2011
	Potelco
	Left
	5.35 - 5.5
	570
	Levee overtopping flowing to wetland.

	2011
	Sumner Commercial Revetment
	Right
	3.85
	100
	Levee core erosion, toe and face rock failure.

	2011
	Sumner Industrial Revetment
	Right
	0.03
	30
	Culvert replacement.

	2012

	2012
	Sumner Commercial Revetment
	Right
	3.85
	400
	Levee core erosion, toe and face rock failure.

	2012
	Sumner Industrial Revetment
	Right
	0.03
	30
	Culvert replacement.

	2013

	2013
	Dierenger
	Left
	4.0
	135
	Erosion and scour protection installed by the City of Sumner.

	2014

	2014
	Dierenger
	Left
	4.0
	50
	Erosion and scour of the City of Sumner's soft armoring.

	2014
	Potelco
	Left
	5.35 - 5.5
	570
	Levee overtopping flowing to wetland.

	2015

	2015
	Potelco
	Left
	5.3
	50
	Repairs spots where trees overtopped and damaged levee.

	2017

	2017
	Dierenger
	Left
	4.0
	75
	Old Sumner Levee repair site.

	2017
	Sumner Commercial Revetment
	Right
	3.8
	530
	Levee damage.





Upper White River
The upper White River reach in the study area extends from approximately RM 43.2 to RM 50.5, from downstream of the community of Greenwater to upstream of Crystal Village and Crystal River Ranch. State Route 410 parallels the river throughout this reach. Large tributaries include the Greenwater River, which enters the White River at RM 44.6 and the West Fork White River, which enters the White River at RM 48.2. Land uses in the reach include two residential communities, Greenwater Village and Crystal Village, which are supported by several commercial businesses located in Greenwater. Revetments have been constructed on the right bank of the river at Greenwater Village along 583rd Avenue East at RM 46.2 and in Crystal Village near RM 50.0. The upper White River has a large sediment discharge and high turbidity levels due to the proximity to its glacial headwaters. Salmon and trout, including spring Chinook, coho, pink, and steelhead, bull trout and cutthroat use this reach of the White River.
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The White River gauge downstream of the Clearwater River confluence has operated intermittently from 1975 to the present, with several data gaps resulting from damage during large floods. In the last 40 years major flooding in the upper White River occurred in 1977, 1995, 1996, 2006, and 2008 (see the table below). Flow values in the table are shown as “less than” due to the larger drainage area for the Clearwater gauge.
	[bookmark: _Toc350164562]Historical Flooding in Upper White River
USGS 12097850 White River Below Clearwater River Near Buckley, WA
25 Records From 1975 – 2017
No data for floods in 1997, 1996 or 2006 due to gauge damage

	Water Year
	Date
	Stream Flow (cfs)

	2016
	December 9, 2015
	31,900

	1996
	February 8, 1996
	29,000 (estimated)

	2011
	January 16, 2011
	28,600

	1976
	December 2, 1975
	22,800

	2015
	January 5, 2015
	22,000

	1996
	November 28, 1995
	20,500

	2012
	February 22, 2012
	19,400

	1991
	November 25, 1990
	18,400

	2009
	November 12, 2008
	18,100

	1990
	January 9, 1990
	17,200

	1975
	January 18, 1975
	15,100

	1987
	November 24, 1986
	14,900

	1986
	February 23, 1986
	14,100

	1984
	January 25, 1984
	13,300

	2014
	March 09, 2014
	12,100



















Probability of Future Hazards 
The Upper White River above the confluence with the Greenwater River at RM 44.6 consists of flows primarily from the West Fork White River, White River and Huckleberry Creek. A USGS river gage originally existed on the Upper White River, but it experienced problems and was removed. Flows above Greenwater are monitored now by using the USGS gauge (12097850) White River below Clearwater and subtracting the flow from the USGS gauge (12097500) Greenwater River. The best available estimates of flood flow frequency on the Upper White River are from the 1987 Flood Insurance Study. This shows the 10-year, 50-year, 100-year and 500-year recurrence intervals, respectively: 13,500, 18,700, 20,900, 26,400 cfs.
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Impact on Community
Commercial and industrial properties do not comprise a large portion of this area (less than five percent) (URS 2012). The only businesses in this area include small bed and breakfast inns and restaurants in the Town of Greenwater. Therefore, a large flood event would not result in a major impact to the economy and tax base. Due to the large presence of vacant lands, open space, and resource land, temporary loss of business in this area is unlikely to occur (URS 2012). However, lands used for recreation or resource land may experience economic loss if these areas are unable to be accessed or used during the flood and during the recovery period following the flood (URS 2012).
Land Purchases
There have been no land purchases or buyouts along the upper White River by Pierce County since 2013. However, 14-acres of property have been acquired by the City of Sumner between RM 3.8 and RM 4.9 for future use as a part of the Stewart to 16th Street Setback Levee, Pacific Point Bar Setback Levee, and the White River Restoration. Additional floodplain property is anticipated to be purchased in the future.
River Management
The upper White River has a single levee in the vicinity of 583rd Avenue East, just upstream of RM 45.0 on the right bank. The levee is owned and operated by Pierce County as summarized in the table below. The taxable assessed value of property and improvements in the floodplain in the upper White and Greenwater River areas is estimated at $36 million (Economic Analysis 2010).
	[bookmark: _Toc350164561]Table 5.25 – Levees in the Upper White River

	Name
	Location a
	Ownership

	Greenwater Village Levee
	RM 46.0 – RM 46.2 RB, PL 84-99
	Pierce County


Damage to Facilities
The Greenwater Village Levee continued to experience partial toe rock displacement. Since the last update, the residents of Crystal Village Ranch funded, permitted and installed a buried rock groin along the left bank of the White River. The groin was installed to address the residents’ concern about the possibility of channel migration continuing to impact their development.
The damage to facilities table along the Upper White River (below) includes damages from 1996 to 2017.
	Damage to Facilities along the Upper White River 1996-2017

	Storm Season
	Segment Name
	Bank
	River Mile
	Damage Lineal Feet
	Damage

	1996

	1996
	Greenwater 
	Right
	46.2
	150
	Toe/slope failure.

	1996
	Greenwater
	Right
	46.2
	100
	Toe failure.

	2006

	2006
	Greenwater
	Right
	46.2
	300
	Face erosion.

	2007

	2007
	Greenwater
	Right
	45.0- 45.2
	750
	Face erosion.

	2015

	2015
	Greenwater
	Right
	45.2
	30
	Partial toe rock displacement and missing face rock.

	2015
	Greenwater
	Right
	45.2
	20
	Missing toe rock.





Greenwater River
The Greenwater River lies in northeastern Pierce County and enters the White River at RM 44.6. The headwaters of the Greenwater River are in the Norse Peaks Wilderness area on Castle Mountain, elevation 6700 feet, and flows northwest for 21 miles to the community of Greenwater. The drainage basin is approximately 76 square miles. Primary tributaries include Maggie, Lost, Pyramid, and Twenty-Eight Mile creeks. Salmon and trout, including spring Chinook, coho, pink, and steelhead are present in the Greenwater River. The river forms part of the easterly boundary between King County and Pierce County. The planning area is from the mouth of the Greenwater River upstream to approximately RM 4.0. Land use consists of forested terrain, recreational and rural residential uses, and the community of Greenwater.
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In December 1977, the Greenwater River experienced its most severe flooding with a peak flow of 10,500 cfs. Other large floods occurred in 1946, 1959, 1965, 1996, and 2009 (see the table below). The 1977 event caused the most extensive damage. A large log jam at the State Route 410 crossing of the river contributed to extensive flooding and damage in the community of Greenwater.
	[bookmark: _Toc350164567]Historical Flooding in Greenwater River
USGS 12097500 Greenwater River at Greenwater, WA
75 Records From 1911 - 2017

	Water Year
	Date
	Stream Flow (cfs)

	1978
	December 2, 1977
	10,500

	1996
	February 8, 1996
	5,900

	2011
	January 16, 2011
	5,590

	1960
	November 22, 1960
	5,360

	1965
	January 29, 1965
	5,090

	1947
	December 11, 1946
	5,000

	2016
	December 9, 2015
	4,620

	2009
	January 7, 2009
	4,530

	2012
	February 22, 2012
	4,440

	1934
	December 9, 1933
	4,140

	1976
	December 2, 1975
	4,140

	2015
	January 5, 2015
	3,890















Probability of Future Hazards
The best available estimates of flood flow frequency on the Greenwater River are from the 1987 Flood Insurance Study. This shows the 10-year, 50-year, 100-year and 500-year recurrence intervals, respectively: 5,600, 8,080, 9,180, 11,900 cfs.
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Impact on Community
Most of the Greenwater watershed is forest land except for the lower 1.2 miles. There are small lot recreational cabins on both the Pierce and King County sides of the river. The left bank Pierce County side at Lumpy Lane is predominantly higher than the King County right bank community that accesses their property over a low bridge that spurs off Lumpy Lane in Pierce County. Lower areas along the east end of Lumpy Lane and Stubbs Road can be threatened during moderate to major flooding. There is a history of small revetments on both sides of the river to limit erosion. The county purchased one home and three lots in the 1990s where channel migration threatened the home. Currently one more home has been identified by the Building Official as threatened by erosion. The state highway over the Greenwater has been the site of log jams in high water events that threatened the bridge abutments.
Land Purchases
In the early 1990’s, three parcels were acquired that consisted of 0.47 acres along the left bank of the Greenwater River near RM 0.7. Two parcels were already vacant, and the other parcel contained a house that was at high risk of being destroyed by channel bank erosion. This house has been removed.
River Management
Pierce County has not actively maintained flood risk reduction facilities along the Greenwater River within the study area since 1982. There is a series of intermittent revetments along the left bank of the river between RM 0.1 and RM 1.27. King County maintains a series of intermittent revetments along the right bank of the river in the same area. A private revetment exists on the left bank between RM 0.6 to RM 0.7. There is also some armoring at the SR-410 crossing of the Greenwater River near RM 0.1.
Damage to Facilities
As noted above, there is currently no actively maintained Pierce County flood risk reduction facility on the Greenwater River. The most significant damage occurred during the 1977 peak flood event that affected the State Route 410 Bridge and approaches. Some toe and face rock protecting the bridge banks and approaches probably have been damaged by the peak flows since 1977. The condition and status of the private revetment is not known. There has been loss of private property. In 1990, the County purchased a home on Lumpy Lane that was falling in the river due to channel migration. The County is currently working with an adjacent property owner whose home is being threatened by channel migration.


