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The following management plan was developed to document current site conditions and guide future activities at the Pierce Conservation District Demonstration Farm, located in north central Pierce County (Figure 1).  The plan is broken up into two sections.  The first provides a general description of the site, its history, and current condition.  The second describes the current land managers’ vision for the site and outlines the goals and objectives for the property as a whole as well as the individual activities that occur there.  This document is a living document, meaning that the information provided herein will be revised and supplemented over time as plans and designs for individual activities on the Farm are developed and finalized.  
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Figure 1.  Location map for the Pierce Conservation District Demonstration Farm
13518 Pioneer Way in South Prairie, Washington 98385

NW quarter, Section 13, Township 19 North, Range 5 East
Latitude: 47°8'00" North;  Longitude: 122°7'10" West
This figure was prepared by the Pierce Conservation District, Puyallup, Washington.
Background

The Pierce Conservation District has fee ownership of the property and is responsible for all ongoing maintenance of the Pierce Conservation District Demonstration Farm (hereafter referred to as the “Farm”).  Pierce County holds a conservation easement for the property (see Appendix A).  The Farm was purchased in March 2005 with funds provided by the Interagency Committee for Outdoor Recreation (IAC# 021584), Boeing Corporation, Pierce County Public Works/Water Programs, and the Pierce Conservation District.  In addition, the in-kind contributions of the following groups in acquiring the property are gratefully acknowledged:    

· Pierce County Public Works/Water Programs

· Washington State Department of Fish & Wildlife

· Cascade Land Conservancy
· USDA Natural Resources Conservation Service

· Puyallup Tribe

· Foothills Rails to Trails Coalition

The three main drivers for acquiring the Farm, formerly the Inglin Dairy Farm, were: 

1. To support primary fish recovery, habitat protection, and geographic objectives outlined in the Puyallup/White River watershed salmon recovery strategy (Mobrand Biometrics, Inc. 2003),   
2. To improve the water quality of South Prairie Creek,

3. To demonstrate environmentally-sound farm management techniques when located adjacent to prime salmon habitat.  

South Prairie Creek, which passes through the property, is a crucial producer of wild salmon, producing nearly half of all the wild steelhead in the Puyallup River system; the only significant run of pink salmon; and healthy returns of Chinook, coho and chum salmon and sea-run cutthroat trout (Kerwin 1999).  According to the Puyallup River watershed salmon recovery strategy (Pierce County 2004), near-term high priority actions include “protection and/or restoration of presently functional salmon streams, including South Prairie Creek and its tributaries” to prevent further habitat degradation.  Acquisition and protection of the Inglin Dairy Farm was the number three ranked priority identified by the South Prairie Creek Action Plan (Cascade Land Conservancy 2002) to protect salmon habitat in the watershed.  The proposal to acquire the property was the third ranked salmon recovery project for the 5th round of Salmon Recovery Funding Board grants submitted to the WRIA 10/12 Lead Entity. 
In addition to salmon habitat concerns, South Prairie Creek has been a focus of the Washington State Department of Ecology regarding its failure to meet certain state water quality standards.  Elevated concentrations of fecal coliform bacteria measured in 1992 and 1993 in lower South Prairie Creek led to the stream’s inclusion in the 1996 and 1998 Section 303(d) lists of polluted waters of the State (Barreca and Roberts 2003).  In addition, monitoring conducted in 2000-2001 indicates that much of lower South Prairie Creek exceeds the state’s temperature standard.  
Public ownership of the property provides opportunities for long-term preservation and improvement of the stream, floodplain-riparian habitats, and water quality through compatible land management practices and restoration activities.  In addition, it provides public outreach opportunities to promote sound stewardship of the watershed.  Establishment of the Farm as a central preserve in the lower South Prairie Creek basin is expected to be the first of many similar acquisitions and easements leading to a fully functional, self-sustaining “safe riparian corridor” for salmon spawning and rearing in South Prairie Creek (Figure 2).  This project is intended to work in conjunction with other restoration, conservation, and monitoring activities within the watershed.
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Figure 2.  Publicly-owned property in the lower South Prairie Creek watershed.  This figure was prepared by the Pierce County Public Works and Utilities, Water Programs, University Place, Washington.

Site Description

The 100 acre Farm is located in northeast Pierce County, just west of the town of South Prairie (Figure 1).  The property is irregular in shape.  A 0.75 mile long reach of South Prairie Creek (from approximately river mile 3.95 to 4.7) is encompassed within the property and delineates a portion of the northern property line (Figure 3).  South Prairie Creek is a 22-mile long tributary to the Carbon River, which is part of the Puyallup River watershed.  In addition, two tributaries of South Prairie Creek traverse the property.  Tributary 1 is a 1-mile long left bank tributary, entering South Prairie Creek from the south at river mile 4.2.  Tributary 2 is a right bank tributary, entering South Prairie Creek from the north at approximately river mile 3.9.   It is less than 1-mile long.  A roadside ditch runs from east to west along SR162, then heads north through the property and discharges to South Prairie Creek, just downstream of the mouth of Tributary 1.
At the time of purchase, the property contained a house and various outbuildings located in the southwest portion of the property.  Outbuildings included various barns and sheds associated with commercial dairy operations (Figure 4).  Stormwater from the central dairy facility was collected in an underground storage tank.  In addition, four outbuildings were located near the center of the southern property line, and a mobile home was located near the center of the western property line, north of Tributary 2.  Vehicle access over South Prairie Creek was provided by a timber bridge located adjacent to the outbuildings in the southwest portion of the property.  Vehicle access over the ditch was provided by a culvert.  In addition, exposed parallel culverts provided foot access over the ditch near its mouth.  Vehicle access over Tributary 1 was provided by a ford located near the outbuildings in the center of the southern property line.  Access to the water withdrawal on Tributary 2 was provided by fill over a culvert near the eastern property line.

With the exception of the northwest corner of the property, the site slopes gently from east to west.  It ranges in elevation from roughly 365 feet to 400 feet above sea level (NGVD29) at the western and eastern property lines, respectively.  The average slope is less than 2.5%, with steeper slopes found on the stream banks.  The northwest corner of the property is a steep hillside that ranges in elevation from 375 to 600 feet.   It has a maximum slope of 106%.  Having been used as a dairy since the late 1800s, vegetation along the valley floor at the time the property was purchased consisted mostly of pasture grass with a narrow fringe of primarily deciduous trees and shrubs along either side of South Prairie Creek and Tributary 2.  Vegetation was sparse along Tributary 1.  The hillside at the northwest corner of the property was heavily forested with coniferous trees.   The fields were in good condition with relatively few weeds.  All fields were underlain by tile drains.
See enclosed file for 11x17 plot
Figure 3.  Aerial photo of the Pierce Conservation District Demonstration Farm, prior to its purchase.  This figure was prepared by the Pierce Conservation District, Puyallup, Washington.
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Figure 4.  Detail view of the central farm area.  This figure was prepared by the Pierce Conservation District, Puyallup, Washington.
Site History

South Prairie, located just east of the site, was founded based on its proximity to rich sources of coal, timber, and stone (Jacobin 1925, Gatto 1964).  The history of the town dates back to the 1850s.  The Donation Act of 1850, commonly known as the “Oregon Land Law”, encouraged immigration to the Oregon and Washington territories by allowing any citizen over the age of  21 to go there and select a half-section of land.  Upon proof of having lived there for five years, ownership of the land was theirs.  Paul Emory located his claim in 1855 and is credited for having named the town of South Prairie because of its position relative to Porter and Connell’s Prairies (Gatto 1964).  The eastern portion of the Farm overlaps with the original Emory claim.  It includes Tax Parcel Numbers 0519132700, 0519132017, and 0519131030.
MONTY to provide title history and water rights information
Pierce County Auditor798-7440 www.co.pierce.wa.us/auditor  
need title history of land. Burt Inglin’s father bought a portion of the property from George Erikson in 1959 and bought the land next door from Caviztel in ____.  
Pierce county assessor 253-798-6111   ,-7427

2401 South 35th st, rm 200

Tacoma, WA 98409

Everything done by name, not parcel #--need to go through title search company

S 38th St, rt on s Pine st, Rt on S 35th St, on left

Water rights dated 1944
The property has been used as a commercial dairy for at least the past forty years, since it was purchased by Mr. Inglin.  Fields were kept drained for pasture through the use of tile drains.  Despite the tile drains, fields were typically wet in winter.  The wettest fields were those located north of South Prairie Creek.  In general, heavy equipment could access pastures starting in mid-April, depending upon spring rainfall.  Historically, cows grazed the pastures.  However, cows were removed from the pastures in 1978, once the barn was built.  From that point on, the fields were used solely for hay production.  Fields were plowed every five years and mowed six times per year, roughly every three weeks during the growing season.  (Burt Inglin 2005, former landowner, personal communication)
Geology

The following section is a summary of information provided in Geomorphic Evaluation and Channel Migration Zone Analysis for South Prairie Creek, Pierce County, Washington (GeoEngineers 2005).
The South Prairie Creek Valley was carved out by the ancestral White River, which flowed through the valley from about 14,000 to 5,600 years before present.  The ancestral White River flowed from Mount Rainier.  Its drainage basin was approximately three times that of the present-day South Prairie Creek.  Consequently, its peak flows and sediment carrying capacity were also much greater.  Then, approximately 5,600 years ago, the course of the White River was permanently diverted to its present day location when a partial collapse of Mt Rainier’s crater triggered a massive lahar, referred to as the Osceola Mudflow.  The mudflow engulfed the ancestral White River Valley to about the location of Auburn, Washington, and buried much of the South Prairie Creek Valley floor.  The upper watershed of South Prairie Creek, which likely was tributary to the ancestral White River, became isolated from the mainstem.  
Today, South Prairie Creek’s valley floor consists of Osceola Mudflow deposits that have been eroded or covered by riverwash and silty loam (overbank alluvium) deposited by South Prairie Creek.  Pre-existing ancestral White River alluvial deposits underlie those from the Osceola mudflow.  Figure 5 depicts the extent of the Osceola Mudflow. 
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Figure 5:  Extent of the Osceola Mudflow within the South Prairie Valley.  Source:  GeoEngineers (2005).  This figure was reproduced with permission from the Pierce County Public Works and Utilities Department, Water Programs Division, University Place, Washington.  
Soils

Four types of soil occur on the Farm (Figure 6).  Briscott loam variant and Buckley loam make up the valley floor to the north and south of South Prairie Creek, respectively (Zulauf 1979).  The steep slope at the northwest corner of the property consists of 45 to 70 % sloped Xerochrepts.  Barneston gravelly coarse sandy loam, 6 to 15% slope, occurs along the edge of the plateau at the top of the hill.  The following soil descriptions were derived largely from Zulauf (1979).
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Figure 6.  Soil map.  This figure was prepared by the Pierce Conservation District, Puyallup, Washington.
Briscott loam variant is a moderately well drained soil formed in alluvium under hardwood and conifer trees on floodplains.  Soil permeability and the available water capacity are moderate.  Surface runoff is slow and there is a slight erosion hazard.  Flooding typically occurs frequently and for long durations from December through March.  The water table is high (0.5 to 3.0 feet) from November through April.  Bedrock is more than 60 inches deep.  Included with this soil in mapping are small areas of a somewhat poorly drained soil in narrow, meandering depressions.  

In a typical profile of Briscott loam variant the surface layer is dark brown loam about 13 inches thick.  The upper part of the underlying material, to a depth of 36 inches, is dark yellowish brown sandy loam and brown sand; the lower part, between depths of 36 and 60 inches, is mottled, dark gray fine sandy loam and very gravelly sand.  The soil reaction is medium acid.  The effective rooting depth is more than 50 inches.  
The taxonomic description given by Zulauf (1979) for Briscott loam variant is Coarse, loamy, mixed mesic Fluventic Haploxerolls indicating that the soil is a Mollisol [oll] that is subject to a xeric [xer] moisture regime (dry summers and moist winters) and is minimally-developed [hapl].  It formed from fluvial deposits [fluv] and has some Entisol characteristics [ent], which is further indicative of the Mollisol being weakly developed.  The soil has a loamy texture with some coarser material, a mixed clay mineral content, and mesic (8 to 15 degrees Celsius) soil temperature.  Mollisols are characterized by having a thick soft humic surface horizon rich in calcium and magnesium (Brady and Weil 2004).  They are very fertile soils, having a high (>50%) base saturation and good physical properties.  Zulauf (1979) states that Briscott loam variant forms under hardwood and conifer trees, but most Mollisols have developed under the dense root systems of grass vegetation (Brady and Weil 2004).  Its presence may indicate that prairie vegetation once dominated the area.
Buckley loam is a poorly drained soil formed in the Osceola mudflow under coniferous and deciduous trees.  Its permeability is slow.  The available water capacity is high.  Surface runoff is very slow, and there is no erosion or flooding hazard.  The high water table remains close to the surface throughout the rainy season.  It is typically perched at a soil depth of 0 to 2.0 feet from November through June.  As a result, the movement of equipment is restricted to the very dry season.  Included with this soil in mapping are as much as 10 % moderately well drained Alderwood soils on knolls and very poorly drained soils that formed in decaying plant remains in depressions.

In a typical profile of Buckley loam the surface layer is very dark brown, medium acid loam about 10 inches thick.  The upper part of the subsoil is brown, medium acid, prominently mottled sandy loam and gravelly sandy loam about 28 inches thick.  The lower part of the subsoil, to a depth of more than 60 inches, is grayish brown, slightly acid gravelly sandy clay loam.  Bedrock is greater than 60 inches deep, but very few roots penetrate the lower part of the firm subsoil.  
Its poor drainage limits Buckley loam to water-tolerant trees, such as red alder and western red cedar.  Hand planting of Douglas-fir is difficult and their survival rate is very low because of the saturated soil condition.   Tree seedling mortalities of 25 to 50% are expected on this soil as a result of soil or topographic conditions.  There is a relatively high risk of trees being uprooted when the soil is wet and the winds are moderate or strong.
The taxonomic description given by Zulauf (1979) for Buckley loam is Fine-loamy, mixed, nonacid, mesic Typic Humaquepts indicating that the soil is a humus-rich [hum], water saturated [aqu] Inceptisol [ept].   It has a fine, loamy texture, mixed clay mineral content, and mesic (8 to 15 degrees Celsius) soil temperature.  Inceptisols are relatively young soils in which only slight profile development has occurred (Brady and Weil 2004).      
The Xerochrepts on the northwest corner of the property are moderately well drained to somewhat excessively drained soils ranging in slope from 45 to 70 %.  They mainly formed in glacial till, but some formed in sandy and gravelly outwash.  The soil profile varies but commonly consists of a mat of undecomposed needles and wood over a dark yellowish brown gravelly sandy loam surface layer.  The subsoil is dark brown, brown, and dark yellowish brown gravelly sandy loam about 40 inches thick.  The substratum, to a depth of more than 60 inches, is dark grayish brown gravelly sandy loam and gravelly loamy sand that is weakly cemented at a depth of about 50 inches.

The permeability of Xerochrepts varies.  Runoff is very rapid, and the erosion hazard is very severe.  These soils are prominent in tree-covered slump areas.  Vegetation is typically comprised mostly of conifers and may include Douglas fir, western red cedar, western hemlock, red alder, and big-leaf maple.  Tree seedling mortality is not likely to be a problem (the expected rate is less than 25 %), but some trees may blow down during moderate or strong winds if the soil is wet.  Non-intensive use of these soils requires limited tree cutting.  Cultivation of these soils is severely limited due to the risk of erosion unless close-growing plant cover is maintained.  Their steep slope severely restricts the use of equipment.  Xerochrepts are Inceptisols [ept] that are subject to a xeric [xer] moisture regime (relatively dry summers and moist winters).  They have an ochric [ochr] surface horizon.  
Barneston gravelly coarse sandy loam, 6 to15 % slope, is a somewhat excessively drained soil that was formed in gravelly glacial outwash under conifers along the foothills of the Cascades.  Its permeability is rapid, the available water capacity is low, and the high water table is more than 6 feet below the soil surface.  Surface runoff is slow and there is a slight erosion hazard.  Equipment limitations on this soil are slight, meaning that, in general, the kind of equipment or season of use is not significantly restricted by soil factors.  Included with this soil in mapping are as much as 7 % sand Indianola soils, as much as 10 % soils that are underlain by shattered andesite at a depth of about 1 to 3 feet, and 5% stony soils that are undulating.
The profile of Barneston gravelly coarse sandy loam is typically described as a mat of extremely acid undecomposed needles and wood overlying a 5 inch thick layer of gravelly coarse sandy loam surface layer that is very dark brown or dark grayish brown and very strongly acid.  The subsoil, to a depth of 13 inches, is a dark yellowish brown, strongly acid gravelly coarse sandy loam.  The substratum, to a depth of more than 60 inches, is brown, medium acid, very gravelly sand.  Few roots grow into the substratum.  

Trees commonly found on Barneston gravelly coarse sandy loam include Douglas fir, western hemlock, western red cedar, and red alder.  The seedling mortality rate for this soil is expected to range from 25 to 50 %; seedling survival is very low where depressions allow frost pockets to develop.  Under normal conditions, there is little likelihood of trees being uprooted by the wind.   However, damage to the trees may occur.   The major soil limitation placed on tree productivity in Barnston gravelly coarse sandy loam is the high content of coarse fragments in the soil profile. The gravel content also hampers hand planting.
The taxonomic description given by Zulauf (1979) for Barneston gravelly coarse sandy loam is Sandy-skeletal, mixed, mesic Dystric Xerochrepts.  This indicates that the soil is an Inceptisol [ept] that is subject to relatively dry summers and moist winters [xer] and has a low base saturation [dystr].  The soil has a sandy texture with up to 35 % rock fragments by volume, a mixed clay mineral content, and mesic (8 to 15 degrees Celsius) soil temperature.     

Climate

The average annual precipitation at the site is between 44 and 48 inches (NRCS 1998).  Precipitation is unevenly distributed throughout the year (Figure 7).  Frequent, low intensity storm events are typical during late fall and winter.  But during the summer, often several weeks pass between rainfalls.  Precipitation is highest November through January.  Only 25% of total annual precipitation occurs during the growing season (May through September) (Zulauf 1979).  Snowfall varies from year to year.  The average annual snowfall recorded at the Puyallup Experiment Station from 1951 through 1974 was 10 inches (Zulauf 1979).  Snow accumulations of 1 inch or more occurred for an average of 3 days/year.   Approximately six thunderstorms occur each year, three of those occur in summer (Zulauf 1979).
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Figure 7.  Average precipitation recorded at the Puyallup Experiment Station in Puyallup, Washington from 1951 through 1974.  Reproduced from data presented in Zulauf (1979).

Temperatures are relatively mild throughout the year (Figure 8).  Frequent cloud cover during the winter allows for limited daytime-nighttime variation.  However, summer skies are typically clear and temperatures drop significantly at night.  The average daily temperature recorded in nearby Puyallup, Washington for December through February was 40.5 degrees Fahrenheit.  The average daily minimum and maximum were 33.1 and 47.8 degrees Fahrenheit, respectively.  The lowest temperature on record at the Puyallup Experiment Station was 0 degrees and occurred on November 15, 1955 (Zulauf 1979).   Daily temperatures recorded for June through August averaged 62.8 degrees Fahrenheit.  The average daily minimum and maximum were 49.2 and 76.4 degrees Fahrenheit, respectively.  The highest temperature, 101 degrees, was recorded on June 9, 1955 (Zulauf 1979).  The frost free season typically extends from mid-May through September (Zulauf 1979).
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Figure 8.  Minimum, mean, and maximum temperature recorded at the Puyallup Experiment Station in Puyallup, Washington from 1951 through 1974.  Reproduced from data presented in Zulauf (1979).

Streams/ Hydrology

The property is traversed by three streams, including South Prairie Creek (the largest), Tributary 1 (a left bank tributary to South Prairie Creek), and Tributary 2 (a right bank tributary to South Prairie Creek).  
South Prairie Creek

South Prairie Creek originates in the Mt. Baker-Snoqualmie National Forest and is sourced by a combination of snowmelt and springs (Kerwin 1999).  Upstream of river mile 8.0, the stream flows through steep mountainous terrain and the channel is confined within deep narrow bedrock ravines (Williams et al. 1975, GeoEngineers, Inc. 2005).  Below river mile 8.0, the stream gradient drops as the stream meanders across the widening valley floor to its confluence with the Carbon River outside the town of Orting.  

