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	To:
	Lance Winecka, SPSSEG Executive Director

	From:
	Mary Ann Reinhart, Natural Systems Design

	Date:
	December 30 2013

	Re:
	DRAFT Geomorphic Characterization and Geotechnical evaluation 
South Prairie Creek Restoration site


Introduction
This memo summarizes the preliminary results of a geomorphic desk top study, the hydrologic and hydraulic analyses, and the findings of a Geotechnical Evaluation for soils comprising the floodplain within the restoration project area, as described under Tasks 1 and 3 of the project scope of work. The geomorphic study is preliminary and incomplete, pending completion of 2-D hydraulic modeling to be conducted, and the collection of additional field data in the immediate vicinity of the project site.  The hydrologic analysis is complete and provided under separate cover; the findings of this analysis are not included in this memorandum.  The Geotechnical Evaluation has been completed and the results are summarized in this memo. 
	` 
geomorphic desk top study
The desk top study was conducted to inform the project team of physical conditions and geomorphic/hydraulic processes operating within, upstream and downstream of the project area that could affect the restoration design and its post construction performance.  The desk top study is based on a review of previously completed reports and studies, including a channel migration zone study (GeoEngineers, 2005) and restoration plans completed in 2011 (Cardno Entrix).  
History and Regional Setting
The South Prairie Creek watershed drains a portion of the Carbon Ridge, located on the western flank of Mt. Rainier. The uppermost portion of the watershed contains numerous small feeder streams and small lakes, several of which are source lakes for South Prairie Creek and its major tributaries.  From the headwater lakes (located between elevations 4,000 and 4,500 feet) the main stem stream extends a distance of 22 miles through narrow and deeply incised bedrock ravines to an elevation of about 500 feet where the stream enters onto a relatively broad floodplain, South Prairie Valley.    From elevation 500 feet, the stream extends another 8 miles to the Carbon River confluence.  The valley is roughly 1,000 feet wide and has steep valley walls that range from 100 to 250 feet in height.  The valley floor is generally flat with low relief terraces that make up less than 10 percent of the valley bottom surface area. 