Carbon River
The Carbon River drains an area of 230 square miles that originates on the north face of Mt. Rainier at the Carbon Glacier. It flows 33 miles downstream joining the Puyallup River below the City of Orting at RM 17.4. This plan concentrates on the lower 8.4 miles of the Carbon River. Most of this segment of the river is within unincorporated Pierce County, but the left bank of the lower 3.5 miles flows along the City of Orting. Above RM 11.0, the river is contained within steep canyon walls up to the community of Fairfax at RM 17.5. Between RM 0.0 and RM 8.3, the channel corridor lies in a relatively narrow trough-like valley.
The right bank is largely forested from RM 0.8 to RM 8.4. Below RM 0.8 the right bank is largely agricultural land. The left bank of the river from RM 0.75 to RM 3.54 is within the City of Orting and contains the Orting Wastewater Treatment Plant and single-family residential development. Between RM 3.4 and RM 8.3, the left bank land use consists mostly of agricultural and rural residential land. The left bank has a levee from RM 0.1 to RM 5.6 and RM 6.0 to RM 8.2. The right bank has a levee from RM 0.0 to RM 1.2 and RM 5.9 to RM 7.0.
Two major tributaries enter the Carbon River in this reach, Voight Creek at RM 4.0 and South Prairie Creek at RM 5.8. South Prairie Creek is described in Chapter 5.8. Voight Creek, a smaller tributary, collects runoff from the foothills to the south and west and flows across the valley floor before entering the Carbon River (GeoEngineers 2003). The Carbon River contains the most productive mainstem spawning habitat remaining in the Puyallup River watershed for all species of salmon. Chinook, steelhead, chum, and pink salmon are found in relative abundance.



[image: ]
[bookmark: _Toc20750717]Carbon River Extent and Occurrences
Major flooding of the Carbon River has been recorded occurred in 1933, 1959, 1977, 1990, 1996, 2006, 2008, and 2009 (see the table below). The November 2006 flood is the largest on record, with a measured flow of 14,500 cfs. The categorization of major flooding is based on a threshold of discharges in excess of approximately 10,000 cfs at the Fairfax gauge.
	[bookmark: _Toc350164571]Historical Major Flooding on Carbon River
USGS 12094000 Carbon River Near Fairfax, WA
76 Records From 1930-2016

	Water Year
	Date
	Stream Flow (cfs)

	2007
	November 6, 2006
	14,500

	1991
	November 24, 1990
	13,000

	1996
	February 8, 1996
	12,000

	2009
	November 12, 2008
	11,700

	1934
	December 9, 1933
	11,000

	2016
	December 9, 2015
	10,200

	1978
	December 1, 1977
	10,000

	1960
	November 23, 1959
	9,970

	2015
	November 25, 2014
	9,470

	2005
	January 18, 2005
	7,650

	1968
	December 25, 1967
	7,480

	1976
	December 1, 1975
	7,460

	1975
	January 18, 1975
	7,320

	2003
	January 31, 2003
	7,310

	1974
	January 15, 1974
	7,180


Probability of Future Hazards 
In 2003, FEMA’s study contractor NHC calculated peak flows that would be utilized for updating the FEMA flood insurance study and Flood Insurance Rate Maps. For the Carbon River at the USGS gauge near Fairfax (12094000) the calculations for the 10-year, 50-year, 100-year and 500-year recurrence intervals are shown to be respectively: 8,700, 12,700, 14,500, 19,100.
Based on the flow records for the past 20 years, the historical flow records, and the thresholds for moderate flooding (8,000-10,000 cfs) and severe flooding (greater than 10,000), the Carbon River can expect to experience moderate flooding every three to five years, and severe flooding every five to ten years, over a long-term period (URS 2012). Generally, flooding occurs during late fall into early spring, particularly between the months of November and February. With 76 years of data at the gauge, eight of the ten peak flood events have occurred on the Carbon River since 2000.
[bookmark: _Toc20750718]Carbon River Impacts
Impact on Community
There are no commercial or industrial properties within this area; however, there are a substantial number of residential structures (URS 2012). Therefore, a large flood event would not result in a major impact to the economy and tax base. Due to the large presence of vacant lands, open space, and resource land, temporary loss of business in the area is unlikely to occur (URS 2012). However, lands used for recreation or resource land may experience some economic loss if these areas are unable to be accessed or used during the flood and during the recovery period following the flood (URS 2012).
Land Purchases
A significant number of parcels and flood damaged homes have been purchased along the Carbon River since the 1991 Flood Plan was adopted.  Acquisitions have been focused on the Upper Carbon River between RM 6.4 & 8.3 in support of a future setback levee project planned along this reach.  The objective of the project is to help resolve repetitive damages to the levee as well as reconnect historic floodplain that is currently cutoff by the existing levee.
River Management
On June 5, 1939 Pierce County approved Resolution No. 686, a plan for flood control of the middle Puyallup River, upper Puyallup River, and Carbon River.  The plan was to establish a single channel on the Carbon River and Puyallup River (upstream of the White River confluence) by excavating gravel and river sediments and side casting them to form levees that were armored with rock riprap.  This was the standard practice until the 1970s.  
Current levees along the Carbon River were primarily built in the 1960s.  The once meandering river channel was straightened and confined to an average width of 250 feet.  The levee system was designed to prevent sediment sources from the banks and cliffs adjacent to the river from entering the channel contributing to increased sediment transport.  It was believed that by constricting the channel width, there would be increased flow velocities to continue sediment transport downstream.
Pierce County currently owns and maintains approximately 10.5 miles of flood risk reduction facilities along the Carbon River in a combination of levees and revetments.
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	Name
	Location a
	Ownership

	Right Bank

	Lindsay Levee
	RM 16.9 (PR) – RM 1.7, PL 84-99
	Pierce County

	Ski Park Levee
	RM 5.95 – RM 7.0, PL 84-99
	Pierce County

	Left Bank

	Riddell Levee
	RM 0.0 – RM 1.7, PL 84-99
	Pierce County

	Orting Treatment Plant Levee
	RM 1.7 – RM 3.05, PL 84-99 
	Pierce County

	Bridge Street Levee
	RM 3.05 – RM 3.7, PL 84-99 
	Pierce County

	Voight Downstream Revetment
	RM 3.7 – RM 4.0
	Pierce County

	Voight Upstream Revetment
	RM 4.0 – RM 4.4
	Pierce County

	Guy West Levee
	RM 4.6 – RM 5.6, PL 84-99
	Pierce County

	Guy West Revetment
	RM 5.6 – RM 5.95
	Pierce County

	Alward Segment No 2 Levee
	RM 5.95 - RM 6.4, PL 84-99
	Pierce County

	Fish Ladder Revetment
	RM6.35- RM 6.65
	Pierce County

	Alward Segment No 1 Levee
	RM 6.55 – RM 8.26, PL 84-99 
	Pierce County

	Alward Revetment
	RM 8.26- RM 8.33
	Pierce County


Damage to Facilities
Flood damages to Carbon River flood risk reduction facilities have been extensive in the past two decades. Six significant flood events have occurred along the study reach since 1990. Damages sustained ranged from full washout of the flood control structure over several hundred lineal feet to localized moderate scour and erosion. Damages from the major flood events resulted in approximately 99 identified damage locations comprising 5.9 miles of levees and revetments. Damages have been estimated at nearly $15 million dollars (based on 2010 dollars). The table below summarizes levee and revetment segments subject to the most significant and repetitive damages. The upper portion of this Carbon River reach between RM 6.0 and RM 8.3 incurred the most damage.
	Damage to Facilities along the Carbon River 1990 - 2017

	[bookmark: RANGE!A1:F245]Storm Season
	Segment Name
	Bank
	River Mile
	Damage Lineal Feet
	Damage