The South Prairie Creek watershed is 90.7 square miles (Barreca and Roberts 2003) and includes all or portions of the towns of South Prairie, Buckley, Burnett, and Wilkeson.  Whereas the upper watershed is densely forested and primarily comprised of a mix of private, commercial, and state-owned timber lands, residential development and agriculture are the main land uses below river mile 11.0 (Kerwin 1999).  

The basin topography and drainage pattern of South Prairie Creek combine to produce large peak flows and frequent flood events in the lower channel (GeoEngineers, Inc.  2005).  USGS gaging station #12095000 is located on South Prairie Creek at river mile 5.9 in the town of South Prairie, Washington.  Its period of record is from June 1949 through September 1971 and October 1987 to present.   As of September 2002, the daily mean flow recorded for South Prairie Creek during its period of record ranged from 24 cfs to 6,700 cfs (http://nwis.waterdata.usgs.gov/nwis/sw, accessed on September 5, 2005).  The average annual flow was 236 cfs.  The highest flows typically occur from November through February; the lowest flows occur in August and September.  Daily mean streamflow recorded for water years 2001 through 2004 are presented in Figure 9.  The mean of daily mean streamflows based on 40 years of record is presented in Figure 10.  Rain-on-snow events within the upper watershed play a significant role in the flood patterns of South Prairie Creek (GeoEngineers, Inc.  2005).  
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Figure 9.  Daily mean streamflow for Water Years 2001 through 2004 recorded at USGS Gaging Station No. 12095000, South Prairie Creek, South Prairie, Washington.  

Source:  http://nwis.waterdata.usgs.gov/nwis/sw, accessed on September 5, 2005.
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Figure 10.  Mean of daily mean streamflow over 40 Years of Record for USGS Gaging Station No. 12095000, South Prairie Creek, South Prairie, Washington.  

Source:  This figure was created using data provided at http://nwis.waterdata.usgs.gov/nwis/sw, accessed on September 9, 2005.
In response to concern over recent flood events, the USGS conducted a study of South Prairie Creek to determine whether any change had occurred in the flooding potential within the drainage basin as a result of changes in land use (http://wa.water.usgs.gov/projects/southprairie/, accessed on July 11, 2005).  Despite an increase in cleared land within the watershed from 11.2% to 34.5% between 1965 and 1990, and a concurrent increase in road miles from 119.6 to 237.0, the study found no statistically significant trend in flood potential over time (Mastin 1998).  The estimated 100-year floodplain and floodway for South Prairie Creek in the vicinity the Farm are depicted in Figure 11.  The 100-year floodplain encompasses land with at least a 1 percent chance of being flooded in any given year by adjacent streams.  The entire area is theoretically flooded once every 100 years, on average.  The floodway is a regulatory term describing the portion of the available flow cross section that cannot be obstructed without causing more than a one foot increase in the water-surface elevation resulting from a 100-year flood event (WAC173-158-030, Franz and Melching 1997).  According to Bert Inglin, the former landowner, the fields flooded only once since his family moved there in 1959 (Bert Inglin 2005, former landowner, personal communication).  The flood occurred circa 1980 and only the field north of South Prairie Creek was affected.  A summary of peak flows on South Prairie Creek is provided in Table 1.
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Figure 11.  100-year floodplain and floodway for South Prairie Creek and tributaries.  This figure was prepared by the Pierce County Public Works and Utilities, Water Programs, University Place, Washington.
Table 1.  Selected annual peak-flow recurrence intervals for South Prairie Creek at South Prairi, Washington (USGS Station No. 12095000).  Reproduced from data provided in Mastin (1998).

	Peak Flow Recurrence Interval (years)
	Peak Flow (cfs)
	95% Confidence Limits (cfs)

	
	
	Lower
	Upper

	1.05
	1,320
	1,040
	1,580

	2
	2,990 
	2,630
	3,410

	5
	4,480
	3,910
	5,310

	10
	5,520
	4,730
	6,750

	50
	7,910
	6,500
	10,300

	100
	8,960
	7,250
	12,000

	500
	11,500
	9,000
	16,200


Within the Farm, South Prairie Creek has a pool-riffle stream morphology; that is, it is characterized by having a sequence of pools, riffles, and bars formed by the pendulous movement of flow back and forth across the channel that causes flow convergence and scour on alternating banks of the channel (Montgomery and Buffington 1998).  Scour pools occur along the outer banks of meander bends.  The stream bed is comprised of a mix of gravels, cobbles, and boulders.  Gravels tend to dominate in less confined reaches of stream, but are limited to channel margins and backwater eddies in the more confined reaches.  Boulders are likely derived from White River alluvium or Osceola mudflow (GeoEngineers 2005).  
Although the majority of channel constriction is a natural feature of the Osceola mudflow, isolated sections of streambank are riprapped (Figure 12).  The longest and most visible stretch of riprap occurs in the vicinity of the house and outbuildings located on the left bank.  It extends from the bridge to mouth of the ditch, just downstream of Tributary 1.  According to the Mr. Burt Inglin, owner and resident of the property from 1959 through 2005, the streambanks were not armored during his residency (Bert Inglin 2005, former landowner, personal communication).  Unarmored banks consist of Osceola Mudflow deposits or South Puget Sound overbank deposits (GeoEngineers 2005).  Disconnected broken sections of what appear to be old low-elevation levees run along the left bank upstream of the confluence with Tributary 1.  At least four small pipes, presumably part of the tile drain system for the fields, discharge near the top of the streambank at various locations.  The stream flows from east to west through the property.  
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Figure 12.  Armored banks along South Prairie Creek.  Need photo of riprap near home
At the downstream end of the property, the channel is unconfined (Figure 13a).  The ordinary high water (OHW) width of the stream averages 60 feet and the bed is comprised of gravel and small cobble.  Scattered boulders and boulder clusters lie mostly along the edge of the stream.  There are few pieces of instream large wood.  The left bank is heavily vegetated, but most trees are young and provide limited shade.  Right bank vegetation consists mostly of Rubus discolor (Himalayan blackberry) with few trees.  A small, but defined, side channel passes through a wide shallow floodplain on the left bank.  Its substrate is primarily sand with patches of gravel and cobble.  
At the downstream end of the southwest field, the streambanks rise such that the stream becomes confined between near vertical walls (Figure 13b).  This condition continues past the house until just upstream of the mouth of Tributary 1.  Typical bank heights range from 6 to 7 feet above OHW.  At and downstream of the bridge, the OHW width averages 60 feet.  Cobbles dominate the thalweg; gravels occur along channel margins and backwater eddies.  However, upstream of the bridge the stream widens out to an average OHW width of 71 feet.  The bed in this reach is a mix of gravel and cobble with some sand.  Large boulders and boulder clusters occur throughout the stream, especially in the center third of the channel (Figure 14a).  Bank vegetation capable of providing shade to the stream is limited and mostly consists of broken lines of big-leaf maples on both banks at and downstream of the bridge.
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Figure 13.  South Prairie Creek: (a) unconfined channel near downstream end of property, and (b) incised channel downstream of bridge.

Upstream of Tributary 1, both banks lower relative to the stream, but the channel remains entrenched in the floodplain.  The stream becomes fairly shaded again and takes on a more meandering pattern (Figure 14b).  Bars and alcoves become more frequent and channel habitat diversity increases.  Pieces of instream large wood also become more frequent, but are still few and far between.  The substrate remains a gravel/cobble mix with cobble dominating the thalweg.  The OHW width of the channel averages 68 feet.  This condition continues until near the upstream end of the property where the left bank rises in relation to the stream to a height of 9 feet above OHW.  
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Figure 14:  South Prairie Creek:  (a) upstream of bridge, and (b) upstream of Tributary 1.

The channel migration zone of South Prairie Creek is relatively narrow throughout almost the entire reach that flows through the property (Figures 13 and 15).   Channel pattern and position have changed little since 1961 and only localized episodes of erosion were reported, primarily along the outer banks of meander bends.   Channel stability is derived primarily from entrenchment of the channel within the Osceola Mudflow deposits that are resistant to erosion.  Although abandoned channels are located north and south of the current channel (Figure 16), the potential of avulsion back into these channels is low due to the degree of entrenchment of the existing channel.  (GeoEngineers 2005)
The channel migration zone widens out at the downstream end of the property where the channel is bordered by a wide shallow floodplain and is no longer entrenched.  A historic channel and active side channels occupy the left bank; the potential for future channel migration in this area is relatively high.  (GeoEngineers 2005)
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Figure 15:  Channel migration zone of South Prairie Creek.  Source:  GeoEngineers (2005).  This figure was reproduced with permission from the Pierce County Public Works and Utilities Department, Water Programs Division, University Place, Washington.  
[image: image18.jpg]EXPLANATION

2V Potenial Avulsion Routes
“7\._ Abandon Channels (prior to 1961)
Active Channel (2002)
7\ Historical Channel Occupation Tract (1961-2002)
" Reach Boundaries
GEI Creek Stationing

Note: This drawmg is for informational purposes. It is intended to assist in showing features
discussed in an aftached document.

600
It is unlawful to copy or reproduce all or any part thereof, whether for personal use or resale, without permission.

ABANDONED CHANNELS AND POTENIAL

G EO E NGINEERS / ‘ , AVULSION PATHWAYS: REACHES 3 AND 4

SOUTH PRAIRIE CREEK CMZ ANALYSIS





Figure 16.   Abandoned channels and potential avulsion pathways of South Prairie Creek.  The date “1874” included in the figure identifies the 1874 Government Land Office map as the source of the information provided.  Source:  GeoEngineers (2005).  This figure was reproduced with permission from the Pierce County Public Works and Utilities Department, Water Programs Division, University Place, Washington.  
Tributary 1
Tributary 1, which flows from southeast to northwest through the property, originates in the town of South Prairie and discharges into South Prairie Creek along its left bank at river mile 4.2.  The stream is approximately 1 mile long (Williams et al. 1975), the lower 1,400 feet of which flows through the Farm.  It is fed by both groundwater and stormwater (Barreca and Roberts 2003).  Downstream of SR 162, the Washington State Department of Ecology describes land use as agricultural with limited rural residential (Barreca and Roberts 2003).  Upstream of SR 162, land use is described as moderately dense residential development, with some commercial.  
Although a natural stream, Tributary 1 flows through a relatively straight, shallow ditched channel on the property.  The lower 55 feet of Tributary 1, just upstream of its mouth, is relatively steep.  Clusters of boulders and cobbles form low drops (Figure 17a).  The substrate consists of cobble, gravel, and exposed hardpan.  Banks are up to 4 feet above OHW, but are generally less than 2.5 feet.  The stream is partially shaded by trees and shrubs on its right bank.  
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Figure 17.  Tributary 1: (a) step-pools near the mouth, and (b) reed canarygrass infested channel.
Upstream of this relatively steep area, the stream flattens out.  Small gravel and sand increase in abundance, but cobbles and boulders are still present.  Phalaris arundinacea (reed canarygrass) begins to dominate the riparian zone and soon fills the entire channel (Figure 17b).  The only evidence of running water are sounds and fleeting glimpses through the grass.  This condition continues until the ford (Figure 18).  At the ford, soil compaction and use have presumably kept reed canarygrass from invading.  The substrate at the ford consists mostly of gravel.  
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Figure 18:  Ford on Tributary 1.

Upstream of the ford, the channel is again inundated by reed canarygrass, but flow is no longer audible.  Breaks in the reed canarygrass occur only where woody vegetation, mostly Rubus spp. (blackberry) and Salix spp. (willow), on the banks is dense enough to shade it out.  This condition continues to the  property boundary at SR 162.  The OHW width of the stream along the entire site averages 11.2 feet.  The stream is generally unconfined.  With the exception of blackberries, woody vegetation along the stream is sparse and consists of few trees.
A section of two-strand barbed wire fence runs through the center of the stream; its full extent is unknown, but it is recommended that it be removed.  

Tributary 2
Approximately 1960 feet of Tributary 2 flows along the northern and western property lines of the Farm before exiting to the neighbor’s property to the west.  In addition, the property contains a 450 foot long dead-end side channel (backwater slough) that enters Tributary 2 on its left bank about 130 feet from the downstream property line.  The source of water to Tributary 2 is primarily groundwater.  However, a pipe from the Tacoma City Water property northwest of the Farm also contributes a significant amount of water to the stream.  Groundwater flow tends to be a relatively constant source of cool water throughout the year.  With the exception of the downstream end of the property, the majority of the stream within the Farm is well shaded.  The only crossing of Tributary 2 on the property is located at a water withdrawal near its upstream end.  The crossing consists of fill overlying an 18” diameter, 36’ long concrete culvert.  There is no drop in water level within or at either end of the culvert.  Figures provided in the recent channel migration zone study (GeoEngineers 2005) and reproduced in this document as Figures 13 and 14 indicate that at least portions of the Tributary 2 channel were once occupied by the mainstem South Prairie Creek. 
An old beaver dam located near the downstream end of the property backwaters much of the lower channel and the entire backwater slough.  Shade is almost nonexistent within this reach.  Much of the water surface is blanketed by Rorippa nasturtium-aquaticum (water cress), Myosotis spp. (forget-me-nots), and Solanum dulcamara (European bittersweet) (Figure 19a); these plants disappear in the shady forest upstream.  The water in the backwater pool is clear and 6 to 12 inches deep.  The substrate is soft and consists of sand, silt and organic matter.  Several snags occur along the streambanks, the remnants of trees that were drowned out by the beaver dam (Figure 19b).  
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Figure 19:  Tributary 2 just upstream of the beaver dam, (a) blanket of water cress (b) standing dead snags. 

Not far upstream from where the stream enters the forest, a small debris dam located in the vicinity of the mobile home backwaters an additional portion of the stream.   The backwater pool is approximately 13 feet wide and 1 foot deep.  The substrate consists mostly of sand and silt.  Two strands of barbed wire cross the stream above the surface of the pool and should be removed.  The wire is attached to trees on either side of the stream and the right bank tree has been girdled as result.  Most of the left bank in the vicinity of the pools is a wetland.  The land surface is less than 6 inches above the surface of the pool, soil is organic, and vegetation includes such species as Lysichiton americanum (skunk cabbage), Carex stipata (sawbeak sedge), Thuja plicata (western red cedar), and Rubus spectabilis (salmonberry).  Near the upstream end of the pool, 2.5 feet diameter boulders that are stacked on either side of the stream may indicate the location of a former footbridge.  The presence of several beer cans, bottles, and toilet paper on the streambanks indicates recent and presumably unauthorized recreational use of the area.
Upstream of the influence of the pool, sand and silt dominate the substrate but gravels and cobbles are found wherever flow is confined around boulders, in-stream wood, and relatively narrow banks.  Gravel is dominant in areas.  The left bank is generally lower than the right bank, typically ranging from 0.5 to 3 feet above the water surface.  Soil on the left bank is typically organic.  The right bank elevation ranges from 1.5 to 5 feet above the water surface.  Riparian vegetation is dominated by western red cedar, Alnus rubra (red alder), salmonberry, and Sambucus racemosa (red elderberry).  
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Figure 20.  Tacoma City Water discharge pipe into Tributary 2.

A 1-foot diameter screened pipe discharges into the stream on the Tacoma City Water property (Figure 20).  The water derives from a spring in the hillside.  In the 1960s, Tacoma City Water installed a series of pipes and tanks that collect and store the spring water to provide a backup source of potable water to nearby homes (Dave Sherman 2006, Tacoma City Water, Tacoma, Washington, personal communication to Mary Van Haren, Pierce County Wetland Scientist, Tacoma, Washington).  This backup supply is rarely used.  Even when it is, water still flows from the culvert.  Water discharge from the pipe, estimated at 400 gallons per minute, fluctuates little from season to season.   Prior to installation of the pipes and tanks, the spring discharged directly into the stream.
In addition to the discharge pipe, at least two left bank springs and nine right bank springs discharge into Tributary 2 within the property.  Stream width varies with proximity to water source.  Downstream of the Tacoma City Water discharge pipe, the most downstream major source of water to Tributary 2, stream width ranged from 7.5 to 18.5 feet (Figure 21a).  Water depth averaged 0.65 feet.  Upstream of the pipe but downstream of the culvert, the stream narrowed to between 5 and 10 feet (Figure 21b).  Water depth averaged 0.6 feet.  
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Figure 21:  Tributary 2, downstream (a) and upstream (b) of Tacoma City Water discharge pipe.
Two large springs discharge into Tributary 2 from the right bank immediately downstream of the culvert.  Upstream of the culvert, flow decreases substantially.  Stream width varies from 4 to 7 feet and water depth decreases to 0.3 feet.  The substrate consists of sand, silt, and organic matter; organic matter increases in abundance in the upstream direction.  No additional springs were found on the property upstream of the culvert.  The stream continues upstream onto the property of the neighbor to the east, but the distance it continues is unknown.

In the vicinity of the property border with Tacoma City Water (where several large round tanks are visible in Figure 3), a two-strand barbed wire fence is erected in the center of the stream.  The wire is broken in areas but persists throughout much of the length of the fence.  At least 22 metal posts support the wire along its length, and are spaced 15 to 20 feet apart.  It is unknown which property owner erected the fence, but it is recommended that it be removed from the stream with the consent of all affected property owners.  
Flora
Historic Conditions
Historic flora sometimes offers insight regarding the potential for vegetation on site, provided that site conditions haven’t changed in ways that no longer support the historic flora.  Because the land was settled and the majority of its original vegetation was removed over 100 years ago, specific data concerning the property’s historic vegetation is limited.  That information is presented below.  

The site lies within the Tsuga heterophylla (western hemlock) Zone, as does most of lowland western Washington (Franklin and Dyrness 1973).  In the absence of fire, flood, harvest, or other disturbance, the likely climax species within this zone would be western hemlock and Thuja plicata (western red cedar).  The zone is characterized by a subclimax specie of Pseudotsuga menziesii (Douglas fir).   Hardwood species are uncommon, except in recently disturbed areas and specialized habitats, such as riparian zones.  Populus trichocarpa (black cottonwood), Fraxinus latifolia (Oregon ash), Acer macrophyllum (big-leaf maple), and Alnus rubra (red alder) occur along major watercourses. 
Field notes taken during the original land survey by the General Land Office (GLO) in 1873 note the presence of Douglas fir up to 36 inches in diameter at the section corner near the northwest corner of the property.  The timber in that vicinity is described as Douglas fir, big-leaf maple, and red alder.  Vegetation noted along the section lines leading from that section corner towards the southwest and northeast property corners include 36 inch diameter red alder, 22 inch diameter big-leaf maple, and Acer circinatum (vine maple). 
An 1897 USGS land classification map (Figure 22) indicates that the majority of the site was recently burned.  Part of the northern portion of the property is identified as having merchantable forest, meaning that the area was covered with trees large enough to be harvested for profit. 