The South Prairie Creek Valley was originally formed by a glacial melt water during Pleistocene Glaciation.  From about 14,000 to 5,600 years before the present, the ancestral White River flowed through what is now the South Prairie Creek  valley.  During that time period, the ancestral White River watershed drained an area roughly three times bigger than the present-day South Prairie Creek watershed, which generated peak flows much higher than those coursing through the modern day South Prairie Creek.  The ancestral White River carved out the steep bluffs observed along the valley walls of South Prairie Creek and deposited alluvial sediments derived from Mt. Rainier across the valley.  
The size and shape of the White River watershed changed abruptly about 5,600 years ago, with a partial collapse of Mt. Rainier’s composite crater.  The collapse triggered a massive lahar, the Osceola Mudflow, which flowed down the northeastern side of the mountain engulfing the White River Valley and surrounding area to about the location of Auburn, Washington.  The mudflow plugged a narrow gorge where the ancestral White River entered the South Prairie Valley, causing the White River to divert from its historic channel to a new and still present course.  The mudflow coursed through the South Prairie Valley as far downstream as the Carbon River confluence.  The mudflow inundated the gorge and buried much of the South Prairie Valley floor and pre-existing ancestral White River alluvial deposits.  
The presence of the Osceola Mudflow and the abrupt truncation of the upper basin size have had profound effects on both the fluvial and geomorphic character of the present day South Prairie Creek (SPC). The creek headwaters are disconnected from Mt. Rainier glaciers and therefore receive only a fraction of the water formerly supplied by Mt. Rainier glaciers, snow fields, and small drainage channels.  Following truncation of the upper drainage basin, SPC source waters include ground water seeps and springs, and surface water runoff from the smaller upper catchment on Carbon Ridge.  The reduction in peak flows has reduced SPC to an underfit stream, meaning that the creek is incapable of utilizing the full width of the valley floor, and lacks the stream power necessary to erode valley walls and the very coarse material (large cobbles to boulders) included in the ancestral White River alluvium.  
Over the last 5,600 years the main stem SPC has eroded its own corridor through the Osceola Mudflow.  In many sections of the South Prairie Valley the erosion has included channel floor incision, which has disconnected the stream from the floodplain.  
The development within the basin largely took place from the 1870s to 1930s.  Land use activities included coal mining, stone quarries, railroad operations, timber harvesting, and farming.  Development of transportation infrastructure led to construction of channel bank revetments and some levees as a means of protecting roads and rails from erosion and floods.  
Historic records indicate that the region was largely forested prior to development in the late 1800s, except for a few areas along the South Prairie Valley floor that were maintained as prairies by Native Americans.  A local historian indicated, “[Native Americans] ‘routinely burned the prairies to keep the area clear for hunting purposes.”  A USGS land classification map surveyed in 1897 confirms the presence of the prairies as treeless areas on the valley floor immediately downstream from the town of South Prairie.
From 1874 to the 1960s coal was mined from subsurface deposits (Carbonado Formation) located in the upper basin.  Mine tailing and loading operations located along side or within the creek bed were based on gravity.  Mining activities increased SPC sediment loads and downstream deposition.  Layers of fine coal fragments interbedded with sand are present in SPC cutbanks in several locations; these deposits record the downstream transport of tailings during the coal-mining era.  
The 1897 land classification map indicates that most of the South Prairie Valley bottom was cleared and replanted by the end of the 19th century.  However; since that time, the history of logging within the basin has not been well documented.  A USGS study entitled Flood Potential of South Prairie Creek, Pierce County, Washington by MC Mastin (1998) provides a summary of logging within the basin from the mid-1960s to the late 1990s.  The report states that logging increased from 1965 to 1990.  The percentage of clear-cut area within the total basin area increased from 11.2% in 1965 to 34.5% in 1990, and the total length of logging roads increased from 119.6 miles in 1965 to 237.0 miles in 1990.  
As described in the USGS report, these activities increased sediment production and delivery to the channel, which in turn, likely decreased channel dimensions and the capacity to contain flood flows.  
The Northern Pacific Railway Company constructed a railroad in 1887, which ran to Buckley and Wilkerson and included a bridge near the town of South Prairie.  Bank revetments were constructed to prevent erosion whereever the creek impinged upon the railroad embankment.   
Road construction and their protective revetments added to the confinement of the creek, in some areas to a very small portion of the valley.  SR-162 (previously Pioneer Way) was constructed sometime between 1897 and 1931.  Between 1965-7, the state improved the highway, built new bridges and widened the road.  Today, the railroad and SR-162 confine SPC to a fraction of the valley floor. 