	1990

	1990
	Alward 1
	Left
	C-36 6.8
	750
	Reconstruction.

	1990
	Alward 1
	Left
	C-37 and 38 7.2
	1300
	Reconstruction.

	1990
	Bridge Street
	Left
	C-17 3.2
	175
	Washout.

	1990
	Guy West 
	Left
	C-31 5.9
	400
	Reconstruction.

	1990
	Lindsay
	Right
	C-2 0.4
	250
	Levee slope protection damage.  

	1990
	Lindsay
	Right
	0.8
	400
	Reslope and replace levee washed out by flood.

	1990
	Riddell
	Left
	C-2 0.4
	400
	Reslope and replace levee washed out by flood.

	1990
	Riddell
	Both
	0.9
	400
	Reslope and replace levee washed out by flood.

	1990
	Riddell
	Left
	C-5 0.9
	150
	Levee slope protection damage.

	1990
	Ski Park
	Right
	6.0
	770
	Flood damage repair.

	1990
	Ski Park
	Right
	C-34 6.4
	300
	Washout.

	1990
	Ski Park
	Right
	C-34 6.4
	500
	Reconstruction.

	1990
	Ski Park
	Right
	6.5
	300
	Reshape and replace rip rap and toe rock.

	1990
	Ski Park
	Right
	6.8 and 7.6
	1550
	Flood damage repair.

	1990
	Ski Park
	Right
	C-32 6.1
	900
	Reconstruction. 

	1990
	South Prairie Confluence
	Right
	C-31 5.9
	100
	Reconstruction.

	1995

	1995
	Alward 1
	Left
	6.7
	350
	Partial washout.

	1995
	Alward 1
	Left
	6.9
	150
	Full levee washout.

	1995
	Alward 1
	Left
	7.1
	700
	Full levee washout.

	1995
	Alward 1
	Left
	7.3
	100
	Partial washout.

	1995
	Alward 2
	Left
	6.2
	255
	Repair partially failed embankment.

	1995
	Alward 2
	Left
	6.3
	250
	Partial washout.

	1995
	Guy West
	Left
	4.6
	100
	Full levee washout.

	1995
	Guy West
	Left
	4.9
	100
	Partial washout.

	1995
	Lindsay
	Right
	0.8
	379
	Toe/slope failure.

	1995
	Ski Park
	Right
	6.9
	200
	Partial washout.

	1995
	Ski Park/Alward 1
	Both
	6.9, 7.3, & 7.4
	730
	Rebuild fully washed out levee.

	1996

	1996
	Alward 1
	Left
	6.6
	400
	Toe failure.

	1996
	Alward 1
	Left
	6.9
	200
	Toe failure.

	1996
	Alward 1
	Left
	7.2
	400
	Total levee failure.

	1996
	Alward 1
	Left
	7.2
	850
	Total levee failure.

	1996
	Alward 2
	Left
	6.05
	250
	Toe/slope failure.

	1996
	Alward 2
	Left
	6.25
	250
	Toe/slope failure.

	1996
	Alward 2
	Left
	6.3
	100
	Toe/slope failure.

	1996
	Bridge street
	Left
	3.2
	50
	Toe/slope failure.

	1996
	Bridge street
	Left
	3.6
	350
	Total levee failure.

	1996
	Fish Ladder
	Left
	6.4
	50
	Toe/slope failure.

	1996
	Guy West
	Left
	4.6
	100
	Total levee failure.

	1996
	Guy West
	Left
	4.9
	100
	Toe/slope failure.

	1996
	Lindsay
	Right
	0.2
	450
	Toe/slope failure.

	1996
	Lindsay
	Right
	0.5
	50
	Toe/slope failure.

	1996
	Lindsay
	Right
	0.6
	80
	Toe/slope failure.

	1996
	Lindsay
	Right
	0.95
	50
	Toe/slope failure.

	1996
	Lindsay
	Right
	1.0
	30
	Toe failure.

	1996
	Lindsay
	Right
	1.1
	40
	Toe failure.

	1996
	Lindsay
	Right
	1.2
	125
	Toe/slope failure.

	1996
	Orting Treatment Plant
	Left
	2.7
	20
	Toe/slope failure.

	1996
	Riddell
	Left
	0.4
	100
	Toe/slope failure.

	1996
	Riddell
	Left
	0.8
	30
	Toe/slope failure.

	1996
	Riddell
	Left
	1.05
	20
	Toe/slope failure.

	1996
	Ski Park 
	Right
	7.1
	800
	Total levee failure.

	1996
	Ski park
	Right
	6.18
	40
	Toe/slope failure.

	1996
	Ski park
	Right
	6.9
	320
	Total levee failure.

	1998

	1998
	Alward 1
	Left
	6.9
	150
	Repair levee.

	1998
	Alward 1
	Left
	7.6
	150
	Repair levee.

	1998
	Alward 1
	Left
	8.0
	200
	Repair levee.

	2003

	2003
	Guy West
	Left
	5.4
	260
	Partial washout of the toe and levee facing.

	2003
	Ski Park
	Right
	6.6
	450
	Partial washout of the toe and levee facing.

	2005

	2005
	Alward 1
	Left
	6.6
	450
	Replace/ reconstruct/repair.

	2005
	Alward 1
	Left
	7.6
	750
	Replace/ reconstruct/repair.

	2006

	2006
	Alward 
	Left
	8.3
	100
	Face erosion.

	2006
	Alward 
	Left
	8.3
	300
	Face erosion.

	2006
	Alward 1
	Left
	7.2 - 7.4
	750
	Washout.

	2006
	Alward 1
	Left
	7.5
	1200
	Washout.

	2006
	Alward 1
	Left
	7.6
	700
	Washout.

	2006
	Alward 1
	Left
	8.2
	150
	Face erosion.

	2006
	Alward 2
	Left
	6.0 - 6.1
	600
	Face erosion.

	2006
	Alward 2
	Left
	6.3
	600
	Washout.

	2006
	Bridge street
	Left
	3.2
	50
	Washout.

	2006
	Bridge street
	Left
	3.6
	120
	Washout.

	2006
	Bridge street
	Left
	3.6
	200
	Face erosion.

	2006
	Guy west
	Left
	4.6 - 4.9
	1700
	Toe erosion/undercut bank.

	2006
	Guy west
	Left
	4.8
	150
	Washout.

	2006
	Guy west
	Left
	4.8
	100
	Washout.

	2006
	Guy west
	Left
	4.8
	140
	Washout.

	2006
	Guy west
	Left
	5.0
	270
	Face erosion.

	2006
	Guy west
	Left
	5.2
	150
	Face erosion.

	2006
	Guy west
	Left
	5.4
	30
	Washout.

	2006
	Lindsay
	Right
	0.8
	60
	Fracture.

	2006
	Lindsay
	Right
	1.2
	150
	Washout.

	2006
	Lindsay
	Right
	17.4
	50
	Face erosion.

	2006
	Riddell
	Left
	0.2
	50
	Slump.

	2006
	Riddell
	Left
	0.4
	0
	Overtopping.

	2006
	Riddell
	Left
	1.2
	0
	Overtopping.

	2006
	Ski park
	Right
	6.0
	500
	Washout.

	2006
	Ski park
	Right
	6.0
	300
	Washout.

	2006
	Ski park
	Right
	6.3
	100
	Face erosion.

	2006
	Ski park
	Right
	6.4
	500
	Washout.

	2006
	Ski park
	Right
	6.8
	550
	Washout.

	2006
	Voights d.s.
	Left
	3.8
	180
	Face erosion.

	2006
	Voights u.s.
	Left
	4.2
	20
	Fracture.

	2006
	Voights u.s.
	Left
	4.4
	110
	Restore levee face and toe.

	2007

	2007
	Alward 1
	Left
	6.6 - 6.7
	810
	Reconstruct new levee prism and set new face rock.

	2007
	Alward 1
	Left
	6.8 - 7.0
	1250
	Reconstruct levee prism, set new toe, and face.

	2007
	Alward 1
	Left
	7.2 - 7.4 
	850
	Reconstruct new levee prism and set new face rock.

	2007
	Alward 1
	Left
	8.1
	390
	Replaced toe and re-slope and replaced face rock.

	2007
	Alward 1
	Left
	8.0
	450
	Re-establish toe and repair face.

	2007
	Bridge Street
	Left
	3.6 - 3.7
	0
	Overtopping.

	2007
	Guy West
	Left
	5.0
	500
	Set new toe and re-slope face.

	2007
	Lindsay
	Right
	0.8
	600
	Replace/ reconstruct/repair.

	2007
	Lindsay
	Right
	1.2
	450
	Re-establish toe and repair face.

	2007
	Ski Park
	Right
	6.0
	540
	Replace/ reconstruct/repair.

	2007
	Ski Park
	Right
	6.8
	800
	Re-establish toe and repair face.

	2008

	2008
	Alward 1
	Left
	7.0
	100
	Face scour and loss face rock.

	2008
	Alward 1
	Left
	7.2 - 7.3
	796
	Toe scour and loss of face rock.  Lower face slumping.

	2008
	Alward 1
	Left
	8.0
	100
	Toe scour and loss of face rock.  Lower face slumping.

	2008
	Alward 1
	Left
	8.1
	100
	Toe scour and loss of face rock.  Lower face slumping.

	2008
	Alward 1
	Left
	8.25
	150
	Toe scour and loss of face rock.  Lower face slumping.

	2008
	Alward 2
	Left
	6.0
	824
	Face rock thin due to scour. 

	2008
	Alward 2
	Left
	6.25
	302
	Toe scour and loss face rock.

	2008
	Alward 2
	Left
	6.35
	136
	Toe scour and loss face rock. 

	2008
	Bridge Street
	Left
	3.5
	300
	Toe scour and loss face rock

	2008
	Bridge Street
	Left
	3.55 - 3.7
	325
	Routine maintenance to the existing levee structure.

	2008
	Bridge Street
	Left
	3.6 - 3.7
	380
	Toe and face scour. 

	2008
	Fish Ladder
	Left
	6.4
	171
	Toe scour and loss face rock.  

	2008
	Guy West
	Left 
	4.7
	296
	Scalloped washout.  

	2008
	Guy West
	Left
	4.8
	1,200
	Re-establish levee core to inhibit lateral piping during high water. 

	2008
	Guy West
	Left
	5.0
	290
	Replace undersized face rock.

	2008
	Guy West
	Left
	5.2
	196
	Replace undersized face rock.

	2008
	Guy West
	Left
	5.3
	253
	Toe scour and loss face rock.  

	2008
	Lindsay
	Right
	1.0
	50
	Toe rock failure and partial face rock failure.

	2008
	Orting Treatment Plant
	Left
	2.0
	25
	Toe scour and loss face rock.  

	2008
	Riddell
	Left
	0.4 - 0.5