Further evidence of historic flora on site is provided by the soil.  Natural Resources Conservation Service maps (Zulauf 1979) identify four soil types on the property (Figure 5).  Xerochrepts are present on the steep slope at the northwest corner of the property.  It is a well drained to excessively well drained soil and its vegetation is typically comprised mostly of conifers such as Douglas fir, western red cedar, and western hemlock.  Barneston gravelly coarse sandy loam occurs at the top of the slope.  Trees commonly associated with this soil include Douglas fir, western hemlock, western red cedar, and red alder.  Buckley loam makes up most of the valley floor south of South Prairie Creek.  It is a poorly drained soil with a high water table.  As a result, it is suitable only to water-tolerant trees such as red alder and western red cedar.  Briscott loam makes up the valley floor to the north of South Prairie Creek and also a narrow band along the southern bank of South Prairie Creek.  Zulauf (1979) describes it as a well-drained soil formed in alluvium under hardwood and conifer trees on floodplains.  However, the taxonomic description indicates that the soil is a Mollisol.  Mollisols typically develop under the dense root systems of grass vegetation (Brady and Weil 2004) and its presence may indicate that prairie vegetation once dominated the area.  Trees commonly found on Barneston gravelly coarse sandy loam include Douglas fir, western hemlock, western red cedar, and red alder.  The Soils section of this document provides further description of the soils found on the property.
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1897 USGS TACOMA, WASHINGTON
LAND CLASSIFICATION MAP (clipped)





Figure 22:  1897 USGS land classification map.  Source:  GeoEngineers (2005).  This figure was reproduced with permission from the Pierce County Public Works and Utilities Department, Water Programs Division, University Place, Washington.  
Current Conditions
The site was used as a working dairy from the late 1800s until the land was purchased for conservation in 2005.  As a result, existing vegetation along the valley floor consists mostly of pasture grass.  In general, the fields are in good condition with relatively few weeds.  However, weeds are abundant in the recently disturbed area where an outbuilding was demolished near the center of the southern property line.  A complete list of plants found growing on the property during a summer 2005 survey is provided in Appendix C.  The list is broken down by area.
Woody vegetation is present along the eastern property boundary fence, the banks of all three streams, the steep hillside at the northwest corner of the property, and in the vicinity of the farm house and associated outbuildings.  With the exception of vegetation growing along Tributary 2 and the steep hillside, vegetation found on the property is almost exclusively deciduous.  Populus trichocarpa (Black cottonwood), red alder, and big-leaf maple dominate South Prairie Creek’s riparian zone (Figure 23).  Their understory is comprised of a diverse array of shrubs; however, Rubus discolor (Himalayan blackberry), Symphoricarpos albus (common snowberry), and Physocarpus capitatus (Pacific ninebark) are the most abundant.  Only one western red cedar tree was observed.   
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Figure 23:  South Prairie Creek riparian zone.

Several dead trees (mostly red alders) provide wildlife snags along the stream corridor.  Hawks and owls use such trees as places to rest, look for prey, and feed once prey is caught (Link 2004). The tree’s height provides the birds with a wide visual range, easy takeoff, and greater attack speed when hunting.  In addition to raptors, tall dead trees provide resting perches for swallows, band-tailed pigeons, and mourning doves, as well as food storage areas for mice, squirrels, woodpeckers, and blue jays (Link 1999).  Snags also play a role during woodpecker courtship.  
With the exception of the wide, shallow, left-bank floodplain at the downstream end of the property, trees tend to be mature with few saplings in the understory.  Black cottonwoods over 2 feet in diameter at breast height (dbh) are common (the maximum recorded diameter is 4.8 feet).  Many big-leaf maples and red alders are over 1 foot dbh (the maximum recorded diameters are 3.8 feet and 1.8 feet for big-leaf maple and red alder, respectively).  Mature specimens of Crataegus douglasii (black hawthorn), Malus fusca (Pacific crabapple), and Rhamnus pursiana (cascara) are also present on the site.  Few trees are less than 0.35 feet dbh.  The lack of young trees in the riparian zone may possibly be attributed to historic access by cattle that consumed young vegetation or to the large thickets of blackberries that shaded out new growth.  Vegetation on the shallow floodplain at the downstream end of the property tends to be younger.  Most trees are less than 1 foot dbh.  However, black cottonwoods up to 3 feet dbh and big-leaf maples up to 2 feet dbh are also present.  The relative youth of the trees along the face of the slope leading up from the floodplain to the field above suggest that the river occupied the floodplain in the recent past.  In fact, a recent channel migration zone study prepared for the Pierce County Water Programs Division confirms that a channel has occupied the area since 1961 (GeoEngineers 2005).
An active side channel cuts across the floodplain.  Vegetation on the bar between the side channel and the stream consists mostly of Salix spp. (willow) and Polygonum spp. (knotweed).  No trees are present.  Herbaceous vegetation on the bar is much more diverse than that found elsewhere in the riparian zone and it includes herbs unique to that site.  Its diversity of herbs may be attributed to the lack of thicket-forming shrubs (e.g., blackberries) that shade out the forest floor. 

The width of the vegetated buffer along South Prairie Creek generally ranges from 10 feet to 75 feet, measuring 35 feet on average.  However, the buffer on the floodplain at the downstream end of the property is up to 180 feet wide.  
Woody vegetation is sparse along both banks of Tributary 1 and consists primarily of small trees and shrubs (Figure 24).  Himalayan blackberry is the dominant woody species growing in the riparian zone.  Few trees over 12 feet tall are present.  
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Figure 24:  Tributary 1 riparian zone.

Tributary 2 is the only stream on site with a large number of coniferous trees.  Mature western red cedar and red alder dominate the riparian zone and provide deep shade to the stream throughout most of its course through the property.  The exception to this occurs at the downstream end of the property where the stream is backwatered by a beaver dam (Figure 25).  Riparian vegetation at the downstream end of the backwater pool is dominated by big-leaf maple and red elderberry.  However, the majority of the backwater pool lacks a tree canopy.  Fully exposed banks are dominated by Himalayan blackberry and the surface of the backwater pool is blanketed by Rorippa nasturtium-aquaticum (watercress), Myosotis spp. (forget-me-nots), and Solanum dulcamara (European bittersweet).  Several dead trees that were flooded out by the beaver dam line the banks of the backwater pool and serve as snags for the benefit of other wildlife.  
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Figure 25.  Beaver dam on Tributary 2.

Upstream of the backwater pool, the riparian zone becomes dominated by western red cedar and red alder.  The forested buffer on the left (southeast) bank of the stream generally exceeds 40 feet in width.  The left bank is seldom more than 3 feet higher than the stream water surface; it is generally less than 1.5 feet above the surface.  Soil along the left bank is moist to saturated and mostly organic.   The understory along the outer edge of the left bank buffer that is exposed to full sun is comprised mostly of red elderberry and Himalayan blackberry.  That found within the shady interior of the buffer is dominated by salmonberry; however, Cornus stolonifera (red osier dogwood), red elderberry, Lonicera involucrate (black twinberry), and skunk cabbage are also present in relatively large numbers.  
The forested buffer on the right (northwest) bank of Tributary 2 is narrow in the vicinity of the developed area at the downstream end.  However, the upstream half of Tributary 2 is bordered on the right bank by a steep forested hillside.  Vegetation that borders the right bank of the stream is dominated by red alder, western red cedar, and salmonberry.  The vegetation community changes with increasing distance and elevation from the stream.  Big-leaf maple and cedar trees with an understory of Polystichum munitum (swordfern), salmonberry, vine maple, and Holodiscus discolor (oceanspray), among others, grow along the lower slope.  The upper slope is dominated by Douglas fir with an understory of mostly Mahonia nervosa (low Oregon grape) and Gaultheria shallon (salal). 

Having been used as a residence since the late 1800s, several ornamental and fruit trees and shrubs also grow on the property.  Most are in the vicinity of the homes and outbuildings, but a Aesculus spp. (chestnut), two Malus spp. (apple) trees, and a Prunus spp. (Italian plum) tree grow beside the streams.  
Noxious Weeds Occurring on Site

RCW 17.10 holds landowners, including counties and state land agencies, responsible for controlling noxious weeds on their property.  Noxious weeds are non-native plants that, because of their aggressive growth habits, can be highly destructive, competitive, or difficult to control by cultural or chemical practices (RCW 17.10.010).  "Control" is defined in WAC 16-750 as the prevention of all seed production.  The 2005 vegetation survey revealed the presence of several plants (Table 2) listed as Class B and C noxious weeds by the Washington State Noxious Weed Control Board (http://www.nwcb.wa.gov, accessed on Nov 14, 2005).  Class B noxious weed species are presently limited to portions of the state.  They are designated for control in regions of the state where they are not yet widespread.  In regions of the state where they are already widespread, enforcement is decided at the local level (Washington State Noxious Weed Control Board 2005).  Class C species include those that are already widely established in Washington or are of special interest to the state's agricultural industry (http://piercecountyweedboard.wsu.edu/QA.html, accessed on January 26, 2006).  Individual counties may chose to enforce control of Class C noxious weeds, if locally desired.  Of the noxious weeds on site that are listed by the state, only Cirsium arvense (Canada thistle), which occurred throughout the fields, is listed by Pierce County (http://piercecountyweedboard.wsu.edu/weedlist.html, accessed on Nov 14, 2005).  It is listed as a Class C weed for which control is recommended, not required.   
Table 2.  State listed noxious weeds that were found on site during the 2005 vegetation survey.

Class B

Geranium robertianum (Herb-Robert)

Hypochaeris radicata L. (False dandelion, Common catsear)
Polygonum spp. (Knotweed sp.)
Class C

Cirsium arvense (L.) Scop. (Canada thistle)

Cirsium vulgare (Savi) Tenore (Bull thistle)

Convolvulus arvensis L. (Field bindweed)

Phalaris arundinacea (Reed canary grass) 

Senecio vulgaris L. (Common groundsel)

Dense thickets of knotweed are abundant along the water’s edge of South Prairie Creek, especially along the low wide floodplain on the left bank at the downstream end of the property.  It occurs at both low and high elevations and in both sun and part shade.  Small thickets of knotweed are also present along Tributary 2.  Patches of reed canarygrass are scattered throughout all fields.  It is most prevalent along Tributary 1 where it has completely engulfed portions of the channel.  Bull thistle, Canada thistle, false dandelion, field bindweed, and common groundsel occur in the fields.  Herb-Robert is scattered throughout the stream riparian zones.

Other non-native plants with invasive characteristics that are found on the property include Himalayan and evergreen blackberry and Calystegia sepium (hedge bindweed).  Blackberries are most abundant along the edges of virtually all open areas where it tends to form dense thickets.   Hedge bindweed is an aggressive climbing plant that blankets many of the shrubs along the edge of riparian zones, adjacent to the fields.  
Fauna

Settlement of the property brought about many changes.  Native vegetation was cleared for timber and agriculture.  Low levees were erected and banks were riprapped along portions of the streams.  Tributary 1 was straightened.  Stream crossings were erected.  The land was plowed, grazed, hayed, or otherwise actively managed.  Fields were drained.  Water was withdrawn from streams to support human, livestock, and agricultural consumption.  Stream water quality degraded.  Non-native vegetation was planted or invaded.  Individually and collectively, these changes directly and indirectly led to changes in the abundance, type, distribution, and quality of habitat for fish and wildlife.  
Fish
Although it is known that runs of Oncorhyncus gorbuscha (pink salmon), O. kitsutch (coho salmon), O. keta (chum salmon), spring and fall O. tshawytscha (Chinook salmon), winter O. mykiss (steelhead trout), and O. clarki (cutthroat trout) were historically present in the Puyallup River system, there is no reliable historical source of information concerning salmonid species abundance (Kerwin 1999).  Estimates of historic and current Chinook and coho salmon population performance in the Puyallup River watershed are presented in Table 3.  Estimates were made by Mobrand Biometrics, Inc. using the Ecosystems Diagnostics and Treatment (EDT) Method (Mobrand Biometrics, Inc. 2003).  The EDT Method is a planning tool for salmon conservation and recovery actions.  It is designed to assess the role of habitat in determining salmon population performance and is used to help predict how changes in habitat will affect salmonid populations.  
Table 3.  Baseline population performance estimates for Chinook and coho salmon in the Puyallup River watershed.  The information provided is a subset of that provided in Mobrand Biometrics, Inc. (2003). 
	Fish Species
	Average abundance
	Productivity
	Life history diversity

	
	Historic
	Current
	Historic
	Current
	Historic
	Current

	Chinook
	42,000
	1,300
	9.6
	1.3
	100%
	30%

	Coho
	56,700
	5,200
	19.6
	5.9
	90%
	30%


Values shown represent the expected performance of fish populations at the end of their life (i.e., at spawning) in the absence of fisheries.  Average abundance refers to the number of individuals in a population at a given life stage or time (i.e., the number of successful spawners).  Productivity refers to the number of spawners produced per parent spawner when competition for resources among the population is minimal.  Productivity is a major factor in the resilience of a population and the loss it can sustain.  Populations with productivity values less than 1 are unsustainable.  Values that approach 1 are at risk.  Productivity correlates strongly with habitat quality.  Life history diversity represents the multitude of pathways through space and time that are available to, and used by, a species in completing its life cycle.  Populations that can sustain a wide variety of life history patterns are likely to be more resilient to the influences of environmental change.  The model computes an index of life history diversity as the percentage of possible life cycle pathways that would be sustainable (i.e., those having productivities greater than 1).  (Mobrand Biometrics, Inc. 2003) 
Estimated fish population performance measures under current habitat conditions are much lower than those under historic habitat conditions.  The estimated average abundance of current fall Chinook salmon populations in the Puyallup River watershed is less than 5% of the estimated historic population.  Nearly all current production occurs in South Prairie Creek.  The exceptionally low estimated current productivity indicates that the population as a whole is at risk.  Poor productivity is the result of naturally low productivity for these systems compared to non-glacial rivers in the Puget Sound region, combined with severely degraded habitat for this species in many areas of the Puyallup River system.  These estimates assume an absence of fisheries.  If accurate, such poor productivity would indicate that the fall Chinook population is being sustained through on-going supplementation in the basin.  Note that the productivity of the South Prairie Creek subpopulation is higher than the overall average.  Puget Sound Chinook salmon are listed as threatened under the federal Endangered Species Act.  (Mobrand Biometrics, Inc. 2003)
The estimated average abundance of current coho salmon populations in the Puyallup River watershed is approximately 10% of the estimated historic population.  However, current productivity suggests the population may be self-sustaining.  Coho productivity is strongly supported by conditions within South Prairie Creek (Mobrand Biometrics, Inc. 2003).  

The Washington Department of Fish and Wildlife regularly conducts steelhead trout and Chinook and pink salmon surveys within an index reach of South Prairie Creek.  The Puyallup tribe is responsible for monitoring chum and coho salmon.  Adult Chinook salmon return to the stream to spawn from late August through October (Marks et al. 2005).  Chum salmon spawn in November through mid-January (Marks et al. 2005).  Pink salmon spawn only in odd years from early September through mid to late October (Larry Philips 2005, WDFW Area Fish Biologist, Olympia, Washington, personal communication).  Steelhead trout spawn from mid-March through early June (Marks et al. 2005).  The South Prairie Creek coho are an unusually late run.  They typically hold in South Prairie during December and early January, then spawn from January to March (Eric Marks 2006, Puyallup Tribal Fisheries Fish Biologist, Puyallup, Washington, personal communication).

Chinook and steelhead spawning is concentrated at the downstream end and the upper half of the property where suitably-sized spawning gravel is available (Figure 26).  Their lack of spawning abundance in the remaining portion of the property reach is likely attributed to the relatively large substrate that occurs there due to its confined channel condition (Mike Scharpf 2006, WDFW Area Fish Biologist, Olympia, Washington, personal communication).  Pink and chum salmon are mass spawners and spawn throughout the property reach (Mike Scharpf 2006, WDFW Area Fish Biologist, Olympia, Washington, personal communication; Blake Smith 2006, Puyallup Tribal Fisheries Enhancement Biologist, Puyallup, Washington, personal communication).  The South Prairie Creek drainage also experiences a significant coho salmon run.  However, most of these fish do not spawn in main-stem South Prairie Creek; they are tributary spawners (e.g., Wilkeson Creek, Coal Mine Creek, Spiketon Creek, and Beaver Creek). 
Figures 27 through 30 provide a seasonal comparison of recent counts of returning adult Chinook, chum, and pink salmon and steelhead trout within the South Prairie Creek index reach.  The numbers depicted in the graphs reflect the total accumulation of all fish and redd observations made during the survey season.  It is important to note that the total number of live fish observed does not represent the actual estimated escapement, which is derived through statistical analysis (indicated by “AUC” in Figures 27 and 30).  

Juvenile pink and chum salmon leave South Prairie Creek within days of emergence so their reliance on the system for refuge and rearing habitat is minimal.  In contrast, juvenile steelhead trout and coho salmon spend at least a year in the stream; coho salmon are typically 1 year old out-migrants and steelhead trout are typically two.  Juvenile Chinook salmon typically emerge from the gravel around the first of the year and out-migrate from the system in late March through April, depending upon flow.  Both the mainstem of South Prairie Creek and Tributary 1 provide rearing and high flow refugia to juvenile salmonids.  Although Tributary 2 appears to have the potential to also offer rearing habitat, it is inaccessible due to a reported blockage near the mouth of the stream (Monty Mahan 2005, Pierce Conservation District Manager, Puyallup, Washington, personal communication).  (Larry Philips 2005, WDFW Area Fish Biologist, Olympia, Washington, personal communication)

Other fish that are likely to utilize the streams on the property include Cottus spp. (sculpin) and possibly O. mykiss (resident rainbow trout), O. clarki (cutthroat trout), and species of Cypernidae (minnow family), Catostomus spp. (suckers), and Petromyzontidae (lamprey family) (Larry Philips 2005, WDFW Area Fish Biologist, Olympia, Washington, personal communication; Mike Scharpf 2006, WDFW Area Fish Biologist, Olympia, Washington, personal communication).
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Figure 26.  Distribution of observed Chinook salmon (top) and steelhead trout (bottom) redds along the property reach.  This figure was prepared by the Pierce Conservation District, Puyallup, Washington using data from the Washington Department of Fish and Wildlife.
[image: image34.emf]1998-2005 South Prairie Creek Chinook Season Comparisons

369

838

928

536

692

505

527

289

211

377

537

127

326

244

312

92

51

388

503

81

251

360

117

217

27

0

100

200

300

400

500

600

700

800

900

1000

1998 1999 2000 2001 2002 2003 2004 2005

SEASON SURVEYED

NUMBER OBSERVED

AUC: ESCAPEMENT ESTIMATE

LIVE

DEAD

REDDS


Figure 27.  Recent counts of returning adult Chinook salmon within the South Prairie Creek index reach.  This figure was prepared by Puyallup Tribal Fisheries, Puyallup, Washington.
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Figure 28.  Recent counts of returning adult chum salmon within the South Prairie Creek index reach.  This figure was prepared by Puyallup Tribal Fisheries, Puyallup, Washington.
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Figure 29.  Recent counts of returning adult steelhead trout within the South Prairie Creek index reach.  This figure was prepared by Puyallup Tribal Fisheries, Puyallup, Washington.
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Figure 30.  Recent counts of returning adult pink salmon within the South Prairie Creek index reach.  This figure was prepared by Puyallup Tribal Fisheries, Puyallup, Washington.  
Wildlife

Wildlife activity is not regularly monitored on the Farm and no historic reports for the property were found.  The following discussion provides an overview of the importance of riparian habitat to wildlife and a description of recent wildlife observations made in the vicinity of the Farm.