The riparian habitat that existed prior to settlement was largely removed over 100 years ago.  The 1897 land classification map shows the South Prairie Valley was used for agriculture.  Today, much of the valley floor is maintained as pasture or fallow open space where only a small portion of the valley is wooded.  The creek’s riparian areas commonly consist of narrow bands of Cottonwood and other deciduous trees.
Project Reach Setting
The project area is situated in the lower third of the watershed, just upstream of the Pioneer Way bridge, and within Reach 5, as defined in CMZ Study (GeoEngineers, 2005).  The reach may be characterized as a single stem channel with large bends connected by gently curving sections, and broad floodplains on both sides of the channel.  The stream banks within the project area are composed of Osceola Mudflow deposits overlain by sand and gravel alluvial deposits along the south bank. The north bank is composed of sand and gravel alluvium; no visual evidence of the Osceola mudflow was observed along this bank, and existing geologic maps do not show the Osceola along this bank.  Stream bed materials could not be observed due to the height of the flow at the time of the site visit.  
The CMZ Study describes this reach as being subject to bank and streambed erosion, but otherwise stable in terms of channel migration.  The study indicates that the channel has not moved appreciably from the late 1800’s to 2005, based on evaluation of a land survey map dating back to the late 1800’s and time series aerial photographs dated from 1939 to 2005 (the CMZ completion date).  Lack of migration and the channel’s predisposition to incision was attributed to the presence of the Osceola Mudflow in the subsurface.  However, channel conditions and behavior changed following two major storms, one in November of 2006, and another in January 2009.  During these events, large sediment volumes were admitted to the upper and middle section of the channel and transported to the South Prairie Valley where a substantial portion of the sediment load was deposited as channel lag and bar deposits.  In some areas, the deposition formed center islands and point bars, filling a portion of the channel area, which in turn initiated channel widening and migration of existing bends.  It is not possible to determine whether the channel floor aggraded substantially in response to these events.  However, it is clearly observed that three areas, in particular, responded with significant channel widening and migration (indicated by bank recession). These areas are 1) the large bend located upstream of the horse track, 2) the north bank of the large arching bend located 600 feet downstream of the western end of the horse track, and 3) the tight S-turn bend at the downstream end of the project area (roughly 1025 feet northeast of the Pioneer Way bridge crossing.  
In the immediate vicinity of the restoration project area, channel widening occurred in response to the formation of a large bar/island (Figure 1).  The island appears to be acting like a point bar, deflecting flow around the bar, forming a bend that is migrating northward. Since November 2006, the bend has migrated 100 feet along the north bank.  
Within the restoration project area, the north floodplain contains several low relief topographic features.  Extending northward from the channel edge, the features include large, shallow depressions set in a floodplain; an old channel entrenched in the floodplain with irregular bends extending the entire length (east-west) of the project area; an alluvial terrace elevated roughly 1 to 2 feet above the old channel (also extending the full length of the project area); and a ditched drainage channel that runs directly adjacent to the valley wall.  All features are shown in Figure XX.  
A relative elevation map (REM) developed from bare earth LiDAR returns indicates the channel is relatively shallow (1 to 2 feet) compared to the main stem creek.  The channel banks are gently inclined, giving a bank-full width from 60 feet at upstream end of the project area to 40 feet at the downstream end.  The old channel floor and banks are well vegetated by grass; no bare soil or clear evidence of erosion was observed at the time of the site visit.   Based on information provided by the SPSSEG, the Puyallup Tribe, and Pierce County, the old channel conveys water at most high stage flows.  Reconnaissance photographs taken from the air during a high stage flow show water entering the old channel at an active bend in the main stem creek, near the horse track.    
The downstream end of the old channel connects with a ponded oxbow channel that has been cut off from the main stem channel by an earthen plug.  The oxbow plug is located approximately 1600 feet upstream from the Pioneer Way E bridge crossing.  The oxbow receives water from the drainage ditch and possibly from a small, natural drainage channel that drains a large ponded area adjacent to Spring Site Rd E.  The drainage ditch is said to be perennial (based on communication with Puyallup Tribe staff), receiving most of its flow from groundwater seeps and springs emerging from the north valley wall. 