	634
	Toe scour and loss face rock.

	2008
	Riddell
	Left
	0.9 - 1.10
	500
	Washout of the toe and levee face.

	2008
	Ski Park
	Right
	6.0
	336
	Toe scour and loss of face rock.  

	2008
	Ski Park
	Right
	6.25
	140
	Toe scour and loss of face rock.  

	2008
	Ski Park
	Right
	6.45 - 6.6
	900
	Face scour and loss face rock.

	2008
	Ski Park
	Right
	7.0
	139
	Washout.

	2008
	Voights u.s.
	Left
	4.2
	324
	Washout.

	2008
	Voights u.s.
	Left
	4.4
	123
	Toe and face scour. 

	2009

	2009
	Alward 1
	Left
	7.5
	118
	Face scour with core exposure. Possibly some toe loss.  Bank is undercutting.

	2009
	Alward 2
	Left
	6.35
	140
	Toe scour and loss face rock. 

	2009
	Fish Ladder
	Left
	6.4
	110
	Lower face scour. 

	2009
	Lindsay
	Right
	0.6
	30
	Facing rock failure.

	2009
	Lindsay
	Right
	0.9
	75
	Facing rock failure.

	2009
	Lindsay
	Right
	0.9
	180
	Re-establish toe and repair face.

	2009
	Lindsay
	Right
	16.9 - 16.95
	100
	Toe and facing rock failure.

	2009
	Riddell
	Left
	0.4
	0
	Overtopping.

	2009
	Ski Park
	Right
	5.95
	50
	armored spillway/notch.

	2009
	Ski Park
	Right
	6.2
	255
	Face scour with loss of most face rock. 

	2009
	Ski Park
	Right
	6.25
	144
	Primary lower face scour causing upper face to slough. 

	2009
	Ski Park
	Right
	6.4
	310
	Face scour with loss of most face rock. 

	2009
	Ski Park
	Right
	6.75
	200
	Lower face scour. 

	2009
	Ski Park
	Right
	6.45 - 6.6
	400
	Toe scour and loss of embankment.

	2011

	2011
	Alward 1
	Left
	7.1
	75
	Face and potential toe rock failure.

	2011
	Alward 1
	Left
	7.55
	90
	Toe and face rock failure.

	2011
	Alward 1
	Left
	8.05
	130
	Toe and face rock failure. 

	2011
	Alward 1
	Left
	8.15
	50
	Face rock failure.

	2011
	Bridge Street
	Left
	3.35
	30
	Toe and face rock failure.

	2011
	Bridge Street
	Left
	3.45
	120
	Face rock failure.

	2011
	Guy West
	Left
	4.8
	270
	Undermining levee.

	2011
	Guy West
	Left
	5.3
	70
	Toe/face scour.

	2011
	Orting Treatment Plant
	Left
	2.0
	129
	Toe and rock failure.

	2011
	Riddell
	Left
	1.0
	140
	Toe is scoured out along with some face rock.

	2011
	Riddell
	Left
	1.1
	400
	Toe is scoured out along with some face rock.

	2011
	Riddell
	Left
	1.6
	210
	Undermined section with prism showing in sections.

	2011
	Voights d.s.
	Left
	3.75
	90
	Partial damage to facing rock.

	2011
	Voights d.s.
	Left
	3.8
	130
	Damage to toe and face rock.

	2011
	Voights u.s.
	Left
	4.2
	700
	Some toe rock failure. 

	2012

	2012
	Alward 1
	Left
	7.1
	250
	Face and potential toe rock failure.

	2012
	Alward 1
	Left
	8.05 - 8.15
	350
	Toe and face rock failure.

	2012
	Bridge Street
	Left
	3.35
	60
	Face and toe scour.

	2012
	Bridge Street
	Left
	3.4
	45
	Facing and toe scour.

	2012
	Bridge Street
	Left
	3.45
	120
	Face rock is gone.

	2012
	Guy West
	Left
	4.8
	270
	Levee undermined along toe.

	2012
	Guy West
	Left
	5.3
	170
	Toe and face rock failing.  

	2012
	Orting Treatment Plant
	Left
	2.0
	129
	Toe and face rock failure.

	2012
	Riddell
	Left
	0.4
	634
	Toe scour and loss of face rock. 

	2012
	Riddell
	Left
	1.0
	140
	Toe is scoured out along with some face rock. 

	2012
	Riddell
	Left
	1.6
	210
	Undermined trees are pulling apart face rock.

	2012
	Voights d.s.
	Left
	3.8
	130
	Some minor damage to face rock.

	2012
	Voights u.s.
	Left
	4.2
	700
	Some toe rock failure. 

	2013

	2013
	Alward 1
	Left
	7.0 - 7.1
	400
	Toe and face rock failing.  

	2013
	Alward 1
	Left
	7.2
	150
	Minor toe rock repair.

	2013
	Fish Ladder
	Left
	6.4
	100
	Toe and face rock failure.

	2013
	Guy West
	Left
	5.5
	250
	Toe and face rock failing.  

	2013
	Orting Treatment Plant
	Left
	2.0
	150
	40 LF of prism core exposed.

	2013
	Riddell
	Left
	1.6
	250
	Missing face and toe rock.  

	2014

	2014
	Guy West 
	Left
	5.75
	250
	Face rock failure.

	2014
	Riddell
	Left
	0.5
	500
	Toe scour and loss of face rock.  

	2014
	Riddell
	Left
	1.6
	260
	Toe and face rock failure.

	2014
	Ski Park
	Right
	6.0
	100
	Toe and face erosion.

	2015

	2015
	Alward 1
	Left
	6.55
	200
	Levee rehabilitation.

	2015
	Alward 1
	Left
	7.1
	40
	Missing toe rock.

	2015
	Alward 1
	Left
	7.2
	390
	Levee rehabilitation.

	2015
	Alward 1
	Left
	7.9
	100
	Large log jam diverting flows/jet scour into levee.

	2015
	Alward 1
	Left
	7.9
	20
	Log jam is gone that forced flows into levee. 

	2015
	Alward 1
	Left
	7.9
	120
	Toe and face rock damaged from large log jam. 

	2015
	Alward 1
	Left
	8.1
	60
	Toe rock missing.

	2015
	Alward 1
	Left
	8.2
	40
	Missing toe rock in three locations.

	2015
	Alward 1
	Left
	8.2
	30
	Missing toe rock in three locations. 

	2015
	Alward 1
	Left
	8.2
	150
	Large scour has formed at the toe of the levee.  Toe and face rock has fallen into scour hole. 

	2015
	Alward 2
	Left
	6.35
	100
	Levee rehabilitation.

	2015
	Alward 2
	Left
	6.2 -6.3
	490
	Levee rehabilitation.

	2015
	Bridge Street
	Left
	3.35
	200
	Levee rehabilitation.

	2015
	Bridge Street
	Left
	3.4
	130
	Face rock missing.

	2015
	Fish Ladder
	Left
	6.35 - 6.4
	200
	Rock displaced 

	2015
	Fish Ladder
	Left
	6.35
	100
	Levee rehabilitation.

	2015
	Fish Ladder
	Left
	6.4
	34
	Missing Toe rock. 

	2015
	Fish Ladder
	Left
	6.4
	16
	An additional 16 feet of revetment damaged from flood event.

	2015
	Fish Ladder
	Left
	6.4
	100
	Emergency repair.

	2015
	Fish Ladder
	Left
	6.45
	150
	Face and Toe Rock missing. 

	2015
	Guy West
	Left
	4.65
	150
	Levee rehabilitation.

	2015
	Guy West
	Left
	4.8
	360
	Levee rehabilitation.

	2015
	Guy West
	Left
	5.3 - 5.35
	375
	Levee rehabilitation. 

	2015
	Guy West
	Left
	5.2
	40
	Missing toe and face rock. 

	2015
	Guy West
	Left
	5.75
	150
	Missing toe rock.

	2015
	Lindsay
	Right
	1.2
	150
	Toe rock missing.

	2015
	Lindsay
	Right
	0.8
	30
	Missing toe rock and face rock slumping.

	2015
	Lindsay
	Right
	0.8
	200
	Trees were undermined and then pulled out a section of face rock in several locations. 

	2015
	Lindsay
	Right
	0.8
	125
	Missing toe rock and face rock. 

	2015
	Riddell
	Left
	0.55
	60
	Missing face rock

	2015
	Ski Park
	Right
	6.2 - 6.3
	735
	Levee rehabilitation.

	2015
	Ski Park
	Right
	6.20
	40
	Section of toe rock missing.

	2015
	Ski Park
	Right
	6.25
	180
	Missing toe and face rock. 

	2015
	Ski Park
	Right
	6.80
	200
	Vertical face along inside radius of river bend.

	2015
	Ski Park
	Right
	6.80
	200
	Vertical face. 

	2015
	Voights d.s.
	Left
	3.8
	120
	Missing toe and face rock. 

	2015
	Voights d.s.
	Left
	3.8
	140
	Levee rehabilitation.

	2015
	Voights u.s.
	Left
	4.2
	40
	Partial undermining thru two repair sites in trees section.  

	2015
	Voights u.s.
	Left
	4.2
	80
	Missing toe and face rock. 

	2015
	Voights u.s.
	Left
	4.2
	90
	Missing toe and face rock. 

	2015
	Voights u.s.
	Left
	4.3
	20
	Tree pulled out a chuck of face and toe rock.

	2015
	Voights u.s.
	Left
	4.3
	50
	Tree pulled out a chuck of face and toe rock 

	2015
	Voights u.s.
	Left
	4.3
	100
	Large Cedar tree and Alder tree pulled a section of levee down.  

	
	
	
	
	
	

	2017

	2017
	Alward 1
	Left
	7.9
	120
	Toe and face rock damaged from large log jam. 

	2017
	Alward 1
	Left
	8.1
	100
	Toe rock missing.  Scalloped along toe.

	2017
	Alward 2
	Left
	6.20
	478
	Reconstruction/preservation.

	2017
	Alward 2
	Left
	6.000
	150
	Unacceptable PL 84-99 tie in, proposing slightly setback levee alignment to tie into former railroad embankment.