Approximately 85% of the terrestrial vertebrate species in Washington use riparian habitat for essential life activities (Knutson and Naef 1997).  Vertebrate communities of riparian zones and adjacent uplands in western Washington are largely a shared fauna (O’Connell et al. 2000).  Nevertheless, certain species are considered riparian obligates who require free water and must inhabit the riparian zone; still others show a strong affinity to riparian areas.  Features of riparian habitats that are amenable to wildlife include: 1) access to surface water and abundant food sources; 2) their relatively humid and mild microclimate compared to surrounding uplands; 3) their relatively high structural and compositional diversity (e.g., multiple canopy layers, diverse plant species and age class composition, diverse microtopography) compared to surrounding uplands; 4) their relatively high edge to interior habitat ratio resulting from their typically linear shape, which benefits certain wildlife species, often at the expense of forest interior species; and 5) for many wildlife species they provide natural migration routes and travel corridors between foraging areas, breeding areas, and seasonal ranges, and provide protected dispersal routes for young (Knutson and Naef 1997, O’Connell et al. 2000).  
Site context is a critical factor in determining the value of specific riparian habitats to wildlife.  As a result of their location within the landscape, the ability of riparian areas to attract and support fish and wildlife depends not only on the structure, composition, size, shape, and functional integrity of the riparian zone, but also on the physical and biological characteristics of the stream, the stream flow regime (the timing, magnitude, and duration of flow), and the use and condition of adjacent and upland areas (Knutson and Naef 1997).  The Farm property is expected to be the first of several acquisitions along lower South Prairie Creek for the purpose of fish and wildlife habitat conservation.  The collective benefits of such acquisitions to fish and wildlife over time have the potential to far surpass that of any individual site.  
During an August 10, 2005 site visit, Kelly McAllister, WDFW District Wildlife Biologist for Thurston and Pierce Counties, noted the presence of the following species:

Anus platyrhynchos (Mallard)

Bombycilla cedrorum (Cedar waxwing)

Buteo jamaicensis (Red-tailed hawk)

Carduelis tristis (American goldfinch)

Carpodacus mexicanus (House finch)

Cathartes aura (Turkey vulture)

Ceryle alcyon (Belted king fisher)

Chaetura vauxi (Vaux’s swift)

Contopus sordidulus (Western wood pewee)

Geothlypis trichas (Common yellowthroat)

Melospiza melodia (Song sparrow)

Poecile atricapillus (Blackcapped chickadee)

Procyon lotor (Raccoon) (tracks along stream margin)

Psaltriparus minimus (Common bushtit)

Riparia riparia (Barn swallow)

Scapanus orarius (Coast mole) (mounds that were likely this species)

Sturnus vulgaris (European starling)

Tachycineta thalassina (Violet-green swallow)

Tamiasciurus doulasii (Douglas’ squirrel)

Thryomanes bewickii (Bewick’s wren)

Although not observed at the time, bald eagles are a federal and state listed species and they frequent the area.  Their presence on the property was confirmed by the former property owner who has also observed deer, rabbits, barn owls, elk, and coyotes utilizing the site (Carolyn Inglin 2005, former property owner, personal communication).  The property is not far from one of the more recent confirmed records of Martes pennanti (Fisher) in Washington.  Other wildlife species are likely to utilize the site, but were not observed or reported.  Refer to Appendix D for further information concerning Kelly McAllister’s wildlife observations and recommendations for the property.
Water Quality

South Prairie Creek has been a focus of the Washington State Department of Ecology regarding its failure to meet certain state water quality standards.  Elevated concentrations of fecal coliform bacteria measured in 1992 and 1993 at river mile 3.8 led to South Prairie Creek’s inclusion in the 1996 and 1998 Section 303(d) lists of polluted waters of the state (Barreca and Roberts 2003).   Subsequent monitoring was conducted in 2000 and 2001 as part of Ecology’s Total Maximum Daily Load (TMDL) assessment.  It found that fecal coliform bacteria levels exceeded state standards in all six monitoring stations downstream of the town of South Prairie; those located upstream of the town were in compliance (Barreca and Roberts 2003).  Significant increases in fecal coliform bacteria load occurred between the town of South Prairie and the South Prairie wastewater treatment plant outfall, and between the town of South Prairie and river mile 3.8 (Barreca and Roberts 2003).  In order to meet state water quality standards, fecal coliform bacteria loads must be reduced between the town and river mile 3.8 by 41% and 77% during the growing (May through October) and non-growing seasons, respectively (Barreca and Roberts 2003).  The Farm is located within this impaired reach of stream.   
The TMDL assessment determined that the majority of bacteria load to South Prairie Creek is attributed to nonpoint sources, including stormwater runoff from the town of South Prairie via Tributary 1 (referred to as the “unnamed tributary” in Ecology’s water quality reports), failed septic systems, and the dairy (Barreca and Roberts 2003).  Two water quality monitoring stations are located on Tributary 1, one at the culvert under SR 162 and one at the mouth of the stream on the Farm property.  Samples collected from both stations have failed to meet the state standard for fecal coliform bacteria and it is estimated that the tributary is responsible for up to 17% of the fecal coliform bacteria load delivered to South Prairie Creek within the reach of concern (Barreca and Roberts 2003).  The TMDL assessment determined that Tributary 1’s fecal coliform bacteria levels must be reduced at the culvert by 63% during the growing season and 93% during the non-growing season in order to comply with state standards; a 90% reduction is required at the tributary mouth during both the growing and non-growing season (Barreca and Roberts 2003).  Fecal coliform bacteria, while not disease-causing organisms, are used by the State as indicators of other organisms associated with fecal contamination that could impact human health.
Monitoring conducted in 2000-2001 as part of the TMDL assessment also revealed that much of lower South Prairie Creek exceeds the state’s temperature standard of 18’C, which was relevant at the time (Barreca and Roberts 2003).  The current standard is 12’C.  The highest temperatures typically occur in July and August.  Potential contributors to elevated stream temperature along South Prairie Creek include: 
· removal of mature riparian vegetation available to shade the stream; 
· reduced summer base flows that reduce the volume of water available to absorb heat (base flow may be reduced by instream withdrawals, hydraulically connected groundwater withdrawals, or hydrologic effects of timber harvesting); 
· reduced hyporheic exchange and groundwater discharge due to reduced groundwater elevations or reduced conductivity of bed sediments; and 
· point source heat discharges from the South Prairie and the Wilkeson wastewater treatment plants (Barreca and Roberts 2003). 
Temperature impacts the suitability and quality of stream habitat available to aquatic species, including salmonids.
Figure 31 depicts fecal coliform organism levels and temperatures measured in South Prairie Creek and Tributary 1 by the Pierce Conservation District during the summer of 2005.  Fecal coliform levels exceeded the standard in all three samples collected from Tributary 1.  Note that temperature measurements provided are based on single samples and do not reflect the 7-day average that defines the water quality criteria.  They are provided here as reference only. 
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Figure 31.  Fecal coliform levels and temperature measured at South Prairie Creek and Tributary 1 in the summer of 2005 by the Pierce Conservation District.  
Water quality standards for the site require that temperature be ≤12’C (53.6’F) measured by the 7-day average of the daily maximum temperature (WAC 173-201A-602, effective August 1, 2003).  Temperatures are not to exceed the criteria at a probability frequency of more than once every ten years on average.  Fecal coliform organism levels must not exceed a geometric mean value of 100 colonies/100 mL, with not more than 10 percent of all samples (or any single sample when less than 10 sample points exist) obtained for calculating the geometric mean value exceeding 200 colonies/100 mL.  
Future Growth in the Watershed
South Prairie Creek’s watershed is primarily forested with scattered farms and residential areas (Figure 32), but urbanization is increasing (Mastin 1998).  The population within Pierce County grew by 55,082 to 755,900 (a 7.9% increase) between 2000 and 2005 (OFM 2005) and is expected to continue to rise (OFM 2002).  This increase was second only to King County, which grew by 71,254 (a 4.1% increase) during the same time period.  Wilkeson and South Prairie are the largest towns in the South Prairie Creek watershed.  Each had a population of 440 in 2005 and grew by 11.4% and 15.2%, respectively, between 2000 and 2005 (OFM 2005).    
Urban development of rural areas is common throughout Pierce County.  In the immediate vicinity of the property, development pressure is coming from two sources: the expanding town of South Prairie and urbanizing areas of the county to the west (Orting and Puyallup).  If the property had not been purchased by the Pierce Conservation District for conservation purposes, it is likely that the property would eventually have been converted to a more intensive land use less compatible with preserving or improving fish and wildlife habitat.  High quality salmon habitats, such as those found along South Prairie Creek, are increasingly rare and their degradation would diminish the value of the Puyallup River watershed as a whole.

Figure 32.  South Prairie Creek watershed land use and land cover.  Source:  Roberts (2001).  This figure was reproduced with permission from the Washington Department of Ecology, Olympia, Washington. 
Plan for Future Land Use 
The remaining portion of this document in intended to guide future activities on the Farm.  This document is a living document, meaning that the information provided herein will be revised and supplemented over time as plans and designs for individual activities on the Farm are developed and finalized.  Nine different management activities and areas are proposed for this site, each with unique goals and objectives.  Activities and areas include:

· South Prairie Creek and its Tributaries

· Riparian Buffers
· Demonstration Livestock Rearing

· Demonstration Row Cropping

· Native Plant Salvage
· Wetland Mitigation 

· Prairie Development

· Public Access 
· On-site Facility Management 
The general vicinities for the first seven proposed activities are depicted in Figure 33.  Note that the locations shown are approximate and subject to change.
Overall Vision and Goals for the Site

In this document, the terms vision, goals, objectives, and priority tasks are utilized in a planning context.  The vision for managing the site is the long-term direction, or desired future condition that is set forth at the onset of the management effort and is progressively worked toward.  It is possible that this vision is never fully realized, and managers may also adapt the vision through time.  Goals are defined as the specific changes or outcomes one is trying to achieve in order to make the vision for the site a reality.  Objectives are the incremental steps necessary to attain each goal.  There are typically several objectives required to attain each goal.  Priority tasks are the actions required to realize the objectives and goals of a particular area.  They may require additional planning for implementation; however, they should be consistent with the objectives, goals, and vision above them. 

As described earlier, the two main drivers for purchasing the Farm were to preserve salmon habitat and improve the water quality of South Prairie Creek and its tributaries.  Although the focus at the time was on its value to salmon, promoting other fish and wildlife use of the land is also desired.  Ownership of the property by a public agency dedicated to helping private individuals to conserve natural resources through sound land management also creates the opportunity to use the site as an educational tool for the public.  
The vision for the site is as follows:

· Promote sound stewardship of the land and its natural resources.
· Maintain or enhance the structural and functional integrity of riparian habitat and associated aquatic systems needed to perpetually support fish and wildlife populations.  

The overall goals for the Farm provide a unifying purpose for all management activities.  They include:
· Maintain a working farm that demonstrates sound land management and conservation of natural resources. 
· Provide a refuge to maintain or improve fish and wildlife habitat abundance, diversity, and quality.
· Improve water quality.
· Provide educational and recreational opportunities to the public.
· Preserve and enhance the floodplain for open space and recreational purposes. 
Note that use and management of the site shall be compatible with, and have the ability to incorporate, any future expansion.

All fecal coliform waste load reduction credit derived from the decommissioning of the Inglin Dairy and purchase of the property accrues to Pierce County under the South Prairie Creek Total Maximum Daily Load (see Appendix B).  
Priority Tasks for the Overall Management Plan

Certain activities that might occur on the Farm have the potential to conflict with others by either occupying the same space or promoting conditions that inhibit other activities from achieving their goals and objectives.  As a result, site-level conceptual planning is critical to identify and minimize potential conflicts.  With this goal in mind, priority tasks for the Farm as a whole are to:
1) Determine the approximate locations for proposed activities.  Every site has the potential to be positively or negatively influenced by the conditions and activities that occur in surrounding areas.  As a result, careful consideration should go into selecting the relative location of proposed activities and the design of individual activities.  For instance, tall coniferous trees within a stream riparian zone will help to achieve the goals and objectives for riparian buffers, but may shade out portions of the proposed row crops or prairie lying to their north.  Similarly, use of pesticides to control weeds on the Farm may conflict with the ability of row crops to become certified as organic.   On the other hand, adjacent sites can positively influence one another when their goals and objectives overlap.  For instance, a commitment of those involved in all activities on the Farm to control noxious and poisonous weeds will facilitate each activity’s ability to achieve its goal by controlling the seed source.  And a shared commitment to promote fish and wildlife on the Farm will compound the benefits.  
Wildlife promotion is an objective of every proposed natural area on the Farm, including the riparian areas, wetland, and prairie.  In order to maximize wildlife benefits, it is recommended that proposed and existing natural areas on and off the property be grouped whenever possible, provided their individual wildlife objectives and potentials do not conflict.  Grouping natural areas will provide each area with a larger buffer from surrounding human activities than either can achieve alone.   Larger buffers offer….  As a result, the potential collective wildlife benefits of grouped natural areas are greater than those of isolated habitats of the same size and shape.   
2) Determine if a network of trails shall be constructed on the property to accommodate staff and public access to various areas and activities on the Farm.  If so, then develop a conceptual trail configuration, including the location of parking areas, foot bridges, and gathering spaces, such as picnic and observation areas.  Doing so prior to design and implementation of other activities (such as riparian restoration, row cropping, prairie development, and wetland mitigation) on the undeveloped portions of the Farm will minimize the risk of, and cost associated with, having to relocate plants, fields, raptor poles, bird houses, etc. at a later time.  Pre-planning will also facilitate design of these other activities to maximize their educational potential and minimize potential disturbance to fish and wildlife associated with providing public access.   Note that the final location of trails, bridges, and culverts in the vicinity of Tributary 1 cannot be determined until a decision is reached concerning the proposed channel configuration. 
3) Determine the nature and extent of planned instream habitat restoration activities prior to revegetating portions of the riparian buffer that could be affected by construction.  Construction impacts on adjacent areas will vary with the nature and extent of the project.  Those associated with riprap removal and instream large wood placement will primarily involve access roads and staging areas that will disturb riparian vegetation and soil in discrete locations.  However, the construction impacts associated with stream habitat improvement within Tributary 1 could be more far-reaching, especially if portions of stream are relocated to establish a more natural stream configuration.  Such activities will not only disturb soil and vegetation in the immediate vicinity of the existing channel, but also those in the vicinity of the new channel, as well as the boundary location of the 100 foot riparian buffer.   
Until a decision is reached regarding the scope and extent of Tributary 1 restoration, it is recommended that a minimum buffer of 200 feet be kept between the existing channel and the proposed location of adjacent activities, such as prairies and row crops.  It will also minimize the risk of having to later modify prairie and row cropping designs or relocate vegetation and structures after they are in place.

Management Areas and Activities
Goals and objectives for each of the nine different proposed management areas and activities are described separately below.  Priority tasks are suggested for those areas and activities for which plans and designs are not yet available or under development.  A schedule for carrying out specific tasks and projects is not included at this time, but may be added at a later date as it develops.  Similarly, plans and designs will be added as separate appendices to this document as they become available.  Through the following discussion, please refer to Figure 33 regarding the proposed location of each management area and activity.
See attached file for 11x17 plot
Figure 33.  General vicinity of proposed activities within the Pierce Conservation District Demonstration Farm.  This figure was prepared by the Pierce Conservation District, Puyallup, Washington.
South Prairie Creek and its Tributaries

One of the main drivers for purchasing the property lay in its value to salmonids.  In spite of widespread habitat degradation in the Puyallup River watershed, the South Prairie Creek subbasin remains functional and productive.  It is the primary source of natural salmonid production in the Puyallup River basin (Kerwin 1999).  As a result, high priority is given to protection of its relatively good quality stream habitat and restoration of degraded habitat.  
Goal:  To preserve high quality stream habitat and improve degraded stream habitat and water quality.  
Objectives:
· Protect areas with healthy, high-quality habitat to prevent further degradation.  

· Connect and provide fish access to isolated habitat, including side channels, tributaries, and wetlands, made inaccessible by culverts, levees, or other man-made obstructions.

· Promote long-term stream habitat recovery through restoration and promotion of self-sustaining stream habitat-forming processes and the ability of the stream to physically adjust to changing material inputs and boundary conditions over time.  Stream habitat-forming processes include the supply and transport of sediment, water, organic matter, solutes (e.g., nutrient and pollutants), light, and heat to the stream.  Priority should be given to addressing the cause of habitat degradation over treating the symptoms.     
· Minimize activities in or near the water that have the potential to kill, harm, or disturb fish and wildlife, especially during breeding and nesting seasons.
· Improve stream water quality, concentrating on reducing the fecal coliform load to the streams and stream water temperature in the summer and fall.
· Minimize constriction of flood flow.

· To the greatest degree possible, allow natural disturbances (e.g., flooding, channel migration) to occur unimpeded. 
· Provide educational opportunities to the public via signs, tours, workshops, and/or seminars.  Potential educational topics include, but are not limited to:

· Natural stream and watershed processes;
· Salmon life cycle, the degraded state of natural stocks, and the importance of South Prairie Creek to the Puyallup River watershed; and
· Impacts of land use and watershed health on stream habitat, water quality, and salmon recovery.  Promote measures that individual landowners can take to reduce negative impacts (e.g., avoid over-fertilizing, minimize impervious surfaces, maintain a riparian buffer that provides shade and a source of large wood to the stream, minimize stream crossings, conserve water, manage stormwater, choose less toxic cleaning products, incorporate plants into landscapes that have relatively low water and fertilizer requirements and provide good habitat for wildlife, remove invasive plant species, consider fish-friendly alternatives to bank armoring).
Priority Tasks for South Prairie Creek
Limiting factors identified for salmonid production in South Prairie Creek include insufficient floodplain connectivity, bank stability, large wood, pools, side channel habitat, and riparian integrity and function (Kerwin 1999).  In addition, fecal coliform bacteria levels and temperature exceed state standards established to protect all designated water uses set forth in WAC 173-201A-602 (Barreca and Roberts 2003).  Priority tasks include:

· Evaluate the feasibility, risks, benefits, and costs for removing bank armor (e.g., riprap) in order to decrease artificial channel confinement, restore natural bank form and near-bank cover, increase habitat diversity, and reduce near-bank stream velocities.  Riprap removal may improve habitat conditions for juvenile salmonids, whose densities tend to be reduced in the vicinity of riprap revetments compared to the natural banks of both small streams (Knudsen and Dilley 1987) and large rivers (Garland et al. 2002, Peters et al. 1998) in the Pacific Northwest.  Where complete removal of bank armor is unfeasible, consider alternative bank protection techniques with less harmful effects on stream habitats, such as log toes, roughened rock toes, and/or bioengineering techniques combined with creation of a floodplain bench and bank re-sloping.  Factors to consider in removing existing bank protection are described in Saldi-Caromile et al. (2004).  Bank protection techniques are presented in Cramer et al. (2003).
· Evaluate the necessity, feasibility, benefits, risks, and cost of building large wood complexes in the stream.  Several fish biologists with the state and Puyallup Tribe have suggested placing wood within the property reach of South Prairie Creek in order to increase cover habitat, encourage gravel cleaning and deposition, and increase stream hydraulic and bedform diversity, among other benefits.  The relatively large size of the stream, its confined condition, the existence of a mature forested riparian zone along portions of the property reach, the presence of relatively good quality fish habitat in portions of the property reach, and the close proximity of the bridge, house, and outbuildings to the stream require careful consideration of the location, size, number, stabilization, and arrangement of wood pieces in order to maximize benefits and minimize risks.  Instream large wood placement design and considerations are described in numerous publications, including Slaney and Zaldokas (1997) and Saldi-Caromile et al. (2004).
· Add a continuous solid wall pipe to all drainage outlet pipes that currently discharge near the top of unarmored streambanks in order to decrease the risk of bank erosion caused by concentrated flow down the slope.  The new section of pipe should extend all the way to the toe of the slope to prevent saturating or eroding the bank.  Some sort of energy dissipation structure may be necessary at the outlet.  Exposed pipes should be securely anchored to the bank face.  
· Collect baseline information on stream habitat abundance, distribution, and quality.   Baseline information is necessary in order to develop and prioritize restoration actions, and to evaluate and document changes over time in response to conservation and restoration activities.  Use standard accepted stream habitat assessment protocols, such as those prepared for the Washington State Department of Natural Resources under the Timber, Fish, and Wildlife Agreement (Pleus and Schuett-Hames 1999, Schuett-Hames et al. 1999).  
· Continue to monitor fecal coliform levels and temperature in the stream according to the procedures and schedule described in the Ragland and Roberts (2004) (attached as Appendix E to this document) or subsequently developed guidance documents, as appropriate.      

· Continue to monitor fish use and distribution within the stream.  Monitoring of salmonid spawning is currently conducted by the Washington Department of Fish and Wildlife and the Puyallup Tribe.  

· Monitor the abundance and distribution of large wood in the stream.  Lack of instream large wood was cited as a limiting factor for salmonid fish production in South Prairie Creek (Kerwin 1999).  It is anticipated that revegetation of the riparian zone and/or instream placement of wood will increase the amount of functional large wood in the stream over time.  Baseline data concerning the abundance and distribution of large wood in the stream is necessary in order to document and evaluate changes over time and in response to restoration activities.  Use standard accepted large wood monitoring protocols, such as those prepared for the Washington State Department of Natural Resources under the Timber, Fish, and Wildlife Agreement (Schuett-Hames et al. 1999).
· Increase the extent, width, and function of riparian habitat to secure a long-term source of shade, near-bank cover, and large wood to the stream and to reduce the fecal coliform load to the stream.  Note that the nature and extent of planned instream habitat restoration and public access development activities should be determined prior to revegetating portions of the riparian buffer that could be affected by construction.  Doing so will minimize risk of damage and disturbance to new plantings and will minimize costs associated with moving plants if their location conflicts with other activities on the property.  Refer to the goals and objectives for riparian buffers described below and the Riparian Revegetation Plan in Appendix F for further information and recommendations.
Priority Tasks for Tributary 1

Tributary 1 is a channelized stream with limited salmonid spawning habitat and pools within the property reach.  Much of the channel is infested with reed canarygrass and its riparian zone is dominated by blackberries.  Fecal coliform bacteria levels and temperature exceed state standards established to protect all designated water uses set forth in WAC 173-201A-602 (Barreca and Roberts 2003).  Despite its shortcomings, the fact it currently provides some degree of functional stream habitat should be kept in mind when considering stream restoration alternatives.  Reed canarygrass provides good shelter for juvenile fish and improves water quality through sediment retention (Travis Nelson 2005, WDFW Area Habitat Biologist, Sumner, Washington, personal communication).  Priority tasks include:

· Remove the barbed wire fence that runs through the center of the stream to avoid harming fish and wildlife.