  

Geotechnical approach
The purpose of the Geotechnical investigation is characterize subsurface soil composition and conditions to inform the floodplain elements of the restoration design as well as aid the development of design cost estimates.  Information yielded from this evaluation will contribute to the design teams understanding of erosion potential, and subsequently the migration potential if a new channel feature(s) is excavated into the flood plain.   
The geotechnical task was originally based on the assumption that a small track hoe could travel across a bridge previously used to move farm equipment across the creek channel.  This bridge was determined to be unsafe for the transport of heavy machinery, resulting in the excavation of all subsurface explorations by hand.  Subsurface explorations were completed using two methods:
Penetration using a 36 inch long soil probe 
Hand-excavated test pits
A series of 23 soil probes were conducted by an NSD field team November, 2013.  Soil probing was performed to the depth of refusal (impenetrable gravel or cobble) or to a maximum probe length of 36 inches, whichever was encountered first.  All probes indicate the presence of a relatively thick layer of loose sand extending to depths of 12 to 30 inches with several of the probes encountering a gravel/cobble layer (see Figure 1 and Table 1).   



Table 1
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[bookmark: _GoBack]A work crew provided by Pierce County excavated a total of 11 test pits.  The test pits were supervised and logged by Mary Ann Reinhart, L.E.G, from NSD.  Test pits (TP) were excavated to depth of refusal, with the exception of TP-5, which was excavated to the maximum depth allowable by hand tools under the soil conditions encountered (see Figure 1 and Table 2).  Depths of refusal were subtracted from the ground surface elevation to determine the gravel-cobble elevation throughout the site (Table 2).  It is important to note that no evidence of the Osceola Mudflow was observed in any of the excavated test pits.  

Table 2 
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Findings	

The surface substrate observed in all test pits consisted of a thick unit of poorly-graded medium sand with silt, underlain by alluvial gravels to large cobbles likely laid down by the ancestral White River.  No laminae or bedding was observed in the side walls of the test pits and the sediment appears to be will mixed and homogenous in consistency and composition.  The excavated soil had grain sizes of 0.1-0.4 mm.  A gravel-cobble layer was encountered at all test pits excavated, with the exception of TP-5 (Table 1) where the depth of refusal is uncertain due to the limitations of the hand tools and safety concerns for the work crew.  Groundwater seepage entered all test pits, hampering visual observations and complicating precise description of the composition of the refusal layer.  The refusal layer was predominantly cobble with D50 ranging from 200-250 mm.  
The elevations of the gravel-cobble layer were estimated from the LiDAR digital elevation model (DEM).  The results of the evaluation indicate that the elevation of the subsurface gravel/cobble layer decreases from east to west across the project area.  Based on a review of all available subsurface data, it is highly likely that the gravel/cobble layer forms a generally low relief, planar surface encompassing the length of the old channel.  
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Test Pit 

ID

Excavation 

Depth (ft)

Depth to 

Gravel/ 

Cobble (ft)

Surface 

Elevation 

(NAVD 83 ft)

Gravel/ 

Cobble 

Elevation 

(NAVD 83 ft)

Length 

(ft)

Width 

(ft)

TP-1 3 4.5 384.5 380.0 0.0 0.0

TP-2 2.1 2.1 383.1 381.0 5.2 3.8

TP-3 4.8 4.8 383.4 378.6 9.0 3.0

TP-4 2.8 2.8 385.2 382.4 4.9 5.3

TP-5 6 - 387.6 - 2.9 4.0

TP-6 3.6 3.6 387.8 384.2 5.5 1.6

TP-7 3.1 3.1 383.6 380.5 4.1 2.1

TP-8 3 3 381.8 378.8 5.5 2.5

TP-9 2.5 2.5 379.4 376.9 3.0 2.3

TP-10 3.1 3.1 381.6 378.5 6.0 2.4

TP-11 2 2 388.7 386.7 7.0 1.5

Trench Dimensions
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Soil Probe 

ID

Excavation 

Depth (ft)

Depth to 

Gravel/ 

Cobble (ft)

Surface 

Elevation 

(NAVD 83 ft)

Gravel/ 

Cobble 

Elevation 

(NAVD 83 ft)

0 1.5 1.5 380.9 379.4

1 1 1 381.6 380.6

2 2 2 381.2 379.2

3 2.5 - 382.5 -

4 2.5 - 382.7 -

5 2.5 - 383.6 -

6 2.5 - 383.4 -

7 2.5 - 382.3 -

8 2.5 - 380.7 -

9 1 1 381.8 380.8

10 2 2 381.2 379.2

11 1 1 382.0 381.0

12 2.5 - 381.1 -

13 2.5 - 382.0 -

14 2.5 - 381.7 -

15 2.5 - 383.8 -

16 2.5 - 385.0 -

17 1.5 1.5 383.7 382.2

18 2.5 2.5 384.7 382.2

19 3 - 385.0 -

20 2.5 - 385.2 -

21 2 2 389.1 387.1

22 0.25 0.25 390.2 389.9
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