	2017
	Bridge Street
	Left
	3.4
	130
	Face rock failure.  Face rock missing.  

	2017
	Bridge Street
	Left
	3.7
	120
	Toe and face rock.  

	2017
	Bridge Street
	Left
	3.4
	340
	Loss of toe and face rock.

	2017
	Bridge Street
	Left
	3.1
	200
	Loss of toe rock.

	2017
	Fish Ladder
	Left
	6.4
	200
	Loss of bank between 177th and the end of Alward 1 Levee.

	2017
	Guy West 
	Left
	5.75
	150
	Toe and face rock failure.

	2017
	Orting Treatment Plant
	Left
	2.3
	20
	Portion of face rock missing.

	2017
	Orting Treatment Plant
	Left
	2.7
	40
	Toe rock failure.

	2017
	Orting Treatment Plant
	Left
	2.7
	140
	Partial of face rock missing.

	2017
	Orting Treatment Plant
	Left
	2.1
	75
	Levee face damage.

	2017
	Riddell
	Left
	1.2 - 1.3
	500
	Toe rock failure.  



South Prairie Creek
South Prairie Creek lies in the center of the Puyallup River Basin, east of the City of Orting. South Prairie Creek has a drainage basin of 90 square miles and ranges in elevation from 285 feet above sea level to 5,933 feet at the summit of Pitcher Mountain. This plan concentrates on the lower floodplain area of South Prairie Creek (RM 0 - RM 6.4), extending from the Town of South Prairie to the confluence with the Carbon River at RM 5.9. There are no Pierce County levees along lower South Prairie Creek, but there are isolated rock riprap revetments and earthen berms that have been constructed by agricultural and residential landowners and transportation agencies, such as near SR-162 Bridge crossings of the creek.
Land use consists of agricultural and rural residential, and the Town of South Prairie. There are no Pierce County levees along lower South Prairie Creek, but there are isolated rock riprap revetments and earthen berms that have been constructed by agricultural and residential landowners, and near State Route 162 bridge crossings of the creek. Salmon and trout, including fall Chinook, coho, pink, chum and steelhead use South Prairie Creek. South Prairie Creek is one of the most productive salmon and steelhead tributaries in the entire Puyallup River Basin.
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[bookmark: _Toc20750719]South Prairie Creek Extent and Occurrences
Major flood events since 1991 have damaged infrastructure, residential, agricultural, and recreational properties. Widespread flooding of roads, residential, and agricultural properties occurred in February 1996, November 2006, and January 2009. In most large floods, the Veteran of Foreign Wars campground sustains some damage. In January 2009, the Town of South Prairie Fire Station was flooded and sustained $36,000 in damage. State Route 162 and other local roads have been regularly closed during flooding due to water and debris over the roadway.
Major flooding occurred in the South Prairie Creek in 1955, 1965, 1990, 1996, 2006, and 2009 (see the table below). The January 2009 flood is the largest on record, with a measured flow of 9,480 cfs, exceeding the 100-year flood flow of 8,700 cfs estimated by FEMA (FEMA/ NHC 2006). Since 2013, there has been no major flooding in this reach.
	[bookmark: _Toc350164576]Historical Major Flooding on South Prairie Creek
USGS 12095000 South Prairie Creek at South Prairie, WA
60 Records From 1950 - 2017

	Water Year
	Date
	Stream Flow (cfs) 

	2009
	January 7, 2009
	9,480

	1996
	February 8, 1996
	8,170

	1956
	December 11, 1955
	6,850

	2007
	November 7, 2006
	6,540

	1965
	January 29, 1965
	6,400

	1990
	January 9, 1990
	5,930

	1954
	December 9, 1953
	5,470

	1991
	February 19, 1991
	5,390

	2016
	October 31, 2015
	5,060

	1975
	January 18, 1975
	5,020

	2000
	November 25, 1999
	4,650


Probability of Future Hazards
The thresholds for moderate and severe flooding for South Prairie Creek have not been established. During the past 20 years, peak flows over 6,000 cfs have occurred on three occasions. Based on the historical record, the November 2006 flood (6,540 cfs) was between a 10-year and 20-year event, the February 1996 flood was between a 25-year and 50-year event, and the January 2009 flood was greater than a 100-year event (URS 2012). Based on these flow records, South Prairie Creek can expect to experience moderate flooding every 5 to 10 years, and more severe flooding every 10 to 20 years, over a long-term period (URS 2012). Generally, flooding occurs during late fall into early spring, particularly between the months of November and February.
[bookmark: _Toc20750720]South Prairie Creek Impacts
Impact on Community
There are no industrial properties and limited commercial properties within this area. Therefore, a large flood event would not result in a major impact to the county economy and tax base, although the Town of South Prairie could be severely impacted. However, lands used for residential and agricultural uses may experience some economic loss if these areas are unable to be accessed or used during the flood and during the recovery period following the flood (URS 2012).
The 2009 flood caused the South Prairie fire station to flood and several roads overtopped and/or washed out causing residents to be stranded. There is a campground near river mile 2 that has to evacuate during minor flooding.
Land Purchases
There have been extensive land purchases in the South Prairie Creek basin by Pierce County and its partners since 1991 for both flood and habitat related purposes. Approximately 142 acres have been purchased. Between 2006 and 2009, six parcels totaling 55.6 acres and four flood prone homes were purchased and removed. Funding has been provided by the Salmon Recovery Funding Board, Pierce County SWM fees, and the Real Estate Excise Tax (REET) funds. In addition, some properties have also been purchased by the Pierce Conservation District.
River Management
No flood risk reduction facilities are owned and maintained by Pierce County Surface Water Management along South Prairie Creek. However, there are some rip rap revetments and armoring maintained by WSDOT along State Route 162 crossings and by Pierce County Roads along South Prairie Road East.
Damage to Facilities
WSDOT reported scour of bridge piers and large woody debris buildup on bridges as problems on several bridges. Water and debris on roadways is a common problem for Pierce County roads, but damage to roadways is not widespread. Typically, some repair and maintenance of toe and facing rock follows large flood events.
In 1996, South Prairie Creek jumped the right bank and washed out South Prairie Road near 246th Avenue East and did the same further downstream at Spring Site Road. Road reconstruction, bank stabilization, and an armored overflow flood re-entry channel repaired the flood damage.


Nisqually River
The Nisqually River drains a watershed of approximately 760 square miles. The river originates from the Nisqually glacier on the south slope of Mount Rainier with an elevation of 14,411 and flows 78 miles to the estuary at the Nisqually National Wildlife Refuge before flowing into Puget Sound. There are two major tributaries to the Nisqually River, the Mashel River, and Muck Creek. Nearly 58 percent of the Nisqually River watershed lies in Pierce County, with the remainder in Thurston County (16 percent) and Lewis County (26 percent). There are two dams on the Nisqually River, the first at RM 42.4 (LaGrande Dam) and the second at RM 44.2 (Alder Dam). Alder Dam forms the 3000-acre Alder Lake. The two dams are part of the Nisqually Hydroelectric Project owned and operated by Tacoma Power. According to Tacoma Power, the dams provide incidental reduction of flood flows, but there are no flood control requirements noted in the operating agreement (Nisqually Watershed Characterization, 2008).
Middle Nisqually
The drainage area to the USGS gauge on the Nisqually River at McKenna is 517 square miles.  The middle Nisqually River at McKenna forms the boundary between Pierce County and Thurston County. Flood risk on this reach is predominately in Thurston and Lewis County, as most of the Pierce County area is on high bank of the river. The focus of this reach is from approximately RM 21.3 to RM 26.0, where the 100-year floodplain is up to 2900 feet wide, and where substantial flooding occurred in the McKenna area during the February 1996 flood event. Land use in the McKenna vicinity consists of medium-density residential, rural residential and agriculture and pasture lands. There are also extensive lakes and wetlands in the surrounding area. Salmonid use in this reach of the Nisqually River includes fall Chinook, coho, chum and pink salmon and winter steelhead trout.
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[bookmark: _Toc20750721]Nisqually River Extent and Occurrences
One major flood in 1996, with flows estimated near 50,000 cfs, severely impacted the McKenna area (see the table below). Since construction of the Alder Dam in 1948, peak flow events exceeding 20,000 cfs have occurred five times. There have been no peak flows over 16,200 cfs since 1996. Records from the 1996 flood event indicate that 24 flooding problems were identified in the database for this area (Nisqually Basin Plan 2008).
	[bookmark: _Toc350164579]Historical Flooding on Middle Nisqually River
USGS 12089500 Nisqually River at McKenna
61 Records from 1948 - 2017

	Water Year
	Date
	Stream Flow (cfs)