· Continue to monitor fecal coliform levels and temperature in the stream according to the procedures and schedule described in Ragland and Roberts (2004) (attached as Appendix E to this document) or subsequently developed guidance documents, as appropriate.      

· Abandon use of the ford, replacing it with a bridge as necessary. 

· Collect baseline information on stream habitat abundance, distribution, and quality, including physical and biological parameters (baseline information is already available for water quality).  Baseline information is necessary in order to develop and prioritize restoration actions, and to evaluate and document changes over time in response to conservation and restoration activities.  Use standard accepted stream habitat assessment protocols, such as those prepared for the Washington State Department of Natural Resources under the Timber, Fish, and Wildlife Agreement (Pleus and Schuett-Hames 1999, Schuett-Hames et al. 1999).  
· Collect baseline information on fish use of the stream, including the species, age class, abundance, distribution, and timing of fish presence.  Baseline information is necessary in order to develop and prioritize restoration actions, and to evaluate and document changes over time in response to conservation and restoration activities.
· Develop a prioritized list of proposed restoration activities along Tributary 1 to address stream habitat deficiencies associated with the straightened ditch.  Instream restoration activities may range from adding large wood to the stream to reconstruction of portions of the stream to simulate a more natural planform, bedform, and habitat diversity.  Project prioritization should take into consideration (Saldi-Caromile et al. 2004):

· Certainty for project success;
· Risks to fish, wildlife, public safety, infrastructure, or property that are associated with project implementation; 
· Risks to fish, wildlife, public safety, infrastructure, or property that are associated with project failure;
· Expected delay between project implementation and project results;
· Expected durability and longevity of project benefits;
· Operations and maintenance needs associated with the project; and 
· Project cost in the short and long term.
· Increase the extent, width, and function of riparian habitat to secure a long-term source of shade, near-bank cover, and large wood to the stream and to reduce the fecal coliform load to the stream.  Note that the nature and extent of planned instream habitat restoration and public access development activities should be determined prior to revegetating portions of the riparian buffer that could be affected by construction.  Doing so will minimize risk of damage and disturbance to new plantings and will minimize costs associated with moving plants if their location conflicts with other activities on the property.  Refer to the goals and objectives for riparian buffers described below and the Riparian Revegetation Plan in Appendix F for further information and recommendations.  
Priority Tasks for Tributary 2

Although the physical condition of Tributary 2 appears good, little is known concerning its water quality, biological productivity, and use and suitability to fish and wildlife.  Potential barriers to fish passage downstream of the property reach have been reported (Monty Mahan 2005, Pierce Conservation District Manager, Puyallup, Washington, personal communication).  Priority tasks include:    

· Remove all of the roughly 400 foot of barbed wire fence running through center of stream in the vicinity of the Tacoma City Water property, and the short length of fence running perpendicular to the stream near the mobile home.  Some of this wire may occur on neighboring properties.  If so, permission must be obtained from those neighboring properties prior to removal.

· Collect baseline information on stream habitat abundance, distribution, and quality, including physical, chemical, and biological parameters and barriers to fish passage.  Baseline information is necessary in order to develop and prioritize restoration actions, including potential projects to improve fish passage between South Prairie Creek and Tributary 2 and within Tributary 2.  Baseline information is also necessary to evaluate and document changes over time in response to conservation and restoration activities.  Use standard accepted stream habitat assessment protocols, such as those prepared for the Washington State Department of Natural Resources under the Timber, Fish, and Wildlife Agreement (Pleus and Schuett-Hames 1999, Schuett-Hames et al. 1999).  
· Collect baseline information on fish use of the stream, including the species, age class, abundance, distribution, and timing of fish presence.  Baseline information is necessary in order to develop and prioritize restoration actions, and to evaluate and document changes over time in response to conservation and restoration activities.

Priority Tasks for Ditch

No data is currently available concerning current fish use of the drainage ditch.  Although it is virtually dry during the summer, it may have some potential to provide over-wintering fish habitat.  Priority tasks include:

· Evaluate the ditch’s potential to provide over-wintering habitat for fish.  If there is reasonable potential for the ditch to provide fish habitat:
· Improve its connection with South Prairie Creek to facilitate fish passage between the stream and the ditch.
· Remove the multiple parallel concrete culverts that currently provide foot access over the ditch and replace them, as necessary, with a culvert or bridge.
· Implement fish habitat improvement measures, such as increased cover, as appropriate.
Riparian Buffers
Riparian zones offer feeding, reproduction, and refuge habitat for invertebrates, fish, waterfowl, amphibians, birds, and mammals.  In addition, they influence instream habitat by 1) providing shade which helps to moderate stream temperature and, in turn, influences the dissolved oxygen content of the water; 2) improving water quality through sediment and pollutant retention and transformation; 3) storing water during storm events; 4) controlling streambank and surface erosion; 5) providing a source of large and small wood to the stream, which, among other things, can store and sort sediment, provide cover and refuge for fish and other aquatic organisms, and create or improve the quality of pools, riffles, backwaters, and off-channel habitat; 6) providing near-bank cover; 7) providing a source of roughness to the stream to reduce flow velocity; and 8) providing leaves, twigs, insects, and other organic matter to the stream that provide food and nutrients to fish and other aquatic organisms (Saldi-Caromile et al. 2004).  

Lack of large instream wood and functioning riparian habitat has compromised stream habitat and limited the natural production of salmonids in the Lower Carbon River watershed, including South Prairie Creek (Kerwin 1999).  Commercial forestry and general land clearing in the South Prairie Creek watershed has altered the extent, distribution, and species composition of riparian vegetation as well as the volume, size, and species composition of large wood in the streams.  The loss of historical volumes of large wood and future recruitment sources are most pronounced in the lower reaches of South Prairie Creek (Kerwin 1999) where only discontinuous narrow bands of mostly deciduous trees remain.  Such narrow bands are inadequate for short and long term recruitment of functionally sized instream large wood (Kerwin 1999).  Vegetated riparian buffers at the Farm range from 0 to 75 feet.  Although some reaches of South Prairie Creek and Tributaries 1 and 2 are shaded, others are completely exposed.  The riparian revegetation plan is included as Appendix F in this document.
Goal:  To maintain or enhance the structural and functional integrity of riparian habitat and associated aquatic systems needed to perpetually support fish and wildlife populations.  Native riparian vegetation will be restored to approximately 2.2 miles of streambank along South Prairie Creek and its tributaries.  The Pierce Conservation District is responsible for site preparation, planting, monitoring, and ongoing maintenance.  
Objectives:  

· Establish at least a 200 foot wide native riparian forest buffer along both banks of South Prairie Creek and at least a 100 foot wide native riparian forest buffer along both banks of Tributaries 1 and 2.  

· Plant only native species that are adapted to local site conditions.  Accelerate native plant colonization and succession by actively planting and replanting the site.

· Manage non-native vegetation, including noxious and poisonous weeds.   

· Provide a long-term source of shade, near bank cover, and large wood to the streams.  

· Reduce delivery of sediment and water-borne contaminants to the stream.

· Promote native riparian wildlife.  

· To the greatest degree possible, retain downed logs, snags, rock piles, and other natural habitat features.  Snags and downed logs provide food and cover habitat to a multitude of birds, mammals, and amphibians and provide a source of nutrients and organic matter to the soil (Knutson and Naef 1997).
· Maintain a diverse native plant community that can supply a diverse array of food as well as feeding, reproductive, and refuge habitat for wildlife.  
· Promote development of multiple canopy layers.

· Limit the number and extent of trails within riparian habitat.  Their creation and use may alter surface water drainage patterns and generate erosion and stream sedimentation.  Trail soils are compacted, which can negatively impact the health of nearby vegetation.  Trampling of streambanks made accessible by trails may cause them to erode.  Trail use may disturb fish and wildlife, leading to reduced productivity or abandonment of the area by sensitive species.  (Knutson and Naef 1997)
· Promote connectivity with other ecosystems, such as wetland, prairie, and upland habitats within the property and among adjacent properties.
· To the greatest degree possible, allow natural disturbances (e.g., flooding, channel migration) to occur unimpeded.  Such disturbances promote stream and riparian habitat diversity.
· Foster a stewardship ethic by incorporating volunteer labor into site planting, maintenance, and monitoring whenever feasible.

· Provide educational opportunities to the public via trails, signs, tours, workshops, and/or seminars.  Potential educational topics include, but are not limited to:

· Native riparian plants; 

· Importance of riparian areas to fish and wildlife;
· Invasive species issues, management, and control; and
· Sensitivity of riparian areas to damage.
Revegetation of riparian areas has the potential to conflict with other activities on the Farm by either occupying the same space or promoting conditions that inhibit other activities from achieving their goals and objectives.  The design and schedule for riparian revegetation should take into account the following factors.  Doing so will minimize risk of damage and disturbance to new plantings and will minimize costs associated with moving plants if their location conflicts with other activities on the property.  

1) The proposed location of row crops and prairies will influence planting density and species selection.  Tall trees within the riparian buffers may shade out row crops and prairies to their north. 

2) The nature and extent of planned instream habitat restoration activities should be determined prior to revegetating portions of the riparian buffer that could be affected by construction.  Construction impacts to riparian areas may range from compaction and trampling associated with access roads and staging areas, to large-scale land modification and disturbance associated with excavation and fill.  The potential for large-scale construction impacts is highest in the vicinity of Tributary 1, portions of which may be relocated or reconfigured to improve instream habitat.  Channel relocation will disturb riparian vegetation and soil and influence the location of the 100 foot riparian buffer.  

3) The nature and extent of planned trails, parking areas, and structures associated with providing public access to the property should be determined prior to revegetating portions of the riparian buffer that could be affected by construction.  Trails not only occupy the same space as proposed riparian plantings, but their location relative to hazard trees and potential wildlife enhancement structures, such as raptor perches and bird houses, will influence the effectiveness of these structures.  

Demonstration Livestock Keeping

The livestock will be utilizing 10.8 acres of pasture in the south fields adjacent to Highway 162 for grazing.  They will be housed in a 1512 square foot area of the northwest corner of the larger barn on the property.  They will also have access to an adjacent 5538 square foot area north of the barn for exercise during the winter months.  The barn aisle on the north side of the building will be used to store hay.  The two bays on the southern most end of the former bulk feed holding building will house pigs.  The remaining bays will be used to compost and store the livestock’s manure.  The two grain silos directly across the concrete slab from the compost bins will be used to store grain.  The management plan for demonstration livestock keeping is included as Appendix G in this document.

Goal:   To have a major year-round demonstration livestock operation illustrating best management practices that conserve and protect natural resources.

Objectives:  

· Restrict livestock access to designated areas.

· Maximize animal production and health.
· Maximize grass production and health.
· Manage phosphorus levels in the soil through manure and crop removal or recycling, as necessary.
· Control noxious and poisonous weeds, including thistle and nightshade.
· Promote wildlife habitat abundance and diversity whenever feasible.
· Minimize soil erosion and compaction through best management practice implementation.
· Protect stream and ground water quality by controlling manure runoff and use of fertilizers.
· Minimize odor through best management practice implementation.
· Develop and demonstrate innovative techniques and materials for such things as footing types (material used in paddocks to prevent mud), bedding materials, grazing rotations, and stocking rates.
· Provide educational opportunities to the public via signs, tours, workshops, and/or seminars.  Potential educational topics include, but are not limited to:

· Manure  management,
· Pasture management, and
· Mud and erosion prevention.
Demonstration Row Cropping

Approximately 22 acres of land, potentially located in the north and/or east fields, will be utilized for the production of row crops.  Machine and equipment storage will include the 900 square foot structure located at the southeast corner of the property, adjacent to Highway 162. Additional storage will be provided in the large barn on an as needed basis.  The management plan for demonstration row cropping is included as Appendix H in this document.
Goal:   To illustrate the compatibility of farming with natural resource conservation and habitat improvement to the public and surrounding community.

Objectives:  

· Cultivate up to 22 acres for the growing of vegetables, herbs, flowers or other crops.

· Utilize farming methods that minimize soil loss and surface water runoff.

· Utilize compost produced on site as fertilizer for crops.

· Control noxious and poisonous weeds by organic methods

· Protect stream and ground water quality by matching the amount and timing of nutrient application with the needs of the crop and limiting the use of pesticides. 

· Minimize water withdrawal for crop irrigation by implementing water-use efficiency measures, such as drip irrigation systems, and by matching the amount and timing of supplemental water application with the needs of the crop.  When less water is withdrawn from the stream, more is available instream to provide fish habitat, lessen the risk of elevated stream water temperature, and support riparian vegetation.

· Promote wildlife habitat abundance and diversity whenever feasible, such as by:

· Growing winter cover crops in crop fields to provide winter food and cover to wildlife.

· Incorporating features, such as raptor perches, bird boxes, and hedgerows in the plan to provide refuge, feeding, and hawking habitat and replace the wildlife habitat lost as the blackberry plants in nearby riparian zones are removed.  The following considerations for hedgerow design were derived largely from Link (1999) and personal communication with Kelly McAllister, WDFW District Wildlife Biologist, Olympia, Washington on September 26, 2005.
· Hedgerows could be designed to divide the farmed area in a manner that is pleasing to look at, in addition to providing cover for wildlife. Breaks in the hedgerows provide passage for farm workers and equipment. 
· Use hedgerows to connect larger natural areas, such as riparian buffers, wetlands, and prairies.
· Retain all snags and dead limbs within the hedgerow where they don’t pose a hazard.  They offer additional nesting, perching, and foraging sites.  Raptor perch poles might be planted in the ground at several points within the hedgerows, allowing red-tailed hawks, kestrels, and owls to perch and watch for rodents in the surrounding farmland. 
· Choose plants adapted to site conditions and whose growth habitat conforms to site limitations.  Utilize a wide variety of native shrubs and trees to support greater bird and wildlife diversity.  

· Select a combination of evergreen and deciduous plants to increase options for wildlife shelter.
· Include some thorny plants and some suckering plants.
· Include plants that provide flowers, fruits, and seeds at different times of the year, including some plants that hold their fruits into winter.
· Avoid using plants that host serious pests of nearby crops.
· Avoid plants likely to shade nearby crops.
Depending on location within the Farm, appropriate plant species for hedgerows may include black twinberry, red elderberry, salmonberry, salal, Douglas spirea, Nootka rose, clustered wild rose, common snowberry, Indian plum, serviceberry, mock orange, red-flowering currant, oceanspray, tall Oregon grape, western hazelnut, and Pacific crab apple.  However, the specific combination of plants will vary with the location of the hedgerow. 

Native Plant Salvage

In support of the region’s unique natural legacy, the Pierce County Native Plant Salvage Program collaborates to preserve, restore and teach about native flora.  The program will utilize the former calf barn immediately west of the former milking parlor for potting up plants and for holding supplies such as pots and soil amendments.  The barn west of that building that has had the roof removed will be covered with shade cloth and will be used to hold the plants in small raised beds that are as yet to be constructed.  The slab and submerged tank where the milk parlor was located will be used to hold aquatic plants.  The slab adjacent to that site that was used to wash the cows prior to milking will also be used to hold potted plants.  A storage shed will be built to hold supplies such as shovels and wheel barrows within one of the existing buildings designated for use by the native plant salvage program.  The water tower and cistern will be used to supply water for the plants.  The management plan for the native plant salvage holding facility is included as Appendix I in this document.
Goal:   To coordinate a native plant salvage program within Pierce County.
Objectives: 
· Salvage plants from sites destined to be altered by construction.  
· Maintain the health and vigor of salvaged plants. 

· Use salvaged plants at sites where restoration and/or landscape site enhancement requires the use of native plants.

· Foster a stewardship ethic by incorporating volunteer labor into the salvage process.

· Provide educational opportunities to volunteers and the general public via hands-on training, workshops, and/or seminars.  Potential educational topics include, but are not limited to:

· Plant salvage techniques

· Native plant identification and use in the landscape

· Preservation of water quality and endangered species

· Conservation of water and soil resources

· Reduction of landfill waste

· Watershed ecology

· Maintain effective communication of salvage and educational events to potential site donors and potential volunteers as well as the general public.  
· Maintain on-going communication between various agencies and organizations that hold an interest in public education as it relates to native plants and community building.

Wetland Mitigation 

Pierce County proposes a wetland mitigation project in the western portion of the property between the western property line, Tributary 2 to the north, and South Prairie Creek to the south.  The wetland mitigation design and management plan is included as Appendix J in this document.

Goal:   The general goal of the mitigation site is to compensate for unavoidable wetland impacts resulting from the construction of two sections of the Foothills Trail (that between South Prairie and Buckley and the secondary trail to Carbonado).  
Objectives:  

· Create a minimum of 3 acres of new wetland.  Creation will consist of several wetland classes to provide diverse fish and wildlife habitat.   
· Enhance a minimum of 0.5 acres of existing wetland.

· Create recognizable forested, scrub/shrub, emergent and open water wetland communities.

· Create recognizable permanent open water areas, seasonally to permanently inundated areas and seasonally saturated soil areas.

· Plant only native species that are adapted to local site conditions.  

· Manage non-native vegetation, including noxious and poisonous weeds. 

· Provide habitat for amphibians, mammals, reptiles, waterfowl, and both resident and anadromous fish through presence of open water and a variety of vegetation classes and by installation of large wood in the form of snag trees and horizontal logs.  Wetlands, in this area, can be expected to support Beaver, Muskrat, Red-winged Blackbirds, Virginia Rails, Red-legged Frogs, and Northwestern Garter Snakes, among others (Kelly McAllister 2005, WDFW District Wildlife Biologist, Olympia, Washington, person communication). 

Prairie Development

The north and east fields have been identified as potential areas to establish a native plant community that would approximate the original native prairie vegetation of the area.  Prairies were historically present in the area because they were enhanced and maintained by the native peoples of the region.  Farther in the South Sound the prairies are associated primarily with a dry, gravelly soil.  However in the South Prairie area, the prairies were smaller and more mesic.  Historical records refer to the prairie just north of this area near Lake Tapps as Connell Prairie and the place name, South Prairie, suggests that there were some prairies in the vicinity. However, reference condition prairies of this type in this area are very rare as most of them were converted to farmland, developed, or were grown over by shrubs and trees when they were not maintained anymore.  Consequently it will be a challenge to approximate the prairie plant community that may have once existed in the area.  This project could serve as a reminder that prairies were once an important part of the landscape of this area, provide an educational tool about some of the native herbaceous plants that are found in a Puget Sound prairie plant community, and could also potentially be a source for culturally important plants for present day native people.  The prairie design and management plan is included as Appendix K in this document.
Goal:  To establish a native mesic prairie as similar as possible to one that may have existed in the vicinity prior to settlement using the appropriate associated grasses and forbs.

Objectives:

· Plant only native species that are adapted to local site conditions.  

· Include native plants with traditional cultural significance with regards to their medicinal, food, or ceremonial value.  Emphasis shall be placed on plants of ethnobotanical use to current tribal members (e.g., camas bulbs).

· Use plant material of local origin as much as possible.

· Manage non-native vegetation, including noxious and poisonous weeds. 

· Provide a diverse array of food as well as feeding, reproductive, and refuge habitat for native prairie wildlife.
· On Department of Fish and Wildlife prairie areas, artificial enhancement of passerine bird habitat, such as nest boxes and perches (fence posts), are avoided in or adjacent to where they wish to promote prairie butterflies (Kelly McAllister 2005, WDFW District Wildlife Biologist, Olympia, Washington, personal communication).  It is uncertain, at this time, how important bird predation might be in limiting butterfly populations.  But when dealing with rare species, it seems like a prudent step to take at least initially, until the butterflies and the prairie habitat are established and their composition understood.  Refer to Appendix D for further information concerning Kelly McAllister’s wildlife enhancement recommendations for the Farm.  

· Provide educational opportunities to the public via signs, tours, workshops, and/or seminars.  Potential educational topics include, but are not limited to:

· Native prairie plants and processes,
· Native prairie wildlife, and
· Traditional tribal use of prairie plants.
Priority Tasks for Prairie Development:
· Select an area on the property suitable for prairie establishment.

· Conduct research to determine what an appropriate plant community might look like.

· Prepare the site, as necessary, to maximize survival of new plants.  Such preparations may include soil rehabilitation such as soil decompaction, stripping of excess nutrients, or removal of existing vegetation.
· Develop and implement a management plan to replicate the effects of fire, which would have traditionally been used to maintain the prairie.

· Develop and implement a plant harvest management plan that promotes sustainable harvest techniques and amounts. Plant harvest for tribal or educational use shall be permitted, provided it is conducted in a sustainable manner.  
Public Access
Public access to the property shall be provided at reasonable hours and times of year for educational and recreational purposes.  Public access shall be provided to all segments of the public without restriction because of race, creed, color, gender, religion, national origin or residence of the user.  An effort shall be made to accommodate handicapped accessibility.  All trails, parking areas, benches, signs, bathrooms, bridges, and other facilities and structures associated with public access shall be maintained by the Pierce Conservation District.  The Pierce Conservation District reserves the right to restrict public access to protect people, property, fish, wildlife, and livestock.  
Goal:  To provide safe public access to demonstration activities and points of interest on the property for educational and recreational purposes.
Objectives:

· Promote and maintain safe public access.
· Roads and trails shall be designed and constructed according to current best management standards and kept in reasonable repair to prevent undue deterioration that would discourage public use.

· Monitor potential hazard trees (those with defects that may cause a tree or parts of a tree to fall on people or property) on a regular basis and implement corrective actions, as necessary.     

· Maintain separation of roads, parking areas, gathering spaces, trails, viewing platforms, and similar public structures from potential hazard trees to minimize risk of human injury and property damage.  
· Provide educational opportunities to the public. 

· Discourage vandalism and other unauthorized uses of the property.  

· Discourage harassment of fish and wildlife.  Hunting and fishing shall not be allowed on the property.  
· Minimize soil compaction and disturbance to streams, streambanks, fish, wildlife, vegetation, livestock, and daily farm operations.

· Locate roads, parking areas, gathering spaces, trails, viewing platforms, and similar public areas away from constructed raptor perches and bird houses. 

· Locate high impact recreation facilities, such as roads, picnic areas, and large gathering spaces, outside of natural areas (including riparian buffers, wetlands, and prairies). 

· Limit the number, length, and width of roads, trails, and stream access points to prevent widespread disturbance.  Sections of the trail that provide vehicle access shall be at least 10 feet wide.  Trails that accommodate foot traffic only shall be at least 4 feet wide.  
· Confine foot and vehicle traffic to well-marked trails. 
· Control pets.
· Minimize the number of road and trail crossings on all streams and ditches.  Water crossings shall be designed and maintained in compliance with applicable state and local laws and regulations, including those concerning safety, fish passage, and flood flow accommodation.  Bridges are preferred over culverts. Water crossings should be oriented perpendicular to the water course to minimize impact.
· Avoid roads and trails on slopes prone to instability and accelerated erosion.  Vegetation removal or soil disturbance on unstable slopes increases the risk of erosion or mass wasting.

· Connect trails to future and existing public trail systems located in the vicinity, wherever feasible.

Priority Tasks for Public Access:

· Determine if a network of roads and trails shall be constructed on the property to accommodate staff and public access to various areas and activities on the Farm.  If so, then develop a conceptual trail configuration, including the location of parking areas, foot bridges, and gathering spaces, such as picnic and observation areas.  Doing so prior to design and implementation of other activities (such as riparian restoration, row cropping, prairie development, and wetland mitigation) on the undeveloped portions of the Farm will minimize the risk of, and cost associated with, having to relocate plants, fields, raptor poles, bird houses, etc. at a later time.  Pre-planning will also facilitate design of these other activities to maximize their educational potential and minimize potential disturbance to fish and wildlife associated with providing public access.   
Managers should note that the suitability of soil on the property to support roads, structures, public gathering areas and trails varies with the soil type (Figure 6).  Briscott loam variants pose moderate management concerns for picnic areas and trails due to floods, meaning that careful planning, design, or maintenance can overcome or alleviate any soil limitations (Zulauf 1979).  Similarly, Barneston gravelly coarse sandy loam poses moderate management concerns for picnic areas and trails due to its abundance of small stones (Zulauf 1979).  Its relatively high slope also impedes its suitability for picnic areas.  Buckley loams and Xerochrepts pose severe management concerns for picnic areas and trails due to their wetness and slope, respectively (Zulauf 1979).  Their limitations can only be offset by costly soil reclamation, special design, intensive maintenance, limited use, or a combination of all four strategies.

Severe management concerns are associated with the use Briscott loam variants, Buckley loams, and Xerochrepts for roads, and presumably parking areas, due to their respective flood risk, wetness, and slope (Zulauf 1979).  Barneston gravelly coarse sandy loam poses a moderate management concern for roads due to its slope (Zulauf 1979).  
· The outer perimeter of the property and all vehicular accesses will be fenced and/or gated in a manner that prevents unauthorized vehicular access. 
· Provide bathroom facilities for staff and visitors of the Farm.  Additional temporary bathroom facilities may be necessary to accommodate the public during the fall salmon spawning season, if public access to the Farm is provided during this time. 
On-site Facility Management 

Facilities include all man-made structures on site, including, but not limited to, buildings, pavilions, parking lots, bridges, culverts, trails, observation decks, and benches.  Any plans for improvements to the property shall be reviewed and approved by Pierce County or its successors to assure compliance with the grant agreement for floodplain acquisition (Contract # 04-41329) between the Pierce Conservation District and Pierce County Public Works and Utilities (copy provided in Appendix A).  All other restrictions stated in Contract # 04-41329 also apply.  The Pierce Conservation District is responsible for monitoring facility condition and ensuring necessary maintenance is conducted.
Goal:  To maintain all facilities in a working useful condition to ensure their continued use as well as the health and safety of staff and visitors are not compromised.  
Objectives:

· Keep the property and any improvements to the property safe and clean.

· Operate and maintain lands and facilities in accordance with all applicable federal, state, and local laws and regulations.

· Keep all roads, buildings, trails, tables, benches, and other improvements in reasonable repair throughout their estimated lifetime so as to prevent undue deterioration that would discourage public use.

· Minimize the negative impacts of all future development activities on natural systems and critical areas.

· Carefully site new facilities where they will have less impact on natural areas, sensitive fish and wildlife, and slope stability.  Preferred locations include sites outside the 100-year floodplain, floodway, channel migration zone, riparian buffers, prairies, and wetlands (refer to Figures 11 and 33); sites with stable soils and slopes; and currently degraded or developed sites.  
· No new structures or improvements shall be erected in the floodplain, floodway, or channel migration zone of the property unless all open on all sides and functionally related to open space use.  The floodplain shall be used only for purposes compatible with open space, recreation, or wetlands management practices.  
· Future development on the site shall incorporate low impact development techniques and shall limit impervious surfaces in order to minimize surface runoff.

· Retain all stormwater on the property 
· Protect ground and surface water quality.  There shall be no unauthorized discharge of pollutants to any surface water onsite.  Sanitation and sanitary facilities present on the property shall be maintained in accordance with applicable state and local public health standards.  
· Promote wildlife habitat abundance and diversity wherever feasible.  Nesting boxes designed for swallows, barn owls, and bats would be appropriate to install around the barns and other out-buildings.

Priority Tasks for On-site Facility Management
· Inspect all building and structures on site for safety and structural integrity.

· Prioritize and implement necessary repairs and demolition.

· Evaluate the potential for extinguishing some portion of water rights to South Prairie Creek and its tributaries.

· Select appropriate locations for wildlife nesting boxes.

· Decommission the existing tile drain system in all proposed natural areas.  Monty:  is this true for the prairie area too?  The existing tile drain system within the riparian buffers and prairie will not be maintained.  They are expected to fill in over the next 20 years to enable the site to revert back to its natural, wetter condition (Beth Tan 2003, Professional Engineer, Natural Resources Conservation Service, Puyallup, Washington, personal communication to Monty Mahan).  The existing tile drain system within the wetland mitigation site will be removed during construction.  
· Consider collecting baseline data and wildlife distribution and abundance throughout the entire property and developing a long-term monitoring plan to document and evaluate changes over time resulting from conservation and restoration activities on the site.

· Determine if vehicle or foot access is necessary over Tributary 1 when the existing ford is abandoned.  If so, design a bridge to replace the ford.  The bridge, abutments, and associated fill shall be designed and maintained in compliance with applicable state and local laws and regulations, including those concerning safety, fish passage, and flood flow accommodation.  At a minimum, it should span the entire distance from top of bank to top of bank to minimize confinement of the stream channel and frequent flood flows.  
· Locate and design parking areas, foot bridges, culverts, and other structures, as necessary, to accommodate staff and public access to the Farm.  Note that all water crossings shall be designed and maintained in compliance with applicable state and local laws and regulations, including those concerning safety, fish passage, and flood flow accommodation and shall accommodate any proposed modifications to the water bodies for the benefit of fish.
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Appendix A -- Contract Agreements
MONTY to provide electronic copies of the county contract and the conservation easement with the SRF board

Appendix B -- Pollutant Loading Reduction Credit
Pierce County Water Programs’ contribution to the purchase of the Inglin Dairy was based in part on it obtaining pollutant reduction credit under the Washington Department of Ecology’s South Prairie Creek Total Maximum Daily Load (TMDL).   The following outlines the County’s request to considering the decommission of the Inglin Dairy as being consistent with US EPA policies on effluent reduction trading and by use of the Watershed Treatment Model which projects a 10 to 100 time reduction of fecal coliform loading as a result.

April 19, 2005

Mr. Kim McKee

Washington Department of Ecology

Southwest Regional Office

Olympia, Washington 98504
SUBJECT: South Prairie Creek TMDL
Dear Kim:

Pierce County Water Programs, is requesting Ecology approve its contribution to the purchase, de-commissioning, and restoration of the x-Inglin Dairy as satisfying its waste load allocations for the South Prairie Creek TMDL through a water quality trade.  

Attached is a report prepared by Brown and Caldwell Associates that demonstrates Water Programs’ actions to acquire, decommission, restore and manage the x-Inglin Dairy reduces fecal coliform loading to South Prairie Creek at the locations of the TMDL by at a minimum 10:1 ratio relative to any waste load allocation that could be justified for Pierce County.  I am enclosing that report for your information.

Additionally, this water quality trade is consistent with and implements specific policy statements and objectives of US EPA’s Policy on Water Quality Trading (Office of Water, Water Quality Trading Policy, January 13, 2003).  Attached is a summary of Pierce County’s trade consistency with applicable EPA policy statements.

Finally, encompassing the Pierce County water quality trade into Water Programs’ surface water management plan for the South Prairie/Carbon River Basin Plan ensures integration of South Prairie Creek water quality in the County’s continuing planning process under its NPDES permit.

Your actions in approving this trade as meeting Pierce County’s waste load obligation for South Prairie Creek TMDL will facilitate and expedite waterbody cleanup in the creek and will help continue to foster a spirit of cooperation among the responsible parties.
Sincerely,

Dan D. Wrye
Program Services Manager
Enclosures

(1) April 19, 2005 Report from Mike Milne, Brown and Caldwell

(2) Consistency of Pierce County Water Quality Trade with US EPA’s Policy on Water Quality Trading (Office of Water, Water Quality Trading Policy, January13, 2003)
(3) Deed Restrictions on Property

cc:
File


Claire Shary, US EPA Region 10


Dave Seabrook, Chair Water Resources Committee, Puyallup River Watershed Council


Monty Mahan, Pierce Conservation District


Heather Kibbey, Water Quality Specialist, Pierce County Water Programs

Consistency of Pierce County Water Quality Trade with US EPA’s Policy on Water Quality Trading (Office of Water, Water Quality Trading Policy, January 13, 2003)

The Pierce County Water Quality Trade at Inglin Dairy meets US EPA’s water quality trading policy’s following objectives:

· “Achieves early reductions and progress towards water quality standards pending development of TMDLs for impaired waters.

· Establishes economic incentives for voluntary pollutant reductions from point and nonpoint sources within a watershed.

· Reduces the cost of compliance with water quality-based requirements.

· Achieves greater environmental benefits than those under existing regulatory programs. EPA supports the creation of water quality trading credits in ways that achieve ancillary environmental benefits beyond the required reductions in specific pollutant loads, such as the creation and restoration of wetlands, floodplains and wildlife and/or waterfowl habitat.

· Secures long-term improvements in water quality through the purchase and retirement of credits by any entity.

· Combines ecological services to achieve multiple environmental and economic benefits, such as wetland restoration or the implementation of management practices that improve water quality and habitat.”

Additionally, Pierce County’s water quality trade is consistent with specific EPA policy statements on trading:

EPA Water Quality Trading Policy Statement: Trading Areas. All water quality trading should occur within a watershed or a defined area for which a TMDL has been approved. Establishing defined trading areas that coincide with a watershed or TMDL boundary results in trades that affect the same water body or stream segment and helps ensure that water quality standards are maintained or achieved throughout the trading area and contiguous waters.

Consistency of Pierce County Trade:  The Pierce County water quality trade is within the watershed, at the specific site, and on the specific waterbody of the TMDL.

EPA Water Quality Trading Policy Statement:  Pollutants and Parameters Traded. EPA supports trading that involves nutrients (e.g., total phosphorus and total nitrogen) or sediment loads. In addition, EPA recognizes that trading of pollutants other than nutrients and sediments has the potential to improve water quality and achieve ancillary environmental benefits if trades and trading programs are properly designed. EPA believes that such trades may pose a higher level of risk and should receive a higher level of scrutiny to ensure that they are consistent with water quality standards. EPA may support trades that involve pollutants other than nutrients and sediments on a case-by-case basis where prior approval is provided through an NPDES permit, a TMDL or in the context of a watershed plan or pilot trading project that is supported by a state, tribe or EPA. 

Consistency of Pierce County Trade:  The Pierce County water quality trade is for fecal coliform and is part of the South Prairie/Carbon River Basin Plan for surface water management in the watershed.

EPA Water Quality Trading Policy Statement:  Baselines for Water Quality Trading. As explained below, the baselines for generating pollution reduction credits should be derived from and consistent with water quality standards. The term pollution reduction credits ("credits"), as used in this policy, means pollutant reductions greater than those required by a regulatory requirement or established under a TMDL. 

Consistency of Pierce County Trade:  The Pierce County water quality trade is derived from current water quality standards.  However, the TMDL assumes a compliance level 30% below (i.e., more conservative/protective) than applicable standards.  Even so, the trade affords a significantly higher load reduction (as much as 100X) than would be required by regulation and established under a TMDL.

EPA Water Quality Trading Policy Statement:  When Trading May Occur.  TMDL Trading. Trades and trading programs in impaired waters for which a TMDL has been approved or established by EPA should be consistent with the assumptions and requirements upon which the TMDL is established. EPA encourages the inclusion of specific trading provisions in the TMDL itself, in NPDES permits, in watershed plans and the continuing planning process.  EPA does not support any trading activity that would delay implementation of a TMDL approved or established by EPA or that would cause the combined point source and nonpoint source loadings to exceed the cap established by a TMDL.
Consistency of Pierce County Trade:  The Pierce County water quality trade is specifically a TMDL Trade.  Pierce County would incorporate the Trade into its South Prairie/Carbon River Basin Plan which is part of its NPDES continuing planning process.  Approval of the Pierce County Trade will facilitate and accelerate, rather than delay, TMDL implementation.

EPA Water Quality Trading Policy Statement:  When Trading May Occur.  Alignment with the CWA. Provisions for water quality trading should be aligned with and incorporated into core water quality programs. EPA believes this may be done by including provisions for trading in water quality management plans, the continuing planning process, watershed plans, water quality standards, including antidegradation policy and, by incorporating provisions for trading into TMDLs and NPDES permits.

Consistency of Pierce County Trade:  The Pierce County water quality trade is effectuated by Pierce County Water Programs, the local agency responsible for administering the County’s NPDES municipal stormwater permit and thus is specifically incorporated into the County’s core water quality program.  Additionally, incorporating the Trade into the South Prairie/Carbon River Basin Plan, the TMDL is included in the capital facilities and long range program of the County.
EPA Water Quality Trading Policy Statement:  When Trading May Occur.  Incorporating Provisions For Trading Into Permits. In some cases, specific trades may be identified in NPDES permits, including requirements related to the control of nonpoint sources where appropriate. EPA also supports several flexible approaches for incorporating provisions for trading into NPDES permits: i) general conditions in a permit that authorize trading and describe appropriate conditions and restrictions for trading to occur, ii) the use of variable permit limits that may be adjusted up or down based on the quantity of credits generated or used; and/or, iii) the use of alternate permit limits or conditions that establish restrictions on the amount of a point source's pollution reduction obligation that may be achieved by the use of credits if trading occurs. EPA also encourages the use of watershed general permits, where appropriate, to establish pollutant-specific limitations for a group of sources in the same or similar categories to achieve net pollutant reductions or water quality goals through trading. Watershed permits issued to point sources should include facility specific effluent limitations or other conditions that would apply in the event the pollutant cap established by the watershed permit is exceeded.

For storm water runoff other than agriculture, EPA recommends monitoring or modeling to estimate pollutant loads and load reductions. EPA believes this may be based on local hydrology and actual data or pollutant loading factors that relate land use patterns, percent imperviousness or percent disturbed land and controls or management practices in a watershed to per acre or per unit pollutant loads, where other methods are not specified in a permit or regulation.

Consistency of Pierce County Trade:  The Pierce County water quality trade can be incorporated into its NPDES stormwater permit, which is currently up for renewal.  That permit is a watershed based stormwater permit.  The Trade results more than account for the waste load allocation as well as load allocations in the area.  The Trade has been specifically modeled using EPA-approved loading models (Watershed Treatment Model) and is based on local hydrology, actual data, land use patterns, and other methods, consistent with this policy statement.

April 15, 2005

Mr. Dan Wrye

Pierce County Water Programs

9850 64th Street West

University Place, WA 98467-1078
Subject:  Fecal Coliform Load from Inglin Dairy (Pierce County Work Order # D053-000-1, BC Project No. 25986)
Dear Dan:

As you requested, Brown and Caldwell (BC) performed pollutant loads modeling to estimate the potential fecal coliform load from the former Inglin Dairy to South Prairie Creek and from the unincorporated portion of the Tributary T1 subbasin, which enters South Prairie Creek at the Inglin Dairy site.  We understand that the results may help you evaluate the potential load reductions associated with eliminating livestock use of the dairy property.

Background
The Inglin Dairy site is located on South Prairie Creek just downstream of the town of South Prairie.  A small tributary (T1) flows through the dairy property and enters South Prairie Creek in the eastern part of the property.  The T1 sub-basin encompasses approximately 400 acres of unincorporated land.  While T1 is not part of either Pierce County’s or WSDOT’s storm drainage system, it is the pathway by which stormwater covered by Pierce County’s and WSDOT’s NPDES permits reaches South Prairie Creek.  