	1996
	February 8, 1996
	50,000

	1965
	January 29, 1965
	25,700

	1981
	December 26, 1980
	21,100

	1960
	November 23, 1959
	20,500

	1956
	December 12, 1955
	20,200

	1990
	January 10, 1990
	17,700

	1991
	April 5, 1991
	17,200

	1951
	February 11, 1951
	16,900

	1954
	December 10, 1953
	16,200

	1982
	February 19, 1982
	16,200

	2003
	January 31, 2003
	16,200

	2009
	January 8, 2009
	16,100

	1997
	January 1, 1997
	15,900

	2016
	December 9, 2015
	15,900


Probability of Future Hazards
The Flood Insurance Mapping Study for the Nisqually River (FEMA, 1987b) identified the 100-year peak flow at McKenna at 32,000 cfs only to have the 1996 flood exceed 50,000 cfs. Many residents outside of the mapped 500-year flood zone lost their homes. Flooding in the lower Nisqually generally happens in late winter and early spring as the Tacoma Public Utilities (TPU) dam complex will be filling the Alder Lake reservoir each fall. While the TPU dams are not licensed for flood control, the draw down to generate power during the summer has allowed for attenuation of fall flood events in the lower reaches of the river. FEMA is conducting a new Flood Insurance Study of the Nisqually River and the 2019 Hydrology Report (STARR II) using Bulletin 17C calculations for the 10-year, 25-year, 50-year, 100-year and 500-year recurrence intervals are shown to be respectively: 29,900, 38,300, 45,000, 52,100, 70,500 cfs.
[bookmark: _Toc20750722]Middle Nisqually River Impacts
Impact on Community
Commercial and industrial properties do not comprise a large portion of this area (less than two percent) (URS 2012). Therefore, a large flood event would not result in a major impact to the economy and tax base. However, lands used for recreation or resource land may experience some economic loss if these areas are unable to be accessed or used during the flood and during the recovery period following the flood (URS 2012).
Land Purchases
A significant number of parcels and flood damaged homes were purchased along the middle Nisqually River in the McKenna vicinity following the 1996 flood.
· Acquisition of 25 parcels totaling 42.5 acres at a total cost of $2.04 million. Funding was a combination of Hazard Mitigation Grants (HMGP), with state and local match, including Real Estate Excise Tax (REET) funds.
River Management
There is no known flood risk reduction facility infrastructure, past or present, owned or maintained by the Pierce County Surface Water Management Division. WSDOT has limited armoring along the SR-507 bridge crossing. The extent of armoring along the Thurston County (left bank) side of the river is not well known.
Damage to Facilities
The 1996 flood eroded out the State Route 507 bridge approach on the Pierce County side (right bank), resulting in a two-day closure of the road and bridge. There is also ongoing scour and accumulation of large woody debris on the bridge piers during high flow events. The bridge is on WSDOT’s Scour Critical List for shallow spread footings and it is monitored during all high-water events.
Flooding in 1996 resulted in extensive flooding of homes and roads in the McKenna area, as well as the Nisqually Valley Care Center, a nursing home located on the right bank downstream of the State Route 507.
Upper Nisqually River
The upper Nisqually River begins on the slopes of Mount Rainier on the South Tahoma Glacier, Kautz Glacier, and Nisqually Glacier and flows generally east to west from the glaciers to Alder Lake, near the Town of Elbe. The upper Nisqually River forms the boundary between Pierce County and Lewis County. Glacial melt water and sediment flow down the mountain from three major sources: Tahoma Creek, Kautz Creek, and the Nisqually River. From Alder Lake to the confluence of Tahoma Creek at about RM 65.8, the upper Nisqually River flows through a broad valley, occupied by terraces, glacial features such as moraines, and occasional bedrock outcrops (GeoEngineers 2007).
The focus of this reach is from RM 50.5, at the entrance to Alder Lake Park in Elbe, to the upstream end of the levee/revetment at RM 65.4, near the entrance to Mt. Rainier National Park. The drainage area to the USGS gauge on the Nisqually River near National is 133 square miles. The unincorporated towns of Elbe and Ashford provide residential and commercial land uses and are located adjacent to State Route 706. Recreational, forest and agricultural uses make up the balance of land uses within this sub area. There are no salmon in this reach of the river, due to natural barriers and the dams downstream; however, there are resident cutthroat trout.
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[bookmark: _Toc20750723]Upper Nisqually River Extent and Occurrences
Since the USGS gauge was installed in 1942, major flooding has been recorded occurring in the upper Nisqually River in 1974, 1977, 1996, and 2006 (see the table below). The February 1996 and November 2006 floods both exceeded 21,000 cfs and were similar in magnitude to the estimated 1.0 percent annual chance flood (100-year) of 21,950 cfs estimated by Pierce County SWM. The most significant channel migration event occurred near the park entrance in 1990 after a series of moderate floods. The categorization of major flooding is based on a discharge greater than 15,000 cfs for the Nisqually River gauge near National, Washington.
	[bookmark: _Toc350164583]Historical Major Flooding on Nisqually River
USGS 12082500 Nisqually River Near National, WA
75 Records From 1942 - 2017

	Water Year
	Date
	Stream Flow (cfs)

	2007
	November 6, 2006
	21,800

	1996
	February 8, 1996
	21,200

	1978
	December 2, 1977
	17,100

	2016
	December 9, 2015
	16,700

	1974
	January 15, 1974
	15,000

	1990
	January 9, 1990
	14,500

	2009
	November 12, 2008
	13,900

	1976
	December 4, 1975
	13,200

	1981
	December 26, 1980
	11,600

	2015
	November 25, 2014
	11,500

	1965
	January 29, 1965
	11,000

	1991
	November 24, 1990
	11,000

	1960
	November 23, 1959
	10,900

	2003
	January 31, 2003
	10,800

	1963
	November 20, 1962
	10,400

	
	


Probability of Future Hazards
FEMA is updating the Nisqually River Flood Insurance Study at this time and released the hydrology report by their contractor STARR II in January 2019. The estimated peak flows for the Upper Nisqually reach for the 10-year, 50-year, 100-year and 500-year recurrence intervals of 12,900, 19,150, 22,500 and 30,000 cfs, respectively (STARR II 2019). Based on this estimate, the historical flow record, and the thresholds for moderate flooding (10,000-15,000 cfs) and severe flooding (greater than 15,000) (see section 3.9.3.1 below), the Upper Nisqually River can expect to experience moderate flooding every 10 to 25 years and severe flooding every 25-50 years, over a long-term period (URS 2012).
[bookmark: _Toc20750724]Upper Nisqually River Impacts
Impact on Community
There are no commercial or industrial properties in this area (URS 2012), therefore, a large flood event would not result in a major impact to the economy and tax base. However, the small percentage of resource lands may experience minimal economic loss if these areas are unable to be accessed or used during the flood and during the recovery period following the flood (URS 2012).
Land Purchases
There have been no known land purchases or home buyouts by Pierce County in the upper Nisqually area since 1991. In 2006, the Nisqually Land Trust purchased 404 acres of timberlands and wildlife habitat in the upper Nisqually Valley, near the town of Ashford and the main entrance to Mount Rainier National Park.
River Management
There is one levee/revetment in the upper Nisqually River owned and maintained by Pierce County Surface Water management. It is located near the entrance to Mt. Rainier National Park on the right bank, protecting both State Route 706 and Nisqually Park residences. There are also revetments and bank armoring at both road and rail crossings between Mt. Rainier National Park and Elbe, which are maintained by Pierce County Roads, WSDOT and Tacoma Rail. Additionally, there is armoring on the right bank at the entrance to Alder Lake, downstream of the State Route 7 Bridge.
Damage to Facilities
The only flood control structure Pierce County owns on this reach is the Nisqually Park Entrance levee that extends into Mount Rainier National Park which protects the highway. Due to the high energy of the Nisqually River, the levee is consistently being repaired for loss of face and toe rock that has eroded away. In November 2006, Mt. Rainier experienced a record-breaking rain event resulting in severe flood damages throughout the National Park. Eighteen inches of rain fell in 36 hours near Paradise. One of the hardest hit areas was near the Nisqually entrance at the Sunshine Point Campground. More than 1,000 linear feet of levee was washed away.
	Damage to Facilities in the Upper Nisqually River 1990-2017

	Storm Season
	Bank
	River Mile
	Damage Lineal Feet
	Damage

	1991

	1991
	Right
	 
	0
	Gravel removal and dike construction.

	2003

	2003
	Right
	64.7
	219
	Partial washout of the toe and levee facing.

	2003
	Right
	64.8
	137
	Partial washout of the toe and levee facing.

	2003
	Right
	65.0
	547
	Partial washout of the toe and levee facing.

	2004

	2004
	Right
	64.8
	1200
	Partial washout of the toe and levee facing.

	2005
	Right
	65.1
	850
	Partial washout of the toe and levee facing.

	2005
	Right
	65.13
	70
	Partial washout of the toe and levee facing.

	2006

	2006
	Right
	64.6
	200
	Face erosion.

	2006
	Right
	64.9
	100
	Washout.

	2006
	Right
	65.1 - 65.4
	1600
	Washout.

	2008

	2008
	Right
	64.8
	400
	Toe scour and loss of face rock. 

	2008
	Right
	65.1 - 65.3
	1150
	Toe Scour and Loss of face rock.

	2008
	Right
	65.3 - 65.4
	600
	Toe scour and loss of face rock. 

	2010

	2010
	Right
	65.25 - 65.4
	700
	Severe toe scour.

	2011

	2011
	Right
	64.6
	150
	Toe and face scour.

	2011
	Right
	65.05 - 65.25
	1100
	Severe toe scour.

	2012

	2012
	Right
	64.65
	100
	Active toe scour w/ face sloughing.

	2012
	Right
	64.75
	100
	Active toe scour w/ face sloughing.

	2012
	Right
	64.85 - 65.05
	1000
	Severe toe scour and loss of lower face.  

	2015

	2015
	Right
	64.8
	320
	Missing face rock near toe.

	2015
	Right
	65.4
	300
	Major toe scour along the road.  

	
	
	
	
	