The Washington State Department of Ecology (Ecology) recently established a Total Maximum Daily Load (TMDL) for fecal coliform bacteria in South Prairie Creek and tributary T1.  Ecology identified the Inglin Dairy as a potential source of the elevated fecal coliform concentrations they observed in South Prairie Creek and T1.  Ecology’s TMDL submittal report (page 21) notes that waste from 46 cows would be sufficient to cause the load increases Ecology observed in South Prairie Creek near the dairy.  The TMDL report noted that manure was routinely sprayed onto the dairy property adjacent to the creek and tributary T1 (Ecology 2003).
To help address the TMDL requirements and improve water quality in South Prairie Creek, Pierce County Water Programs has purchased the Inglin Dairy.  The dairy has been decommissioned and the site will be restored using native plants and salmonid habitat restoration will be undertaken.  A pre-existing underground manure storage tank will be entombed.  Livestock are not now and will no longer be present at the site.  Pierce County has ensured that deed restrictions have been placed on the property prohibiting unrestricted animal access to surface waters and retention of stormwater onsite.  Thus, the County’s partnership in acquisition of the dairy could substantially reduce fecal coliform inputs to lower South Prairie Creek and tributary T1.

Approach
BC used the Watershed Treatment Model (WTM) version 3.1 to develop the fecal coliform load estimate for the Inglin Dairy.   The WTM was developed in 2001 by the Center for Watershed Protection under an EPA grant.

To perform the analysis, we had to make a number of assumptions regarding the livestock population and manure management procedures at the Inglin Dairy.   We obtained information about the Inglin Dairy operation from Mike Baden at the Pierce Conservation District (PCD).  We obtained information about fecal output and attenuation rates from the WTM documentation and other published literature.  The key assumptions are summarized in Table 1 below:
Table 1.  Key Assumptions for Inglin Dairy Watershed Treatment Model
	Assumption
	Basis or Source

	Animal population = 700 animal units @1,000 lbs each
	Mike Baden, PCD (4/2005)

	Cows were in barn 95% of time
	Mike Baden, PCD (4/2005)

	~2/3 of manure generated in barn was sprayed onto pasture; remaining 1/3 was hauled off site
	Mike Baden, PCD (4/2005)

	Manure was stored in ~30,000 gallon tank and sprayed onto fields; storage time generally less than 1 week
	Mike Baden, PCD (4/2005)

	Annual fecal coliform output per cow, high estimate: 2.63*E+13 
	American Society of Agricultural Engineers (1998)

	Annual fecal coliform output per cow, low estimate: 1.971*E+12
	Metcalf & Eddy (1991)

	35% of fecal coliform in manure generated outside barn reaches creek
	WTM default value (CWP 2001)

	10% of fecal coliform sprayed on pasture reaches creek
	WTM value for effectiveness of infiltration practices (CWP 2001)

	Unincorporated portion of T1 Sub-basin = 394 acres
	Pierce County GIS

	Land uses in T1 sub-basin =  172 acres urban, 69 acres agriculture, 68 acres forest, 80 acres vacant, 5 acres open space
	Pierce County GIS

	Unincorporated portion of T1 sub-basin includes 36 septic systems
	Estimated based on Pierce GIS land use data


Results
Based on the assumptions listed above, the WTM estimated that the annual fecal coliform load from the Inglin Dairy ranged from roughly 112,000 billion per year to 1,500,000 billion per year, or about 300 to 4,000 billion per day.  These loads would result in creek concentrations on the order of 50 to 700 colonies/100 mL, based on the median annual flow in South Prairie Creek.  The WTM estimated that the fecal coliform load from the entire T1 sub-basin excluding the dairy is about 7,000 billion/year.  Please refer to the attached spreadsheet for the details regarding the WTM analysis.

Discussion

As noted above, Ecology’s TMDL report stated that 46 cows would be sufficient to account for the fecal coliform increases observed in lower South Prairie Creek during 2000-2001.  Data provided by the Pierce Conservation District indicate that the dairy housed approximately 700 animal units.  About 2/3 of the manure generated at the dairy during periods of confinement was disposed of on-site via spraying (Mike Baden 2005, Pierce Conservation District Natural Resource Specialist, Puyallup, Washington, personal communication).  South Prairie Creek and the lower reach of tributary T1 flow directly through the dairy property.  Thus, when the dairy was in full operation, it disposed of large quantities of manure in close proximity to the receiving water bodies.
Ecology sampled South Prairie Creek just below the dairy (station SPCB4) 20 times during 2000-2001.  The geometric mean and 90th percentile concentrations at SPCB4 were 92 colonies/100 mL and 340 colonies/100 mL during the growing season and 74 colonies/100 mL and 865 colonies/100 mL during the non-growing season, respectively (Ecology 2003).  

Based on the WTM and the median annual flow in South Prairie Creek, the dairy may have contributed on the order 50 to 700 colonies/100 mL to the creek.  These concentrations are high relative to the concentrations observed in the creek by Ecology in 2000-2001, which suggests that the dairy could have accounted for much of the fecal coliform observed in South Prairie Creek at SPCB4.  If so, eliminating the dairy land use should cause substantial reductions in fecal coliform loads in the creek downstream of the dairy.  Elimination of the dairy should also result in substantially lower fecal coliform concentrations in tributary T1, which passes through the dairy site.

As shown in Figures 1 and 2, the Inglin Dairy fecal coliform load was probably far larger than the load from the unincorporated portion of the T1 sub-basin.  Thus, from a pollutant trading perspective, eliminating the dairy should greatly exceed Pierce County’s fecal coliform waste load reduction responsibility.
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It is interesting to note that the “Target Geo-Means” prescribed in Tables 4 and 5 in Ecology’s TMDL submittal report are well below the state water quality standard.  For example, the target geo-mean for South Prairie Creek below the dairy during the non-growing season is 17 colonies/100 mL; the state standard is 100.  The target geo-means are lower than the state standard because (1) Ecology’s “statistical rollback” procedure assumes that the current relationship between the geo-mean and the 90th percentile fecal coliform concentrations at each site will remain the same in the future, and (2) at most sites, the 90th percentile target was more restrictive (i.e., would require greater reductions in fecal concentrations) than the geo-mean target. 
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I hope this meets your needs.  Please e-mail or call if you have questions or need more information.

Sincerely,

Michael Milne

Project Manager

Enclosure

Appendix C -- Summer 2005 Vegetation Survey Results
The following plant species were observed on site during a vegetation survey conducted during the summer of 2005.  Note that dominant vegetation within each area is denoted by an asterisk (*).  
The table is included in a separate file—I need to figure out how to import it into the document as multiple pages.

Appendix D -- Wildlife Observations and Habitat Management Recommendations

Pierce Conservation District Demonstration Farm Habitat Management Recommendations

Kelly McAllister, District Wildlife Biologist

Thurston and Pierce counties

September 26, 2005

Kay Caromile took me on a tour of the property on August 10, 2005. I noted the following species at that time:

European Starling

Violet-green Swallow

Barn Swallow

Cedar Waxwing

American Goldfinch

Mallard

Common Bushtit

Western Wood Peewee

House Finch

Common Yellowthroat

Song Sparrow

Turkey Vulture

Belted Kingfisher

Black-capped Chickadee

Red-tailed Hawk

Vaux’s Swift

Bewick’s Wren

Douglas’ Squirrel

Coast Mole (mounds that were likely this species)

Raccoon (tracks along stream margin)

The Farm is not far from one of the more recent confirmed records of Fisher (Martes pennanti) in Washington. This species may be gone from the Cascades Mountain region, perhaps the entire state. It is, perhaps, unlikely that the species will be restored to the region in the foreseeable future. 

Bald eagles are still a federal and state listed species and they frequent the area around Orting including South Prairie Creek. 

Habitat development

Kay Caromile explained the plans for the property under the current Pierce County Conservation District ownership. These plans include increases in wetland extent by Pierce County Public Works, establishment of a wet prairie plant community on the north side of South Prairie Creek, and a goat ranch and organic farm south of South Prairie Creek. 

Artificial structures like nest boxes, bat roost boxes, and raptor perches can increase wildlife and enhance wildlife values on almost any parcel of land. On this particular property, I would recommend separation between areas where artificial structures are placed and areas managed for more natural attributes. In other words, I think that the aesthetics of the property would be enhanced by confining the use of nest boxes and bat boxes to the areas south of the creek where there are buildings or active farming grounds, leaving the creek’s riparian zone and the areas north of the creek to more natural habitat enhancements. That said, I think that boxes designed for swallows, barn owls, and bats would be appropriate to install around the barns and other out-buildings associated with the old dairy. 
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The area south of South Prairie Creek, where row crops are to be planted, has linear patches of Eurasian Blackberry that may be desirable to remove or, at least, control. These linear patches of dense cover are heavily used by a number of species of birds. During my visit, Song Sparrows, American Goldfinches and House Finches were abundant in this cover habitat. In my, admittedly limited, understanding of the operation of an organic farm, I can imagine some subdivision of the farmed area using one or more hedgerows composed of shrubs. Mike Patterson, an accomplished scientist who lives in Oregon, recommends a stepwise approach to blackberry removal, leaving patches of blackberry until native plants have established. This will ensure retention of the sparrows that use these patches of cover through time. A wide variety of native shrubs and trees such as Black Twinberry, Red Elder, Salmonberry, Salal, Douglas Spirea and Crab Apple provide for greater bird diversity than a monoculture of Eurasian blackberry. 

Hedgerows could be designed to divide the farmed area in a manner that is pleasing to look at, in addition to providing cover for wildlife. Breaks in the hedgerows provide passage for farm workers and equipment. Raptor perch poles might be planted in the ground at several points within the hedgerows, allowing Red-tailed Hawks and Kestrels, and owls at night, to perch and watch for rodents in the surrounding farmland. 

The riparian zone of South Prairie Creek would be improved by increasing the extent of forest on both sides of the creek. Public access, for viewing the creek and salmon, should take into consideration ways to maintain dead trees in the riparian zone without jeopardizing public safety. This means routing trails and establishing access points such that separation is maintained in significant segments of the stream margin where snags can be left without concern that they might fall and take out a railing or platform or injure someone. Logs could be brought into the riparian zone and left to decay there. This will contribute to detritus-based food webs that tend to enrich the entire system. Similarly, piles of limbs and other woody debris provide cover for birds and mammals. Song Sparrows, Townsend’s Chipmunks, voles, and deer mice are likely to use such piles. 

On the north side of South Prairie Creek, creation of additional palustrine wetlands and a wet prairie plant community will substantially increase the diversity of species using the site. Wetlands, in this area, can be expected to support Beaver, Muskrat, Red-winged Blackbirds, Virginia Rails, Red-legged Frogs, and Northwestern Garter Snakes, among others. A wet prairie plant community will likely support a wide variety of invertebrates including attractive butterflies. I would expect that Ochre Ringlets and Sara’s Orangetips will colonize the area once the wet prairie is established. If violets are established, it is likely that Great Spangled Fritillaries will colonize the area. On Department of Fish and Wildlife prairie areas, we’ve avoided artificial enhancement of passerine bird habitat where we wish to promote prairie butterflies. This means that nest boxes and perches (such as fence posts) are generally avoided in or adjacent to the prairie habitats. It’s uncertain, at this time, how important bird predation might be in limiting butterfly populations but we are dealing with some very rare species so it seemed like a prudent step to take. This could be considered at the Farm as well, at least initially, until the butterflies and the prairie habitat are established and their composition understood.

I’ve included an appendix which contains sightings of wildlife made by Charlie Wright (an accomplished young birder/naturalist) during the fall migration, 2005. Charlie’s sighting of a Lewis’ Woodpecker is significant as the species is a State Candidate species, in large part because it was once fairly common in western Washington and has become extremely rare west of the Cascade Mountains. It is a weak excavator, meaning it needs pretty soft, decayed wood for excavating its nest cavity. This species might be attracted to once again nest in this area if the riparian area along South Prairie Creek was better stocked with dead, decaying deciduous trees such as cottonwood and alder.

Appendix:  Bird sightings reported to Tweeters (Pacific Northwest birding list server) by Charlie Wright, an accomplished birder who lives in Bonney Lake.

On September 11th, I birded on the Foothills Trail from South Prairie to Crocker, which I have done many times this fall. Each trip has been different and productive, this is a really fun place to bird. But immediately I could tell that today would be exceptional. Even the town of South Prairie, which is usually great habitat for House Sparrows and starlings, was loaded with
migrants. While there were no stunning rarities today, the numbers were excellent and there were a couple of locally rare birds. Best was a Chipping Sparrow at the wastewater treatment facility on the west side of South Prairie. Some other highlights included a Solitary Sandpiper (which have been present in varying numbers at the wetlands every day I've been there this fall), the first big push of Golden-crowned Sparrows, two late Red-eyed Vireos, and incredible numbers of warblers. Here are some of the interesting notes among the total of 78 species.

FOOTHILLS TRAIL (10:30am-3:00pm).
Overcast; a few sprinkles; 55-60ºF.

Green-winged Teal (17)
Turkey Vulture (3)
Osprey (2)
Bald Eagle (1)
American Kestrel (1)
Solitary Sandpiper (1)-"REI" wetland.
Mourning Dove (1)
Vaux's Swift (29): 1 found dead in S. Prairie.
Red-breasted Sapsucker (8)
Downy Woodpecker (17)
Hairy Woodpecker (1)
Northern Flicker (13): 1 YS x RS intergrade.
Pileated Woodpecker (2)
Western Wood-Pewee (1)-getting late.
Willow Flycatcher (8)
Hammond's Flycatcher (3)
Pacific-slope Flycatcher (1)
Cassin's Vireo (1)
Hutton's Vireo (7)
Warbling Vireo (8)
Red-eyed Vireo (2): 1 HY, 1 molting adult.
Black-capped Chickadee (80)
Chestnut-backed Chickadee (20)
American Dipper (5)
Swainson's Thrush (14)
Hermit Thrush (1)
Varied Thrush (1)-early.
American Pipit (5)
Orange-crowned Warbler (53)
Yellow Warbler (37)
Yellow-rumped Warbler (5)-Audubon's.
Black-throated Gray Warbler (67)
Townsend's Warbler (24)
MacGillivray's Warbler (2)
Common Yellowthroat (26)
Wilson's Warbler (5)
Western Tanager (17)-late push.
Chipping Sparrow (1)-juv.
Fox Sparrow (1)
Lincoln's Sparrow (23)
White-crowned Sparrow (18)
Golden-crowned Sparrow (17)
Black-headed Grosbeak (1)-slightly late.
--
Charlie Wright
Bonney Lake, Washington

On September 23rd, I again birded on the Foothills Trail from South Prairie to Crocker, my usual route of a little over 5 miles. The highlight occurred when I was counting Turkey Vultures from the small park in South Prairie. I saw an oddly shaped bird about a mile away, flying directly towards me from the ridge to the north. Thinking it was a Pileated Woodpecker, I almost put my
binoculars down, but as it got closer I realized there was no white in the wings and it was clearly an adult Lewis's Woodpecker! The bird flew directly over me and landed in the largest cottonwood south of the town. Some other interesting notes among 70 species are listed below.

FOOTHILLS TRAIL (11:45am-4:10pm):
Low clouds cleared afternoon; 55-60º; N wind 10mph.

Wood Duck (2)
Turkey Vulture (53)-migrating.
Northern Harrier (1)
Sharp-shinned Hawk (2)
Cooper's Hawk (1)
Solitary Sandpiper (3): still lingering at the wetland.
Wilson's Snipe (2)-wetland.
Vaux's Swift (44): these must have a roost somewhere in S Prairie.
Lewis's Woodpecker (1)
Red-breasted Sapsucker (4)
Willow Flycatcher (1)-getting late.
Hutton's Vireo (8)
Warbling Vireo (1)
Violet-green Swallow (135): still high numbers.
Brown Creeper (18)
Winter Wren (5)-numbers increased.
American Dipper (7): feasting on salmon eggs.
Ruby-crowned Kinglet (56)-first major influx.
Swainson's Thrush (3)
Varied Thrush (2)
American Pipit (3)
Cedar Waxwing (13)
Orange-crowned Warbler (7)
Yellow-rumped Warbler (26): 19 Myr, 7 Aud.
Black-throated Gray Warbler (3)
Townsend's Warbler (13)
Common Yellowthroat (17)
Western Tanager (1)
Fox Sparrow (14)
Golden-crowned Sparrow (42)
Brewer's Blackbird (16)

Also observed were a Coyote and many thousands of Pink Salmon.

Cheers,
Charlie Wright
Bonney Lake, Washington

Additional wildlife management notes/recommendations based on discussion with Kelly McAllister
· Try to get Audubon Society involved in regular bird counts for monitoring and educational purposes
· Create hedgerows (dense thickets) to break up large open areas (e.g., ag field and prairie)—good for birds, raccoons, rabbits, squirrels, foxes, skunks, and other wildlife

· Could be linear/architectural in agricultural fields
· Could be random thickets in prairie

· Provides cover for nesting, shelter in winter, food sources, and safe travel lane for a variety of wildlife.

· Hedgerows are typically 3 rows of plants at 3 to 5’ spacing

· Bird boxes—NOTE:  these require maintenance

· Strongly recommends placing Kestrel boxes in open areas on 20’ to 25’ posts (they eat rodents)

· Could put up swallow boxes to attract tree and violet green swallows

· Could put up a barn owl box

· Raptor perches/snags within riparian zone, at least 15’ tall

· Recommend using 6 to 8” diameter fir trees pushed into ground so are natural rather than a constructed 4x4 post

· Recommends widening of Trib 2 side channel to increase/enhance open water shallow wetland habitat

· Favor cottonwoods for deciduous trees

· Neotropical birds use their nooks and crannies in bark extensively

· Very strong—can support raptor nests (alders and big-leaf maple generally not as suitable)

· Big-leaf maple and alder provide cavities for cavity-nesting birds

· Incorporate lots of berry-producing shrubs and hazelnuts into plantings
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Introduction

Located in the South Puget Sound region, South Prairie Creek is a tributary of the Carbon River, which is a tributary of the Puyallup River.  The watershed includes all or portions of the towns of Wilkeson, Buckley, South Prairie and Burnett.  Lower South Prairie Creek is the most important salmonid spawning area in the Puyallup River basin, with runs of fall Chinook, pink, coho, and chum salmon and winter steelhead.  A TMDL analysis and recommendations were completed for fecal coliform bacteria and temperature in South Prairie Creek and its tributaries (Barreca and Roberts, 2003)

South Prairie Creek exceeds water quality standards for fecal coliform bacteria and temperature according to Barreca and Roberts, 2003.  A Detailed Implementation Plan is being developed for the clean up of South Prairie Creek that this monitoring effort will support.  The purpose of this monitoring plan (funded by CCW grant # FP05090) is to measure the effectiveness of clean-up actions taken, to further isolate the fecal coliform sources, and to enhance the temperature modeling of the stream in preparation for evaluating management actions.

South Prairie Creek is a 35 km tributary of the Carbon River in the western foothills of the Cascade Range with a drainage area of 235 km2.  It is forested in its upper reaches and rural (agricultural and residential) in its lower reaches.  In the study area, it has one large tributary, Wilkeson Creek.  Spiketon Creek is a smaller tributary which drains the prairie south of Buckley and there are other small, unnamed tributaries that originate from groundwater sources on the valley sides.  One of these, referred to by Barreca and Roberts (2003) as Tributary 1, is west of the town of South Prairie.  Other small tributaries, which will be monitored in this effort, will be referred to as tributaries 2, 3 and 4.  Tributaries 2 and 3 merge with South Prairie Creek on the left bank upstream of bridge 4 (see map) and Tributary 4 is a branch of Tributary 1.  A U.S. Geological Survey (USGS) gage at South Prairie (drainage area about 206 km2) has recorded an average annual daily discharge of ~6.7 m3/s dur​ing 35 years of record since 1950.

Fecal coliform bacteria are used by the state of Washington as indicators of pathogens associated with fecal contamination.  Fecal pathogens are microorganisms capable of causing disease through ingestion or skin contact.  Fecal pathogens may be harmful to humans if ingested.  Sources of fe​cal coliforms include failing septic systems and agricultural wastes from improperly managed commercial and non-commercial farms.  The influence of pets and wildlife is not currently considered a contributing factor.  Fecal pathogens can enter the waterway by runoff from the adjacent stream banks or from unrestricted animal access to streams.  

Temperatures above a threshold level can reduce fish survival rates.  Higher temperatures can lead to a decreased supply of oxygen, disrupted metabolism, increased susceptibility to toxins, in​creased vulnerability to disease, reduced ability to avoid predators, and reduced food supply.  Water temperatures are elevated along South Prairie Creek due in large part to inadequate streamside vegetation.