	2017

	2017
	Right
	65.4
	300
	Toe scour and loss of face rock.  

	2017
	Right
	64.77
	90
	Under cut toe, dislodged riprap, voids.

	2017
	Right
	64.97
	200
	Toe rock failure.

	2017
	Right
	65.02
	30
	Toe rock may be missing.

	2017
	Right
	64.6
	150
	Toe rock has been scoured out.  





























Mashel River
The Mashel River sub basin, covering about 85 square miles, is higher in elevation and steeper than most other tributaries to the Nisqually River. Over 40 percent of the basin has slopes greater than 30 percent (Nisqually Basin Plan 2014). Major tributaries of the Mashel River are the Little Mashel River, Beaver Creek, and Busy Wild Creek. Elevations range from 460 feet at the mouth to 4,845 feet on the flanks of Mount Rainier. The Mashel River winds through a steep, sinuous canyon as it approaches the Nisqually River, where it enters at approximately RM 39.6.
The Mashel River planning area is from the mouth of the Mashel River upstream to the Town of Eatonville (near RM 6.8). Land use consists of forested terrain, some agriculture (mostly livestock), rural residential development, and urban areas in the Town of Eatonville. Eatonville draws its drinking water from the Mashel River and the secondary-treated wastewater is discharged to the river downstream of the town. The Mashel River is the farthest upriver tributary to the Nisqually River that has anadromous fish use, including fall Chinook, coho, and pink salmon and winter steelhead trout.
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[bookmark: _Toc20750725]Mashel River Extent and Occurrences
Major flood events since 1991 have adversely affected transportation facilities and some private properties. There was channel migration in January 2009 along State Route 161 at the bridge crossing at RM 5.5 and downstream on the left bank from RM 5.2 to RM 5.3. Past flooding of the Mashel River occurred in 1946, 1996, 2007, and 2009 (see the table below). The magnitude of flood flows is not known for the period of 1958 to 1991, due to a data gap in the USGS gauge record.
	[bookmark: _Toc350164588]Major Flooding on Mashel River

	Date
	Mashel River Flows near 
La Grand Gauge (cfs) – USGS #12087000

	December 1946
	6,859

	February 1996
	6,220

	December 2007
	5,790

	January 2009
	5,610


Probability of Future Hazards 
The Flood Insurance Mapping Study for the Mashel River (NHC, 2002) identified the following peak flows for the Mashel River from the USGS gage at RM 3.3 for the 10-year, 50-year, 100-year and 500-year recurrence intervals, respectively: 4,995, 7,215, 8,250 and 10,900 cfs. 
There are no established thresholds for moderate and severe flooding for the Mashel River. During the past 20 years, peak flows over 5,000 cfs have occurred on three occasions as noted above. Based on the historical record, the February 1996 peak flow was between a 25- year and 50-year event, and the December 2007 and January 2009 peak flows were between 10- year and 25-year event (URS 2012). Generally, flooding occurs during late fall into early spring, particularly between the months of November and February.
[bookmark: _Toc20750726]Mashel River Impacts
Impact on Community
Commercial and industrial properties do not comprise a large portion of this area (less than one percent) (URS 2012). Therefore, a large flood event would not result in a major impact to the economy and tax base (URS 2012). However, lands used for recreation or resource land may experience some economic loss if these areas are unable to be accessed or used during the flood and during the recovery period following the flood (URS 2012). The sewer treatment plant for the Town of Eatonville is adjacent to the river. While the structures and facilities are two to six feet above the base flood elevation, they are less than 100 feet from the active channel and could be compromised if channel migration occurs on the right bank.
Land Purchases
Pierce County has not purchased property in the Mashel River basin. However, the Town of Eatonville, the State of Washington, and the Nisqually Land Trust all own property along the Mashel River. The Land Trust owns 45 acres near Eatonville at Boxcar Canyon (purchased with Pierce County Conservation Future funds) and a 64-acre property that includes one mile of shoreline on the right bank of the Mashel River, downstream of the SR-7 crossing. The State of Washington and Washington State Parks and Recreation owns extensive property (over 1,000 acres) on the left and right banks of the lower Mashel River upstream of its mouth at the confluence.
River Management
No flood control facilities are owned or maintained by Pierce County Surface Water Management along the Mashel River. Pierce County historically placed rip rap along the Mashel River near State Route 161 between RM 5.12 and RM 5.24. In 1950, a groin was built by dredging and straightening the river channel. A timber bulkhead paralleling the highway had become badly decayed and the river was eroding the highway causing PCRI to take action. The groin was heavily blanketed with rock from the Orting quarry (PCRI Annual Report 1950). The last documented action of PCRI rip rapping the Mashel River was in 1962.
In the Town of Eatonville, riprap is present intermittently along both banks of the river from the wastewater treatment plant, located at RM 5.3, to the Alder Cutoff Road Bridge, located at RM 6.3. Rip rap protects the right bank from approximately 200 feet below the bridge to 50 feet above the bridge. The left bank has rip rap from approximately 50 feet below the bridge to 15 feet above the bridge. Much of the rip rap is old; however, WSDOT replaced rock on the right bank above the bridge and on the left bank upstream and downstream of the bridge in 2009. The town built a levee around the wastewater treatment plant following the 1996 flood. In 2004 log jams replaced rip rap on left bank in the vicinity of Smallwood Park, located at approximately RM 5.6, and at a private residence, located at approximately RM 5.33 (Watershed Professionals Network, LLC, 2004).
Damage to Facilities
There is little historical information about damage to flood control facilities along the Mashel River. As noted above, Pierce County has no current river management facilities in the study area. WSDOT has several bridge crossings of State Route 161 and State Route 7, and revetments where the river flows adjacent to State Route 161.


[bookmark: _Toc20750727][bookmark: _Toc117059218][bookmark: _Toc117059219][bookmark: _Toc117059220]Health and Safety of Persons in the Affected Area at the Time of the Incident
Flooding kills citizens throughout the United States every year. While that has not been a major problem in Pierce County over the years, it very well could happen with any major flood we have. The fact that Pierce County has had to do swift water rescues in the past with floods in both 1996 and 2006 shows the potential for life threatening situations to evolve during a flood.
Pierce County streams and rivers run very fast and can quickly overwhelm individuals or vehicles caught in them. Persons caught in flood waters can be pinned under debris and drown. They can receive trauma from other debris being carried along by the river or by impacting rocks or other impediments in the river itself.
During the fall and winter flood season, rivers and streams are comprised largely of cold rain and snow, and for those originating on Mt. Rainier, some glacier melt. They are therefore very cold. In addition, air temperature in the winter during flood season can also be in the thirty degree range, although not usually below that during floods. The result is that persons caught in flood waters can drown not just from direct action of the flood but also as a complication of hypothermia.Figure F-2 Nov. 2006 Flooding River Park Estates – Along Puyallup River

Other problems that can [image: DSC_1408]compromise a person’s health can develop after the flood waters have receded. Mold will grow in wet material, be it clothing, bedding, the walls of a house or the insulation under a floor. Sewage and hazardous chemicals may be present in homes, cars, or just as a layer coating peoples’ property. Water and food may be contaminated. Heat and electricity may be off for some time. All of these will contribute to a decrease in not just the quality of life for individuals, but also their current and long-term health.
[bookmark: _Toc20750728]Health and Safety of Personnel Responding to the Incident
Response to flooding is response in hazardous conditions. Whether one is attempting swift water rescue, adding sandbags to dikes, or cleaning up debris after the waters have receded, an individual is working in a hazardous environment.
Impacts to responding personnel are similar to what can affect the citizens residing or working in the flood area. They include death from drowning and/or hypothermia, and either death or injury from trauma. Long-term, environmental hazards such as hazardous chemicals, sewage, etc. can cause illness, either acute or chronic.
[bookmark: _Toc20750729]Continuity of Operations and Delivery of Services
Continuity of operations for most jurisdictions within Pierce County will not be compromised due to flooding. However, those that have their main administration or critical components of their operations within the flood zone could find their operational continuity at risk. If files, paper or electronic, are damaged or destroyed, an organization may not be able to: contact clients; assign work; complete scheduled jobs; meet deadlines; access, track, and pay accounts; or pay staff. Without a Continuity of Operations Plan (COOP) that takes these issues into account, they may not be able to operate in their normal mode. This would be especially true for those jurisdictions like Orting, Sumner, Puyallup or Fife that lie directly on the river, or have a significant portion of their infrastructure located close to the river.
The delivery of services by the local jurisdictions and agencies within Pierce County is directly related to the degree of damage by the floods, to improved property, the infrastructure, and the areas in which the damage occurs. A flood that closes roads, either with water over the road or a washout, temporarily eliminates the ability of a local jurisdiction to repair other damaged infrastructure, respond to emergencies in the affected area, or deliver the other normal goods and services expected of it. Flooded electric substations, downed lines, contaminated wells, and broken pipelines all have the same impact. In all of these cases the delivery of services will be at least temporarily halted.
Damage to facilities, equipment, or files all could impact the delivery of services to citizens from individual jurisdictions or agencies.
[bookmark: _Toc20750730]Public Confidence in the Jurisdiction’s Goverance
The reputation of any individual jurisdiction within Pierce County or the public’s confidence in the jurisdiction is highly dependent on the public’s perception on how well the response and recovery were handled during and after the flood. A response that either shows or gives the impression that a jurisdiction is prepared and responsive to the public’s needs and manages a recovery to gets services back and damage repaired in a timely manner will enhance a jurisdiction’s reputation. If however, the perception develops, rightly or wrongly, that the jurisdiction is incompetent, slow to react, or ignores the needs of its citizens, then the reputation of the jurisdiction and the confidence in its abilities will decline.
[bookmark: _Toc20750731]Economic Conditions
In 2010, Pierce County Surface Water Management had an Economic Analysis conducted by Entrix that supported the 2013 Pierce County Rivers Flood Hazard Management Plan. This analysis focused on the 100-year floodplains of two river systems, its tributaries, and the large streams within the Planning Area. The report examined (1) existing socioeconomic conditions, (2) flood impacts to regional economic activity, (3) property damage, (4) transportation impacts, (5) wastewater treatment plant impacts, and (6) recreation impacts related to closures of Mt. Rainier National Park and Crystal Mountain. Pierce County faces the threat of significant impacts from flooding with potential flood related losses in excess of $725 million from a 100-year or larger flood (Entrix 2010). Over 21,000 people live in the floodplain in 9,340 homes. Businesses located within the flood plain provide 11,800 jobs. There are three wastewater treatment plants serving 216,000 people located in the floodplain.
The study summarized a range of estimates of economic impacts that were quantified, with both a low and high estimate, as follows:
· Property damage is estimated to be between $199 and $520 million.
· Loss of business revenue from disruption or closure ranges from $13 to $46 million, depending on the number of days of closure.
Delays in transportation network caused by road and rail closures are estimated to be between $12.6 and $19.3 million.
· The estimate of losses in agricultural output ranges between less than $1 to $20 million.
· Flood damage at wastewater treatment plants is estimated to be between $3 and $128 million.
· Lost revenue and income due to closures of Mt. Rainier National Park and Crystal Mountain Ski Resort is estimated to be between $1 and $14 million.
Surface Water Management will be updating the Pierce County Comprehensive Flood Hazard Management Plan in 2023. As a part of the update, a new economic analysis will be conducted.
[bookmark: _Toc20750732]Environmental Impacts
Minimizing Water Quality Impacts of Flooding
Three issues relate to flooding that affect aquatic life, ecosystem health and clean water. First, sources of pollution including chemicals, pesticides, fertilizers, metals, petroleum-based products, hazardous waste, and animal waste have the potential to contaminate flood waters when mobilized during flood events. This can be from improperly stored waste in the floodplain, or properly stored waste that is displaced due to flood flows. Locations of chemical or waste storage can include houses, garages, outbuildings, barns, and commercial and industrial businesses and a broad range of agricultural, residential, commercial, and industrial land uses. Second, septic systems and drain fields in floodplains are at risk of inundation and failure from floodwaters. Third, flood waters can erode and mobilize large amounts of sediment from watershed sources, instream and bank erosion that is later deposited downstream in rivers, floodplains, or Puget Sound. While some amount of sediment transport is natural and beneficial, excess sediment can degrade water quality and habitat.
Once chemicals, waste or other pollutants are mobilized by floodwaters the result can be degraded water quality conditions, toxic effects on fish and other aquatic biota, and habitat impacts. The proper storage, handling, and management of chemicals, waste and other pollutants is necessary to protect aquatic resources from adverse impacts. Components of a program to address these issues include education of citizens and businesses, technical assistance, best management practices, and regulation.
New development requirements prevent the construction of septic systems and drain fields in floodplains, but pre-existing systems remain a problem in some areas. Such systems need to be carefully managed to reduce risks to water quality.
Sources of excess sediment include watershed sources such as urban areas, agricultural activities, construction sites, and logging, as well as instream and bank erosion along rivers. Erosion control best management practices and stabilization of excessively eroding river banks can help reduce sediment sources.
Impacts on Water Quality, Fish and Wildlife, and Habitat
Water quality degradation can result from numerous pollutant types, including oxygen demanding materials (e.g., organic wastes), sediment, nutrients (phosphorus, nitrogen), metals (copper, zinc), trace organics (e.g., pesticides, fuels, oils and automobile products), and bacteria. Discharge of pollutants to receiving waters during flooding can cause violation of water quality standards, acute effects on fish and other aquatic biota, and impacts on habitat.
Impacts on aquatic species can lead to direct mortality from acute effects at toxic levels or chronic effects from sustained exposure to elevated levels of pollutants. For example, elevated levels of copper can impair olfaction (sense of smell) in salmon and impair the behavior of fish, in terms of their ability to migrate, feed, or detect predators. Water quality degradation can also reduce the diversity and abundance of aquatic insects and other stream biota, shifting to species that are more pollutant-tolerant. Examples of habitat impacts include sedimentation of spawning areas, or reduction of dissolved oxygen levels in water or interstitial areas of gravel.
Repetitive Flooding
In the last twelve years, the county experienced three major floods with November 2006 and January 2009 events receiving a presidential disaster declaration and the November 2008 flood largely overshadowed by the flood two months later. 2014 and 2015 had moderate flooding that increased FEMA’s listing of repetitive loss properties even though Pierce County has an active program removing flood prone structures. In the January 2018 publication from FEMA, there were 32 repetitive loss properties (two insurance claims of $1,000 or more in a ten-year period) with four of them meeting the severe repetitive loss (SRL) definition (four claims with the combined value at more than $20,000). The county has mitigated one property since this list was created and has recently purchased another home that will be removed from the FEMA list in the Clear Creek area.  This brings the total of purchased homes to over 450 since SWM’s buyout program began with just 31 being on the FEMA repetitive loss list.
The county has five primary repetitive loss areas where many properties have experienced flood losses in the last twenty years. These areas are: Clover Creek near Parkland, Coastal Dash Point, Mid Puyallup River south of Sumner, South Prairie Creek and Clear Creek behind the River Road levee. While FEMA has a list of homes where property owners had purchased flood insurance to mitigate the cost of cleanup and repairs, there are many more homes were flood insurance may not have been purchased or was purchased after the “big” flood. This means that homes will continue to be added to FEMA’s repetitive loss list until the area can be mitigated. The county intends to contact all flood prone properties, not just the ones on the FEMA repetitive loss list. This will be done through annual postcard notices that direct the recipient to learn more about their individual property by contacting the county. Once contacted, the county can discuss flood risk, mitigation and funding options. In the last four years this method has become more targeted to the flood risk (coastal, riverine, urban, and groundwater) which resulted in over 600 responses to last year’s postcard campaign. SWM has received a written request to be bought-out by 46 properties with one of these currently on the FEMA repetitive loss list.
Additional Flood Hazards in Pierce County
Coastal Flood Hazard
Pierce County has 123 miles of coastline that is predominantly high bank with a limited amount of low bank properties. The 2017 FEMA flood insurance rate map (FIRM) includes the first comprehensive coastal flood study of Puget Sound. 79 percent of the marine shoreline is mapped as a high hazard velocity zone where high waves can cause direct damage or erosion to structures. Chronic coastal flooding currently happens during high tide events that combine with wind events with Dash Point and Purdy seeing flooded structures, roads and parking lots. The latest NOAA guidance estimates sea level to be five feet higher in the next 80 years.
High coastal bank and bluffs can have coastal erosion lead to landslides and cause damage to properties both above and below the bank. This type of damage has been limited in the past but could increase with sea level rise.
Urban/Stream Flood Hazard
Urban flooding has a large stormwater runoff component. Within the urban growth areas drainage and creek systems can experience flash flooding events intensified by land cover changes. Stormwater runoff also has water quality concerns for human and aquatic health.
Groundwater Flooding
Pierce County was at the terminus of the last ice age and the glaciers left a mix of well-draining soils and nearly impervious hard till and clay. This geology results in pockets of groundwater flooding where underlying soils fill up after extended periods of rain and pool to the surface in low lying well-draining soils. Between Graham, Fredrickson and Spanaway, groundwater will move in a west-northwesterly direction until it reaches Puget Sound. Groundwater flooding generally occurs after above average rainfall from October to December and then surfaces from March to May in old glacier oxbows.
Community Outreach
Pierce County has conducted education and outreach efforts for many years to inform parcel owners and property dwellers of the importance of flood insurance and flood preparedness. These efforts have been both stand-alone campaigns and part of larger campaigns to raise community awareness to prepare for significant weather events and natural disasters. Each year, Pierce County Surface Water Management sends notifications about flood insurance and flood risk to more than 19,000 addresses that are in the county’s floodplains. Postcards are mailed out the first week of October and reminder postcards are sent out shortly after. The postcards inform residents of the free services Surface Water Management offers, such as flood maps for parcels, copies of existing elevation certificates, and ways to mitigate flood risk and lower premiums. Surface Water Management also provides information on its website about flood insurance and flood preparedness.
Implementation and Partnerships
Flood Control Zone District
RCW 86.15.025 gave the Pierce County Council the authority to establish either countywide or a basin-level flood control zone district (FCZD) that creates additional opportunities for new, dedicated funding sources. On April 3, 2012, the Pierce County Council passed Ordinance 2011-95s, creating the Pierce County Flood Control Zone District (FCZD). The purpose of the FCZD is to construct, operate, and maintain flood control projects to reduce flooding and channel migration risks. The district is governed by a Board of Supervisors and an Executive Committee with input and recommendations from an Advisory Committee. Funding for the FCZD comes from a countywide property levy. Since 2014, SWM has received an estimated $11 million for capital projects from the FCZD to reduce flood risk and address channel migration problems.
Floodplains for the Future
Floodplains for the Future is a cross-sector and inter-organizational partnership in the Puyallup watershed. 22 partner organizations meet to plan, fund, and implement floodplain projects to attain the shared vision of restored connections between rivers and land to improve habitat for salmon, and protect communities and infrastructure from flooding while preserving agricultural lands. Partners include:
· American Rivers
· City of Orting
· City of Puyallup
· City of Sumner
· Floodplains by Design
· Forterra
· King-Pierce Farm Bureau
· Muckleshoot Indian Tribe
· PCC Farmland Trust
· Pierce Conservation District
· Pierce County
· Pierce County Agricultural Program
· Port of Tacoma
· Puget Sound Partnership
· Puyallup Tribe of Indians
· Strategic Conservation Partnership
· South Puget Sound Salmon Enhancement Group
· The Nature Conservancy
· UW Climate Impacts Group
· Washington State Department of Ecology
· WRIA 10/12 Lead Entity
· WSU Extension
Some of the projects that this group is working on are: Orville Road Protection project, Clear Creek Floodplain Reconnection project, Neadham Road Acquisition and Revetment, South Prairie Creek Restoration Project, Alward Road Acquisition and Floodplain Restoration, Pacific Point Bar, Ball Creek, White River 24th Street Point Bar, and South Fork Side Channel Reconnection Project. For additional information, please visit: https://floodplainsforthefuture.org/
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