Volunteers will be recruited and trained to monitor fecal coliform and temperature levels in South Prairie Creek to provide a data set which will reflect the response of South Prairie Creek to the clean-up actions detailed in the Summary Implementation Strategy (SIS) and the Detailed Implementation Plan currently under development.  The SIS is included in the TMDL submittal report (Barreca and Roberts, 2003) and the Detailed Implementation Plan is expected to be completed by December 2004.

Basin Characteristics

Climate in the basin follows patterns typical of the Puget Lowlands and Cascades eco-regions, with wet, mild winters and dry, cool summers.  Mean annual average precipitation in the watershed varies from 2.2 m/yr at the higher elevations to 1.0 m/yr at the mouth (DNR, 1995; Miller et al., 1973).  Most of the average annual precipitation occurs between November and April.  Winter precipitation falls as rain in the lowlands and a mix of rain and snow at higher elevations.

Streamflow also varies seasonally.  Highest flows occur between November and February, while the lowest flows occur in August and September, based on the USGS gage located at the town of South Prairie.  Average discharge for the water years 1988 to 2001 is 223 cfs.  Minimum 7-day average flows have ranged from 25 to 42 cfs.

The watershed is composed of well-compacted glacial till and stratified drift deposits.  Steeper gradients occur in the upper watershed, but the local channel slope in the lowlands study area varies from 0.03 to 0.003.  The Osceola mudflow spilled into the South Prairie Creek valley near the confluence of Spiketon Creek.  The low-permeability valley bottom includes the developed areas of South Prairie, Wilkeson, Buckley and Burnett (USDA SCS, 1979).

Current land use includes forestry operations in the higher elevations.  The Mount Baker-Snoqualmie National Forest, administered by the White River Ranger District, includes 70 km2 of the headwaters of South Prairie Creek (Mastin, 1998).  The area is not included in the present modeling analysis, since no impairment has been identified.  In addition, the U.S. Forest Service is required to develop forest plans under the National Forest Management Act.  Private timber companies, including Plum Creek, own land within the South Prairie Creek watershed.  

Previous forest practices impacted South Prairie Creek (Schuett-Hames, 1994).  The area falls under the jurisdiction of the Timber Fish and Wildlife (TFW) Agreement.  The 1987 agreement and the subsequent Forests and Fish Report, presented to the Forest Practices Board of Washington of the Department of Natural Resources and the Governor’s Salmon Recovery Office in 1999, establish the following goals: provide compliance with the Endangered Species Act for aquatic and riparian-dependent species on non-federal forest lands, restore and maintain riparian habitat to support a harvestable fish supply, meet the requirements of the Clean Water Act, and keep the timber industry economically viable.

A dairy facility located near the town of South Prairie is the only commercial agricultural operation in the watershed.  However, small non-commercial farms occur throughout the lower watershed.  A second dairy, Inglin’s, which was operating at the time of the TMDL investigation before 2004, has since ceased operations but retains a right to divert 160 acre-ft. per year from South Prairie Creek.

Residential land use includes both small urban centers and rural residential parcels.  

Wilkeson is the largest town in the watershed with a population of 395, based on the 2000 census.  Local springs provide drinking water.  The town owns and operates a wastewater treatment plant that discharges to Wilkeson Creek.  

South Prairie is the next largest town with a population of 332, based on the 2000 census.  The town relies on local wells for drinking water and operates a wastewater treatment plant that discharges to South Prairie Creek.  

The community of Burnett is the site of a large on-site wastewater demonstration project that relies on various emerging technologies (Creveling, 2002).  The project replaced direct wastewater discharges to the creek.

The city of Buckley has a water right for 2 cfs (0.057 m3/s) and diverts a portion of upper South Prairie Creek for its water supply but did not gage the volume during the study period.  The Department of Social and Health Services (DSHS) shares the diversion and has a water right for 3.5 cfs to serve the Rainier State School and Washington State University Dairy Forage Facility
.  The combined diversion passes through a sand filter as part of Buckley’s drinking water supply infrastructure.  When the infiltration capacity of the filters is exceeded, the overflow is diverted to South Prairie Creek via Spiketon Creek.  However, the portion used by Buckley for drinking water is transferred out of the watershed, since the city discharges wastewater to the adjacent White River watershed.

Other scattered residential developments throughout the lower watershed rely on private wells and septic systems.  One septic system serving a residential property near the South Prairie wastewater treatment plant failed during the February 28, 2001, Nisqually earthquake (Barreca and Roberts, 2003).  The system has been repaired.  The Tacoma/Pierce County Health Department has determined that some soils in the area are unsuitable for septic systems.

Wilkeson was a mining center, and coal waste products have been reported (Lund, 1994).  An unconfirmed report presented in Lund (1994) describes 100% coho salmon fry mortality due to sulfur-laden water from the Wilkeson coal mines.  However, salmon have been sighted spawning in active mine seeps, and pH is not believed to be a problem (Roberts, 2001).

Project Description

The goal of this project is to provide a set of monitoring data that will be used to determine effectiveness of best management practices implemented to address fecal coliform bacteria and temperature contamination.  Additionally, temperature will be monitored to enhance understanding of the temperature behavior of the stream and guide adaptive management strategies.

The objectives are of this monitoring program include:

1. Characterize and quantify the impact of clean-up actions identified in the submittal report (Barreca and Roberts, 2003) and the Detailed Implementation Plan (under development) on the recovery of South Prairie Creek to required water quality standards for fecal coliforms from September 2004 through September 2007.

a. Continue to isolate and quantify fecal coliform sources on a finer scale as the larger impacts are managed, e.g. highway and road ditches, and small tributaries near hobby farms, following the clean-up of agricultural operations, etc.

b. Discharge measurements will be made where possible to determine loads.  Where discharge measurement is not possible, discharge will be estimated based on previously identified relationships between the USGS gage at South Prairie and downstream flows.

2. Continue to develop temperature data from South Prairie Creek to provide an increasingly robust model of temperature behavior.  Collection of continuous records from temperature data loggers beginning in September 2004 and continuing through September 2007 will enhance temperature modeling of South Prairie Creek in preparation for evaluating management strategies. 

Data and measurements collected from monthly fecal coliform sampling and wading discharge measurements will be used to calculate instantaneous loads.  Temperature data will be downloaded monthly from temperature data loggers and the daily minimum, maximum, and average temperatures will be computed.

Volunteers will be recruited and trained on field data collection protocols including:

1. Fecal coliform sample collection and handling.

2. Fecal sample transport to lab.

3. Stream flow measurement using approved USGS methods.

4. Temperature data logger programming and offloading procedures. 

5. Stream safety procedures.

Table 1 presents the schedule for major tasks in the South Prairie Creek TMDL monitoring project.

	Table 1.  South Prairie Creek TMDL Monitoring Schedule

	Task
	Date

	Volunteer Recruitment
	August, September 2004, ongoing

	Volunteer Training
	September 2004, ongoing

	Monitoring Site Selection 
	August 2004

	Temperature Data Loggers Installation
	September 2004

	Sample & Data Collection – Fecal & Temperature
	Monthly September 2004 – Sept. 2007

	Stream Flow Measurements
	Monthly September 2004 – September 2007

	Data Entry
	September 2004 – September 2007

	Semi-annual Reports
	April 2005 and ongoing until project end


Data Quality Objectives

Sample collection and handling protocols are based on published protocols and are noted in the section titled Field Sampling Protocols and Analytical Procedures on page 9.  Standardized procedures will be followed closely for sample collection, handling and transportation to the laboratory to minimize bias.

A two part, 12-month test program to reduce sampling procedure bias for fecal coliform will be conducted.  First, for 4 sites on the mainstem of South Prairie Creek, three samples will be collected across the sampling section at 1/6, ½, and 5/6, of the horizontal distance to identify lateral variation and produce a weighted mean concentration.  Second, for 2 of the small tributary sites, three samples will be collected at 5-minute intervals.  At the end of the test program, the results will be evaluated for effectiveness in controlling sample bias.  Wading discharge measurements will be taken at the same time as the fecal sampling and in the same cross-section and will be used for instantaneous load calculations from five locations in South Prairie Creek.  To compensate for instrument bias, successive discharge measurements will use alternate current meters.

	Table 2: Data Quality Objectives

	Parameter
	Accuracy  (2*precision + bias)
	Precision (%)
	Bias (%)
	Lowest level of interest

	Discharge for South Prairie Cr.
	Less than 6%
	1.22
+1.41
=2.63

(RPD)

	-
	-

	Discharge for Tributaries
	10%
	5*
	-
	-

	Temperature (discrete)
	0.5 ˚C
	0.18 (RPD)
	-
	0 ˚C

	Temperature (continuous)
	0.5 ˚C
	0.15 (RPD)
	.73**
	0 ˚C

	Fecal Coliform Bacteria
	66%
	28 (%RSD)

	105
	10/100 mL5


*estimate

**estimate based on ± 1 ˚C because of placement

Sampling Design

The South Prairie Creek Recovery Monitoring project includes continuous, year-round temperature monitoring and year-round monthly sample collection for lab analysis of fecal coliform bacteria.  Discharge measurements will also be taken at the time of fecal sample collection to determine instantaneous loads.  Table 3 presents the monitoring locations, and Table 4 presents the parameters to be monitored at each location.  Monitoring sites were chosen based on the results presented in Barreca and Roberts, 2003.  

Additional fecal coliform monitoring sites were chosen to isolate the pollution sources contributing to Tributary 1.  Flow measurements are expected to enhance both temperature and fecal coliform modeling in the study area. 

	Table 3.  South Prairie Creek Monitoring Sites

	Station ID
	Water Body
	Location Description

	SPCSR
	South Prairie Creek
	South Prairie Creek at Spiketon Rd, from Ryan Rd in Buckley

	SPCWC
	South Prairie Creek 
	South Prairie Creek at Wilkeson Creek confluence near train trestle; access through KC Crusaders Paintball

	SPCSP
	South Prairie Creek 
	South Prairie Creek at Rte 162, downstream of bridge near fire station

	SPCOF
	South Prairie Creek 
	South Prairie Creek downstream of South Prairie wastewater treatment plant outfall

	SPCID
	South Prairie Creek
	South Prairie Creek at Inglin Dairy

	SPCB4
	South Prairie Creek
	South Prairie Creek, Rte 162, fourth bridge north of Carbon River

	SPCB2
	South Prairie Creek
	South Prairie Creek, Rte 162, second bridge north of Carbon River

	SPCB1
	South Prairie Creek
	South Prairie Creek, Rte 162, first bridge north of Carbon River

	SPCM
	South Prairie Creek 
	South Prairie Creek at mouth, from South Prairie Creek Rd.

	WCM
	Wilkeson Creek
	Wilkeson Creek, at mouth; access from KC Crusaders Paintball

	SKTSR
	Spiketon Creek
	Spiketon Creek where it crosses Spiketon Road in Buckley

	SKT165
	Spiketon Creek
	Spiketon Creek at Highway 165 culvert

	SKTM
	Spiketon Creek
	Spiketon Creek, near mouth, from Lower Burnett Rd.

	T1-US162
	Unnamed tributary 1
	Tributary 1 upstream of Hwy. 162 at upstream end of Foothills Trail culvert

	T1-DS162
	Unnamed tributary 1
	Tributary 1, downstream of Hwy. 162 drainage ditch.

	T1-ID
	Unnamed tributary 1
	Mouth of Tributary 1 at S. Prairie Cr. RM 4.2.  Access from Inglin dairy

	T2
	Unnamed tributary 2
	Tributary 2 measuring site is at Spring Site Road.  The mouth of Tributary 2 is at RM 3.8 of S. Prairie Cr.

	T3
	Unnamed tributary 3
	Tributary 3 measuring site is at the end of Spring Site Rd. The mouth of Tributary 3 is at RM 4.0 of S. Prairie Cr.

	T4
	Unnamed tributary 4
	The measuring site is where Tributary 4 crosses Pioneer Way.  The mouth of Trib. 4 is at RM 0.5 of Tributary 1.  


	Table 4.  Monitoring Parameters by Site

	Station ID
	Fecal Coliform
	Temperature
	Discharge
	Latitude
	Longitude

	SPCSR
	
	X
	
	47.13272
	-122.02136

	SPCWC
	
	X
	
	47.13713
	-122.07278

	SPCSP
	X
	X
	
	47.13950
	-122.09202

	SPCOF
	X
	
	X
	47.14257
	-122.10437

	SPCID
	X
	
	X
	47.1345764
	-122.1207762

	SPCB4
	X
	
	X
	47.1312334
	-122.1269669

	SPCB2
	X
	X
	
	47.1229961
	-122.1336871

	SPCB1
	X
	
	
	47.1088911
	-122.1464973

	SPCM
	X
	X
	X
	47.09892
	-122.1562

	WCM
	
	X
	
	
	

	SKTSR
	X
	X
	
	47.14934
	-122.02615

	SKT165
	X
	X
	
	47.14124
	-122.05255

	SKTM
	X
	
	
	47.13898
	-122.06362

	T1-US162
	X
	
	
	47.13547
	-122.11272

	T1-DS162
	X
	
	
	47.135559
	-122.1130708

	T1-ID
	X
	
	X
	47.1355196
	-122.1189819

	T2
	X
	
	
	47.1230275
	-122.1335829

	T4
	X
	
	
	47.13464
	-122.11034


Field Sampling Protocols and Analytical Procedures

Field sampling will follow published protocols: 

Temperature

Stream temperature will be continuously monitored using Onset HOBO Water Temp Pro data loggers.  Data will be collected in accordance with the TFW Method Manual for the Stream Temperature Survey (Schuett-Hames, et. al., 1999) and will be recovered from the data loggers approximately monthly.

Data loggers will be placed as indicated in Table 3, including companion loggers for air temperature at selected stream temperature sites.  

Flow

Where appropriate, flow in South Prairie Creek and tributaries will be measured by the wading discharge method in accordance with TFW Method Manual for Wadable Stream Discharge Measurement (Pleus, 1999).  Price AA or Pygmy or Flow Probe flow meters will be used where appropriate.  This method will not be appropriate for high flows in South Prairie Creek and may not be appropriate for the small flows in the tributaries.

If flows in the tributaries are too low for wading discharge measurements, then the Timed Filling Procedure will be used as outlined in Field Operations and Methods for Measuring the Ecological Condition of Wadeable Streams (Lazorchak, et. al., 1998).  If flows are too high for wading measurements then discharge measurements will not be made.

Fecal coliform

Fecal coliform samples will be collected monthly at sites identified in Table 3 using sterile sample containers supplied by a Department of Ecology approved laboratory in the area.  Field sampling and measurement protocols will follow those described in the Field Sampling and Measurements Protocols for the Watershed Assessments Section (Watershed Assessments Section, 1993), except that samples will be stored at 4°C, and delivered to the lab for analysis within 6 hours of sampling.  An extra set of sample containers will be available should any of the bottles be lost or contaminated.

Laboratory processes to quantify fecal coliform abundance will use the Membrane Filter method described in section 9222D, Standard Methods for the Examination of Water and Wastewater (Clesceri, L., et. al., 1989).  

Table 5 presents summary information on field and laboratory measurements, target precision, reporting limits and methods. 

	Table 5: Summary Field and Laboratory Measurements

	Parameter
	Precision Target 

(Field   Measurement)
	Repor-ting Limit (Lab)
	Methods
	Equip-ment
	Sample size
	Con-tainer
	Preser-vation
	Holding Time

	Fecal coliforms
	NA
	1/100mL
	MF 9222D

	Grab sample
	250 ml
	Sterile poly
	4°C
	24 hours

	Temper-ature
	±0.5 °C
	
	Electronic data logger
	HOBO Water Temp Pro

stakes, nylon ties, laptop computer, hammer and stake-driving tool
	-
	-
	-
	-

	Flow
	±5% in SPC

10% in tributaries
	-
	Wading Discharge Measure-ment

or

Timed Filling Method

	Current meters, wading rod, stop watch,  digital flow calc, custom portable weir and measuring container.
	-
	-
	-
	-


Quality Control Procedures

Field variability will be addressed through close adherence to standard field procedures and sampling methods.  A two part 12-month test program to reduce sampling procedure bias for fecal coliform will be conducted.  First, for 4 sites on the mainstem of South Prairie Creek, three samples will be collected across the sampling section at 1/6, ½, and 5/6, of the horizontal distance to identify lateral variation and produce a weighted mean concentration.  Second, for 2 small tributary sites, three samples will be collected at 5-minute intervals.  At the end of the test program, the results will be evaluated for effectiveness in controlling sample bias. 

Total variation for field sampling and analytical variation will be assessed by collecting replicate samples in addition to lab duplicates and comparing to data quality objectives.  Replicate samples and measurements will be taken at a rate of 10% for fecal coliform samples and discharge measurements.  Lab splits will be required as a check on lab procedures.  Laboratory quality control procedures will be used to control analytical bias.

Microbiological samples will be analyzed by a Department of Ecology approved laboratory.  The laboratory’s data quality objectives and quality control procedures are documented in laboratory’s user manual.  Field sampling for fecal coliforms will follow quality control protocols described in WAS (1993).  

Data logger variations will be checked using the calibrated field thermometer upon deployment and monthly data recovery.  Field sampling and measurement procedures will follow quality control protocols described in the TFW Stream Temperature Survey protocols (Schuett-Hames, et al., 1999).  The HOBO water temp pros will be pre- and post-calibrated in accordance with the TFW stream temperature survey protocols and manufacturers instructions to document instrument bias and performance at representative temperatures.  An NIST certified reference thermometer will be used for calibration of the temperature recorders and for calibration of the field thermometer.  Temperature recorders will be checked using the calibrated field thermometer upon deployment, retrieval, and at monthly field surveys. 

Replicate field temperature readings will not be recorded, because previous Department of Ecology experience has demonstrated that the thermometers consistently show a high level of precision, rarely varying by more than 0.2˚C.

Replicate wading discharge measurements will be made with alternate current meters at a 10% rate.  All wading discharge measurements will be made in accordance with the TFW Wadable Stream Discharge Measurement protocols (Pleus, 1999).  The flow meters will undergo a spin test, cleaning and checking of parts after each field survey.  For timed fill measurements, replicate samples will be collected at a rate of 30%.

Field replicate samples will be collected at one site per monthly survey for fecal coliform bacteria.  The selected laboratory will follow standard quality control procedures. 

Data Reduction Review and Reporting

Once data has been collected, data sheets will be reviewed for completeness before leaving the site.  Samples will be examined to ensure each sample is correctly labeled.  Standard laboratory procedures for analytical data reduction, review and reporting will be followed.  The laboratory will send a hard copy of the data to the project manager.  Lab and field data will be matched with sample times and locations, analyzed for questionable values and problems.  Instantaneous loads will be computed and then entered into Microsoft excel spreadsheets and the Department of Ecology’s Environmental Information Management (EIM) database. 

Temperature data will be stored in its raw form in Microsoft Excel spreadsheets.  Once it has been reviewed for errors and data gaps, the daily minimum, maximum, and average temperatures will be computed and entered into the EIM database.

Discharge data will be stored in its raw form in Microsoft Excel spreadsheets.  Once it has been reviewed for errors and data gaps, the information will be entered into the EIM database in accordance with Department of Ecology procedures

Semi-annual reports will be prepared after each six-month interval of sampling and measuring.  Data results will be discussed and volunteer efforts will be evaluated including recruitment, training and performance.  Corrective measures will be discussed and applied as needed.
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Beaver Dam





The Pierce Conservation District Demonstration Farm (formerly known as the Inglin Dairy) west of South Prairie, Washington.








� The WSU facility ceased dairy operations as of July 2000 but continues farming operations.


� Hubbard, E. F., et. al. 1999


� ± 1% depth measurement


� Relative percent difference: Calculated for a pair of results, x1 and x2, as 200*(x1 – x2) / (x1 + x2) = 100*(x1 – x2) / (avg [x1 and x2]).


� Roberts, 2001.  Calculated for a pair of results, x1 and x2, as 100*s / (avg [x1 and x2]), where s is the standard deviation.


� Clesceri, L., et. al., 1989


� Schuett-Hames, et. al., 1999


� Lazorchak, et. al., 1998


� Roberts, 2001
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